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CHAPTER 1 - GENERAL SECTI ON
1.1 GENERAL

The Dallas Area Rapid Transit (DART) Transit System Plan includes
a light rail systemconnecting the Central Business District (CBD)
wWth residential and other areas within the Cty of Dallas and
surrounding cities of Addison, Carrollton, Cockrell HII, Farners
Branch, Garland, denn Heights, H ghland Park, Irving, Plano,
Ri chardson, Rowl ett, and University Park.

1.2 LI GHT RAI L DESCRI PTI ON

The DART Light Rail System is being constructed in phases. The
Starter System was the first phase. It was followed by Buil dout
Phase 1, and Buil dout Phase 2 is under desi gn.

The Starter System consists of approximately 20 mles of main |line
doubl e track railroad together with a Service and Inspection (S&l)
Facility. The Starter System construction includes at-grade,
aerial, wunderground, and street running. It operates south from
Par k Lane through Downtown to an Cak Ciff trunk with branches to
South Gak A iff and West Cak diff.

Bui | dout Phase 1 consisted of approximately 22 mles of main |ine
double track railroad including at-grade and aerial running. The
existing S& Yard was expanded to include a rail Vehicle
Acceptance Facility (VAF) and two additional vehicle shop tracks,
11 storage tracks, and two running tracks. The Phase 1 main line
bui | dout operates north from Park Lane to Parker Road as well as
east from Mocki ngbird Lane to Downt own Garl and.

The planned Buildout Phase 2 will add approxinately 45 mles to
the conpleted Starter System and Phase 1 Buil dout. This Phase wil|
al so provide additional S& Facility storage tracks and expand its
mai nt enance shop. A second service facility, the Northwest Rail
Qperating Facility (NWROF), will also be designed and constructed.
Bui | dout Phase 2 wll operate southward from the east CBD to
Buckner and northward from the west CBD to Frankford Road in
Carrollton with a branch line operating from Northwest H ghway
through Irving to DFW Airport North. There wll also be an
extension from Downtown Garland to Row ett.

1.3 SYSTEM CHARACTERI STI CS
The Starter System and Buildouts are separated into a nunber of

line sections, each section covering a particular portion of the
al i gnnent .
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1.3.1 Starter System
1.3.1.1 Central Business District (CBD

The CBD contains a Transit Mall that operates from Houston Street
and Pacific Avenue west of CBD to Hawkins and Central Expressway
east of the CBD. The alignnment is predomnantly street running
over portions of Pacific Avenue and Bryan Street and includes four
passenger stations.

1.3.1.2 Qak diff Line (OO

The OC Line operates fromthe west CBD. The |ine continues south
to 8th and Corinth Streets where it divides into a west and a
sout h branch. The alignnent is a conbination of at-grade and
aerial construction with a mgjor structure crossing the Trinity
River. This |line has four passenger stations with a connection to
the Trinity Railway Express (TRE) at Union Station. This I|ine
section is signalized fromUnion Station to Gak G ff Junction and
it connects to the S& Facility via tw yard | ead tracks.

1.3.1.3 West Cak diff Line (WX)

The WOC Line is a continuation of the Gak diff Line. It operates
just south of 8th and Corinth Streets to its western term nation
at Illinois Avenue and Wstnoreland Road. The alignnent is
principally at-grade with a few mnor aerial structure portions
over creeks and sone retained fill. There are four passenger
stations, and a termnal interlocking. This line section is line-
of -si ght operation, i.e., not signaled.

1.3.1.4 South Cak diff Line (SOQ)

The SOC Line is a continuation of the Gak diff Line. It operates
just south of 8th and Corinth Streets to its southern term nation
at Ledbetter Drive. The alignnment is totally at-grade with nedi an
running. There are five passenger stations. This line sectionis
| i ne-of -sight operation, i.e., not signaled.

1.3.1.5 North Central Line (NC

The NC Line is a continuation of the CBD. It operates from Hawki ns
and Central Expressway east of the CBDto its northern term nation
at Park Lane and Greenville Avenue. The alignnent consists of all
maj or construction types including at-grade, cut and cover, bored
tunnels, retained cut, "U walls, and aerial structures. Thi s
line section is signalized from Hawkins to Mockingbird and it is
| i ne-of -si ght operation between Mockingbird and Park Lane.

1.3.1.6 Service and I nspection (S& ) Facility
The S& Facility is |ocated on Cak Lane south of Downtown, and it

is connected to the OC Line via lead tracks. The Starter System
Facility consisted of a storage yard, a mai ntenance buil di ng, and
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a mai nt enance- of -way building. The M ntenance Buil di ng supports
Central Rail Operating Division, Fleet Mintenance, Train Control
Center, Bus Control Center and Transit Police Dispatch. The
Mai nt enance- O -Way Buil ding supports Ways, Structures, and The
Anmeni ti es Mai ntenance Depart nent.

1.3.2 Bui | dout Phase 1
1.3.2.1 North Central Line (NC

The NC Line is a continuation of Starter System It operates from
Park Lane to the Parker Road Transit Center at Park Boul evard and
Archerwood Street. The alignnment consists of at-grade sections
and aerial structures. There are ten passenger stations including
four aerial, one pocket track, seven interlockings, two 500 foot
long tail tracks, and a NC NE junction (Katy) |ocated imedi ately
north of Mockingbird Lane. The line section is signalized and the
exi sting section between Mockingbird and Park Lane was upgraded
fromline-of-sight operation to signalized operation.

1.3.2.2 Nort heast Line (NE)

The NE Line is a branch of the NC Line. It operates from just
north of Mockingbird Lane to Downtown Garland. The alignnent
consists of at-grade sections, two tail tracks at Downtown
Garland, and aerial structures, four passenger stations, one
pocket track, and six interlockings. This line section is
signalized.

1.3.2.3 Service and I nspection (S& ) Facility

During the Buildout Phase 1, storage yard track and naintenance
shop capacity were increased. The mai ntenance-of-way buil di ng was
nodi fied to accompdate a Vehicle Acceptance Facility (VAF).

1.3.3 Bui | dout Phase 2
1.3.3.1 Sout heast Line (SE)

The SE Line will be a new branch that wll be connected to a
junction at the east end of the CBD. It wll operate from
Hawki ns/ Bryan Street over approximately 10 mles of double track
railroad to Buckner Boulevard in Dallas. This Line includes
street running, at-grade sections, yard lead tracks to the
existing S& , eight passenger stations, and eight interlockings.
This line is signalized.

1.3.3.2 Nort hwest Line (NW

The NW Line will be a new branch that wll be connected to a
junction at the west end of the CBD. It will operate from Houston
Street over approximately 16.8 mles of double track railroad to
the cities of Farnmers Branch and Carrollton, in Denton County.
This Line includes a mxture of at-grade and aerial structures
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with a short section below grade at Mockingbird Lane. There are
11 passenger stations including six aerial in this line, a new
service and inspection facility (NWROF), and a major interl ocking
at Northwest H ghway. A future connection to Love Field Airport
may be included. This line is signalized.

1.3.3.3 DFWIrving Line (1)

The | Line will be a new branch that connects to the NW Line at
Nort hwest Highway. It wll operate from Northwest H ghway over
approximately 13.2 mles of double track railroad to cities of
Irving, Las Colinas, and the DFWAirport. This Line is a mxture
of at-grade and aerial structures wth eight passenger stations
and possible street running in Las Colinas. This line is
signalized.

1.3.3.4 Row ett Extension, Northeast Line (NE)

The R Line will be an extension to the existing NE Line. It wll
operate from Downtown Garland to the Row ett Park and Ri de over
approximately 4.8 mles of double track railroad. This Line is
principally at-grade and is a continuation of the existing
Nort heast Line section. There wll be only one passenger station
and it wll be located at the Rowett Park and Ride. This |ine
is signalized.

1.3.3.5 Yard Facilities

As part of Phase 2, the existing yard s storage capacity wll be
increased to include the addition of six storage tracks. The shop
mai nt enance area wWll also be expanded. Bui | dout Phase 2 w |

provide for the design and construction of a yard known as the
Nort hwest Rail Operating Facility (NWROCF).

1.4 SYSTEM REQUI REMENTS

The system shall be designed utilizing the following comon
characteristics and criteria. These itens shall be used by all
designers involved in the design of any system el enent. Reference
should be nmade to each individual chapter of this criteria to
ensure that the characteristics listed hereunder are not
superseded by nore stringent characteristics in the particular
chapter.

1.4.1 Servi ce Requirenents

The Light Rail System shall be designed using the paraneters
outlined as foll ows:

1.4.2 Train Qperations
a) Trai n Headways by Line Section:

Trunk Li ne: 5 M nutes Peak
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b)

c)

d)

1.4.3

a)

b)

d)

1.4.4

b)

Branch Line:
CBD:
Schedul e Speed:

Station Dwell Tine:

For nore detail see Qperations,

Envi ronnental Conditions
Tenperature
M ni mrum Anbi ent :
Maxi mum Anbi ent :
Maxi mum Dai | y Range:

Hum dity
M ni mum
Maxi mum

Precipitation
Maxi mum Rai nf al |
Maxi mum Snowf al | :

Maxi mum | ce:

Rat e:

W nd
Average w nd speed:
Maxi mum wi nd gust:

Track Standards
Gauge
Curve
Hori zont al :
Vertical Crest:
Vertical Sag:
G ade
Super el evati on
Act ual :
Unbal anced:
Mai nt enance Tol er ances

Bal | ast ed:
Fi xed:

1-5

| nf requent rmneasur abl

General, Chapter 1
5 M nut es Peak
2.5 M nutes Peak

Average 21 to 25 MPHw th
a top speed of 65 MPH
20 SEC nom nal (varies)

Chapter 10.

4° F
115° F
50° F

5 %
100 %

7 I N per HR
8 IN

e quantities
10 MPH

70 MPH

4 FT 8 1/2 IN

100 FT radius M N
1,640 FT radius M N
1,640 FT radius M N
6% MAX
6 | N MAX
3 I N MAX

FRA C ass 5
FRA C ass 5
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1.4.5 Traction Electrification Standards
a) Vol t age
Nom nal Li ne: 750 VDC
Maxi mum Li ne: 900 VvDC
M ni mum Li ne: 525 VDC
b) Wre
M ni mum Hei ght : 14.0 FT
Maxi mum Hei ght : 22.5 FT
Static C earance: 51N
Passi ng d earance: 4 IN
C) Uility Supply 13.2 KV or 24.6 KV
1.4.6 Vehi cl e Requi renents

a) Refer to Design Citeria Mnual, Volune 2, Chapter 2,
Vehi cl es

1.5 APPLI CATI ON of DESIGN CRI TERI A, VOLUME 2

DART Design Citeria, Volume 2 revision applicability is as
fol | ows:

a) Starter System and Buil dout Phase 1 Revision 1 and 2

b) Bui | dout Phase 2 Revision 3 and 4
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CHAPTER 2 — LIGHT RAIL VEH CLE

2.1 GENERAL

The DART rail vehicle requirenents are simlar to those of
existing vehicles at other properties. The configuration of

the light rail vehicles will be a 3 unit, double articul ated,
8 axle rail vehicle designated a DART “Super-LRV'. The A and B
units at the ends of the LRV will be high floor with step

wells. The center unit (Cunit) has a floor height of 16 in
above top of rail (TOR) to provide direct |evel boarding from
the platform Major on board systens are required to be based
on service-proven equipnent that has been designed for the
duty cycle and environnental conditions in the Dallas, Texas
area. Refer to Design Criteria Manual, Volune 2, Chapter 1 for
envi ronnment al details.

The vehicle design shall include the reliability and safety
criteria defined in this chapter, Design Criteria Mnual,
Vol une 2, Chapter 2.

Applicable federal, state, and |ocal standards, regulations,
and laws shall be observed and incorporated into the vehicle
desi gn.

2.1.1 Servi ce Characteristics

The DART Li ght Rai | Transit (LRT) System service
characteristics are:

a) Dallas Central Business District

1) Interim surface running on Pacific Avenue/Bryan
Street on a transit mall wth street-|evel
boarding froma 15.5 in high curb/platform

b) CQutside Dallas CBD

1) Parallel existing freeways and on railroad
rights-of-way with a conbination of boarding
from 8 in. high platforms and portions of the
platform that are raised to 15.5 in to provide
direct, level boarding into the center wunit of
t he LRVs.

c) Track Elevations
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d)

f)

9)

h)

2.2

1) LRVs will be operating on track ways that are
at-grade with grade separations, in tunnels, and
on aerial structures.

Stati on Spacing

1) Varies from0.5 mle to 3 mles.

Schedul e Speed

1) Approximately 25 MPH to 35 MPH
2) Top speed of 65 MPH.

Typi cal Train Headway

1) Peak periods 5 to 10 m nutes
2) O f-peak periods 20 m nutes

Bus Service Interface

1) To and fromall nearby bus stops.
Parking Facilities

1) Provided at nost outlying stations.
El derly and Handi capped Accessibility

1) Fully accessible, direct, level boarding into
the C-unit of the LRVs.

SYSTEM CONSTRAI NTS

This section contains the dinensional and performance
requi renents for DART s light rail vehicles.

2.2.1

a)

b)

Vehi cl e Di nensi ons and Characteristics
Vehi cl e Length

1) Between 120 ft and 125 ft over coupler pulling
faces

Vehicle Wdth
1) Between 8.5 ft and 9.5 ft over side sheets
Hei ght Over Roof - Mount ed Equi pnent

1) 12.5 ft, MAX above TOR
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d)

e)

f)

g9)

h)

i)

k)

Hei ght Over Locked- Down Pant ogr aph
1) 13.0 ft, MAX above TOR

Pant ograph W dth

1) 6.5 ft + 1/8 in

Pant ogr aph Carbon Wdth

1) 4.0 ft, MN

Position of Pantograph

1) On/near centerline of a truck
Pant ogr aph operati ng range

1) 13.5 ft to 23.5 ft

Level portion of pantograph head
1) 4.5 ft

Hori zontal di nension of horn

1) 12 in

Vertical dinension of horn

1) 9into 12 in

Pant ograph | ateral stiffness

1) 1.0 in per 20 Ib MAX (horizontal deflection vs.
hori zontal force)

Pant ogr aph upward pressure
1) 20-251b
Hei ght of Fl oor

1) High floor section - 40 in, MAX, above TOR
2) Low Floor Section - 16 in above TOR

Hei ght of first step from8 in platform

1) 8in
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2.

2.

2

p)

Q)

y)

b)

Hei ght of Headl i ning

1) 7 ft 1in, MN, over floor at vehicle centerline

Hei ght of Side Door Opening

1) 6.33 ft, MN, over floor

Wdth of Side Door Opening

1) Cab End 36 in, Articulation End 48 in, Cunit 48
in, clear opening

Passenger Seats

1) 102 MN

Truck Center-to-Center D stance

1) 28 ft - 32 ft

Truck Weel base

1) 7 ft - 8 ft

Overhang (truck-center to coupler face)

1) 15 ft - 17 ft

Wheel Di aneter

1) 28 in new, 26 in worn

Fordability

1) Vehicles nmust be able to operate successfully in
water up to 2 in above the top of rail for a
di stance of 400 ft at speeds up to 10 MPH.

Rol |

1) Normal Body Roll + 2.5°

2) Center of rotation 1.25 ft above top of rails

3) Maxi mum Body Roll + 4° at suspensi on stops

Vehi cl e Wi ghts

The wei ght of each passenger and operator shall be
based on an average wei ght of 155 LBS.

AW - Enpty Car
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1) Ready-to-run wei ght of 140,000 LBS, MAX
c) AW - Full Seated Load

1) Full seated passenger |oad, plus operator, plus
AW wei ght

d AW - Full Load

1) Standees at 2.7 sg. ft per passenger (4 pass/sq.
m plus AWM wei ght

e) AWB - Crush Load

1) Standees at 1.8 sq. ft per passenger (6 pass/sqg.
m plus AWM wei ght

f) AW - Design Load

1) Standees at 1.35 sq. ft per passenger (8
pass/sg. n) plus AWM wei ght.

2.2.3 Cl ear ances
The following worst-case clearances shall be provided wth
full suspension travel or failure, structural deflection,
wheel wear, track geonetry, or any conbination of the
pr ecedi ng:
a) Truck Mounted Equi pnent
1) 2.5 in, MN (Excluding Track Brakes)
b) Car Body Mounted Equi prment
1) 4.0 in, MN
c) Car Body Static Cearance Qutline
1) See attached Tabl es
d) Car Body Dynamic O earance Qutline
1) See attached Tabl es

e) Curve C earance

1) See attached Tabl es
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2.2.4 Track Standards
The foll ow ng design standards may be assuned for the track:
a) Track Gauge
1) 4 ft 8.5 1in
b) Horizontal Curve Radius
1) 82 ft (25 n), MN
c) Vertical Curve Radius

1) Crest 1,640 ft, MN
2) Sag 1,640 ft, MN

d) G ade
1) 7 % MAX
e) Super el evation
1) 6 in MAX
f) Unbal anced Super el evation
1) 3 in MAX
g) Track Mai ntenance tol erances
1) Ballasted, FRA Cass 5
2) Direct Fixation, FRA Cass 5

3) See Design Criteria Manual, Volune 1, Facilities
Design for detailed track standards.

2.2.5 Tracti on Power Standards

The following traction power system design standards may be
assuned:

a) Nomnal line voltage is 750 VDC
b) Maxinmumline voltage is 900 VDC
c) Mninmumline voltage is 525 VDC

d) Contact wire height range is between 13.5 ft and
22.5 ft
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e) Traction power derivation is 12 pulse rectification
2.2.6 Per f or mance Requirenents
The follow ng specified dynam c performance standards shall be
provided for the light rail vehicles based on dry, |evel,
tangent track. The performance rates shall take into account
rotational inertia.

The acceleration performance requirenments shall be nmet wth

wheel s in any condition fromnew to fully worn at nomnal |ine
voltage over the vehicle load range up to AW, Above AWZ,
performance may degrade linearly wth increasing weight.
Acceleration rates shall include train resistance and gear
| osses.

The braking performance requirenments shall be net with wheels
in any condition from new to fully worn over the entire
vehicle speed and |oad range, independent of overhead 1ine
vol tage, and excluding train resistance and gear |osses. The
braking systemis required to maxi mze the use of the dynamc
brake prior to adding supplenental friction braking (blended

braking). The friction brake system shall also function as a
back up to the dynam c brake systens in the event of dynamc
brake failure. Track brakes shall function in energency

braki ng and as commanded by the operator via a separate switch
on the operator's consol e.

a) Vehicle Speed
1) Maxi mum Qperating Speed is 65 MPH
2) M nimum Bal anci ng Speed is 70 MPH
3) Design Speed is 75 MPH
b) Jerk Limt
1) 3.0 £ 10% MPHPSPS
c) Acceleration Rate
1) Initial Rate is 2.3 MPHPS
2) Base Speed is 20 MPH, M N
3) Residual Rate at 65 MPH is 0.25 MPHPS, M N
d) Tinme/Di stance Performance, AW wei ght
1) Speed: 0 MPHto 50 MPH is 30 SEC, MAX
2) Speed: 50 MPHto 65 MPH is 25 SEC, MAX

3) The distance traveled in 20 seconds shall not be
| ess than 600 ft
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e)

f)

9)

h)

| nst ant aneous Servi ce Braking Rate

1)

3.0 MPHPS, M N

| nst ant aneous Energency Braking Rate

1)
2)

Above 30 MPHis 4.0 MPHPS, M N
At or below 30 MPHis 6.0 MPHPS, M N

Control Response Dead Tines

1)

The control response dead tines when
transitioning from any node such as power, brake
or coast, to any other node, shall be 300
mlliseconds maxinmum excluding jerk Ilimting

i nfl uences where applicable.

Spin-Slide Protection

1)

Accel eration node spin protection shall Dbe
provided and slide protection shall also be
provided in the braking node for both the
dynamic and friction braking systens. Spi n-
slide detection is to be provided on both a per
axl e basis and per vehicle (synchronous) basis.
Tractive effort (propulsion or Dbraking) re-
application followng spin-slide activity shall
be jerk limted. Detection sensitivity is to
provide a system with a 70 percent efficiency,
m ni mum The spin-slide system should take
advantage of the speed characteristics of AC
i nducti on notors.

Duty Cycle

1)

2)

3)

Propul sion and braking system duty cycles shall
be based on the worst-case line round-trip
conditions wunder the followng scenario and
assum ng a passenger |oad of AW w thout causing
damagi ng tenperatures to equi pnment:

For the propulsion system 50 percent of the
propul sion units are assumed to have failed, and
the effective propul sion systemtractive effort,
in both acceleration and dynam c braking, is to
be half the normal val ue.

For the friction braking system in the event of
dynamic brake failure, the system is to be
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capable of full braking performance, at the
specified rates with an automatically inposed
speed restriction of at l|east 30 MPH, w thout
the need to termnate the run before the end of
the |ine.

2.2.7 El ectromagnetic Interference (EM)

The electrical, electronic, and conmunications systens shal
operate wthin the DART system and cars wthout either
suffering or causing interferences which nmay adversely i npact
the system operation and/or safety because of conducted and/or
radi at ed em ssi ons.

a) Methods and Equi pnent

1) The Contractor shall enploy design techniques,
construction nethods, and whatever equipnent is

required to prevent interference caused by
internal sources from effecting car systens
proper operation. In addition to coordinating
frequenci es, the Contractor shal | provi de
necessary on- board bal anci ng, filtering,
shielding, isolating, and grounding to reduce
undesirable interference. El ectrostatic and

magnetic shielding nethods shall be enployed to
m nimze stray signals and transient voltages on
i nterconnecting cables. Interconnecting power
and signal cables shall be physically separated.
Trainlines shall be located and arranged to
mnimze voltage induction into train Iline
circuits due to propulsion system auxiliary
power, and catenary current transients.

b) Emission Limts

1) To avoid undesirable effects upon the external
environnent along the right of way as caused by
onboard vehicle subsystens, the electromagnetic
emssion limts specified here shall not be
exceeded.

c) Radiated Em ssions

1) Radiated Em ssions as neasured by the procedures
from “Radiated Interference in Rapid Transit

Systens, Volunme 11: Suggested Test Procedures,
UMTA- MA- 06- 0153-85-11 shall conform to the
fol | ow ng:
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2)

A From 0.01 Mz to 30 Mz, the maxinmum
permssible interference |imt shall not
exceed 20 dB above the Iimt of Figure 22
(REO5) of M L-STD 461A

B. From 30 MHz to 88 MHz, the maximum limt
shal | be 58 dB above one m cro
vol t/ meter/ Mhz bandw dt h.

C. From 88 Mz to 1,000 WMz, the naxinmum
limt shall be 68 dB above one ncro

vol t/ net er/ Mhz bandw dt h.

These limts shall not be exceeded when neasured
at a distance of 100 feet from the track
centerline.

d) Conductive Em ssions

1)

2)

The conductive em ssions, as neasured by the
procedures of “Conductive Interference in Rapid
Transit Signaling Systens, Volune Il: Suggested
Test Procedures, UMIA- MA-06-0153-85-6, Method
RT/ CEQ2A, Conductive Em ssion Test, Vehicle”
shall have a current |imt defined by the
foll ow ng curve:

10 ARMS from1l to 80 Hz

10 A RMS decreasing to 1 A RMs from 80 to
90 Hz

1 ARVSE from90 to 120 Hz

10 A RM5 from 120 to 600 Hz

1 ARVS from600 to 1,500 Hz

0.2 ARMS from1,500 to 4,000 Hz

0.3 ARMS from4,000 to 20,000 Hz

M@MmMoO W

Each individual piece of power equipnent as well
as the sinultaneous operation of all car power
shall nmeet this condition.

e) Inductive Em ssions

1)

The inductive emssions, as neasured by the
procedures of "Inductive Interference in Rapid
Transit Signaling Systens, Volune Il: Suggested
Test Procedures, UMIA- MA-06-0153-85-8, shall be
limted to a maxi num of 20 mlivolts, RMS, rai

to rail, at all frequencies between 0 Hz to 1
kHz and a maximum of 10 mlivolts from 1 kHz
and 20 kHz. Each individual piece of power

equi pnent as well as the simultaneous operation
of all equipnent shall neet this condition.
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f)

9)

h)

Meeting the above requirenents does not guarantee
elimnation of interference; it is the first [|evel
of defining the interface between the cars and their
i ntended environnent. The Contractor shall be
responsible to reduce the above limts if necessary
to prevent interference with equipnment installed on
the wayside and the inmmediate vicinity.

Conduct ed D sturbances

1) The Contract or shal | formul ate criteria
gover ni ng generation and tol eration of
el ectrical disturbances on conductors between
assenbl i es. The criteria shall identify the
basic car circuit types and it shall define a
sui tabl e conpr ehensi ve di st ur bances
classification that could be present in each
circuit type. The criteria shall insure that
each connected assenbly shall tolerate the

di sturbances introduced sinultaneously by any or
all assenblies to which it could be connected.

In this regard, special attention shall be
directed to the Automatic Trip Stop and other
Train Control equipnment needs. The criteria
shall include any required limt nodification as

descri bed above, on conducted interference into
the catenary and running rails, wth levels
selected to prevent interference with signal and
communi cations systens which use those circuits
for their means of operation and comunication

These criteria shall be a part of the EM
cont rol plan and shall be submtted for
approval .

| nductive Interference

1) The Contractor shall fornmulate a set of criteria

gover ni ng generation and tol eration of
magnetically coupl ed disturbances on or between
assenbl i es. The criteria shall identify the
basic circuits types present on the car and
shal | define a sui tabl e conpr ehensi ve
classification of disturbances that could be
present in each circuit type. The criteria
shall insure that each connected assenbly shall

be able to tolerate the disturbances introduced
simul taneously by any or all other assenblies to
which it is magnetically coupl ed.
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2.

2.

8

i)

b)

In this regard, special attention shall be directed
to the Automatic Trip Stop apparatus needs. The
criteria shal | i ncl ude any required limt
nodi fications, as described above, on the inductive
interference into the catenary and running rails,
with levels selected to prevent interference wth
signal and conmmuni cations systens which use these
circuits for their nmeans of oper ati on and

conmmuni cati on. These criteria shall be a part of
the EMC control plan and shall be submtted for
approval .

Noi se and Vi brati on
I nterior Noise

1) Wth all auxiliary equipnment simultaneously
operating normally and the car at rest wth
w ndows and doors closed, on open track, the
noi se level in the car interior shall not exceed
72 dBA. Wth any one system or unit except
ventilation, operating at normal conditions, the
interior noise shall not exceed 67 dBa.

2) Wth all auxiliary equipnent including HVAC
simul taneously operating at normal conditions
with the car traveling on open track at 40 MPH

(64 KPH) the noise level in the car interior
with wi ndows and doors closed, shall not exceed
75 dBA.

Waysi de Noise Limts

1) Car or train-produced noise l|evels shall not
exceed the followwng wth all auxiliary
equi pnment operating sinmultaneously at a distance
of 50 ft (15 m fromcenterline of track.

2) Car stationary, enpty 68 dBA

3) Enpty car on t angent track in maxi mum
acceleration from 40 MPH (64 KPH), in maxinmm
dynam c braking from 40 MPH (64 KPH), or maxi num
friction braking from40 MPH (64 KPH) (whichever
is worse) 76 dBA

4) For this test, the car shall be operated at a
| ocation approved by DART, on open tie and
ballast track, wth welded, ground, and un-
corrugated rail.
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5) Noise levels produced by traction notors and
gear sets of a conplete truck, nounted under the
car body, with all wheels spinning under no-I|oad
conditions at all speeds from zero to the
equi valent of 70 MPH (98 KPH) shall not exceed
88 dBA at a distance 16 ft from the center of
the truck on the horizontal plane passing
t hrough t he axl es.

6) Noise pr oduced by i ndi vi dual pi eces of
conti nuousl y-operating under car or roof-nounted
equi pnent or systens except traction notors,
gears and other equipnment which operate only
occasionally, such as a circuit breaker or
pneumatic venting, HVAC, and air conpressor
etc., shall not exceed 80 dBA at 16 ft (4.8 m
from the centerline of the equipnent while the
equi pnent is operating at nornmal conditions with
the car at rest. The equi pnent shall be
conplete, installed, and all conponents of each
system operating during this test for noise
| evel s.

7) Noise levels produced by the individual pieces
of under car or roof-nounted equipnment which
operate occasionally, such as a circuit breaker
or a pneumatic pressure relief device, shall not
exceed 100 dBA at 16 ft (4.8 nm) from the center
of the equipnent. The level shall be neasured
using the fast neter response setting. The
equi pnent shall be conplete, installed, and all
conponents of each system operating during these
tests for noise |evels.

c) Vibrations

1) Al vehicle equipnment shall be designed to
operate w thout damage or degradation of
performance when subjected to vibration and
shocks encountered during nornmal service.

2.3 CAR BODY

The car body design is of prine inportance to DART. The
vehi cl e appearance nust be futuristic with sleek lines and a
clean exterior. The vehicles may operate in three car trains
with the capability of a three car train to tow another three
car train (6 cars total). This section describes the basic
paranmeters for the car body.
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2.3.1 Gener al

The car body shall consist of three car body units and two
articulation units that sem -permanently connect the three car
body units together. The vehicle is to be fabricated
predom nantly from lowalloy, high-tensile (LAHT) steel and
assenbl ed by wel ding. The exterior skin shall function as
part of the load carrying structure. Each end of a vehicle
shall be equipped with an anti-clinber and collision posts

The vehicle end caps nmay be fabricated using nolded

fibergl ass. The vehicle exterior shall be painted using
pol yur et hane paint. Feature stripes shall be applied using
decal s.

2.3.2 Articul ation

The articulation section shall be an integral part of the car
body. Passenger access to this section when passing from car
body to car body shall be provided without the use of train
doors and wi th maxi num ease and safety. The close-off panels
shall be arranged to prevent injuries to passengers and crew.
The articulation section shall be weatherproof and not degrade
lighting and HVAC performance in the vehicle interior. The
articulation units shall be supported by the center trucks and
must allow the vehicle to traverse all horizontal and vertica
curves under all vehicle conditions wthout damage.

2.3.3 Structure

The structure shall be designed to provide a 30-year life
wi thout fatigue failure or the need for structural repairs.
The strength of the major structural conponents of the car
body shall be capable of sustaining the followi ng |oads
W thout causing the materials to yield or reach the critica
buckl i ng stresses, except as noted bel ow

2.3.3.1 Mai n Body Sections

Under a conbined vertical |oad representative of the crush
passenger load and a horizontal load equal to 220,000 Ib
applied at the end sills, the stress (unrelieved by permanent
strain) in the principal fram ng nenbers shall not be greater
than the yield of the materials or the critical buckling
stress, whichever is |less. The sane shall be true w thout the
vertical |oad present.
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2.3.3.2 Articul ati on Section

Wth a vertical |oad, either up or down, of 25,6000 LBS, force
applied to the principal fram ng nenbers in conbination with a
100,000 |Ib force applied horizontally and parallel to the
| ongi tudi nal centerline of the car, there shall be no yielding
of the structure.

2.3.3.3 Coupl er Pivot

Wth a 100,000 Ib force conpression |oad applied horizontally
and parallel to the longitudinal centerline of the car body to
the center reaction point of the coupler pivot, the stress in
the pivot shall not exceed that at ultinmate strength.

2.3.3.4 Anti-d i nmber

Wth a vertical l|load, either up or down, of 40,000 |Ib force
applied at the centerline of the anti-clinber, there shall be
no yielding of the structure when conbined with a 100,000 |b
force applied parallel to the vehicle centerline.

2.3.3.5 Col li sion Posts

The ultimate shear strength of each of the two collision posts
at the point of attachnent to the under franme shall be 135, 000
| b force. When a 45,000 Ib force is applied within +15° of
the longitudinal vehicle centerline at a height 15 inches
above the top of the under frane, there shall be no yielding
of the structure.

2.3. 4 Confi guration

Each vehicle is to be equipped for independent, two-way
operation with a conplete operator's cab at each end.

The interior of the vehicle shall be designed for ease of
cl eaning and resistance to vandalismand graffiti.

2.3.4.1 Door s

Each vehicle shall have ten (10) door openings, with five (5)
openings per side directly across from each other. The doors
nearest the end of the cars shall be on a non-tapered portion
of the car body, if a tapered end is required to neet
cl earances.
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2.3.4.2 Passenger Seats

Passenger seats shall be predomnantly 2 plus 2 transverse
seat i ng, except in the Jlow floor area where flip-up
| ongi tudi nal seats shall be provided to acconmobdate wheel chair
st or age. The seat franes shall be supported at the sidewall

and on a pedestal. The shell is to be constructed of
stainless steel and be outfitted with an uphol stered, padded
insert. The seat back shall incorporate a full w dth handhol d

to assi st standi ng passengers.
2.3.4.3 Fl oori ng

The floor and step wells shall be covered with rubber sheet
goods. The floor covering shall be snoboth under the seats for
ease of cleaning and have longitudinal grooves in the aisle
ways for slip resistance. The step tread covers shal
incorporate a contrasting ADA conpliant color stripe at the
edges of all treads for visibility.

2.3.4.4 W ndows
Si de passenger w ndows shall be provided in each car body
section. The w ndow shall be nmade from |[am nated safety

gl ass. Fixed windows shall be located in the upper portion of
t he side doors.

2.3.4.5 Destination Sign and Run Nunber Sign

Roll curtain destination signs shall be provided at both ends
of the car and three on each side on the exterior and
interior. The signs shall be controlled from signals sent
fromthe active cab via the train lines.

A four-digit run nunber sign shall be provided in each cab and
it shall be clearly visible through the w ndshi el d.

2.3.4.6 St op Request

A nmobility inpaired passenger stop alert device shall be
provided to allow passengers to signal the operator that a
passenger with a nobility inmpairnment wll be exiting the
train. When activated, a sign shall be illumnated to

indicate to the other passengers that a stop has been
request ed.
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2.3.4.7 Handi capped Accessibility

ADA conpliant accessibility and parking for wheel chairs shal
be provided in the low floor area of the Cunit. Space shall
be provided with flip-up passenger seats.

2.3.4.8 Si ghage

A place for display of system information shall be provided
i nside the vehicle.

2.4 COUPLER

2.4.1 Gener al

Each end of each vehicle is to be outfitted with a slack-free,
transit-style, hook-type, automatic nechanical, electrical,
and pneunatic coupler. The coupler is to be cantilevered from
the draft gear. The electrical heads shall be automatically
covered when not coupl ed. Electric heads shall allow | ow

voltage DC control signals to pass fromcar to car in a train
and shall be either side or top nounted. Electrical isolation
shal | be provided by either a drum switch or relay
configuration. The coupler shall permt the coupling of cars
at speeds up to and including 3 MPH without release of the
energy absorption el enent. The coupler is to be configured
for both renmote (from an adjacent cab) and nmanual operation.

2.4.2 Ener gy Absorption

The coupler shall incorporate a self-centering device to hold
the coupler head within the gathering range for nechanical
coupling. This device is to include provisions for disabling
to allow coupling on other than tangent track.

The draft gear shall incorporate a cushioning elenent that
shall allow the coupler to elastically deflect up to 2 in.
The coupler drawbar shall incorporate an energy absorption

element. After bolts in the drawbar shear at 75,000 |b force,
or higher value as may be agreed between DART and the vehicle
contractor, the coupler head shall begin to nove back and
allow the anti-clinbers to cone together. The energy shall be
absorbed in a linear manner by crushing a canister or other
acceptable nethod of deformng netal. A mninmm of 75,000 ft
LBS of energy is to be absorbed and the coupler is to coll apse
a mnimumof 1 in nore than that needed to permt full anti-
clinber engagenent.
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2.5 OPERATOR S CAB
2.5.1 Cener al

Each end of the vehicle is to be provided with a conplete
operator's cab. The cab is to be separated fromthe passenger

conpartnment by a divider wall with a door for access. The
divider wall and door shall include w ndows for passenger
visibility through the cab. Hori zontal sliding sash w ndows

shal |l be provided on each side of the cab.
2.5.2 Layout and Equi pnent

The operator’s cab, seat, controls, indicators, etc, shall be
designed to accommodate operation of the vehicle from both a
seated and standing position. Al equipnent in the cab shal
be ergonomically designed and positioned for ease of
oper ati on.

The cab is to include all the controls necessary for operating
the vehicle, either as a single car or in a train. The
controls shall be located on the console within easy and
confortabl e reach of the operator in the seated position.

The cab design shall accompbdate a U S. 95th percentile nale
and U.S. 5th percentile fenale. The cab shall be provided
with the foll owi ng other features:

o] Qperator's Seat o] Fire Extingui sher
0 Cab Li ght o] Defroster
o] HVAC Di f f user o] W ndshi el d Washer
o] W ndshi el d W per o] Equi pment Locker
o] Coat Hook o] Wast e Receptacl e
o] Cab Heater o] Pressure Gauges
o] Sun Vi sor o] Cab Door Lock
o] Bel | o] Annunci at or Panel
o] Hor n o] Silent Alarm
0 Mrror o] Oper abl e Si de W ndow
2.6 PASSENGER DOCRS AND CONTRCLS
2.6.1 CGener al

Five sets of sliding passenger doors shall be provided on each
side of the car. They shall be controlled fromthe active cab
and interlocked to prevent opening when the car is in notion,
and to inhibit the application of power and the rel ease of the
brakes when the doors are open. An interlock override switch
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shall be provided to permt returning a car to the maintenance
facility with a door that cannot be cl osed.

2.6.2 Confi guration

The four sliding doors at the cab ends of the car and the four
doors nearest the articulation section shall be configured
with fixed step wells for loading fromeither a 8 in or 15.5
in platform The two sliding doors in the low floor area of
the CGunit shall be configured for direct |evel boarding of
passengers froma 15.5 in platform

2.6.3 Cont r ol

The doors shall be controlled in groups by side of train from
the operator's console via the door control train lines. The

doors shall be controlled locally at each doorway by the
passengers from both interior and exterior pushbuttons after
the operator “enables” the doors. There shall be a door

cl ose warning device installed at each doorway.

2.6.4 Operators

The  door operators shall be either electrically or
pneumati cally powered. Acceptable door configuration shall be
of a sliding design only. Doors shall be retained in the

closed position by a positive |ocking nmechanism that may be
i ncorporated in the design of the door I|inkages.

2.6.5 Obstacl e Detection

The |eading edge of each door leaf shall incorporate a
detection device that shall cause a door to cycle open if an
obstruction is detected and then attenpt to re-close. 1In the

event of a defective doorway, provisions shall be included to
bypass the affected doorway to permt the train to continue in
servi ce. Under these conditions, the door shall be
mechanically restrained in the closed position.

2.6.6 Manual Rel ease

A manual release shall be included at each doorway in the
interior to allow passengers to open the doors in an energency
and exit the vehicle. Wen this device is activated, it shal
interrupt the interlock circuitry, apply the brakes, and
rel ease the doors so that the passengers can nmanually open
them even if the door was previously bypassed.

A manual release shall also be provided on the vehicle
exterior adjacent to one door at each end of the car to all ow
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for entry in the event of a loss of power. Crew sw tches
shall also be provided at these locations to pernmt powered
openi ng of the adjacent doors.

2.6.7 | ndi cati on

A light shall be provided on the vehicle exterior above each
doorway and also on the interior of the car (light emtting
diode) to indicate when both leaves in a doorway are not
cl osed and | ocked. Indicator lights on the console shall
indicate when all doors in a train are closed and | ocked.

2.7 HEATI NG, VENTI LATI ON, AND Al R CONDI TI ONI NG
2.7.1 Cener al

Each light rail vehicle shall be equipped with a heating,
ventilation and air conditioning system (HVAC) to control
interior tenperatures based on anbient tenperatures. The HVAC
system shall <consist of three, roof-nounted, wunitized air
conditioning units that blend in with the car roofline. The
HVAC system shall incorporate resistive heaters to warm the
fresh air and to provide a re-heat function for humdity
control when the air conditioning system is in use. In
addition, there shall be strip heaters |ocated along the walls
of the car underneath the seats, as well as cab heaters and
defrosters.

2.7.2 Oper ati onal Description

The roof-nmounted wunits shall draw return air from the
passenger conpartnent and mx it with fresh air drawn in
through the fresh air ducts, heat or cool the air as may be
appropriate, and force it into the supply ducts in the
ceiling. The conditioned air shall be discharged into the
passenger conpartnment through diffusers incorporated as part
of the main lighting fixtures and into the cab through the cab
HVAC di ffuser. Fresh airflow shall be approximately 1,200
cubic feet per mnute. Total airflow shall be as determ ned
by the HVAC desi gner based on evaporator coil selection. The
design of the car body and the ventilation system shal
provide for positive pressurization inside the vehicle.

The fresh air intakes shall be equipped with a danper to bl ock
off the fresh air in hazardous conditions.

2-20 May 2005 Revision 4



Design Criteria Manual Light Rail Vehicles, Chapter 2

2.7.3 Tenper ature Contr ol

The car interior tenperature shall be based on the external
anbient tenperature. For conditions where heating 1is
required, the internal tenperature shall be 68°F (20°C) or 48°F
(22°C) above the anbient, whichever is lower. Wien cooling is
required, the internal tenperature shall be 73°F (23°C) or 30°F
(14°C) below the ambient, whichever is higher, wth the
relative humidity limted to 50% maxi num Between 68°F (20°C)
and 73°F (23°C), the system shall nornmally be in the
ventilation or reheat nobde, except when anbient tenperatures
are extrene, at which tine limted heating or cooling shall be
required. Heating and cooling shall be nodulated in stages so
that capacity can be matched to the | oads.

Layover heat shall be provided to maintain the interior car
temperature at 45°F (7°C) with an outside anbient of 4°%F (-
16°C) . Cab heat shall be capable of maintaining an interior
temperature of 72°F (22°C) with the w ndows closed and an
ambi ent of 4°F (-16°C).

2.8 LI GHTI NG

2.8.1 I nterior

Passenger conpart ment interior l'ighting shal | be by
fluorescent lights wth slot-type diffusers for the air

confort system One fluorescent fixture above each doorway
shall remain powered from the battery when the |ow voltage
power output is interrupted. Lights shall also be provided in
the step wells and shall illum nate when the doors are open.

A ceiling mounted fixture shall be located in the cab for use
by the operator.

2.8.2 Exterior

On the exterior, there shall be headlights, high-intensity
headlights, taillights, stoplights, turn signals, mar ker
lights, run nunber sign lights, enmergency |ight and strobe

light consistent wth The State of Texas Vehicle Code.
Additionally, there may be other signal (informational) type
lights installed on the vehicle exterior to aid operations.
The exterior lights shall be housed in a stainless steel
encl osure and be re-lanped fromthe interior.
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2.9 AUXI LI ARY ELECTRI CAL SYSTEM

2.9.1 Pant ogr aph

The vehicle shall wuse a pantograph to collect power for
propul sion and auxiliary |oads from the catenary system The
pant ograph shall be spring raised and electrically or
pneumatical ly | owered. The pantograph shall be nechanically
restrained in the |owered position by a | ock or other approved
positive retention method. The pantograph shall be of a
sacrificial, frangible design to mnimze damage to the

overhead catenary system in the event of an incident. The
pant ograph shall be designed with two carbon wear strips sized
to conduct the maxi num propul sion, brake, and auxiliary | oads.

2.9.2 Auxi | i ary Power Supply

The wunitized air conditioning system air conpressor and
interior fluorescent light shall be powered fromthe output of
the auxiliary power supply. The auxiliary power supply output
shall be 120/240 VAC, 60 Hz, 3 phase and 120 VAC, single
phase. The auxiliary power supply shall be either a notor
alternator or a static inverter. If a static inverter is
provided, total harnonic distortion shall be less than 10
percent. The design shall incorporate a nethod to continue to
provide power to the auxiliary power supply to mtigate the
| oss of output power in the event of a pantograph bounce.

2.9.3 Low Vol t age Power Supply

The | ow voltage power supply and battery charger shall derive
its input power directly fromthe overhead catenary system and
shall be transformed and rectified in a controlled manner to
power the |low voltage DC | oads and charge the battery. The
| ow vol tage power supply output shall be 37.5 VDC.

In the event of a loss of output power from the |ow voltage
power supply, all essential Ilow voltage DC |oads shal
continue to be powered for one hour by the nickel-cadm um
battery. Cell charging voltage shall be 1.5 volts.

2.9.4 Shop Supply

A knife switch and shop power connector shall be provided

The knife switch shall be able to connect the auxiliary | oads
to either the pantograph or shop power supply, wth the
pr opul si on system being di sconnect ed, for mai nt enance
pur poses.
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2.10 PROPULSI ON SYSTEM
2.10.1 Cener al

Tractive effort shall be provided by an AC drive propul sion
system with a separate inverter for each notor truck. The
configuration shall be of bi-nmotor design with parallel drive
gearboxes. The inverters shall be controlled by signals from
the train lines, which are in turn controlled by the naster
controller and signal equipnment. The inverter shall be of the
variable voltage, variable frequency type. The et hod
selected for cooling the inverters nust take into account the
worldwide trend towards noving away from the use of
chl or of | uorocarbons (CFCs) because of the damage they cause to
t he environnent.

The propul sion system shall provide both positive and negative
tractive effort to power and brake the car. Regener ati ve
dynam c braking capability shall be provided. For those
occasi ons when the regenerated power exceeds l|line receptivity,
the power shall be dissipated as heat from a brake resistor
grid installed on the vehicle.

2.10.2 Control s

The master controller shall be located to the right of the
operator's seat and shall include a dead man feature. The
notion of the handle shall be in the forward and aft direction
in a vertical plane. The master controller shall include a

propul sion zone, a coast position, a braking zone and a
maxi num brake position. The naster controller novenment shall
be forward for propul sion and back for braking. Maximm brake
shall consist of full service brake conbined wth track
brakes, sand, and slide protection and shall be retrievable.
Energency braking shall be effected by a console nounted red
mushroom button and shall be the sane as nmaxi num brake except
that no slide protection shall be avail abl e.

2.10.3 Protection
A high speed circuit breaker shall be required to protect the
propul sion equi pnent against damaging electric |oads. A

filter capacitor bank shall be provided to condition the input
power .
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2.11 TRUCK
2.11.1 Cener al

The double articulated car shall be supported on four trucks,
two of which shall be powered and |ocated under the cab ends
of the A and B car body units. The two non-powered trucks
shall be | ocated under the articul ation sections.

2.11.2 Suspensi on

The suspension systens shall consist of an elastoneric primry
and pneumatic secondary springs. Roll stability shall be
provided by torsion bars. Floor height shall be controlled by
| eveling valves to conpensate for differences in passenger
| oad.

2.11. 3 Structure

The truck frame and bolster may be a weld-fabricated or cast-
wel d design. Both inside or outside frane designs my be
provi ded. The truck-to-car body connection shall wuse a
sl ewi ng ring, appropriately danped to pr event truck

instability over the entire operating speed range.
2.11. 4 Wheel s and Axl es

Axles may be of the solid or hollow design. Ground brushes
shall be bolted-on to the end of the axles, or attached to
gear boxes or journal bearings. Two brushes per axle shall be
provi ded. The axle ends shall be machined to interface with
DART's wheel truing nmachine. Resilient wheels shall be
provided and the wheel profile shall be determned in close
cooperation w th DART. Spl ashguards shall be provided to
prevent water slung fromthe wheels from spraying on the under
frame. Safety bars shall be provided to prevent objects on
the track bed from going under the truck

The wheels shall be 5.5 in wde. The profile shall be selected
in coordination with the track designer and provided at a
| at er date.

2.12 FRI CTI ON BRAKES

2.12.1 Gener al

The friction brake system shall consist of an air conpressor,
air reservoirs, control valves, pressure gauges, |oad weigh
equi pnent pneumatically applied actuators, pneumatical |y
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rel eased spring parking brakes, brake discs, pneunmatically
assi sted sanders and articulated track brakes. The friction
braki ng system shall suppl enment the dynam c brakes when:

a) The dynam c brake system use has been maxi m zed

b) After dynam c brake fade, as a final stopping brake

c) Serve as a backup system to the dynamic brakes in
the event of dynamic brake failure

d) Act as a parking brake to hold a AW | oaded car on a
7% gr ade

e) The friction brake system shall also provide the
energency brake function

f) The enmergency brake shall be designed to be fail-

safe
2.12.2 Conpr essor
The air conpressor shall be of the reciprocating type and
shall be sized to provide conpressed air for all braking
needs, including slide controls, sanders and other on-board

systens such as the air springs and doors, as appropriate.
Additionally, this air shall be train lined through the
energency brake pipe to share air with other cars coupled in a
train.

2.12.3 D sc Br akes

The brake discs shall be nmounted on the axles inboard of the
wheel s. The disc shall have a separate hub and ring to permt
replacenent with a split ring when the original disc reaches
the condeming limt.

2.12. 4 Control Val ues

The control valves shall take air from the air reservoirs
adj acent to the truck and reduce the pressure proportional to
the commanded effort fromthe master controller as nodified by
the | oad weigh systemto effect a brake application or rel ease
as may be appropriate to the system configuration.

2.13 COVMUNI CATI ONS

The on-board comruni cati ons equi pnent shall consist of a train
radio, public address system cab intercom and passenger
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energency intercom The public address speakers shall be
|l ocated in the ceiling in the passenger conpartnment and al ong
both sides of the vehicle on the exterior to Dbroadcast
nessages to passengers waiting on the platforns.

2.14 AUTOVATI C TRAIN PROTECTION (ATP), TRIP STOP SYSTEM
(TSS) AND TRAI N- TO- WAYSI DE COMMUNI CATI ONS ( TWO)

The signal system shall consist of a conbination of a wayside
cab signal system conbined with automatic train protection,
magnetic trip stop system and train-to-waysi de comruni cations

equi pnent, installed on the vehicle. The vehicle contractor
shal |l supply the on board Automatic Train Protection, train to
waysi de comrunications and trip stop systens. Waysi de

equi pnent for these three systens is to be supplied by others.
2. 15 FLAMMABI LI TY AND SMOKE EM SSI ONS

All of the materials selected for use in the DART |ight rai
vehicle shall neet the current USDOT "Recommended Fire Safety
Practices for Rail Passenger Car Materials Selection - January

1989" as contained in 54CFR10, pages 1837-1840. Additionally,
the requirenents of NFPA 130 shall be observed.

2.16 CLEARANCES

2.16.1 Cl earance Assunptions
The cl earance tables are based on the largest vehicle that is
permtted by DART Policy. The basic dinensions that were used
are as foll ows:

a) Length is 125 ft

b) Wdth is 9.5 ft

c) Wdth over side mrrors is 10.8 ft

d) Height to bottomof mrror is 9.8 ft

e) Roll is + 4°

f) Truck spacing is selected to neet cl earance
requi renents
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2.16.2 Cl earance Tabl e I nstructions

The Clearance tables conbine the effects of car body roll,
super elevation and curve displacenent into a single "X Y"
coordinate that defines the position of the selected point in
space fromthe Origin, "0,0", of the systemwhich is at Top of
Rail on the centerline of the track way.

Directions for the use of the tables are as foll ows:

a) Select the point on the vehicle or pantograph that
is to be checked fromFig 1-1; P2 to P24

b) Go to the table that corresponds to the selected
poi nt . Each table provides the information for one
point on the car body and is identified with the
"Location" of that point, P2 to P24, in the upper
| eft corner of the table.

c) Define the track conditions, curve radius and super
el evation, that shall be used to deternmine the
cl earance information for the selected point.

d) Find the curve radius in the left colum of the
t abl e. If there is not an exact natch in the table,
round the curve radius "down" to the nearest value
in the table. For exanple, a curve radius of 1200 ft
should be "rounded down" to the table value of 1000
ft.

e) Read across the table to the super elevation columm
that corresponds to the defined conditions. | f
there is not an exact match in the table, round the
super elevation value "up" to the nearest table
val ue. For exanple: a super elevation of 5.25 in
shoul d be "rounded up” to 5.5 in.

f) The "X and Y" values that are in the box at the
intersection of the "selected curve row' and the
"sel ected super el evation col um” define the
coordinates of the selected point on the car body,
fromtrack centerline.

2.16.3 Ref erence Drawi ng and Cl earance Tabl es
Attached are Fig 1-1 showing the 24 different reference points
on the car body that are used for the table calculations.

Each table represents the displacenent for one point on the
ref erence draw ng.
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2.17 LOAD DI STRI BUTI ON

Figures 1-2 and 1-3 present typical axle load distribution
diagrans for three car trains. Figure 1-2 represents the
shortest vehicle allowed by DART Policy and Fig. 1-3
represents the |ongest vehicle. Truck spacing, axle spacing
and end overhang for the two different vehicle | engths reflect
typical values for an articulated vehicle. Each drawing has a
table showing the expected axle |oads, "F1" for notor truck
axles and "F2" for articulation truck axles, for the follow ng
condi ti ons:

a) Enpty Car-Ready to run condition 140,000 LBS

b) Crush Loaded Car-250 passengers at 155 LBS per

passenger
c) 20% Load on Articulation Truck-40% Load on Mbtor
Trucks (2)
d 30% Load on Articulation Truck-35% Load on WMotor
trucks (2)
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NOTES:

1. CRUSH LOAD ASSUMED 380 PASSENGERS PER EMPTY CAR |CRUSH LOADED| EMPTY CAR |CRUSH LOADED

CAR, 154 LBS PER PASSENGER. 1% 1% 5% 5%
2. LOAD VARIATION ALLOWED 21% TO 25% OF 1

TOTAL CAR WEIGHT OVER ARTICULATED TRUCKS. (MOTOR TRUCK) 21,200 28,515 18,250 25,565
3. (21%) IS DEFINED AS: 29% OF THE TOTAL -

WEIGHT ON EACH MOTORED TRUCK AND 21% OF (ARTICULATION) 15,300 22,615 18,250 25,565

THE TOTAL WEIGHT ON THE ARTICULATED TRUCK.
4. (25%) IS DEFINED AS: 25% OF THE TOTAL WEIGHT VEHICLE WEIGHT 146,000 204,520 146,000 204,520

ON EACH MOTORED TRUCK AND 25% OF THE TOTAL

WEIGHT ON THE ARTICULATED TRUCK.
5. TRUCK AXLE SPACING RANGE 7' TO 8'.

FIGURE 1-2
LRV DESIGN LOAD DISTRIBUTION

124 FOOT CAR
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OCT. 2004



LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P2 LOWER CORNER OF CARBODY - OUTSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| 8.01 0.67| 804 1.00/ 803 107/ 801 1.13] 800 1.19] 798 125 796 132 795 138] 793 144 791 150 789 156| 787 162 785 169 7.83 175

100] 753 0.67| 756 1.00] 755 107 753 1.13| 752 119 750 1.25| 748 132 7.47 138| 745 144 743 150 741 156 739 162| 737 169 735 175

150 6.76 0.67| 6.79 1.00| 6.77 1.07| 6.76 1.13] 6.74 1.19] 6.73 1.25| 6.71 132 6.69 1.38| 6.67 144 6.66 150 6.64 156/ 6.62 1.62| 6.60 1.69] 658 1.75

200 6.35 0.67] 6.38 1.00f] 6.37 1.07] 6.35 1.13| 6.34 1.19] 6.32 1.25| 6.30 1.32| 6.29 1.38| 6.27 144 6.25 150 6.23 156| 6.21 1.62| 6.19 1.69| 6.17 1.75

250 6.11 0.67| 6.13 1.00| 6.12 1.07| 6.10 1.13|] 6.09 1.19] 6.07 1.25| 6.06 132| 6.04 138] 6.02 144 600 150] 598 156] 596 1.62] 594 169 592 175

300 594 0.67] 597 1.00f 595 1.07] 594 1.13] 592 1.19] 590 1.25| 589 1.32| 587 138 585 144| 583 150 581 156| 579 1.62| 577 169 575 1.75

350 5.82 0.67| 584 1.00f 583 1.07| 581 1.13| 580 1.19| 578 1.25| 577 132| 575 138| 573 144 571 150| 569 156| 567 162 565 169 563 175

400 5.72 0.67| 575 100 574 1.07| 572 113] 571 1.19| 569 125| 567 132 566 138] 564 1.44| 562 150 560 1.56| 558 162 556 1.69] 554 175

450 5.65 0.67] 568 1.00f 567 1.07 565 1.13| 564 119 562 125/ 560 1.32| 558 1.38| 557 1.44| 555 150 553 156] 551 162| 549 169| 547 175

500 5.59 0.67] 562 1.00f 561 1.07] 559 1.13] 558 1.19] 556 1.25| 554 1.32| 553 138 551 144| 549 150 547 156| 545 1.62| 543 1.69| 541 1.75

550 5.55 0.67] 558 1.00f] 556 1.07| 555 1.13| 553 1.19| 551 1.25| 550 132| 548 138| 546 144| 544 150| 542 156| 541 162 539 169 536 175

600 551 0.67] 554 1.00f 552 1.07] 551 1.13| 549 1.19| 548 1.25| 546 1.32| 544 138| 542 144 540 150 538 156| 537 1.62| 535 1.69| 532 1.75

650 5.47 0.67] 550 1.00] 549 1.07| 547 1.13| 546 1.19| 544 125| 542 132| 541 138] 539 144 537 150] 535 156] 533 162 531 169 529 175

700 5.45 0.67] 547 1.00| 546 1.07| 544 1.13| 543 1.19| 541 125 540 1.32| 538 1.38| 536 144| 534 150 532 156| 530 1.62| 528 1.69| 526 1.75

750 542 0.67| 545 1.00| 544 1.07| 542 1.13| 540 1.19| 539 125| 537 132] 535 138| 534 144 532 150| 530 156| 528 162 526 169 524 175

800| 5.40 0.67] 543 1.00f 541 1.07| 540 1.13| 538 1.19] 537 125 535 1.32| 533 138 531 144| 530 150 528 156| 526 1.62| 524 169| 522 175

850 5.38 0.67| 541 1.00f] 539 1.07| 538 1.13| 536 1.19| 535 1.25| 533 132] 531 138] 529 144| 528 150| 526 1.56| 524 162 522 169 520 175

900| 5.36 0.67] 539 1.00f 538 1.07] 536 1.13] 535 1.19] 533 1.25| 531 1.32| 529 138 528 144| 526 150 524 156| 522 1.62| 520 1.69| 518 1.75

950 5.35 0.67] 538 1.00f 536 1.07| 535 1.13] 533 1.19| 531 1.25| 530 132| 528 138| 526 144| 524 150| 522 156| 520 1.62| 518 169 516 175

1000f 5.33 0.67] 536 1.00f 535 1.07] 533 1.13] 532 1.19] 530 1.25| 528 1.32| 527 138] 525 1.44| 523 150 521 156 519 1.62| 517 169| 515 1.75

1500] 5.25 0.67| 527 1.00] 526 1.07| 524 1.13] 523 1.19|] 521 125| 520 132| 518 1.38] 516 144| 514 150| 512 156| 510 162 508 1.69| 506 1.75

2000 5.20 0.67| 5.23 1.00) 522 1.07| 520 1.13] 518 1.19| 517 1.25] 515 132| 513 1.38| 512 1.44| 510 150| 508 156 506 162 504 1.69] 502 175

5000 5.12 0.67f 515 1.00f 514 1.07| 512 1.13] 510 1.19] 509 125 507 1.32| 505 1.38] 504 1.44| 502 150 500 156| 498 162| 496 169| 494 175

10000 5.09 0.67f 5.12 1.00] 511 1.07f 5.09 1.13] 508 1.19] 506 1.25| 504 132 503 1.38] 501 1.44f 499 150| 497 156 495 1.62| 493 1.69| 491 175

50000f 5.07 0.67| 5.10 1.00f 5.09 1.07f 5.07 113 506 119 5.04 125/ 502 1.32| 501 1.38] 4.99 1.44| 497 150 495 156| 493 162| 491 169] 489 175

100000f 5.07 0.67|] 5.10 1.00f 5.08 1.07| 5.07 1.13] 5.05 1.19] 504 125 5.02 1.32| 500 1.38] 499 144 497 150 495 156| 493 1.62| 491 169 489 175
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P3  INTERDIMATE POINT OF CARBODY - OUTSIDE OF CURVE LENGTH: 95 FT DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 125[FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| 801 7.00] 7.60 7.32| 834 6.72| 827 6.79] 821 6.85| 814 691] 807 6.98] 801 7.04| 794 7.10| 787 7v.17| 780 7.23] 773 7.29| 766 7.35| 759 7.41

100] 753 7.00f 7.12 732 786 672 7.79 6.79] 773 685 766 6.91| 759 698 753 7.04| 746 7.10| 739 717 732 7.23] 725 7.29] 718 735 711 741

150| 6.76 7.00] 635 7.32| 708 6.72| 702 6.79] 695 6.85] 6.89 6.91] 682 6.98] 6.75 7.04f 6.69 7.10| 6.62 7.17| 655 7.23| 648 7.29] 641 7.35| 6.34 7.41

200 6.35 7.00] 594 732 6.68 6.72] 6.61 6.79] 655 6.85| 6.48 691 6.41 6.98] 635 7.04f 6.28 7.10| 6.21 7.17| 6.14 7.23] 6.07 7.29] 6.00 7.35| 593 7.41

250 6.11 7.00] 5.69 7.32| 643 6.72| 637 6.79] 630 6.85| 623 6.91| 6.17 6.98] 6.10 7.04] 603 7.10] 596 7.17| 589 7.23] 582 7.29] 575 7.35| 568 7.4l

300 594 7.00] 552 732 626 6.72] 6.20 6.79] 6.13 6.85| 6.07 691 6.00 6.98] 593 7.04f 586 7.10| 579 7.17| 572 723 566 7.29| 559 7.35| 551 741

350 5.82 7.00] 540 7.32| 6.14 6.72| 6.08 6.79] 6.01 6.85| 594 691| 588 6.98| 581 7.04| 574 7.10| 567 7.17| 560 7.23] 553 7.29] 546 7.35| 539 741

400 572 7.00| 531 732 6.05 6.72| 598 6.79] 592 6.85| 585 6.91] 578 6.98| 572 7.04| 565 7.10| 558 7.17| 551 7.23| 544 7.29| 537 7.35| 530 741

450 5.65 7.00] 524 732 598 6.72 591 6.79|] 585 6.85| 578 6.91| 571 6.98 564 7.04] 558 7.10| 551 7.17| 544 7.23] 537 7.29| 530 7.35| 523 741

500 5.59 7.00] 518 7.32| 592 6.72] 585 6.79] 579 6.85| 572 691 566 6.98] 559 7.04f 552 7.10| 545 7.17| 538 7.23] 531 7.29| 524 735 517 7.41

550 555 7.00] 513 7.32| 587 6.72| 581 6.79] 574 6.85| 568 691| 561 6.98| 554 7.04| 547 7.10] 540 7.17| 533 7.23] 527 7.29] 520 7.35| 513 741

600 551 7.00] 510 7.32| 583 6.72] 577 6.79] 570 6.85| 564 691 557 6.98] 550 7.04f 543 7.10| 536 7.17| 529 7.23| 523 7.29| 516 7.35| 509 741

650 5.47 7.00] 5.06 7.32| 580 6.72| 573 6.79] 567 6.85| 560 6.91| 553 6.98| 547 7.04| 540 7.10] 533 7.17| 526 7.23] 519 7.29] 512 735 5.05 741

700 5.45 7.00] 503 732 577 6.72] 571 6.79] 564 6.85| 557 691 551 6.98] 544 7.04| 537 7.10| 530 7.17| 523 7.23| 516 7.29| 509 7.35| 502 741

750 542 7.00] 5.01 7.32| 575 6.72| 568 6.79] 561 6.85| 555 6.91| 548 6.98] 541 7.04| 535 7.10| 528 7.17| 521 7.23] 514 7.29| 5.07 7.35| 5.00 7.41

800] 5.40 7.00] 499 732 572 6.72] 566 6.79] 559 6.85| 553 691 546 6.98] 539 7.04f 532 7.10| 526 7.17| 519 7.23| 512 7.29| 505 7.35| 498 741

850 5.38 7.00] 4.97 7.32| 570 6.72| 564 6.79] 557 6.85| 551 691| 544 6.98| 537 7.04| 531 7.10| 524 7.17| 517 7.23] 510 7.29] 5.03 7.35| 4.96 7.41

900] 5.36 7.00] 495 7.32| 569 6.72] 562 6.79] 556 6.85| 549 6.91| 542 6.98] 535 7.04f 529 7.10| 522 7.17| 515 7.23] 508 7.29| 501 7.35| 494 741

950 5.35 7.00] 4.93 7.32| 567 6.72| 561 6.79] 554 6.85| 548 691| 541 6.98| 534 7.04| 527 7.10| 520 7.17| 513 7.23] 5.07 7.29] 5.00 7.35| 4.92 741

1000f 5.35 7.00] 493 7.32| 567 6.72] 561 6.79] 554 6.85| 548 6.91| 541 6.98] 534 7.04f 527 7.10| 520 7.17| 513 7.23] 507 7.29| 500 7.35| 492 741

1500 5.33 7.00] 4.92 7.32| 566 6.72| 559 6.79] 553 6.85| 546 6.91| 539 6.98| 533 7.04| 526 7.10|] 519 7.17| 512 7.23] 505 7.29| 498 7.35| 491 7.41

2000 525 7.00| 483 7.32] 557 6.72] 551 6.79] 544 6.85| 537 6.91] 531 698 524 7.04| 517 7.10| 510 7.17| 503 7.23] 496 7.29| 4.89 7.35| 482 741

5000 5.20 7.00f 4.79 7.32| 553 6.72| 546 6.79] 539 6.85| 533 6.91| 526 6.98 519 7.04] 513 7.10] 506 7.17| 499 7.23| 492 7.29| 485 735 478 7.41

10000 5.12 7.00f 471 7.32| 545 6.72| 538 6.79] 531 6.85| 525 6.91] 518 6.98| 511 7.04] 505 7.10| 498 7.17| 491 7.23| 484 7.29| 477 735 470 741

50000f 5.09 7.00] 4.68 7.32| 542 6.72| 535 6.79| 529 6.85| 522 6.91| 516 6.98 509 7.04] 5.02 7.10| 495 7.17| 488 7.23| 481 7.29| 474 7.35| 467 741

100000f 5.07 7.00] 466 7.32| 540 6.72| 533 6.79| 527 6.85] 520 6.91| 513 6.98] 507 7.04] 500 7.10| 493 7.17| 486 7.23] 479 7.29| 472 735 465 7.41
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P4  UPPER CORNER OF MIRROR - OUTSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5 INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH

RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| 9.86 9.80] 9.25 10.16] 10.35 9.47| 10.26 9.55| 10.17 9.62| 10.08 9.69] 9.99 9.76] 9.90 9.83] 9.81 9.90| 9.71 9.97| 9.62 10.03] 9.52 10.10f 9.43 10.16] 9.33 10.23

100] 9.20 9.80|] 8.59 10.16] 9.69 9.47] 9.60 9.55| 951 9.62] 9.42 9.69] 9.33 9.76] 9.24 9.83| 9.15 9.90f 9.05 9.97| 896 10.03|] 8.86 10.10| 8.77 10.16] 8.67 10.23

150 8.13 9.80f 7.52 10.16] 8.63 9.47| 854 955| 844 9.62| 836 9.69| 826 9.76] 817 9.83] 808 990 7.98 9.97| 7.89 10.03] 7.80 10.10] 7.70 10.16f 7.61 10.23

200 7.57 9.80] 6.96 10.16] 8.06 9.47| 7.97 955| 7.88 9.62| 7.79 969| 770 9.76] 761 9.83] 752 990| 742 997 7.33 10.03] 7.24 10.10] 7.14 10.16] 7.04 10.23

250 7.22 9.80| 6.61 10.16| 7.72 9.47| 7.63 9.55| 754 9.62| 745 9.69| 735 9.76] 7.26 9.83| 7.17 9.90| 7.08 9.97| 6.98 10.03] 6.89 10.10| 6.79 10.16] 6.70 10.23

300 6.99 9.80] 6.38 10.16] 7.48 9.47| 7.39 955 730 9.62| 721 969| 7.12 9.76] 7.03 9.83] 694 990| 6.84 9.97| 6.75 10.03] 6.65 10.10] 6.56 10.16| 6.46 10.23

350| 6.82 9.80| 6.21 10.16f 7.31 9.47| 7.22 955| 7.13 9.62| 7.04 9.69| 695 9.76] 6.86 9.83| 6.77 9.90| 6.67 9.97| 6.58 10.03] 6.48 10.10| 6.39 10.16] 6.29 10.23

400| 6.69 9.80] 6.08 10.16f 7.18 9.47| 7.09 9.55| 7.00 9.62| 691 9.69] 682 9.76] 6.73 9.83] 6.64 9.90| 654 9.97| 6.45 10.03] 6.36 10.10| 6.26 10.16] 6.17 10.23

450 6.59 9.80| 5.98 10.16] 7.08 9.47| 6.99 9.55| 690 9.62| 6.81 9.69] 6.72 9.76] 6.63 9.83] 6.54 9.90| 6.44 9.97| 6.35 10.03] 6.26 10.10f 6.16 10.16] 6.07 10.23

500 6.51 9.80] 5.90 10.16] 7.00 9.47| 6.91 9.55| 6.82 9.62| 6.73 9.69| 6.64 9.76] 655 9.83] 6.46 9.90| 6.36 9.97| 6.27 10.03] 6.18 10.10] 6.08 10.16f 5.99 10.23

550 6.44 9.80|] 5.83 10.16] 6.94 9.47| 6.85 9.55| 6.76 9.62| 6.67 9.69] 6.58 9.76] 6.48 9.83] 6.39 9.90| 6.30 9.97| 6.20 10.03] 6.11 10.10| 6.02 10.16] 5.92 10.23

600 6.39 9.80] 5.78 10.16] 6.88 9.47| 6.79 9.55| 6.70 9.62| 6.61 9.69] 652 9.76] 6.43 9.83] 6.34 9.90| 6.24 9.97| 6.15 10.03] 6.06 10.10] 5.96 10.16] 5.86 10.23

650 6.34 9.80|] 5.73 10.16] 6.84 9.47| 6.75 9.55| 6.66 9.62| 6.57 9.69| 6.47 9.76] 6.38 9.83] 6.29 9.90| 6.20 9.97| 6.10 10.03] 6.01 10.10| 5.91 10.16] 5.82 10.23

700 6.30 9.80] 5.69 10.16] 6.80 9.47| 6.71 9.55| 6.62 9.62| 6.53 9.69| 643 9.76] 6.34 9.83] 6.25 9.90| 6.16 9.97| 6.06 10.03] 5.97 10.10] 5.87 10.16] 5.78 10.23

750 6.27 9.80|] 5.66 10.16f 6.76 9.47| 6.67 9.55| 6.58 9.62| 6.49 9.69| 6.40 9.76] 6.31 9.83|] 6.21 9.90|] 6.12 9.97| 6.03 10.03] 5.93 10.10| 5.84 10.16] 5.74 10.23

800| 6.24 9.80] 5.63 10.16] 6.73 9.47| 6.64 9.55| 655 9.62| 646 9.69| 637 9.76] 628 9.83] 6.18 9.90| 6.09 9.97| 6.00 10.03] 5.90 10.10] 5.81 10.16f 5.71 10.23

850 6.21 9.80|] 5.60 10.16f 6.70 9.47| 6.61 9.55| 6.52 9.62| 6.43 9.69] 6.34 9.76] 6.25 9.83] 6.16 9.90| 6.06 9.97| 5.97 10.03] 5.88 10.10| 5.78 10.16] 5.69 10.23

900 6.19 9.80] 558 10.16] 6.68 9.47| 6.59 9.55| 650 9.62| 641 9.69| 632 9.76] 622 9.83] 6.13 9.90| 6.04 9.97| 594 10.03] 5.85 10.10] 5.76 10.16] 5.66 10.23

950| 6.16 9.80| 5.55 10.16] 6.66 9.47| 6.57 9.55| 6.48 9.62 6.39 9.69 6.30 9.76 6.20 9.83 6.11 9.90 6.02 9.97 5.92 10.03 5.83 10.10 5.74 10.16 5.64 10.23

1000 6.14 9.80] 553 10.16] 6.64 9.47| 655 955| 646 9.62| 637 9.69| 628 9.76] 6.18 9.83] 6.09 9.90| 6.00 9.97| 590 10.03] 5.81 10.10f 5.72 10.16| 5.62 10.23

1500 6.02 9.80|] 5.41 10.16f 6.52 9.47| 6.43 9.55| 6.34 9.62| 6.25 9.69] 6.15 9.76] 6.06 9.83] 597 9.90| 588 9.97| 578 10.03] 5.69 10.10| 5.59 10.16] 5.50 10.23

2000f 5.96 9.80f 5.35 10.16f 6.45 9.47| 6.36 9.55| 6.27 9.62| 6.18 9.69] 6.09 9.76] 6.00 9.83] 591 9.90] 581 9.97| 5.72 10.03] 5.63 10.10|] 5.53 10.16] 5.44 10.23

5000| 5.85 9.80| 5.24 10.16] 6.34 9.47| 6.25 9.55| 6.16 9.62| 6.07 9.69] 598 9.76] 5.89 9.83] 580 9.90| 570 9.97| 5.61 10.03] 551 10.10f 5.42 10.16] 5.32 10.23

10000f 5.81 9.80| 5.20 10.16] 6.30 9.47| 6.22 9.55| 6.12 9.62| 6.03 9.69] 594 9.76] 585 9.83] 576 9.90| 566 9.97| 557 10.03] 5.48 10.10] 5.38 10.16] 5.29 10.23

50000f 5.78 9.80| 5.17 10.16f 6.28 9.47| 6.19 9.55| 6.09 9.62| 6.01 9.69] 591 9.76] 582 9.83] 573 9.90] 563 9.97| 554 10.03] 545 10.10| 5.35 10.16] 5.26 10.23

100000f 5.78 9.80f 5.17 10.16f 6.27 9.47| 6.18 9.55| 6.09 9.62| 6.00 9.69] 591 9.76] 582 9.83] 572 9.90| 563 9.97| 554 10.03] 544 10.10|] 5.35 10.16] 5.25 10.23
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P5 UPPER CORNER OF CARBODY - OUTSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5 INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH

RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| 8.01 10.50f 7.36 10.81] 8.55 10.21| 8.46 10.28| 8.36 10.35| 8.26 10.41] 8.16 10.48| 8.06 10.54| 7.97 10.60| 7.87 10.67| 7.77 10.73| 7.67 10.79| 7.57 10.85| 7.46 10.90

100 7.53 10.50| 6.88 10.81| 8.07 10.21| 7.98 10.28| 7.88 10.35| 7.78 10.41| 7.68 10.48| 7.58 10.54| 7.49 10.60f 7.39 10.67| 7.29 10.73| 7.19 10.79] 7.09 10.85| 6.98 10.90

150 6.76 10.50f 6.10 10.81| 7.30 10.21f 7.20 10.28] 7.10 10.35| 7.01 10.41] 6.91 10.48| 6.81 10.54| 6.71 10.60f 6.61 10.67| 6.51 10.73] 6.41 10.79] 6.31 10.85| 6.21 10.90

200 6.35 10.50| 5.70 10.81| 6.89 10.21| 6.80 10.28| 6.70 10.35| 6.60 10.41|] 6.50 10.48| 6.41 10.54| 6.31 10.60|] 6.21 10.67| 6.11 10.73] 6.01 10.79] 5.91 10.85| 5.81 10.90

250 6.11 10.50|] 5.45 10.81| 6.64 10.21] 6.55 10.28| 6.45 10.35| 6.35 10.41| 6.26 10.48| 6.16 10.54| 6.06 10.60| 5.96 10.67| 5.86 10.73] 5.76 10.79|] 5.66 10.85| 5.56 10.90

300f 5.94 10.50| 5.28 10.81| 6.48 10.21| 6.38 10.28| 6.28 10.35| 6.19 10.41| 6.09 10.48| 5.99 10.54| 5.89 10.60| 5.79 10.67| 5.69 10.73] 5.59 10.79] 5.49 10.85| 5.39 10.90

350 5.82 10.50| 5.16 10.81| 6.35 10.21| 6.26 10.28| 6.16 10.35| 6.06 10.41| 5.97 10.48| 5.87 10.54| 5.77 10.60| 5.67 10.67| 5.57 10.73] 5.47 10.79| 5.37 10.85| 5.27 10.90

400| 5.72 10.50| 5.07 10.81| 6.26 10.21| 6.17 10.28| 6.07 10.35| 5.97 10.41| 5.87 10.48| 5.77 10.54| 5.68 10.60| 5.58 10.67| 5.48 10.73| 5.38 10.79| 5.28 10.85| 5.18 10.90

450| 5.65 10.50| 5.00 10.81] 6.19 10.21| 6.09 10.28] 6.00 10.35| 5.90 10.41] 5.80 10.48| 5.70 10.54| 5.61 10.60| 5.51 10.67| 5.40 10.73| 5.31 10.79f 5.21 10.85| 5.10 10.90

500 5.59 10.50| 4.94 10.81| 6.13 10.21| 6.04 10.28| 5.94 10.35| 5.84 10.41| 5.74 10.48| 5.65 10.54| 555 10.60|] 5.45 10.67| 5.35 10.73] 5.25 10.79] 5.15 10.85| 5.05 10.90

550 5.55 10.50| 4.89 10.81| 6.09 10.21] 5.99 10.28| 5.89 10.35| 5.80 10.41| 5.70 10.48| 5.60 10.54| 5.50 10.60| 5.40 10.67| 5.30 10.73] 5.20 10.79| 5.10 10.85| 5.00 10.90

600] 5.51 10.50| 4.85 10.81| 6.05 10.21| 5.95 10.28| 5.85 10.35| 5.76 10.41| 5.66 10.48| 556 10.54| 5.46 10.60| 5.36 10.67| 5.26 10.73] 5.16 10.79] 5.06 10.85| 4.96 10.90

650 5.47 10.50| 4.82 10.81| 6.01 10.21] 5.92 10.28| 5.82 10.35| 5.72 10.41| 5.62 10.48| 5.53 10.54| 5.43 10.60| 5.33 10.67| 5.23 10.73] 5.13 10.79] 5.03 10.85| 4.93 10.90

700] 5.45 10.50| 4.79 10.81| 5.98 10.21| 5.89 10.28| 5.79 10.35| 5.69 10.41| 5.60 10.48] 550 10.54| 5.40 10.60|] 5.30 10.67| 5.20 10.73] 5.10 10.79] 5.00 10.85| 4.90 10.90

750 5.42 10.50|] 4.76 10.81| 5.96 10.21| 5.86 10.28| 5.77 10.35| 5.67 10.41| 5.57 10.48| 5.47 10.54| 5.37 10.60| 5.27 10.67| 5.17 10.73] 5.07 10.79| 4.97 10.85| 4.87 10.90

800 5.40 10.50| 4.74 10.81| 5.94 10.21| 5.84 10.28| 5.74 10.35| 5.65 10.41| 555 10.48| 5.45 10.54| 535 10.60|] 5.25 10.67| 5.15 10.73] 5.05 10.79] 4.95 10.85| 4.85 10.90

850| 5.38 10.50| 4.72 10.81| 5.92 10.21| 5.82 10.28| 5.72 10.35] 5.63 10.41| 5.53 10.48| 5.43 10.54| 5.33 10.60| 5.23 10.67| 5.13 10.73] 5.03 10.79|] 4.93 10.85| 4.83 10.90

900 5.36 10.50| 4.71 10.81| 5.90 10.21| 5.80 10.28| 5.71 10.35| 5.61 10.41| 551 10.48| 541 10.54| 532 10.60| 5.22 10.67| 5.12 10.73] 5.02 10.79] 4.92 10.85| 4.81 10.90

950 5.35 10.50| 4.69 10.81| 5.89 10.21] 5.79 10.28| 5.69 10.35| 5.60 10.41|] 5.50 10.48| 5.40 10.54| 5.30 10.60| 5.20 10.67| 5.10 10.73] 5.00 10.79] 4.90 10.85| 4.80 10.90

1000| 5.33 10.50| 4.68 10.81| 5.87 10.21| 5.78 10.28| 5.68 10.35| 5.58 10.41] 5.48 10.48| 5.38 10.54| 5.29 10.60] 5.19 10.67| 5.09 10.73|] 4.99 10.79| 4.89 10.85| 4.78 10.90

1500f 5.25 10.50|] 4.59 10.81| 5.78 10.21] 5.69 10.28| 5.59 10.35] 5.49 10.41| 5.40 10.48] 5.30 10.54| 5.20 10.60| 5.10 10.67| 5.00 10.73] 4.90 10.79|] 4.80 10.85| 4.70 10.90

2000f 5.20 10.50f 4.54 10.81| 5.74 10.21| 5.64 10.28| 555 10.35| 545 10.41| 535 10.48| 5.25 10.54| 5.15 10.60] 5.05 10.67| 4.95 10.73| 4.86 10.79] 4.75 10.85| 4.65 10.90

5000| 5.12 10.50| 4.46 10.81] 5.66 10.21| 5.56 10.28] 5.47 10.35| 5.37 10.41| 5.27 10.48| 5.17 10.54| 5.07 10.60| 4.97 10.67| 4.87 10.73| 4.78 10.79| 4.67 10.85| 4.57 10.90

10000 5.09 10.50| 4.44 10.81| 5.63 10.21| 5.54 10.28| 5.44 10.35| 5.34 10.41| 5.24 10.48| 5.15 10.54| 5.05 10.60| 4.95 10.67| 4.85 10.73] 4.75 10.79] 4.65 10.85| 4.55 10.90

50000 5.07 10.50| 4.42 10.81] 5.61 10.21] 5.52 10.28| 5.42 10.35] 5.32 10.41| 5.22 10.48] 5.12 10.54| 5.03 10.60| 4.93 10.67| 4.83 10.73] 4.73 10.79| 4.63 10.85] 4.52 10.90

100000 5.07 10.50f 4.41 10.81| 5.61 10.21| 5.51 10.28| 5.42 10.35| 5.32 10.41| 5.22 10.48| 5.12 10.54| 5.02 10.60| 4.92 10.67| 4.82 10.73| 4.72 10.79] 4.62 10.85| 4.52 10.90
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL

P6  END OF PANTOGRAPH - OUTSIDE OF CURVE

REV: C (25/9/91)

PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT LATERAL MOTION TO OUTSIDE
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 3.56 13.25| 2.71 13.45| 4.26 13.05| 4.14 13.11] 4.02 13.16| 3.90 13.21| 3.78 13.26] 3.65 13.32| 3.53 13.37| 3.41 13.41| 3.28 13.46| 3.16 13.51| 3.03 13.55| 291 13.60
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P7  CENTER OF PANTOGRAPH REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
SYMETRICAL WITH ROLL LERW MIRROR] 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft
LATERAL MOTION "+ OR -" 0.18 FT FROM CENTER
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 0.00 14.25| -0.91 14.22| 0.78 14.25| 0.64 14.27| 0.51 14.30|] 0.38 14.32| 0.25 14.35| 0.11 14.37| -0.02 14.39| -0.15 14.41| -0.28 14.43| -0.41 14.45| -0.55 14.46| -0.68 14.48
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P8 END OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT LATERAL MOTION TO INSIDE
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL -3.56 13.25| -4.38 12.99| -4.50 12.98| -4.62 12.96| -4.75 12.94| -4.86 12.92| -4.98 12.90| -5.10 12.88] -5.22 12.86| -5.34 12.84| -5.46 12.81| -5.58 12.79| -5.70 12.76]| -5.81 12.73
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P9  UPPER CORNER OF CARBODY - INSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| -6.48 10.50| -7.11 10.15| -7.21 10.12| -7.30 10.09| -7.40 10.06| -7.49 10.03] -7.59 10.00| -7.68 9.97| -7.77 9.94| -7.87 9.90| -7.96 9.87| -8.05 9.84| -8.15 9.80| -8.24 9.76

100| -6.20 10.50| -6.83 10.15| -6.93 10.12| -7.02 10.09| -7.12 10.06| -7.21 10.03| -7.30 10.00f -7.40 9.97| -7.49 9.94| -7.59 9.90| -7.68 9.87| -7.77 9.84| -7.86 9.80| -7.95 9.76

150| -5.77 10.50| -6.41 10.15] -6.50 10.12| -6.60 10.09] -6.69 10.06| -6.78 10.03| -6.88 10.00| -6.97 9.97| -7.07 9.94| -7.16 9.90| -7.25 9.87| -7.34 9.84| -7.44 9.80| -7.53 9.76

200| -5.56 10.50| -6.19 10.15| -6.29 10.12| -6.38 10.09| -6.48 10.06| -6.57 10.03| -6.67 10.00| -6.76 9.97| -6.85 9.94| -6.95 9.90| -7.04 9.87| -7.13 9.84| -7.22 9.80| -7.32 9.76

250| -5.43 10.50| -6.07 10.15| -6.16 10.12| -6.26 10.09| -6.35 10.06| -6.45 10.03| -6.54 10.00| -6.64 9.97| -6.73 9.94| -6.82 9.90| -6.92 9.87| -7.01 9.84| -7.10 9.80| -7.19 9.76

300] -5.35 10.50| -5.98 10.15| -6.08 10.12| -6.17 10.09| -6.27 10.06] -6.36 10.03| -6.46 10.00| -6.55 9.97| -6.64 9.94| -6.74 9.90| -6.83 9.87| -6.92 9.84| -7.01 9.80| -7.11 9.76

350| -5.29 10.50| -5.92 10.15| -6.02 10.12| -6.11 10.09| -6.21 10.06| -6.30 10.03| -6.40 10.00| -6.49 9.97| -6.58 9.94| -6.68 9.90| -6.77 9.87| -6.86 9.84| -6.95 9.80| -7.05 9.76

400| -5.25 10.50| -5.88 10.15| -5.97 10.12| -6.07 10.09| -6.16 10.06| -6.26 10.03| -6.35 10.00| -6.45 9.97| -6.54 9.94| -6.63 9.90| -6.73 9.87| -6.82 9.84| -6.91 9.80| -7.00 9.76

450| -5.21 10.50| -5.84 10.15 -5.94 10.12| -6.03 10.09| -6.13 10.06| -6.22 10.03| -6.32 10.00| -6.41 9.97| -6.50 9.94| -6.60 9.90| -6.69 9.87| -6.78 9.84| -6.87 9.80| -6.97 9.76

500| -5.18 10.50| -5.82 10.15| -5.91 10.12| -6.01 10.09| -6.10 10.06| -6.19 10.03| -6.29 10.00| -6.38 9.97| -6.48 9.94| -6.57 9.90| -6.66 9.87| -6.75 9.84| -6.85 9.80| -6.94 9.76

550| -5.16 10.50| -5.79 10.15| -5.89 10.12| -5.98 10.09| -6.08 10.06| -6.17 10.03| -6.27 10.00| -6.36 9.97| -6.45 9.94| -6.55 9.90| -6.64 9.87| -6.73 9.84| -6.82 9.80| -6.91 9.76

600| -5.14 10.50| -5.77 10.15| -5.87 10.12| -5.96 10.09| -6.06 10.06| -6.15 10.03| -6.25 10.00| -6.34 9.97| -6.43 9.94| -6.53 9.90| -6.62 9.87| -6.71 9.84| -6.80 9.80| -6.90 9.76

650| -5.12 10.50| -5.76 10.15| -5.85 10.12| -5.95 10.09| -6.04 10.06| -6.14 10.03| -6.23 10.00] -6.33 9.97| -6.42 9.94| -6.51 9.90| -6.60 9.87| -6.70 9.84| -6.79 9.80| -6.88 9.76

700| -5.11 10.50| -5.74 10.15| -5.84 10.12| -5.93 10.09| -6.03 10.06| -6.12 10.03| -6.22 10.00| -6.31 9.97| -6.40 9.94| -6.50 9.90| -6.59 9.87| -6.68 9.84| -6.77 9.80| -6.87 9.76

750| -5.10 10.50| -5.73 10.15| -5.83 10.12| -5.92 10.09| -6.02 10.06| -6.11 10.03| -6.20 10.00] -6.30 9.97| -6.39 9.94| -6.49 9.90| -6.58 9.87| -6.67 9.84| -6.76 9.80| -6.85 9.76

800| -5.09 10.50| -5.72 10.15| -5.82 10.12] -5.91 10.09| -6.01 10.06] -6.10 10.03| -6.19 10.00| -6.29 9.97| -6.38 9.94| -6.47 9.90| -6.57 9.87| -6.66 9.84| -6.75 9.80| -6.84 9.76

850| -5.08 10.50| -5.71 10.15| -5.81 10.12| -5.90 10.09| -6.00 10.06| -6.09 10.03| -6.18 10.00| -6.28 9.97| -6.37 9.94| -6.47 9.90| -6.56 9.87| -6.65 9.84| -6.74 9.80| -6.83 9.76

900| -5.07 10.50| -5.70 10.15| -5.80 10.12] -5.89 10.09| -5.99 10.06| -6.08 10.03| -6.18 10.00| -6.27 9.97| -6.36 9.94| -6.46 9.90| -6.55 9.87| -6.64 9.84| -6.73 9.80| -6.83 9.76

950| -5.06 10.50| -5.70 10.15| -5.79 10.12| -5.89 10.09| -5.98 10.06| -6.07 10.03| -6.17 10.00| -6.26 9.97| -6.36 9.94| -6.45 9.90| -6.54 9.87| -6.63 9.84| -6.73 9.80| -6.82 9.76

1000| -5.06 10.50| -5.69 10.15| -5.78 10.12| -5.88 10.09| -5.97 10.06| -6.07 10.03| -6.16 10.00| -6.26 9.97| -6.35 9.94| -6.44 9.90| -6.54 9.87| -6.63 9.84| -6.72 9.80| -6.81 9.76

1500| -5.01 10.50| -5.65 10.15| -5.74 10.12| -5.84 10.09| -5.93 10.06] -6.03 10.03] -6.12 10.00| -6.22 9.97| -6.31 9.94| -6.40 9.90| -6.49 9.87| -6.59 9.84| -6.68 9.80| -6.77 9.76

2000| -4.99 10.50| -5.63 10.15] -5.72 10.12| -5.82 10.09] -5.91 10.06| -6.00 10.03| -6.10 10.00| -6.19 9.97| -6.29 9.94| -6.38 9.90| -6.47 9.87| -6.56 9.84| -6.66 9.80| -6.75 9.76

5000f -5.01 10.50f -5.65 10.15| -5.74 10.12| -5.84 10.09| -5.93 10.06] -6.03 10.03| -6.12 10.00| -6.22 9.97| -6.31 9.94| -6.40 9.90| -6.49 9.87| -6.59 9.84| -6.68 9.80| -6.77 9.76

10000 -5.04 10.50f -5.67 10.15| -5.77 10.12| -5.86 10.09| -5.96 10.06| -6.05 10.03| -6.15 10.00| -6.24 9.97| -6.33 9.94| -6.43 9.90| -6.52 9.87| -6.61 9.84| -6.70 9.80| -6.80 9.76

50000] -5.06 10.50| -5.70 10.15| -5.79 10.12| -5.89 10.09| -5.98 10.06| -6.07 10.03| -6.17 10.00| -6.26 9.97| -6.36 9.94| -6.45 9.90| -6.54 9.87| -6.63 9.84| -6.73 9.80| -6.82 9.76

100000f -5.07 10.50| -5.70 10.15| -5.79 10.12| -5.89 10.09| -5.98 10.06| -6.08 10.03| -6.17 10.00| -6.27 9.97| -6.36 9.94| -6.45 9.90| -6.55 9.87| -6.64 9.84| -6.73 9.80| -6.82 9.76
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P10 UPPER CORNER OF MIRROR - INSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| -6.48 9.80| -7.06 9.40| -7.15 9.37| -7.24 9.34| -7.33 9.30| -7.42 9.27| -7.50 9.23] -7.59 9.19| -7.68 9.16] -7.76 9.12| -7.85 9.08] -7.93 9.04| -8.02 9.00| -8.10 8.96

100| -6.20 9.80| -6.78 9.40| -6.87 9.37| -6.96 9.34| -7.05 9.30| -7.13 9.27| -7.22 9.23| -7.31 9.19| -7.39 9.16| -7.48 9.12| -7.57 9.08| -7.65 9.04| -7.74 9.00| -7.82 8.96

150| -5.77 9.80| -6.36 9.40| -6.44 9.37| -6.53 9.34| -6.62 9.30] -6.71 9.27| -6.80 9.23| -6.88 9.19| -6.97 9.16{ -7.05 9.12| -7.14 9.08| -7.23 9.04| -7.31 9.00| -7.40 8.96

200| -5.56 9.80| -6.14 9.40| -6.23 9.37| -6.32 9.34| -6.41 9.30| -6.50 9.27| -6.58 9.23] -6.67 9.19| -6.76 9.16] -6.84 9.12| -6.93 9.08| -7.01 9.04| -7.10 9.00| -7.18 8.96

250| -5.43 9.80|] -6.02 9.40| -6.11 9.37| -6.19 9.34| -6.28 9.30| -6.37 9.27| -6.46 9.23| -6.54 9.19] -6.63 9.16] -6.72 9.12|] -6.80 9.08] -6.89 9.04| -6.97 9.00| -7.06 8.96

300| -5.35 9.80| -5.93 9.40| -6.02 9.37| -6.11 9.34| -6.20 9.30] -6.28 9.27| -6.37 9.23] -6.46 9.19| -6.55 9.16] -6.63 9.12| -6.72 9.08| -6.80 9.04| -6.89 9.00| -6.97 8.96

350 -5.29 9.80|] -5.87 9.40| -5.96 9.37| -6.05 9.34| -6.14 9.30| -6.22 9.27| -6.31 9.23] -6.40 9.19] -6.49 9.16] -6.57 9.12| -6.66 9.08] -6.74 9.04| -6.83 9.00| -6.91 8.96

400| -5.25 9.80| -5.83 9.40| -5.92 9.37| -6.00 9.34] -6.09 9.30| -6.18 9.27| -6.27 9.23| -6.36 9.19| -6.44 9.16] -6.583 9.12| -6.61 9.08| -6.70 9.04| -6.78 9.00| -6.87 8.96

450 -5.21 9.80| -5.79 9.40f -5.88 9.37| -5.97 9.34| -6.06 9.30| -6.14 9.27| -6.23 9.23| -6.32 9.19| -6.41 9.16] -6.49 9.12| -6.58 9.08| -6.66 9.04| -6.75 9.00| -6.83 8.96

500| -5.18 9.80| -5.77 9.40| -5.85 9.37| -5.94 9.34| -6.03 9.30] -6.12 9.27| -6.20 9.23] -6.29 9.19| -6.38 9.16] -6.46 9.12| -6.55 9.08| -6.63 9.04| -6.72 9.00| -6.81 8.96

550 -5.16 9.80|] -5.74 9.40| -5.83 9.37| -5.92 9.34| -6.01 9.30|] -6.09 9.27| -6.18 9.23] -6.27 9.19| -6.35 9.16] -6.44 9.12] -6.53 9.08] -6.61 9.04| -6.70 9.00| -6.78 8.96

600| -5.14 9.80| -5.73 9.40| -5.81 9.37] -5.90 9.34| -599 9.30] -6.08 9.27| -6.17 9.23] -6.25 9.19| -6.34 9.16] -6.43 9.12| -6.51 9.08| -6.60 9.04| -6.68 9.00| -6.77 8.96

650 -5.19 9.80|] -5.78 9.40| -5.86 9.37| -5.95 9.34| -6.04 9.30| -6.13 9.27| -6.22 9.23] -6.30 9.19] -6.39 9.16] -6.47 9.12] -6.56 9.08] -6.64 9.04| -6.73 9.00| -6.82 8.96

700| -5.23 9.80| -5.82 9.40| -591 9.37| -5.99 9.34| -6.08 9.30] -6.17 9.27| -6.26 9.23| -6.34 9.19| -6.43 9.16] -6.52 9.12| -6.60 9.08| -6.69 9.04| -6.77 9.00| -6.86 8.96

750| -5.27 9.80|] -5.85 9.40| -5.94 9.37| -6.03 9.34| -6.12 9.30| -6.21 9.27| -6.29 9.23] -6.38 9.19| -6.47 9.16] -6.55 9.12| -6.64 9.08] -6.72 9.04| -6.81 9.00| -6.89 8.96

800| -5.30 9.80| -5.89 9.40| -5.97 9.37|] -6.06 9.34| -6.15 9.30| -6.24 9.27| -6.32 9.23] -6.41 9.19| -6.50 9.16] -6.58 9.12| -6.67 9.08| -6.75 9.04| -6.84 9.00| -6.93 8.96

850| -5.33 9.80] -5.91 9.40| -6.00 9.37| -6.09 9.34| -6.18 9.30|] -6.26 9.27| -6.35 9.23] -6.44 9.19] -6.53 9.16] -6.61 9.12] -6.70 9.08] -6.78 9.04| -6.87 9.00| -6.95 8.96

900| -5.35 9.80| -5.94 9.40| -6.03 9.37] -6.11 9.34| -6.20 9.30] -6.29 9.27| -6.38 9.23] -6.47 9.19| -6.55 9.16] -6.64 9.12| -6.72 9.08| -6.81 9.04| -6.89 9.00| -6.98 8.96

950| -5.38 9.80|] -5.96 9.40| -6.05 9.37| -6.14 9.34| -6.23 9.30|] -6.31 9.27| -6.40 9.23] -6.49 9.19] -6.57 9.16] -6.66 9.12] -6.75 9.08] -6.83 9.04| -6.92 9.00f -7.00 8.96

1000 -5.40 9.80| -5.98 9.40| -6.07 9.37| -6.16 9.34| -6.25 9.30| -6.33 9.27| -6.42 9.23] -6.51 9.19| -6.59 9.16] -6.68 9.12| -6.77 9.08| -6.85 9.04| -6.94 9.00| -7.02 8.96

1500| -5.52 9.80| -6.11 9.40| -6.19 9.37| -6.28 9.34| -6.37 9.30|] -6.46 9.27| -6.55 9.23] -6.63 9.19] -6.72 9.16] -6.81 9.12| -6.89 9.08] -6.98 9.04| -7.06 9.00 -7.15 8.96

2000| -5.59 9.80| -6.17 9.40| -6.26 9.37| -6.35 9.34| -6.43 9.30| -6.52 9.27| -6.61 9.23| -6.70 9.19] -6.78 9.16| -6.87 9.12| -6.95 9.08| -7.04 9.04| -7.12 9.00| -7.21 8.96

5000 -5.70 9.80| -6.28 9.40| -6.37 9.37| -6.46 9.34| -6.55 9.30| -6.63 9.27| -6.72 9.23| -6.81 9.19| -6.89 9.16] -6.98 9.12| -7.07 9.08| -7.15 9.04| -7.24 9.00| -7.32 8.96

10000| -5.74 9.80| -6.32 9.40| -6.41 9.37| -6.50 9.34| -6.58 9.30| -6.67 9.27| -6.76 9.23| -6.85 9.19| -6.93 9.16| -7.02 9.12| -7.10 9.08| -7.19 9.04| -7.27 9.00| -7.36 8.96

50000 -5.77 9.80| -6.35 9.40| -6.44 9.37| -6.53 9.34| -6.61 9.30| -6.70 9.27| -6.79 9.23| -6.88 9.19| -6.96 9.16] -7.05 9.12| -7.13 9.08| -7.22 9.04] -7.30 9.00| -7.39 8.96

100000f -5.77 9.80| -6.35 9.40| -6.44 9.37| -6.53 9.34| -6.62 9.30|] -6.70 9.27| -6.79 9.23] -6.88 9.19| -6.97 9.16] -7.05 9.12| -7.14 9.08| -7.22 9.04| -7.31 9.00| -7.39 8.96
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P11 INTERMEDIATE POINT OF CARBODY - INSIDE OF CURVE LENGTH: 95 FT  |DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.25|FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| -6.48 7.00| -6.87 6.65| -6.94 6.63] -7.00 6.60|] -7.06 6.58| -7.13 6.55| -7.19 6.52| -7.25 6.50| -7.32 6.47| -7.38 6.44| -7.44 6.41| -7.50 6.38| -7.56 6.35| -7.63 6.32

100| -6.20 7.00f -6.59 6.65| -6.65 6.63| -6.72 6.60|] -6.78 6.58| -6.84 6.55| -6.91 6.52| -6.97 6.50| -7.03 6.47| -7.09 6.44| -7.16 6.41| -7.22 6.38] -7.28 6.35| -7.34 6.32

150| -5.77 7.00] -6.16 6.65| -6.23 6.63| -6.29 6.60] -6.35 6.58| -6.42 6.55| -6.48 6.52| -6.54 6.50| -6.61 6.47| -6.67 6.44| -6.73 6.41| -6.79 6.38] -6.85 6.35| -6.92 6.32

200| -5.56 7.00] -5.95 6.65| -6.01 6.63] -6.08 6.60| -6.14 6.58| -6.21 6.55| -6.27 6.52| -6.33 6.50| -6.39 6.47| -6.46 6.44| -6.52 6.41| -6.58 6.38] -6.64 6.35| -6.70 6.32

250 -5.43 7.00|] -5.82 6.65| -5.89 6.63| -5.95 6.60|] -6.02 6.58| -6.08 6.55| -6.14 6.52| -6.21 6.50| -6.27 6.47| -6.33 6.44| -6.39 6.41] -6.45 6.38] -6.52 6.35| -6.58 6.32

300| -5.35 7.00|] -5.74 6.65| -5.80 6.63] -5.87 6.60|] -593 6.58| -5.99 6.55| -6.06 6.52| -6.12 6.50| -6.18 6.47| -6.25 6.44| -6.31 6.41| -6.37 6.38] -6.43 6.35| -6.49 6.32

350 -5.29 7.00|] -5.68 6.65| -5.74 6.63| -5.81 6.60|] -5.87 6.58| -5.93 6.55| -6.00 6.52| -6.06 6.50| -6.12 6.47| -6.19 6.44| -6.25 6.41] -6.31 6.38] -6.37 6.35| -6.43 6.32

400| -5.25 7.00| -5.63 6.65| -5.70 6.63| -5.76 6.60| -5.83 6.58| -5.89 6.55| -5.95 6.52| -6.02 6.50| -6.08 6.47| -6.14 6.44| -6.20 6.41| -6.27 6.38] -6.33 6.35] -6.39 6.32

450 -5.21 7.00] -5.60 6.65| -5.66 6.63| -5.73 6.60| -5.79 6.58| -5.85 6.55| -5.92 6.52| -5.98 6.50| -6.04 6.47| -6.11 6.44| -6.17 6.41] -6.23 6.38] -6.29 6.35| -6.35 6.32

500| -5.18 7.00| -5.57 6.65| -5.64 6.63] -5.70 6.60| -5.76 6.58| -5.83 6.55| -5.89 6.52| -5.95 6.50| -6.02 6.47| -6.08 6.44| -6.14 6.41| -6.20 6.38| -6.26 6.35| -6.33 6.32

550| -5.16 7.00|] -5.55 6.65| -5.61 6.63| -5.68 6.60| -5.74 6.58| -5.80 6.55| -5.87 6.52| -5.93 6.50| -5.99 6.47| -6.06 6.44| -6.12 6.41] -6.18 6.38] -6.24 6.35| -6.30 6.32

600| -5.14 7.00] -5.53 6.65| -559 6.63] -5.66 6.60| -5.72 6.58| -5.78 6.55| -5.85 6.52| -5.91 6.50| -5.97 6.47| -6.04 6.44| -6.10 6.41| -6.16 6.38| -6.22 6.35| -6.28 6.32

650 -5.12 7.00|] -5.51 6.65| -5.58 6.63| -5.64 6.60| -5.71 6.58| -5.77 6.55| -5.83 6.52| -5.90 6.50| -5.96 6.47| -6.02 6.44| -6.08 6.41] -6.14 6.38] -6.21 6.35| -6.27 6.32

700| -5.11 7.00] -5.50 6.65| -5.56 6.63] -5.63 6.60| -5.69 6.58| -5.75 6.55| -5.82 6.52| -5.88 6.50| -5.94 6.47| -6.01 6.44| -6.07 6.41| -6.13 6.38] -6.19 6.35| -6.25 6.32

750 -5.10 7.00|] -549 6.65| -5.55 6.63| -5.62 6.60| -5.68 6.58| -5.74 6.55| -5.81 6.52| -5.87 6.50| -5.93 6.47| -5.99 6.44| -6.06 6.41] -6.12 6.38] -6.18 6.35| -6.24 6.32

800| -5.09 7.00| -5.48 6.65| -554 6.63] -5.61 6.60| -5.67 6.58| -5.73 6.55| -5.80 6.52| -5.86 6.50| -5.92 6.47| -5.98 6.44| -6.05 6.41| -6.11 6.38| -6.17 6.35| -6.23 6.32

850| -5.08 7.00|] -5.47 6.65| -5.53 6.63| -5.60 6.60|] -5.66 6.58| -5.72 6.55| -5.79 6.52| -5.85 6.50| -5.91 6.47| -598 6.44| -6.04 6.41] -6.10 6.38] -6.16 6.35| -6.22 6.32

900| -5.07 7.00| -5.46 6.65| -552 6.63] -5.59 6.60| -5.65 6.58| -5.71 6.55| -5.78 6.52| -5.84 6.50| -5.90 6.47| -5.97 6.44| -6.03 6.41| -6.09 6.38] -6.15 6.35| -6.21 6.32

950| -5.06 7.00|] -545 6.65| -5.52 6.63| -5.58 6.60| -5.64 6.58| -5.71 6.55| -5.77 6.52| -5.83 6.50| -5.90 6.47| -5.96 6.44| -6.02 6.41] -6.08 6.38] -6.14 6.35| -6.21 6.32

1000 -5.06 7.00| -5.45 6.65| -5.51 6.63| -5.57 6.60| -5.64 6.58| -5.70 6.55| -5.76 6.52| -5.83 6.50| -5.89 6.47| -5.95 6.44| -6.02 6.41| -6.08 6.38] -6.14 6.35| -6.20 6.32

1500| -5.01 7.00| -5.40 6.65| -5.47 6.63|] -5.53 6.60|] -5.60 6.58| -5.66 6.55| -5.72 6.52| -5.79 6.50| -5.85 6.47| -591 6.44| -597 6.41] -6.03 6.38] -6.10 6.35| -6.16 6.32

2000| -4.99 7.00| -5.38 6.65] -5.45 6.63|] -551 6.60| -5.57 6.58| -5.64 6.55| -5.70 6.52| -5.77 6.50| -5.83 6.47| -5.89 6.44| -5.95 6.41| -6.01 6.38] -6.08 6.35| -6.14 6.32

5000 -5.01 7.00f -5.40 6.65| -5.47 6.63| -553 6.60] -5.60 6.58] -5.66 6.55| -5.72 6.52| -5.79 6.50| -5.85 6.47| -591 6.44| -597 6.41| -6.03 6.38] -6.10 6.35| -6.16 6.32

10000| -5.04 7.00f -5.43 6.65| -5.50 6.63] -5.56 6.60| -5.62 6.58| -5.69 6.55| -5.75 6.52| -5.81 6.50| -5.88 6.47| -594 6.44| -6.00 6.41| -6.06 6.38] -6.12 6.35| -6.19 6.32

50000 -5.06 7.00] -5.45 6.65| -5.52 6.63| -5.58 6.60| -5.64 6.58| -5.71 6.55| -5.77 6.52| -5.83 6.50| -5.90 6.47| -5.96 6.44| -6.02 6.41| -6.08 6.38] -6.14 6.35| -6.21 6.32

100000f -5.07 7.00| -5.45 6.65| -5.52 6.63| -5.58 6.60| -5.65 6.58| -5.71 6.55| -5.77 6.52| -5.84 6.50| -590 6.47| -5.96 6.44| -6.02 6.41] -6.09 6.38] -6.15 6.35] -6.21 6.32
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
REV: C (25/9/91)

P12 LOWER CORNER OF CARBODY - INSIDE OF CURVE LENGTH: 95 FT DOORS CLOSED
WIDTH: 9.5 FT X Y
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 125[FT

LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

82| -6.48 0.67| -6.43 0.72| -6.52 0.98] -6.54 0.96] -6.55 0.94] -6.57 0.92] -6.58 0.89] -6.59 0.87| -6.61 0.85| -6.62 0.83] -6.63 0.80| -6.64 0.78| -6.66 0.76| -6.67 0.74

100| -6.20 0.67| -6.15 0.72| -6.24 0.98| -6.26 0.96| -6.27 0.94| -6.28 0.92|] -6.30 0.89| -6.31 0.87| -6.32 0.85| -6.34 0.83] -6.35 0.80] -6.36 0.78] -6.37 0.76] -6.39 0.74

150| -5.77 0.67| -5.72 0.72] -5.82 0.98| -5.83 0.96] -5.84 0.94| -5.86 0.92| -5.87 0.89| -5.88 0.87| -590 0.85| -591 0.83|] -5.92 0.80| -5.94 0.78] -5.95 0.76] -5.96 0.74

200| -556 0.67] -5.51 0.72| -5.60 0.98] -5.62 0.96| -5.63 0.94] -5.65 0.92| -566 0.89| -5.67 0.87| -569 0.85] -5.70 0.83| -5.71 0.80| -5.72 0.78| -5.74 0.76] -5.75 0.74

250| -5.43 0.67| -5.38 0.72| -548 0.98] -549 0.96] -5.51 0.94] -5.52 0.92| -5.53 0.89] -5.55 0.87| -5.56 0.85] -5.57 0.83] -5.59 0.80] -5.60 0.78] -5.61 0.76] -5.62 0.74

300| -5.35 0.67] -5.30 0.72| -539 0.98] -541 0.96| -5.42 0.94| -544 0.92| -545 0.89| -546 0.87| -548 0.85] -549 0.83| -550 0.80] -5.51 0.78| -5.53 0.76] -5.54 0.74

350 -5.29 0.67| -5.24 0.72| -5.33 0.98] -5.35 0.96] -5.36 0.94| -5.38 0.92| -5.39 0.89] -540 0.87| -5.42 0.85] -5.43 0.83] -5.44 0.80| -5.45 0.78] -5.47 0.76] -5.48 0.74

400| -5.25 0.67| -5.19 0.72] -5.29 0.98| -5.30 0.96] -5.32 0.94| -5.33 0.92| -5.34 0.89| -5.36 0.87| -5.37 0.85| -5.38 0.83] -5.40 0.80| -5.41 0.78| -5.42 0.76] -5.43 0.74

450 -5.21 0.67| -5.16 0.72 -5.25 0.98| -5.27 0.96| -5.28 0.94| -529 0.92| -531 0.89|] -532 0.87| -5.33 0.85| -5.35 0.83|] -5.36 0.80| -5.37 0.78| -5.39 0.76] -5.40 0.74

500| -5.18 0.67| -5.13 0.72| -5.23 0.98] -5.24 0.96| -5.25 0.94| -5.27 0.92| -528 0.89] -5.29 0.87| -5.31 0.85] -5.32 0.83| -5.33 0.80| -5.34 0.78| -5.36 0.76] -5.37 0.74

550 -5.16 0.67| -5.11 0.72| -5.20 0.98| -5.22 0.96] -5.23 0.94| -5.24 0.92| -5.26 0.89| -5.27 0.87| -5.28 0.85] -5.30 0.83] -5.31 0.80] -5.32 0.78] -5.33 0.76] -5.35 0.74

600| -5.14 0.67] -5.09 0.72| -5.18 0.98] -5.20 0.96| -5.21 0.94| -5.22 0.92| -5.24 0.89| -5.25 0.87| -5.26 0.85] -5.28 0.83| -5.29 0.80] -5.30 0.78| -5.32 0.76] -5.33 0.74

650| -5.12 0.67| -5.07 0.72| -5.17 0.98| -5.18 0.96] -5.20 0.94| -5.21 0.92| -5.22 0.89] -5.24 0.87| -5.25 0.85] -5.26 0.83] -5.27 0.80] -5.29 0.78] -5.30 0.76] -5.31 0.74

700| -5.11 0.67] -5.06 0.72| -5.15 0.98] -5.17 0.96| -5.18 0.94| -5.19 0.92| -5.21 0.89| -5.22 0.87| -5.23 0.85] -5.25 0.83| -5.26 0.80| -5.27 0.78| -5.29 0.76] -5.30 0.74

750 -5.10 0.67| -5.05 0.72| -5.14 0.98| -5.16 0.96] -5.17 0.94| -5.18 0.92| -5.20 0.89] -5.21 0.87| -5.22 0.85] -5.24 0.83] -5.25 0.80] -5.26 0.78] -5.27 0.76] -5.29 0.74

800| -5.09 0.67| -5.04 0.72| -5.13 0.98] -5.14 0.96| -5.16 0.94| -5.17 0.92| -5.19 0.89] -5.20 0.87| -5.21 0.85] -5.23 0.83| -5.24 0.80| -5.25 0.78| -5.26 0.76] -5.27 0.74

850 -5.08 0.67| -5.03 0.72| -5.12 0.98| -5.14 0.96] -5.15 0.94| -5.16 0.92| -5.18 0.89] -5.19 0.87| -5.20 0.85] -5.22 0.83] -5.23 0.80| -5.24 0.78] -5.25 0.76] -5.27 0.74

900| -5.07 0.67] -5.02 0.72| -5.11 0.98] -5.13 0.96| -5.14 0.94| -5.15 0.92| -5.17 0.89| -5.18 0.87| -5.19 0.85] -5.21 0.83| -5.22 0.80| -5.23 0.78| -5.25 0.76] -5.26 0.74

950 -5.06 0.67| -5.01 0.72| -5.11 0.98| -5.12 0.96] -5.13 0.94| -5.15 0.92| -5.16 0.89| -5.17 0.87| -5.19 0.85] -5.20 0.83] -5.21 0.80] -5.23 0.78] -5.24 0.76] -5.25 0.74

1000| -5.06 0.67| -5.00 0.72| -5.10 0.98| -5.11 0.96] -5.13 0.94| -5.14 0.92| -5.15 0.89| -5.17 0.87| -5.18 0.85| -5.19 0.83] -5.21 0.80| -5.22 0.78| -5.23 0.76| -5.24 0.74

1500| -5.01 0.67| -4.96 0.72| -5.06 0.98| -5.07 0.96] -5.09 0.94] -5.10 0.92] -5.11 0.89| -5.13 0.87| -5.14 0.85] -5.15 0.83] -5.16 0.80| -5.18 0.78] -5.19 0.76] -5.20 0.74

2000| -4.99 0.67| -494 0.72] -5.04 0.98| -5.05 0.96] -5.06 0.94| -5.08 0.92| -5.09 0.89| -5.10 0.87| -5.12 0.85| -5.13 0.83] -5.14 0.80| -5.16 0.78| -5.17 0.76| -5.18 0.74

5000 -5.01 0.67 -4.96 0.72| -5.06 0.98 -5.07 0.96] -5.09 0.94| -5.10 0.92| -5.11 0.89| -5.13 0.87| -5.14 0.85| -5.15 0.83| -5.17 0.80| -5.18 0.78] -5.19 0.76] -5.20 0.74

10000| -5.04 0.67| -4.99 0.72| -5.08 0.98| -5.10 0.96| -5.11 0.94| -5.13 0.92| -5.14 0.89| -5.15 0.87| -5.17 0.85| -5.18 0.83] -5.19 0.80| -5.20 0.78] -5.22 0.76] -5.23 0.74

50000 -5.06 0.67| -5.01 0.72| -5.11 0.98| -5.12 0.96f -5.13 0.94| -5.15 0.92| -5.16 0.89| -5.17 0.87| -5.19 0.85| -5.20 0.83| -5.21 0.80| -5.23 0.78| -5.24 0.76] -5.25 0.74

100000 -5.07 0.67| -5.01 0.72| -5.11 0.98] -5.12 0.96f -5.14 0.94] -5.15 0.92| -5.16 0.89] -5.18 0.87| -5.19 0.85] -5.20 0.83| -5.22 0.80] -5.23 0.78| -5.24 0.76] -5.25 0.74
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL

P13 INTERMEDIATE POINT OF PANTOGRAPH - OUTSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft

INCLUDES .18 FT LATERAL MOTION TO OUTSIDE
LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH

RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

ALL 256 14.25| 1.64 14.39] 3.33 14.09] 3.20 14.14] 3.06 14.19] 293 14.24| 2.80 14.28| 2.67 14.33] 254 14.37| 2.40 14.41| 2.27 14.45| 2.14 14.49| 2.01 14.53| 1.87 14.57

LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL

P14 INTERMEDIATE POINT OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED

SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y

W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft

INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH

RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

ALL -2.56 14.25| -3.46 14.04| -3.59 14.03] -3.71 14.02| -3.85 14.01] -3.97 14.00] -4.10 13.98| -4.23 13.97| -4.36 13.95| -4.49 13.93| -4.62 13.91| -4.74 13.89| -4.87 13.87| -5.00 13.85

LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL

P15 END OF PANTOGRAPH - OUTSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED

SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y

W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft

INCLUDES .18 FT LATERAL MOTION TO OUTSIDE
LEVEL ROLL LEFT  0.5INCH 1.0INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH

RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y

ALL 3.56 17.00] 245 17.19] 4.49 16.79] 4.34 16.85| 4.18 16.91| 4.03 16.96] 3.87 17.01] 3.71 17.07| 3.56 17.12|] 3.40 17.16] 3.24 17.21| 3.09 17.26] 2.93 17.30f 2.77 17.35
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P16 INTERMEDIATE POINT OF PANTOGRAPH - OUTSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT LATERAL MOTION TO OUTSIDE
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 2.56 18.00| 1.38 18.13| 3.55 17.84| 3.39 17.89] 3.23 17.94| 3.06 17.99| 2.90 18.03] 2.73 18.08| 2.57 18.12| 2.40 18.16| 2.23 18.20| 2.07 18.24] 1.90 18.28| 1.74 18.32
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P17 CENTER OF PANTOGRAPH REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
LATERAL MOTION "+ OR -" .18 FT FROM CENTER
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 0.00 18.00| -1.17 17.96] 1.00 17.99| 0.84 18.02| 0.67 18.05| 0.51 18.07| 0.34 18.10f 0.18 18.12f 0.01 18.14| -0.15 18.16| -0.32 18.18| -0.48 18.20| -0.65 18.21| -0.82 18.23
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P18 INTERMEDIATE POINT OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL -2.56 18.00| -3.72 17.78| -3.88 17.77| -4.04 17.76| -4.21 17.74| -4.37 17.73| -453 17.71| -4.69 17.69| -4.85 17.67| -5.01 17.65| -5.18 17.62| -5.33 17.60| -5.50 17.57| -5.66 17.54
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P19 END OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL -3.56 17.00| -4.65 16.73| -4.80 16.72| -4.95 16.70| -5.11 16.68| -5.26 16.65| -5.41 16.63| -5.56 16.60| -5.71 16.58| -5.87 16.55| -6.02 16.52| -6.17 16.49| -6.32 16.46| -6.47 16.43
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P20 END OF PANTOGRAPH - OUTSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 3.56 22.00| 2.10 22.18| 4.80 21.78| 4.60 21.84| 4.40 21.90| 4.20 21.96] 4.00 22.01| 3.80 22.07| 3.60 22.12| 3.40 22.16| 3.19 22.21| 3.00 22.26| 2.79 22.30| 259 22.34
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P21 INTERMEDIATE POINT OF PANTOGRAPH - OUTSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR{ 10.8 FT P1 - ROLL POINT OF VEHICLE o| 1.2s|ft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT  0.5INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5INCH 6.0 INCH
RADIUS X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 256 23.00| 1.03 23.12| 3.86 22.83| 3.65 22.88] 3.44 22.93| 3.24 2298| 3.03 23.03] 2.81 23.08| 2.61 23.12| 2.40 23.16| 2.19 23.20| 1.98 23.24| 1.77 23.28| 156 23.31
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LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL

P22 CENTER OF PANTOGRAPH - OUTSIDE OF CURVE

REV: C (25/9/91)

PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL RIGHT (TOWARD OUTSIDE) WIDTH: 9.5 FT X Y
W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft
LATERAL MOTION "+ OR -" .18 FT FROM CENTER
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5 INCH 2.0 INCH 2.5 INCH 3.0 INCH 3.5 INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL 0.00 23.00| -1.52 22.95| 1.31 22.98] 1.10 23.01| 0.89 23.04] 0.68 23.07| 0.47 23.09] 0.26 23.12| 0.05 23.14| -0.16 23.16| -0.37 23.18]| -0.58 23.20| -0.79 23.21| -1.00 23.22
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P23 INTERMEDIATE POINT OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y
W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL -2.56 23.00| -4.07 22.77| -4.27 22.76| -4.48 22.74| -4.69 22.72| -4.89 22.70| -5.10 22.68| -5.31 22.65| -5.51 22.63| -5.71 22.60| -5.92 22.57| -6.12 22.54| -6.33 22.50| -6.53 22.47
LOCATION: COORDINATE SYSTEM ORGIN, "0,0" CENTER LINE OF TRACKWAY AT TOP OF RAIL
P24 END OF PANTOGRAPH - INSIDE OF CURVE REV: C (25/9/91)
PANTOGRAPH CENTERED OVER TRUCK LENGTH: 95 FT  |DOORS CLOSED
SUPERELEVATION LEFT WITH ROLL LEFT (TOWARD INSIDE) WIDTH: 9.5 FT X Y
W MIRROR]{ 10.8 FT P1 - ROLL POINT OF VEHICLE ol 1.25fft
INCLUDES .18 FT OF LATERAL MOTION
LEVEL ROLL LEFT 0.5 INCH 1.0 INCH 1.5INCH 2.0 INCH 2.5INCH 3.0 INCH 3.5INCH 4.0 INCH 4.5 INCH 5.0 INCH 5.5 INCH 6.0 INCH
RADIUS|X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y X Y
ALL -3.56 22.00| -4.99 21.72| -5.19 21.70| -5.39 21.68| -5.59 21.65| -5.78 21.63| -5.98 21.60| -6.18 21.57| -6.37 21.54| -6.57 21.50| -6.76 21.47| -6.96 21.43| -7.15 21.39| -7.34 21.35
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CHAPTER 3 - TRACTI ON ELECTRI FI CATI ON
3.1 GENERAL

This chapter, together wth Chapter 1 - General Section

describes the design requirenents for electrical systens to
supply traction power to the DART rail vehicles and electrical
power to signal and conmuni cati on bungal ows.

The Traction Electrification System (TES) incl udes:

a) The Traction Power Substations (TPSS)

b) The DC Feeder System

c) The Overhead Contact System (COCS)

d) The Signal and Conmuni cati on Power Supply System
3.2 SYSTEM DESCRI PTI ON

The DART Light Rail Transit (LRT) System to be electrified
consists of wunderground, at-grade, and elevated sections. The
system is double-track operation except in the yard and shop
areas where nulti-track operation is required.

AC drive electric traction notors, driving steel wheels through
the appropriate gearing, propel the transit vehicles. The
vehicles collect the electrical traction power from an Overhead
Cont act System by neans of a pantograph. The OCS is energi zed at
nom nal 750 volts direct current (VDC) fromtraction substations
| ocated al ong the systemroute. Track running rails are used for
DC traction current return. The substations are connected to the
nomnal 15 KV, 60 Hz three-phase local power wutility system
di stribution network, and they include all the equi pnent required
to convert the primary AC supply voltage to the nomnal VDC
el ectrification voltage.

3.2.1 Tracti on Power Substations
The TPSS consists of all equipnment between the power utility

nmetering point, and the interface point with the DC feeder
system Each substation includes 15KV AC cables, 15KV AC

swi t chgear, a transforner/thyristor-rectifier unit, DC
switchgear, positive and negative busbars, negative drainage
panel, substation housing and foundation, grounding system

negative return system control system netering and protection
system auxiliary power supply system heating and ventilation
inside the substation, batteries and chargers, security system
lightning arresters, alarms, and supervisory control equipnent.
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3.2.2 DC Feeder System

The DC feeder system includes the nmultiple positive DC feeders
from the TPSS' s DC switchgear to the OCS, the negative return
cables from the substation negative bus to the rails, and any
paral |l el underground feeders required to locally reinforce the
Overhead Contact Systenis electrical capacity. Also included are
positive and negative feeder duct banks and manhol es.

3.2.3 Over head Contact System

The OCS consists of all equipnment between the DC feeder system

and the vehicle pantograph. This equipnment includes the
supporting structures, guys, foundations, conductors, overhead
f eeders, ancillary wres, hanger s, i nsul at ors, conduct or
supports, hardware, junpers, tensioning devices, sectionalization
equi pnment, disconnect sw tches and operating gear, and |ightning
arresters.

3.2.4 Si gnal and Communi cation Power Supply System

TPSS shall be designed to supply AC power to signal and

comuni cation bungal ows. The interface point between the TPSS

station and the signal and communication system is the
termnation point of the power supply cable at each TPSS.

3.3 CODES AND STANDARDS

All work relating to the electrification design shall conformto
the latest weditions of all applicable industry codes and
standards, other local and State codes as required. The designer
shal | consult these publications and provide systens in

accordance with the nost stringent applicable code or industry
practice.

3.4 GENERAL

The traction electrification system shall be designed using the
par anet ers defined bel ow

3.4.1 DC System Dat a
a) Nom nal System Vol t age 750
b) Maxi mum Vehi cl e Vol t age 900
c) M ni mrum Vehi cl e Vol t age 525
d) Maxi mrum Rail to G ound Voltage 72

e) Nomi nal control power battery charger/elimnator 125

3-2 May 2005 Revision 4
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VWil e vehicles are equi pped with regenerative braking, the system

will be designed wthout consideration of the effect of
regenerati on. Regenerated power wll not be returned to the
utility.
3.4.2 Train Operations

Design Trai n Headway: 5 MN on trunk line

10 M N on branch |ines
2.5 MNin Centra
Busi ness District

( CBD)

Trai n consi st (peak period) 3 SLRV car trains

Note: Traction Power Substations should support five (5) mnute
train headways on line sections on NW3 and NW4.

3.4.3 Uility System Dat a
Vol t age: Nom nal 15 KV, 3-phase
Frequency: 60 Hz
Fault Level: Determ ned by the utility delivery point
3.4. 4 Qperating Criteria

The TES shall be capable of supplying the transit vehicles during
the periods of maximum traffic density. The system shall be
designed to enable operation of avoirdupois weight AW | oaded
trains with the maxi mum nunber of cars at m ninum headways. The
| onest voltage at any train shall be maintained above the m ni num
value and substations wll be designed to permt overloading
Wi thin the maxi num all owabl e ANSI C34, heavy duty rating during
energency operations and outage conditions.

The TES design shall —consider three light rail operating
conditions: 1) Normal, 2) Energency, and 3) Qutage.

Under normal operating conditions, all substations are in service
and the TES shall supply sufficient power to enable all trains to
achieve the nmaxi mum all owable speed and acceleration rates at
nor mal headways.

Under energency operating conditions, all substations are in
service and the TES shall supply sufficient power to enable al
trains to achieve the maxinum allowable speed and accel eration
rates at the energency headway. The energency operating condition
is enployed for train schedule catch-up operations and al
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transit vehicles wll be permtted to operate at maxinmm
per f or mance.

Under an outage operating condition, one or nobre non-adjacent
substations are out of service. This operating condition shall
permt reduced train operations in affected TES sections subject
to the restriction that adjacent substations inbound and out bound
from an out of service substation remain in operation. During an
outage operating condition, trains nay have to reduce speed and
accel erati on.

3.4.5 Sectionalization

The DC power distribution will be of the double end-feed type
where electrical continuity between adjacent substations is
provi ded by the OCS.

The two mainline tracks will be electrically independent wth
section insulators installed at all nainline crossovers.

Overlaps or 1/2 tension air breaks in the OCS wll allow
sectionalization by track zones. Section insulators nay be

installed in the mainline tracks only with DART s approval.

Di sconnect switches will be installed at Overhead Contact System
feeding points and across selected sectioning locations in the
mainline to provide flexibility in operations.

The traction power supply to the yard, naintenance shops, and
mai nline shall be electrically separated. The negative return
system in the shop shall be grounded to the shop building and
shop grounding system The return rails for the minline and
yard shall be electrically insulated from earth and neet the
m ni mum resi stance-to-earth criteria as defined in the Corrosion
Control Criteria for stray current mtigation in Chapter 8. A
yard and mainline substations shall be designed to ground the
negative buss should the buss reach a predeterm ned voltage
| evel .

Yard tie switches shall be provided for energency interconnection
of the yard traction power supply to the mainline traction power
supply system

Insulated rail joints shall be installed at the shop facility
entrance and a section insulator shall be installed in the OCS to
isolate the traction power system for the shops and that for the
yard.
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3.5 TRACTI ON POVNER SUBSTATI ONS
3.5.1 Cener al

Al'l substations shall be self-contained and integrated package
units factory pre-wired and pre-tested, and ready for nmounting on
foundations. All packaged substations shall be identical except
as approved by DART. The enclosure, including doors, shall be
constructed of not |ess than No. 14 gauge steel nounted on a
structural frane. The steel base frame shall be capable of
supporting the substati on when installed on pier foundations.

3.5.2 Subst ati on Locati on

Whenever practical, the TPSS stations shall be |ocated where
trains are likely to accelerate, such as near passenger stations
and near nmmjor interlocking |ocations. These |ocations shall be
optimzed with respect to specified operations, system safety,
system efficiency, system availability, stray current control
and mnimumlife cycle costs.

All TPSS will typically be |ocated at-grade. Substation site
selection shall be coordinated with DART to facilitate Real
Estate acquisition.

TPSS, where possible, require drive up access for naintenance
vehicles and fire departnment. Require preferred |ocation of TPSS
to be within 150 feet of public street where a fire hose could be
| aid and therefore elimnate/mnimze the need for dedicated fire
access | anes.

3.5.3 Subst ati on Encl osure

All  TPSS shall be designed to neet basic safety and fire
protection requirenents that may vary dependi ng upon the | ocation
of each individual substation. TPSS shall be considered as G oup
B, Dvision 4 occupancies when referencing the International
Bui | di ng Code(1BC) for occupancy rel ated requirenents.

The basic requirenents to be incorporated into the building
design shall include the follow ng:

a) Substations |ocated beneath guideways or Dbeneath
passenger stations or elevated platfornms shall include
Cl ass A or non-conbustible roof covering.

b) Emergency access to and egress from the substations

shall be in accordance with local fire codes and the
I nternational Buil ding Code.
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c) Energency lighting and exit signs shall be in
accordance wth [ ocal codes, the International Building
Code, and Fi xed Guideway Transit Systens (National Fire
Prot ection Association (NFPA) NFPA 130).

d) Substations shall be provided with an automatic fire
detection system and portable fire extinguishers. They
shall conmply with Chapter 38 of the International
Building Code and |ocal code. In addition, the
automatic fire detection system device status shall be
nonitored and displayed at the train control center.
Requirenents for additional fire protection nust be
coordinated through the | ocal authority  having
jurisdiction.

e) Substation doors shall be nonitored by a security
system Entry by unauthorized persons shall be
prevented by neans of |ocks and special keys. Wayside
el ectrical control equipnment and switches shall be
secured by key | ocks.

f) Substation shall be provided wth energency trip
stations inside all entrances to allow substation de-
energi zation. An additional energency trip station
shall be located outside of +the substation main
entrance. This external enmergency trip station is
i ntended for DART Supervisory personnel and the |oca
authority fire departnent use and it shall be contai ned
in an approved | ock box.

3.5.4 Substation Rating

The basis for transformer/thyristor-rectifier rating will be the
heavy traction | oad cycle as defined in the NEMA Rl -9 Standard.

Each substation wll have one transforner/thyristor-rectifier
unit.

3.5.5 AC Feeders

Each substation will be supplied by one utility feeder. Feeders
fromthe sanme utility circuit will not be used to supply adjacent
subst ati ons. Uility feeders «circuit information shall be

provi ded by the local utility conpany.
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Equi pnent

requirenents to be incorporated into the equipnent

design include the foll ow ng:

a)

b)

d)

f)

AC swi tchgear shall be netal clad as defined by the C37
series of Anmerican National Standards Institute (ANSI)
speci fications.

Transforners and thyristor-rectifiers shall be equi pped
with interlocked door switches which renove power and
prevent equi prent energi zation while the door is open.

Di sconnecting devices which do not have | oad-break
capabilities shall be equipped wth interlocks to
prevent unsafe operations.

Thyristor-rectifiers and DC swtchgear shall be
isolated fromearth ground (high resistance ground) and
shall be equi pped with nonitoring devices which detect
and annunci ate the breakdown of insulation between the
encl osure and ground, and between the enclosure and
traction power positive potential. Insulation breakdown
detection between enclosure and traction power positive
or between the enclosure and ground shall result in the
tripping of all AC and DC circuit breakers. G ounded
equi pnrent located within 6 feet of the thyristor-
rectifier and DC swtchgear equipnment shall be
protected by electrical insulating nmaterial sufficient
to increase the effective distance to the grounded
portion of the equipnment to a mninumof 6 feet.

DC switchgear shall be netal enclosed draw out type
feeder breakers equipped with |oad neasuring auto re-
closing systens. Rate of rise relays, or other sensing

el enent s, which can discrimnate between high-
resistance faults and train starting currents, shall be
provided for all feeder breakers. The rectifier DC

breaker shall be equipped with reverse current trip
only.

High dielectric strength material shall be provided on
the floor around the rectifier and DC switchgear for a
distance of at least 6 feet if building permts. Al
grounded surfaces within DC switchgear shall be covered
with electrical insulating material. Material provided
around the DC switchgear shall be flush wth the
finished floor.
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g) Indicating nmeters shall be provided to display the
fol | ow ng:

- AC | i ne current

- AC bus vol tage

- DC positive bus vol tage

- DC feeder line current

- DC feeder voltage

- DC negative bus vol tage

- Gound fault detection system

h) Facilities for future drainage cable connection and
stray current measurenent.

i) The designer shall consider industry standards and
design practices that ensure fail-safe operation of AC
Mai n, DC Main, and Feeder breaker protective relays is
achi eved such that protective relay failure or |oss of
protective relay power shall result in a breaker trip.

3.5.7 Raceways and Cabl es

Conduits, ducts, manholes, and cableways shall be provided for
the AC supply cables from the TPSS to the interface point wth
the utility. The cableway requirenents shall be coordinated with
ot her DART construction contracts and with the utility.

The basic requirenents to be incorporated into the raceways and
cabl e design shall include the foll ow ng:

a) Al | mat eri al manuf actured for use as conduits,
raceways, ducts, boxes, cabinets, equipnment enclosures
and their surface finish material shall be suitable to
wi t hstand tenperatures of 932° F (500° C) for one hour,
and shall not support conbustion under the sane
tenperature condition

b) Al'l conductors except those specifically excluded by
DART shall be insul ated. M ni mum thickness of
insulation and jacket shall conform to the National
Electrical Code (NFPA 70) for the voltage and use

i nt ended.

c) Al'l insulation shall conform to Article 310 of the
National Electrical Code and be noisture and heat
resi st ant types carrying tenperature ratings

corresponding to the conditions of application. Only
insulation materials designed for tenperature ratings
hi gher than 194° F (90° C) will be used.
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d) All cables in open raceways shall pass the flammbility
requi renents of Type Test of Cass 1E Electric Cables,
Field Splices, and Connections for Nuclear Power
Generating Stations (Institute of Electrical and
El ectronics Engineers, Inc.(lEEE 383) and the snpke
em ssion requirenments of Snoke Generation of Solid
Mat eri al s (NFPA 238).

3.5.8 Subst ati on Foundati on

The substation foundation design shall conform to: Design
Criteria Manual, Volunme 1, Facility Design; established civil and
structural engineering practices; Anerican Society for Testing
Materials (ASTM; Anerican Concrete Institute (AC) standards;
other applicable standards; and |ocal codes. The substation
foundation shall be structurally capable of wthstanding the
substation equipnent |ive and dead |oads occurring during
substation installation, operation, and maintenance. Substation
foundation materials and construction shall be accordance wth
appropriate Facility Standard Specifications.

3.5.9 Subst ati on Groundi ng

The substation grounding system shall be designed to provide
safety to personnel and to protect equipnent. The substation
ground grid shall consist of ground rods and conductors, and
shall be designed so that step-and-touch potentials at the
maxi nrum avail able ground fault current are in accordance wth
| EEE 80. The substation grounding designs shall be coordinated
wi t h DART.

3.5.10 Air Conditioning

The substations shall be air conditioned utilizing nultiple air
conditioning wunits to provide redundancy. The environnental
design shall naintain the maxi num substation tenperature at a
| evel that permts the traction power transforners, rectifiers,
and all other substation equipnent to operate at their designed
| oad ratings. The maximumtenperature that allows all substation
equi pnent to operate at designed |oad ratings shall be maintained
with the loss of any one air conditioning unit.

3.5.11 Site | nprovenents
The civil line section designer will provide final design for al

site inprovenents including grading, drainage, access roads,
raceways, fencing and | andscapi ng.
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In environnmentally sensitive areas, the section designer may
furnish architectural treatments t hat blend wth their
surroundi ngs. At these locations, the substations nmay be housed
i nside architectural screens designed by the section designer.

3.5.12 Noi se Level

The substation sound level shall be limted to a maxi nrum of 45
dBA as neasured by m crophones spaced 3 feet apart at a distance
of 50 ft. from the housing.

3.5.13 Supervi sory Control and Data Acquisition

Essential substation data and condition shall be continuously
nonitored through a Supervisory Control and Mnitoring System
The nonitoring system shall also incorporate the renote contro
of key substation functions.

3.5.14 M scel | aneous

Tel ephone: A tel ephone with access to the DART Private Automatic
Branch Exchange (PABX) Network wll be provided in each
substation as a part of the conmmunications system

Li ghting: Adequate |lighting shall be provided for normal working
conditions inside the substations and in the inmmedi ate externa
area in accordance with the appropriate facility class as defined
in the International Building Code (IBC) and | ocal code.

Auxiliary Power: The power for station services (240/120 VAC) in
and about the substations shall be provided. These | oads
include, but are not limted to Ilighting, battery charger,
envi ronment control, and SCADA.

Uni nterrupted Power System Mai nt enance free batteries and a
battery charger shall be used as a backup power source for the
SCADA and essential control and protection devices. In the event
of a utility power failure, the batteries shall be designed to
power essential and protection devices for eight hours.

Public Water and Sewer Service
The substations shall not be connected to the public water and
sewer systens.

Safety Details
For further safety information see Chapter 12.

3-10 May 2005 Revision 4



Design Criteria Manual Traction Electrification, Chapter 3

3.6 DC FEEDER SYSTEM
3.6.1 Gener al
The DC Feeder System shall consist of cables and raceways

designed to supply power fromthe substation to the OCS. Feeder
conductors shall be insulated, conform to ASTM specifications,
and be suitable for both wet and dry | ocations. The raceway
shall be wunderground and the design for ductwork, enbednent
depth, and the manhole spacing shall be in accordance with the
NEC requi renents.

Under ground feeders shall be protected against current surge due
to lightning strikes where feeders transition from aerial to
conduit encased.

3.6.2 Cabl es

| nsul at ed cabl es appropriate for the voltage |evel in standard,
readily available sizes will be used throughout the project. In
every circuit, cable quantity and size shall be designed to

provi de adequate capacity and acceptabl e vol tage drop.

All feeder cables shall be continuous from origin to equipnent
termnation wthout wusing splices in internediate pull boxes
except as approved by DART.

The exposed positive and negative traction power cables shall be
adequately supported on insulated racks or trays to mtigate
physi cal damage possibilities. Fl ame resistant jacketed cables
shall be used in exposed installations.

3.6.3 Raceways

Ext ernal substation feeder cables shall be installed in polyvinyl
chloride (PVC) ducts encased in concrete or simlar nmaterial.
Detail design and raceway routing from the interface manhol e(s)
just outside the substation to other |ocations, will be perforned
by the civil line section designers based on a conceptual |ayout
provided by the electrification designer. Manhol es and pull
boxes shall be located to facilitate cable installation. Duct s
shall be designed to include 50 percent spare capacity or a
m ni mum of two spare ducts unl ess otherw se approved by DART

OCS pole risers shall be galvanized rigid steel conduits.
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3.7 OVERHEAD CONTACT SYSTEM
3.7.1 Gener al

The Overhead Contact System (OCS) shall permt adequate current
collection at the maxinmum train |oads enabling the required
service |level to be achieved.

The OCS shall allow operation of 1 to 3 SLRV cars with associ ated
train consist pantographs w thout causing excessive oscillation
of the Overhead Contact System or pantograph bouncing. The
Overhead Contact System shall be designed according to the
American Railway Engineering and Mintenance-of-Way Associ ation
( AREMA) Chapt er 33, El ectri cal Ener gy Utilization
recommendat i ons.

The design of the OCS shall be based on technical, econom cal
operational and mai ntenance requirenents as well as on the | ocal
climatic conditions, which are outlined in Chapter 1 of these
criteria.

In order to maintain the contact wire on the pantograph head, the
design factors to be considered shall include catenary conductor
bl owof f, contact wre deviation due to novenent of hinged
cantil evers, mast deflection due to inposed |oads, vehicle rol
and lateral displacenent, sway of pantograph, track naintenance
tol erances, equipnment erection tolerances, and a pantograph
security factor.

3.7.2 OCS Configuration

a) A Sinple Catenary Auto-Tensi oned System (SCAT) consists
of a nmessenger wire supporting a contact wire by neans
of hangers. SCAT will be used for LRT nmainline at-
grade and aerial sections.

b) A Twin Contact Wre System (TCW5) may be used in areas
where the vertical clearance does not allow the use of
the sinple catenary system as may be the case at |ow
cl earance overhead bridges or simlar structures. The
catenary systemw || be supported by hinged cantil evers
attached to wi de flange steel poles |ocated between the

tracks whenever possible. In certain areas with DART
approval, other pole configurations nay be used. | f
necessary, at speci al | ocations such as track
crossovers, turnouts and junctions, or wher e
insufficient clearance 1is available poles may be
| ocated on the outside of the tracks. A headspan

configuration or double track cantilevers may be used
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in nmulti-track areas where single poles are not
practical .

c) A Single Wre Fixed Termnation (SWT) will be used in
the yard and shop areas. The contact wire in the yard

will be supported by means of single or back-to-back
pol e-nounted cantilevers, bracket arnms, cross-spans,
and headspans. In the shops, the system wll be

attached to the building structure.
d) Parallel feeders will be utilized where the capacity of
the Overhead Contact System cannot satisfy the

el ectrical |oad requirenents. Parall el feeders shal
be install ed underground wherever they are required.

3.7.3 Contact Wre Height

The nom nal contact wire height for various alignnent segnents
shall be in accordance with the NESC as foll ows:

Wre Hei ght Above Rai

Ali gnnment Type M ni num (*)
Segr egat ed ri ght - of - way 16' - 0"
M xed- used, pedestrian only 16' - 0"
M xed-use with road vehicles 18'-0"
M xed-use wth railroad 22' - 0"

(*) "Mnimunm' is absolute m ninum for the worst conbination of
t ensi on, sag, t enper at ur e, construction and mai nt enance
tol erances, and applicable electrical clearances.

Contact wre height shall be changed gradually to prevent
pant ograph bounce and arcing. The maxi num gradi ents for contact
wire change in elevation relative to the track elevation, shall
be as foll ows:

Speed Limt/Location Maxi nrum G adi ent
Yar d 2. 3%
0 - 30 nph 1.3%
30 - 45 nph 0. 8%
45 - 65 nph 0. 6%
The change of grade from one span to the next shall in the yard

not exceed 1.15%
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3.7. 4 Vehi cl e Dat a

See Design Criteria Manual, Volume 2, Systens Design, Light
Rai |l Vehicle, Chapter 2

3.7.5 Cimtic Conditions
The OCS design shall be based on the followng climtic
par anet er s:
a) Anbi ent Tenperature Locati on
At - grade/ Aeri al

Nor nal 70° F

M ni num 4° F

Maxi mum 115° F

Normal tenperature is the tenperature at which the cantilevers in
the auto-tensi oned system are set perpendicular to the track.

b) I ce
Dallas is in the "heavy" ice loading area as outlined in the
National Electrical Safety Code (NESC) and the ice |oading for
structural design shall be as follows:

- 0.5 inch radial on all wres

c) W nd

Based on the Basic Wnd speed diagram outlined in the NESC, the
wi nd | oadi ngs on the OCS equi pnent shall be as follows:

- Wth Trains Operating:

1. 55 MPHwith no ice.
2. 40 MPH with ice on both wires (32F).

- Wth No Trains Operating
1. 70 MPH with no ice
3.7.6 Conduct or Loadi ng

Conductor | oading shall be based on NESC Rule 250-B, conbined
wi nd and ice | oading, "heavy" |oading district:

a) 4 LB/ FT 2 horizontal wind pressure

b) 1/2 IN radial ice on conductors
c) 0.3 LB/ FT constant added to the resultant
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d) 0° F tenperature
3.7.7 Factors of Safety

The OCS conductors shall be designed in accordance with the
factors outlined in the NESC under the |loading conditions
speci fi ed.

The permtted wear of the contact wire shall not be greater than
30 percent of the original cross sectional area.

3.7.8 Pol es and Foundati ons
3.7.8.1 Steel Structures

Poles shall be wde flange galvanized steel wth steel base
pl at es. In aesthetic sensitive areas the poles may, w th DART
approval be designed to acconmopdate aesthetic requirenents. OCS
poles locations shall be reviewed with respect to signal pole
| ocations to ensure signal visibility is not inpaired. Al poles,
except those on aerial structures and other selected structures,
shal | be installed on cast-in-place reinforced concrete
foundati ons, by mneans of enbedded anchor bolts. On the aeria

structures the poles shall be supported by neans of anchor bolts
install ed through the deck.

The design of all steel structures, poles and supports shall

conform to the AISC ninth edition - Allowable Stress Design
“Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings.” 1In all cases, these structures

shall be designed to carry the OCS loads as outlined in these
criteria, wthout experiencing failure. Provisions shall be nmade
in the designs to accommobdate overloading as a result of
tenporary construction | oads i nposed during OCS assenbly and wire
installation. The design shall conformto the foll ow ng:

a) Al l st eel materials and related processes and
manuf acturi ng nmet hods shall be specified in accordance
with ASTM standards, wherever applicable and deened
appropriate, including requirenments for hot-dipped
gal vani zi ng of steelwork and hardware.

b) The design of bolted steelwork connections shal

conform to AISC requirenments and shall specify
materi al s and nmet hods in accordance wth ASTM
st andar ds.

c) All welding shall conform to the AW5, Standard D. 1,
“Structural Wel ding Code.”
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d) Any required painting shall be specified to conformto
the Steel Structure Painting Council, “Steel Structure
Pai nting Manual .”

3.7.8.2 Structure Defl ection

OCS structures and foundations shall be designed so that their
defl ection, wunder the 1loads inposed, during normal operating
conditions shall not cause a contact wire displacenent that wll
j eopardi ze acceptable tracking and performance of the pantograph
current coll ector.

The maxi num al | owabl e |ive-|oad operating deflection of the pole
and foundation structure together at the normal design contact

wire height shall be |limted to 2 inches. For the purpose of
structural design, this is considered to be a dynam c operating
condition and the structure shall fully recover from its

di spl acenent due to this |ive | oading.

For all non-operating l|oading conditions, the naxinmm total
defl ection of the pole and foundation together (neasured at the
pole top) shall not exceed 2.5 percent of the total pole length
due to static (dead) |oads and live |oads conbi ned. For the
purpose of structural design, this condition shall be considered
a dynamc operating condition, and the structure shall fully
recover fromits displacenent due to the | oading conbination

The foundation and steel pole, or vertical nenbers of the support
structure, shall be designed to enable the pole to be raked
during construction. This rake shall allow for the static | oads
that are inposed on the structure by the cantilevers, headspans,
equi pnent, and along track conductors to bring the top of the
pole plunmb with the base.

Pol es shall be grounded by a bonding cable attached between the
pol e/ pol e base plate and a ground rod installed in conjunction

with the foundation. On aerial structures the pole shall be
grounded by neans of a grounding cable installed in the anchor
bolt pedestal and a ground rod installed at ground level. Poles
W thout traction power feeders or surge arrestors shall have a
resistance to ground that does not exceed 25 ohns. Poles with
traction power feeders and/or surge arrestors shall have a

resi stance to ground that does not exceed 5 ohns.

3.7.8.3 Foundat i ons

The design of all OCS foundations shall conform to the
requi renents and guidelines of the International Building Code

(IBC), particularly wth respect to the allowable |ateral
pressure criteria for foundation dianeters and enbednment depths;
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and as generally applicable to non-constrained foundations. Al
foundati on design shall be in accordance with the ACI Code and
proven foundation and anchoring engi neering nethods. Foundation

design shall be coordinated with the section designers. The
design and construction of the pole and down guy foundations
shall conform to established civil and structural engineering

practices, ASTM and ACI standards and ot her applicabl e codes.

Exi sting geotechnical conditions shall be established by |oca
field testing, sanpling and soils investigations in accordance
with the appropriate section of the DART Design Criteria Mnual.
Information suitable for satisfactory foundation design shall be
obt ai ned regarding the soil strata conditions, state, uniformty,
wat er content, weights and densities and these shall be used in
the foundation design. Uniform layer descriptions and their
uni que conpositions shall be provided at regular intervals al ong
the LRT right of way. These investigations shall also identify
the sand and rock types encountered. The perm ssible increase in
soil resistance values, as defined in the |IBC, as being
applicable to free standing structures, shall be taken into
consideration in the OCS foundation design in accordance with the
| BC fornmul a.

3.7.9 El ectrical d earances

The mnimum el ectrical clearance between |ive equipnment and any
grounded structure or equi pnment shall be as foll ows:

Nor mal Reduced
Static 5in. 4 in.
Passi ng 4 in. 3in.

Reduced cl earances shall be used only with DART' s approval
3.7.10 OCS Har dwar e

OCS hardware for cantilevers, br acket arns, Cross- spans,
headspans, counterweights, etc. shall be nade up of standard
conponents, providing a proven, reliable, easy to install, and
adj ust abl e system

3.7.11 Di sconnect Swi t ches

Di sconnect switches shall be hand-operated with |ocal control
provisions or notor-operated with renote control provisions.
D sconnect switches shall be installed as directed by DART.
Hand- operated disconnect switches cannot be interlocked to
prevent unsafe switch operation when the OCS is energized. Hand
operated switches shall be provided with a neans to install | ocks
or | ocking devices.
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Di sconnect switches shall be nmounted on the OCS pol es whenever
possi bl e.

3.7.12 Cat enary Tensi oni ng

Counterwei ghts wused for catenary tensioning purposes shall be
cast iron or steel, and they shall be nounted on the w de flange
pol es.

3.8 SI GNAL AND COMVUNI CATI ONS POVER SUPPLY SYSTEM

When signal and communi cation power supply feeds originate from
the TPSS auxiliary power transfornmer and panel board, provisions
shall be nmade in the panel board design to provide single phase,
480 VAC, circuit breakers. Conduit duct openings shall be
provided in the substation flooring and foundation to provide
underground service feeds to adjacent signal and comunication
bungal ows. Al l openings shall be coordinated with other DART
civil construction contracts for: routing; and signal and
comuni cati on duct bank constructi on.

3.9 | NTERFACES

The Traction Electrification design shall be fully coordinated
and interfaced with the affected utilities, railroads, agencies,
and other designs on this project. The major interface areas
i ncl ude:

a) Track Alignnment

b) Trackwor k Confi guration

c) Uilities

d) Structures

e) Vehi cl es

f) Qper ati ons

g) El ectrical and Mechani cal Equi pnent
h) Si gnal i ng, Communi cations, and Train Control Center
i) Yards and Shops

1) Architectura

K) Corrosi on Control

1) Passenger Stations

m Real Estate

n) Noi se and Vi bration
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CHAPTER 4 — SI GNAL SYSTEM
4.1 GENERAL

This section establishes baseline design criteria for the
signaling control system circuits and equipnent required for
safe train operation on the Dallas Area Rapid Transit Light Rai
System ( DART) System

4.1.1 General System Requirenents

The DART Signal System includes four distinct operating nodes:
Street Running; Wayside Block Signal; Cab Signaling; and Yard
Control with switch position indicators.

4.1.2 Street Running/ Unsignaled Territory

The street running portion of the system is operated |ine-of-
sight. In some areas, train novenent is controlled by LRT bar
signals that are controlled by the city's traffic controllers.

At each end of the Central Business District (CBD), train-to-
wayside (TWC) |loops are used to initiate routes in the adjacent
junctions.

When traffic preenption is required in unsignaled areas, Train
detection may be provided by track circuits, TWC |oops, or Loop
Vehicle Detectors (LVD) to provide signals for traffic signal
cl earance offsets. As a mninum detection in approach to the
crossing is required to initiate a clearance offset, and
detection in advance of the crossing is required to provide a
clear signal to the traffic controller

Where sight distance in an unsignaled section is restricted,
Bl ock Indicators are used to allow trains to operate at higher
speeds in approach to the visually obstructed area.

Interlockings in wunsignaled territory wll be provided wth
switch position indicators to show that a route has been | ocked

through the interlocking. Aspects on the switch position
indicators will be as foll ows:

a) G een

Route aligned and | ocked for the normal/straight route.
Proceed at authorized speed.
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b) Yel | ow

Route aligned and |ocked for a diverging/converging
route. Proceed at authorized speed.

c) Red over Yellow (where provided)

Call-on Stop. Contact Controller. Proceed at restricted
speed when aut hori zed.

d)  Red

STOP - Remain standing for 30 seconds. Call controller
for instructions.

4.1.3 Waysi de Bl ock Si gnal

The waysi de bl ock signaling sections use fixed waysi de signals at
interlockings and Automatic Block Signals (ABS) bet ween
interlockings. Signals shall be spaced to provide the required
desi gn headway using a doubl e-red signal schene.

The fixed block wayside signal system shall be equi pped with 3-
aspect color light automatic block signals and a wayside train

stop system ABS aspects will be consistent with DART Operating
Rul es and conformto the foll ow ng:

a) G een
CLEAR - Proceed at authorized speed.
b) Fl ashi ng Yel | ow

APPROACH DI VERGE - Proceed, prepared to diverge at next
i nt erl ocki ng.

c) Yel | ow

CAUTI ON — Proceed, prepared to stop at the next signal
or end of auto bl ock.

d) Yel | ow over Lunar

CAUTI ON - TIMED SECTION - Proceed in tined section not
to exceed 55 nph.
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e) Red

STOP - Remain standing for 30 seconds. Call controller
for instructions.

At interlockings, signals shall be equipped wth double heads,
each with 3-aspects. A single head for a call-on aspect shall be
| ocat ed beneath the doubl e heads.

4.1.4 Cab Si gnal

The cab signal system shall utilize cab signaling-enforced
overspeed protection with wayside interlocking route indicators
to ensure safe operation of trains.

Vital wayside and carborne train-control functions shall be
generated with vital mcroprocessors. Vital plug-in relays shal
be used for specific applications. Al non-vital functions shal
be performed using non-vital mcroprocessors.

The Signal System technology shall ensure safe and reliable
control of the operation of trains upon the System The system
design shall be fail-safe and provide safe degraded operating
nodes.

Wthin interlocking limts, a positive train detection system
shal | provi de detector | ocki ng. Train detection between
i nterlockings shall be continuous and shall be acconplished by
track circuits.

The wayside cab signal system shall transmt cab signal speed
commands to the train. The carborne Aspect Display Unit (ADU)
shal |l display the maxi num enforced speed limt in the operating
cab. During an overspeed condition, the carborne Automatic Train
Protection (ATP) equi pnent shall renove propul sion power fromthe
notors and provide both an audio and visual alarmto the train
operator. If the overspeed condition exists for longer than a
pre-determned length of time, or if the mninum braking rate is
not mai ntained once initiated, the carborne ATP equi pnment shal
command an irrevocabl e penal ty-brake application request.

As a mininmum the system shall recognize and enforce at |east 12
codes. A zero code shall be used to command a stop. The cab
signal systemshall interpret the absence of code in cab signaled
territory as a failure.

In addition to the mainline ATP speed conmands, a code shall be
available to switch the cab signal operation to manual node. A
manual node command shall be transmitted to trains approaching
the end of cab-signaled territory. This command will allow the
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train operator to drive the train manually in the street-running
and waysi de bl ock signal ed portions of the System at speeds up to
65 nph.

Trains entering cab signaled territory shall be swtched
automatically from manual node into the cab signal operating
node.

Prior to leaving a yard or storage track, the onboard ATP
equi pnent shall have passed self-test to establish that both the
vital and non-vital portions of the equipnent are fully operable.

At Interlockings in cab-signaled territory, the signal system
shall be a 4-aspect route indicator and a wayside train stop
system Indicator aspects will be consistent with DART Operating
Rul es and conformto the foll ow ng:

a) G een Arrow G een Aspect

PROCEED, NORMAL - Proceed straight route.
b) Yel | ow Arrow Yel | ow Aspect

PROCEED, DI VERA NG - Proceed on diverging route.
c) Red over Yellow

Call-on - Stop. Contact Controller. Proceed at
restricted speed when aut hori zed.

d)  Red

STOP - Remain standing for 30 seconds. Call controller
for instructions.

4.1.5 Qper ati ons

In street running and ABS portions of the system prinmary
responsibility for safe operations is the responsibility of the
vehi cl e operator. The operator will be responsible for operating
under the designated maxi num speed for the section of track upon
which the train is operating in accordance with the |ast wayside
si gnal aspect and operating rules. Train stops at all wayside
signals wll enforce braking should a train pass a signal
di spl aying a stop aspect.

In cab signaled sections, ATP will enforce operation to the safe
operating speed based on track conditions.

At term nal interlockings, on-board TWC equi pnent will be used to
transmt information to the system indicating that the train is
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ready to depart. Wien the termnal Interlocking node is “Auto”,
the TWC signal shall initiate the appropriate route request.

Interl ockings will be provided where junctions, crossovers, yard
tracks, termnals, or pocket tracks are installed.

Passenger information signs will be provided at term nal stations
and at internmediate dispatch stations to indicate from which
platformthe next train will depart. The ‘next train |ogic shal
be derived and provided by the signal system

The signal system will be designed to neet DART operational
requirenents as presented in the Operations Criteria Chapter.

The signal system design shall provide a 3 mnute design headway
on all branches. Design headway cal cul ations shall be made using
a dwell tinme of 20 seconds, with all trains stopping at all
stations. Junctions wll be designed to support a 90 second
desi gn headway on the comon branch

4.1.6 Saf e Braking D stance
4.1.6.1 Waysi de Bl ock Si gnal

The braking rate shall be based on fail safe application of the
friction brake system instantaneously applied in the energency
node. Signal spacings shall be based on the friction brake rate
adjusted for rail adhesion and safety factors using the follow ng
for mul a.

Bo- RD + ((1.467*S, )?- (1.467*S)?%) [/ 2(BR G*0.33)

Bo = Braking distance in feet
BR = Braking rate = -2.45 fpsps
S =lInitial speed at train stop in nph

So = Final or end speed in nph

G = % Gade: positive for up grade, negative for down
gr ade

RT = Reaction time = 3.0 seconds

RD = Reaction distance = 1.467 x RT x §

Reaction tine is based on a naxi num power renoval tine of
1.5 seconds, a node change dead tine of 0.5 second, and a
brake build-up time of 1.0 second. The worst case adhesion
rate of 1.67 nphps is al so used.
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4.1.6.2 Cab Si gnal

Safe Braking Distance for determnation of proper speed codes
shall be based on a braking nodel that sinulates the worst case
braking effort. The nodel shall sinmulate braking as a series of
consecutive events, defined as follows:

a) Primary Reaction D stance — The distance traveled by a
vehicle at the initial velocity as it crosses a block
boundary. The distance is that traveled through the
“dead” section where a valid code may be unavail abl e.
The initial velocity to be used is the previous speed
code plus the overspeed tolerance of the vehicle cab
signal equipnent. In the nodel, acceleration due to
downhi I I sl ope shoul d be consi der ed.

b) Code Recognition Tinme — The worst-case period that the
vehi cl e equi pmrent woul d take to recogni ze a valid speed
code. Assune the vehicle is speed-naintaining through

this period. Include acceleration due to downhil
sl ope.
c) Runaway Acceleration — Assunes a propulsion system

control failure that sends the vehicle into ful
accel eration at the maxi num avail able rate adjusted for
grade. The runaway accel eration occurs until the system
has detected an overspeed condition and initiated power
removal .

d) Mode Change Tinme — The tine for the vehicle equi pnent
to renove power and initiate a brake conmand after an
overspeed has been detected. During this period, power
is renoved and accel eration force of grade is included.

e) Brake Build-up Time — The tinme fromthe initiation of
braking until full deceleration is achieved. During
this period, braking shall be calculated as a I|inear
increase fromO to full braking.

f) Constant Braking — Wen the brakes have built up to
maxi mum decel erati on, the braking nodel shall conplete
the braking at a constant brake rate adjusted for
grade. Twi ce the vehicle overhang distance is added to
this val ue.

4.1.7 Equi prment Requi renent s
Modul ar design shall be used throughout the systens. Electrica

and nechani cal conponents shall be organized in plug-in
assenbl i es wherever practical and be rack nounted.
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4.1.7.1 Rack Mbunti ng

Al'l equi pnment and conponents nounted on racks shall be accessible
for testing or replacenent w thout renoval of other conponents.

Design shall provide for cooling air space around all
transforners, rectifiers, reactors, and other heat generating
devi ces.

Al'l relays, equipnment, and entrance racks wll have reference
test points for all voltages associated with the equipnent
installed on such racks.

4.1.7.2 Envi r onnment

Physi cal :

Al'l  equipnment housed in CIHs and cases wll be designed to
function without damage wthin a tenperature range of -40°C to

+71°C (-40°F to +160°F) and relative humdity of O percent to 95
percent, noncondensi ng.

Any equi pment housing that wll hold mcroprocessor equipnent
shall have forced ventilation and air conditioning. Both fan and
air conditioning shall be thernostatically controlled. The

control shall be interlocked so that at a selected tenperature,
the fan is switched off and the air conditioner is sw tched on.

Vi bration:

Si gnal equi pnment shall be designed to operate safely and reliably
whil e exposed to vibrations of 2-10 Hz, 0.2 inch displacenent,
peak to peak; and at 10-500 Hz. at 1.0G

4.2 VI TAL FUNCTI ONS

A vital function is any circuit or software |logic that can affect
safety of train operations. Al vital functions shall neet the
fail safe design principles described herein.

Fail Safe Design Criteria - Vital logic design shall be based on
closed loop circuit principals with the operator considered as an
active el enent.

Conmponent or system failures that are not self-detecting shal
not cause unsafe conditions, even if added to other failures. Any
nunber of sinultaneous conponent or system failures attributable
to the same cause or related causes shall not cause unsafe
condi tions.
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Any conponent becomi ng grounded, or any conbination of such
grounds shall not cause unsafe conditions.

4.2.1 Vital Relay Systens

Vital rel ay circuits shal | meet AREMA  Si gnal Manua
requirenents.

Except when specified, all circuits which |eave a housing shall
be doubl e break, using ungrounded DC power supplies. Si de- by-
side above ground housings interconnected by vandal proof,
weat her tight enclosures shall be considered one housing. The
cabl e way between adjacent housings shall be limted to a 50
percent fill limt.

Vital functions contained within a CIH or case shall be positive
energy, single break equations or circuits.

Al vital repeater relay circuits shall be designed on the
cascade principle. Paralleling of vital repeater relays shall
not be permtted.

Repeater relay contacts shall be so assigned that safety wll
not be conprom sed by failure of any repeater relay to energi ze.

Non-vital contacts wused in vital «circuits shall only be
permtted in the energy feed of a circuit. |If non-vital contacts
are used in vital circuits it shall be assunmed these relays can
fail and an armature may stick in any position. None of the

above events shall cause an unsafe condition.

4.2.2 Vital M croprocessor Systens

Where used for interlockings, redundant vital processor systens
shall be installed in a warm standby configuration with an
automatic swtch-over when a failure is detected.

4.2.3 Locki ng Functi ons

Locking functions shall prevent unsafe switch operation and
prevent clearing of signals for opposing or conflicting routes.
Types of locking to be provided are as foll ows:

4.2.3.1 Approach Locki ng

Approach | ocking shall lock switches within a route governed by a
cl eared wayside signal when a train is occupying the approach
circuit to such signal. Once initiated, approach locking wll
remain in effect until the locking tine has transpired or unti

rel eased by the occupancy of the first two track circuits in the
| ocked route. Approach |ocking shall prevent clearing of wayside
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signals for opposing or conflicting routes for a predeterm ned
time after a cleared waysi de signal has been reset to stop unl ess
the approach to such signal was unoccupied while the signal was
cl eared. Approach | ocking shall be provided for all controlled
signals. Approach release tinme shall be calculated in accordance
wi th AREMA Si gnal Mnual Section 2.4.20.

4.2.3.2 Ti me Locki ng

Time | ocking shall be provided for electric |ocked hand-operated
switches within a route governed by a cleared wayside signal
OQpposing or conflicting routes shall be |locked until rel eased by
Train Control Center (TCC) or the local control panel.

4.2.3.3 Rout e Locki ng

Route locking shall lock all switches within a route when a
signal is cleared and shall maintain the locking after a train
has accepted the wayside signal governing such route and
conpleted its travel through the route. Portions of the route
behind the train shall be released when it is safe to do so.
Route | ocking shall also lock switches outside the route when set
by the route-selection system to provide overrun fouling
protection.

4.2.3.4 Sectional Rel ease

Where necessary to neet headway requirenents, switch | ocking
circuits shall be designed with sectional release. Such design
is required to release each switch after the final axle of a
vehi cl e has vacated the detector |ocking track circuit, providing
that the train no longer fouls the vacated portion of the route.

4.2.3.5 Det ect or Locki ng

Det ector |ocking shall lock all switches within the limts of a
track circuit when such track circuit is occupied. Detector
| ocki ng shall not be released by nonentary | oss of shunt.

4.2.3.6 Swi tch Locki ng

Switches at interlockings shall be |ocked by approach | ocking,
time locking, route |ocking, and detector | ocking. Swi tch
| ocking shall be released when approach |ocking, tinme [|ocking,
route | ocking, and detector |ocking are rel eased.

4.2.3.7 Ti me Rel ease Locking

Tinme Release Locking is to provide safe entry into an occupied
turnback track, storage track, or termnal track. The vita
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timer shall be adjustable from 5 to 60 seconds. Time rel ease
shall operate upon detection of train occupancy in a turnback
track, storage track or termnal track, and thus allow a call-on
signal to be requested after conpletion of time. The |ength of
time adjustnment shall ensure the train occupying the interl ocking
can stop before a call-on route is allowed.

Al vital timng functions required to energize a circuit shal

use vital tinmers with adjustable tinme settings. Mechani cal
tinmers shall provide back check logic. Such back check logic in
a vital circuitry will assure that time has fully run before

reset. Tine settings shall be shown on route and | ocking charts
and on circuit drawings next to tiner synbols. Each signal shal
have a dedicated tiner.

4.2.3.8 Traffic Locking

Traffic locking shall prevent clearing opposing signals into a
section of track. Individual traffic circuits shall be provided
for each section of track between interlockings.

Direction of traffic shall be |locked on a section of track over
which traffic locking is provided when any track circuit within
that track section is occupied, when traffic direction is
requested into that track section, or when approach or tine
|l ocking is effective for a signal which had been cleared into
such track section. Traffic direction, once established wll
remain | ocked until unlocked and a request is nmade to enter from
the opposite end. Traffic direction shall be |ocked while the
traffic section is occupied, including the exiting interl ocking
track circuits except where the route is freed by sectional
rel ease.

A signal governing novenent into a section of track for which
Traffic Locking is effective shall not <clear until traffic
direction has been established and locked in the direction of
novenment and the individual traffic relays in each ABS case are
pi cked in proper alignment for the direction of traffic.

Clearing of ABS signals will be controlled by the direction of
traffic. ABS signals will not clear until traffic relays for the
proper direction are energized.

Traffic logic shall initiate a change of direction by a route
request from the local train storage system wi thout the aid of
the renote train storage subsystem or presence of a person at the
adj acent signal CIH
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4.2.4 Signal Cearing

Route check circuits shall be provided to prevent premature
| ocking. The route check shall initiate signal clearing for each
signal which governs novenent over a track containing a track
swi t ch. A route check relay shall be energized to initiate
wayside signal <clearing only when switch point positions
correspond to the positions required for the route between the
selected entrance and exit points, an opposing signal has not
been call ed, and an opposing novenent is not in progress.

Signal clearing shall be effective for the route selected when
the proper route check relay is energized, and approach, tineg,
and traffic locking for an opposing or conflicting route is not
in effect.

For signals that do not govern novenents over track swtches,
signal clearing shall be initiated directly from the entrance
point if an opposing signal has not been called and no opposing
train novenent is in progress.

Signal indication circuits shall indicate and di stinguish between
a signal being called, the sanme signal being clear, and such
signal being in tinme |ocking.

4.2.5 Si gnal Lighting
A signal indicating route alignnent shall display aspects as
previ ously described. Each signal aspect shall be energized

through vital contacts or driver circuits. Such aspects shall be
energi zed when the route is aligned regardless of presence or

absence of a train in approach to the signal. CGccupancy of the
approach shall energize the signal regardless of traffic
direction. Signal lighting circuitry shall prevent undesirable

fl ashes of inappropriate aspects when changing from one aspect to
anot her.

4.2.6 Fleeting Crcuit Requirenents

Fleeting circuits shall automatically reestablish energy to the
signal clearing circuit, after train passage, whenever a fleet
control button for a signal has been placed in fleeting position.
Fleeting shall be provided for normal and reverse direction of
traffic.

When a signal has been fleeted, it shall not re-clear until
circuit requirenents are net as defined by the control I|ines.

Canceling a fleet request shall not cancel the route.
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4.2. 7 Si gnal Bl ocki ng

Signal Blocking Grcuits shall be provided for each interlocking
si gnal . Blocking circuits will be initiated from TCC or the
| ocal control panel. Signal blocking will prevent an exit at the

signal selected. Signal block circuits shall be interfaced with
the vital hone relay circuits to prevent an exit at the signal
selected and interfaced with non-vital logic circuits to prevent
a prelimnary exit indication at the signal selected.

4.2.8 Line CGrcuits

Line circuits shall be provided to pass information between
| ocations. Line circuits may be dedicated, traffic reversed, DC
coded, or vital serial conmunications, as necessary to provide
conplete logic information to control trains.

4.2.9 Approach Circuits

An approach circuit shall be provided for each interlocking
signal. The approach section shall include all track circuits in
approach of the interlocking signal w thin braking distance of
such signal. Were signals are approach cleared, additional
approach circuits used to make a signal request shall include

track circuits in approach to the approach signal sufficient to
ensure that the home signal can clear (including worst case
swtch throw tine) and that the approach signal is cleared to
allow at least three seconds of viewing tinme for a train
traveling at the maxi num al | owabl e speed.

4.2.10 Li ghtni ng Protection

Lightning protection shall be provided in the design of the
Signal Systemin accordance with AREMA Signal Manual Part 11.2.1
In addition, the design shall provide for lightning protection
and surge protection on all track circuits and electronics.
I nputs to el ectronic conmponents from devices external to the case
or instrunent house where the electronic equipnment is |ocated
shal | be protected.

4.2.11 Track Circuits
4.2.11.1 ABS Areas and Crossovers

Track detection shall be acconplished by two-elenent vane relay
type track circuits, utilizing 100 Hz steady energy. Shunti ng
sensitivity shall be 0.25 ohmunder dry weather conditions. Track
circuits shall be capable of properly functioning in a direct
current traction power system environnent, utilizing vehicles
with AC traction notors.
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Track circuit shall provide broken rail protection for both rails
on normal routes and single rail <circuits on the crossover
portion of turnouts.

Track circuit equipnment shall either detect the failure of any
insulated joint or protect against it causing an unsafe
condi ti on.

Track circuits shall operate correctly with ballast resistance as
| ow as 5 ohns per thousand feet.

Five second |oss of shunt protection shall be included wthin
interlockings to prevent switch novenent within such tinme period.

Design of the track circuit system shall take into consideration
cross bonding for traction power negative returns as required.

4.2.11.2 Cab Signal

Main line track circuits in cab signaled territory shall be
jointless audi o frequency type.

Track circuits in crossovers shall be power frequency. Loops
t hrough turnouts shall be used to transmt speed codes.

4.2.12 Switch Operating Crcuits

Switch operating circuits shall enable power switch nmachines to
operate if locking is not in effect. Switch operating circuits
shall be two-wire. Each switch nmachine notor shall be energized
by an individual ungrounded power supply. Power shall be renoved
when the switch has reached the requested position and is in
correspondence.

4.2.12.1 Switch Overl oad

Switch overload circuits shall protect each swtch-and-I|ock
novenent by using a switch overload stick circuit. An overl oad
stick circuit shall be provided for each switch machi ne notor.
Overload circuits shall renove energy froma switch machi ne when
the operating current rises above the desired maxi mum due to
stalled points or other causes of overl oad. Once the overl oad
has occurred, energy shall remain off until the switch is called
to the opposite direction. Tine for pickup of the overload rel ay
shall be the manufacturer's recommendation, but shall not exceed
ten (10) seconds.

4.2.12.2 Switch Repeater

Switch repeater circuits for swtch-and-lIock novenents shal
indicate the normal or reverse position of switch points. One
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normal and one reverse switch repeater relay shall be provided
for each crossover or turnout. Wen the switch repeater relay is
controlled by two or nore switches that nmake up a crossover, al
swi tches must be nmechanically and electrically | ocked in a nornal
or reverse position before switch repeater circuits can be
ener gi zed.

4.2.12.3 Switch Correspondence

Switch correspondence circuits shall have relays separate from
switch repeater relays and check that position of the switch in
the field is in agreenent with the position requested at TCC or
from the I|ocal panel. Switch correspondence circuits shal
indicate correspondence between switch position and swtch
request. One normal and one reverse switch correspondence rel ay
will be provided for each crossover. A switch correspondence
relay shall be energized when position of switch points as
indicated by the switch repeater circuit agrees with the switch
request as produced by switch control circuits.

4.2.12.4 Switch Bl ocking

A switch blocking circuit shall be provided for each swtch
within an interlocking. The block will be initiated from TCC or
the local control panel. This block shall be vitally interfaced
with switch and signal circuits to prevent operation of such
switch when the block is in effect.

4.2.13 Control Functi ons

The followi ng conditions are necessary to clear a route:

a) All switches are aligned and l|ocked in the proper
posi tion.

b) Traffic is properly aligned and | ocked in the direction
of travel for the track section being entered.

c) Tracks are wunoccupied within the interlocking route
being cl eared and an overrun condition does not exist.

d) An unsafe or conflicting condition does not exist. All
special conditions required by the interlocking are
satisfied.

When a cleared route is canceled, interlocking |ogic shall ensure
time locking and traffic locking remain in effect for a

calculated tine. Time shall be calculated based on sufficient
time to achieve braking to a full stop and not overrun the
signal. Logic shall not run tinme when the approach block to the
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specific signal is, and has been unoccupied while the signal was
cl ear.

Wien a route is canceled there shall be no attenpt to provide
automatic routing for the next train which occupies the approach
or advance approach at the tine of canceling.

In ABS territory, the signal systemshall allow trains to proceed
at rule book speed up to an interlocking signal at stop. A
magnetic train stop shall protect overrun by causing an energency
brake application.

At turnback tracks, storage tracks, termnals or other special
ci rcunstances, automatic routes shall not be cleared when the

destination track is occupied. TCC, local control panel or
waysi de push button will request a call-on or restricting route.
A call-on will be displayed after a predetermned tine to ensure

an approaching train has stopped.

Train destination routing shall be used at |ocations where two or

nore destinations are possible. Train destination shall be
decoded from TWC prior to the advance approach track. Rout e
requests shall be initiated at the signal in advance of the
distant signal, if conditions permt. If the route cannot be
cl eared, the destination shall be stored and the route initiated
when conditions permt. The system shall use a storage register

to store requested routes for all followng trains entering an
automatic routing zone. The storage register shall advance when
the train enters the interlocking. When storage register
identities are out of sequence with actual conditions it shall be
corrected by a storage register identity clear out circuit

Train ready routing shall be initiated from a train ready
i ndication sent by the TWC subsystem Qperation of the train
ready button on a vehicle shall request routes at term nals.

Auxiliary Switch Control circuit shall be initiated by a signa
from the TWC to nove power operated switches either normal or
reverse for designated automatic routes.

At converging junctions or other |ocations as required, TCC shal
have the capability of inhibiting any automatic route from being
initiated while in automati c operation.

If the data link to TCC is not functioning, the inhibit shall be

renoved and the signal wll operate automatically. Aut omati c
signal inhibit nust be initiated for each train.
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4.3 NON- VI TAL FUNCTI ONS

Non-vital circuits may wuse vital or non-vital equipnent as
predi cated by design requirenents.

Non-vital circuits which leave a CIH or case nay be single break.

Logic to perform the following functions shall be provided.
These functions shall include, but not be limted to:
4.3.1 Route C earing

Route clearing shall be entrance/exit logic fromlocal, automatic
and Train Control Center.

4.4 SYSTEM CONTROL

In the TCC, an overview display will show status of the entire
System Individual terminals wll permt detailed nonitoring of
smaller sections of the system or individual interlockings.
Subsystem failures that could affect the safety or reliability of
the System will be shown as alarns. Functions available to
di spatchers shall include the ability to control interlockings

for special noves or hold trains at stations.

Controls and indications shall be communicated between wayside
signal equipnment and the TCC via the SCADA system The signal
system shall provide RTU functions to collect required
information and comunicate it in the necessary format and
pr ot ocol .

4.4.1 Control Mode Hierarchy
Local control panels shall be provided with two key-operated
switches that permt an override of TCC control. The node-

selector switch shall allow switching from Automatic or Local
control to TCC control. To switch out of the TCC node, a signal
rel easing control nust be received from the TCC. An energency
key-operated switch shall allow an override and permt control to
be swi tched wi thout TCC concurrence.

4.4 .2 Aut omati ¢ Routi ng

Circuitry to automatically align routes shall be as foll ows:
4.4.2.1 Automatic Clearing - Route

Al'l normal direction routes shall be automatically cleared.
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4.4.2.2 Automatic Clearing - Train Destination

Detection of a train on the advance approach shall cause the
initiation logic to clear a route depending on train destination.

If the route is not available while the train is on the advance
approach and has subsequently noved into the approach circuit,
the logic shall wait until the route is available and then clear
t he signal

Wen an automatically cleared route is canceled, it shall not
reclear automatically until the advance approach and approach
become wunoccupied by the train that requested the signal to
automatically clear.

4.4.2.3 Automatic Clearing - Approach Only

Interlocking signals with one possible automatic route shall be
cleared by train detection only. When nore than one train is
within the advance approach, the signal wll <clear for each
succeeding train as conditions ahead permt.

4.4.2. 4 Automatic Cearing - Train Ready

Qperations at turnbacks and termnals may require special
automatic clearing nethods. Detection of train ready from the
TWC system shall be provided as necessary to clear automatic
rout es.

4.4.2.5 Destinati on Decodi ng, Storage and Transm ssion

I D and destination received fromthe train via TWC shall permt
the clearing of interlocking signals.

4.4.2.6 Unidentified Train

An unidentified train ID or destination shall be entered in the
proper nessage sequence wth other normal trains. The
unidentified data may be generated by the decoder when an
incorrect TWC nmessage is received or by track occupancy when no
TWC nessage i s received.

4.4.2.7 Aut omati ¢ Regi ster C ear

A register clear shall be generated when a code is stored and a
train is not on the advance approach or approach (code w thout a
train) or when there is a train on the advance approach or
approach and there is no code in the register (train wthout a
code) .
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4.4.2.8 Route Rotating Priority

Automatic route rotating priority shall be provided to contro
the flow of trains through interlockings where conflicting
automati c and/or waysi de push button requests will be vying for
routes through interl ockings.

4.4.3 Term nal Contro

Train operation at termnal interlockings shall be sequenced by
node sel ection. Dual node control logic that can be controlled
by the local control panel or TCC shall be provided. Mode
selection logic shall automatically determne the tail track
and/or platformtrack that each train will take as it arrives at
the termnal. Operation shall be as foll ows:

a) Mode 1 wll be set for trains approaching term nal
| ocations to diverge to the left side track station
pl atform and depart fromthere on a straight route.

b) Mode 2 will be set for trains to alternate platforns
when nore than one train is to be at the station at one
tinme.

c) Mode 3 will be set for trains to approach term nal
| ocations on the right side track and cross over upon
departure.

If both tracks are available, the train wll be routed to the

normal i nbound departure track.
4.4.4 Local Control Panel

The | ocal control panel shall utilize push button operation to
control entrance/exit logic operation at all |ocations. The
| ocal control panel shall have a key operated control node.

Control push buttons and indicators shall be provided to enter
route requests, operate switches, enable automatic routes,
control termnal node and indicate status of power, fuses,
grounds, and ot her m scel |l aneous infornmation.

4.4.4.1 Switch Position Indication
A Switch Position Indication push button shall be provided. Wen
pushed and held in, it shall cause all current switch positions

to illum nate. It shall be possible to operate this button
W t hout use of the key switch to observe switch positions.
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4.4.4.2 Entrance/ Exit Operation Contr ol

I nterl ockings shall be provided with entrance/exit operation for
route selection/signal clearing. A push button shall be |ocated
on the track diagram at each possible entrance or exit point.
Pushing an entrance/exit push button shall establish an entrance

request, which will cause the appropriate entrance indicator to
illum nate steady white, and cause the indicators at push buttons
for all available exits to illumnate flashing white. Pressi ng

one (1) of the available exit push buttons shall establish a
route between selected entry and exit points, and shall cause all
other flashing exit indicators to go dark.

Routes shall be canceled by pulling the signal indicator push
button for the entry point of the specific route.

4.4.4.3 Term nal Modde Sel ecti on

Term nal node selection shall be by neans of a rotary selector
swtch located on a separate panel. The panel my be |ocated
within the CH adjacent to the local control panel, or in a
weat herproof box in the station area. Term nal node functions
shall be nmade available in the TCC via the SCADA system The
sel ected node as described in Section 4.4.3 will be indicated by
yel | ow | anps.

4.4.4.4 Panel | ndications

I ndi cators provided shall include (but not be limted to) the
foll ow ng functions:

a) TCC/ Local | ndicator.

b) Si gnal I ndicators.

c) Switch Position Indicators.

d) Switch Locked I ndicators.

e) Traffic Direction Indicators.

f) I nterl ocking Track Occupancy | ndicators.

g) Non- I nterl ocking Track Occupancy I ndi cators.

The following alarm indicators are to be illumnated when the
associ ated alarmcondition exists, regardl ess of TCC/ Local sw tch
and Panel Lights switch position. These alarns shall be sent to
TCC and also be wused to control the CIH alarm light in
conjunction with the high tenperature alarm

a) Bl own Fuse | ndi cators.
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b) Power O f Indicators.

c) AC Line Indicators.

d) Data Transm ssion System Failure Indicator.
e) G ound Detector Indicator.

f) Waysi de Case Failure Indicators.

g) I ntrusion I ndicators.
4.4.4.5 Swi tch Preconditioning
Switch preconditioning is prohibited.
4.5 NON- VI TAL ELECTRONI C Cl RCUI TS

Non-vital electronic circuitry shall be used in conjunction with
relay logic circuitry where applicable. Di ode based circuits nmay
be used where applicable to provide isolation of energy in non-
vital circuits.

TWC circuits and associated equipnent for automatic ID routing
(destination decoding and shift register) shall be m croprocessor
based.

4.6 ENERGY DI STRI BUTI ON Cl RCUI TS

Source energy for the signal power distribution system shall be
obtained from Traction Power Substation auxiliary panelboard
breakers. Were required and DART approved, the design may use a
TXU power source in lieu of the signal power distribution center
sour ce.

Distribution circuits shall distribute AC and DC energy to the
racks and equipnent with voltage drops of less than five (5)

percent maxi mum Such drop shall not affect the proper
performance of equipnment. These tolerances shall be neasured
bet ween power source and | oad.

4.6.1 AC Power Distribution

AC power shall be distributed as required to all signa
| ocations. Signal power distribution centers shall be provided as
near to the Traction Power Substation as possible. Power
distribution centers shall consist of twd-480 VAC two pole,

thermal magnetic, nolded case circuit breakers housed in NEVA 12
encl osur es.

St ep-down transfornmers shall be provided at each location as
requi red by the design.
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The design shall provide protective devices for each function
such that failure in one (1) circuit will not affect nore than
one (1) function. Function to be individually protected shall
i nclude but not be limted to the foll ow ng:

a) Each power supply,

b) Each waysi de si gnal

c) Each traffic rectifier,

d) Each switch machine rectifier
e) AC ground det ector,

f) Each AC track circuit,

g) RTU Power Supply,

h) Interface circuits to TCC
4.6.1.1 ABS Territory

Di stribution voltage shall be 480 volts 100 Hz for track circuits

and 480 volts 60 Hz for signal power. The source for track
circuit power shall be from a solid state frequency converter
| ocated at signal power distribution centers. Si gnal power

distribution shall consist of one 480 VAC single-phase two wre
100 Hz track circuit power and 480 VAC single-phase two wire 60
Hz express power cables installed in an underground duct system
cable trough or trench along the right-of-way. Secti onal i zi ng
shall be provided in the transmssion |line by neans of double
pole, single throw switches at various |ocations.

4.6.1.2 Cab Signal Territory

480 Volt, 60 Hz power shall be obtained at the SPDC and
distributed to signal equipnment |ocations.

At interlockings, inverters shall convert DC battery source to
100 Hz. supply for power frequency track circuits.

At junctions and termnal interlockings, an alternate source for
back-up AC power shall be obtained. An automatic transfer switch
shall detect when the primary source value drops below a set
limt and transfer to the alternate source. The transfer swtch
shall automatically restore the systemto the primary source when
the voltage of the primary source rises to a set value after a
delay to ensure stability.

Were an alternate source is provided, the |load shall be
segregated onto “Essential” and “Nonessential” busses. The
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Essential buss shall receive power from the automatic transfer
switch and the Nonessential buss shall receive power from the
primary source only.

4.6.2 DC Power Distribution

DC power shall be produced at each signal equipnment control
| ocation using transfornmers and rectifiers appropriate for the
appl i cation. Backup batteries shall be sealed type with no
outgassing or requirenents for adding water. Batteries and

chargers shall be provided at all CIHs for all vital and non-
vital circuits and/ or processors.

Positive and negative DC energy shall be distributed on logic
racks in the form of energy loops. Wre size of the energy |oop
shal | be capable of carrying full |oop current.

A voltage reference wire for each power buss shall be designed to
serve racks, wayside equi pnment, junction boxes, sw tch nachines,
and ot her required conponents. This reference wire shall provide
a nmeans for voltage readi ngs when only one side of the power buss
is used in any particular |ocation.

4.6.2.1 ABS Territory

Batteries shall be designed to support operations by preventing
signal system stick circuits or simlar software logic from
canceling after a power failure is restored. Batteries shall be
sized to hold stick circuits or processor nenory for 8 hours
after power failure. The circuits shall be designed such that
energy from one fuse does not connect to energy from another
fuse.

The design shall provide protective devices for each function

such that failures in one circuit will not affect nore than one
function except on logic racks. Functions to be protected
i ndividually shall include but not be limted to the foll ow ng:

a) Each track circuit,
b) Local Control Panel Lighting,
c) Local Control Panel Controls,

d) Each TWC Unit, route decoder, and storage register.
4.6.2.2 Cab Signal Territory

All equi pnent necessary to operate normal routes wusing cab
signals and to maintain data comruni cations shall have at | east
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ei ght hours of battery backup, calculated to include rush hour
service | evels.

4.6.3 G ound Detection

Ground detection shall be provided on the 110 volt AC used for
signal lighting and other signal functions and for ungrounded DC
vol tage used for line and logic circuits.

4.7 VWAYSI DE SI GNAL EQUI PMENT

This section defines the design requirenment of wayside signal
conponent s i ncl udi ng:

a) Swi t ch- and- Lock Movenents
b) | npedance Bonds

c) Rai | Connecti ons

d) | nsul ated Joints

e) Conduits and Accessories
f) Cabl es

g) Overlay Track Grcuits

h) Loop Vehicle Detectors

i) Waysi de Signal s

1) Waysi de Train Stops

k) Housi ngs

1) Tr ai n-t o- Waysi de Conmuni cati ons
m Junction Boxes

n) Car bor ne Equi pnent
4.7.1 Gener al

Al l waysi de  signal system equi pnent shal | be designed,
constructed, and installed to operate in an environnent
encountered in the Dallas area. The following particular
conditions shall be wused as design guidelines and shall be
considered as operational requirenents. Act ual | ocal i zed
tenperatures and conditions within spaces and encl osures may be
nore severe than the anbient climatic conditions and shall be
evaluated during the design effort to ensure that no damage
occurs during manufacture, storage, and shipnent as a result of
climatic conditions that differ fromthose bel ow
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Tenperature & Sol ar Load:

M ni mum anbi ent air tenperature external to equipnment: 4°F

Maxi mum anbi ent air tenperature external to equi pnment: 115°F

Maxi mum sol ar radi ation: 275/ BTU hrft?z
Maxi mum dai | y tenperature range: 50°F
Aver age days | ess than 32°F 38

Precipitation:

Maxi mumrainfall rate (may occur sinultaneously in a worst

case w nd): 7"/ hr.
Maxi mum snowf al | : Measurabl e quantities (infrequently)
I ce: Measurable quantities (i nfrequently)

Average Relative Hum dity:

Mor ni ng: 82%

Af t er noon: 56%

Max Aver age: 87%
W nd:

Aver age speed: 11 nph

Maxi mum sust ai ned for 1 mnute: 70 nph

Maxi mum gusti ng: 70 nph
Air Contam nati on. Equi pmrent shall operate as specified in
the atnosphere commonly found in rail vehicle environnents
and the Dallas Metropolitan region. These include the
fol | ow ng:

Parti cul at es:

Aver age: 0.175 ng/ n?

Maxi mum 0. 324 ng/ n?
QOzone: 0.200 ppm nmax.
NO2: 0.25 ppm nmax.
SQ2: 262 ug/ n#
CO 20 ppm nmax.
Chl ori de: 13.9 ng/ n?
Moi sture Acidity pH 4.41
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4.7.1.1 Cl ear ance

Waysi de signal equipnment shall be | ocated outside the Light Rai
Vehi cl e dynam c cl earance envel ope.

4.7.1.2 Install ati on

Waysi de signal equipnment shall be installed in a manner to be
directly accessible for nmintenance and to allow for efficient
removal and/or replacenent. Signal equipnent shall be installed
SO as to cause a mnimum of interference with periodic track
mai nt enance.

4.7.1.3 Waysi de Si gnal Equi prent G oundi ng

A grounding system shall be provided for wayside signal system
equi pnent in accordance with AREMA Signal Mnual Section 11.4.
It will be the installation contractor's responsibility to
develop a grounding system for wayside signal equipnment for
connection to a ground network provided by others, where
applicable. DC resistance to ground shall not exceed 5 ohns.

4.7.2 Mai n Li ne Swi tch-and- Lock Movenents

Renote controlled main line switch-and-Iock | ayouts shall include
a dual control 120 VDC sw tch-and-lock novenent with a maxi num
switch throw distance of 4 3/4 inches. Sw tch-and-Iock novenents
shall be nechanically coupled to the track switch points and
securely nmounted to ties in ballasted track areas or secured to
concrete in direct fixation areas. Swi t ch-and-1 ock novenents
shall be insulated fromthe track and be at ground potential only
where the nechanical connection to the tie is in contact wth
earth.

The signal system contractor shall interface to track swtch
equi pnent. The track contractor will supply one operating basket
for each sw tch. The signal system contractor shall supply the
basket nuts (cone and | ock). Track contractor will supply and
dap the headbl ock ties, and extra length ties, as required.

4.7.3 | npedance Bonds
4.7.3.1 Gener al

| npedance bonds shall be provided at all |locations requiring
signal system and traction power return interconnection with the
running rails. Track wi ndings of the inpedance bond shall be
capabl e of carrying maxi mum current requirenents of the Traction
Electrification System | npedance bonds shall function properly
wth a traction current inbalance within ten (10) percent.
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| npedance bonds shall be capable of sustaining a surge of 10,000
anps per rail for one (1) second.

Where provided in cab signal territory, inpedance bonds shall
include tuning units for track circuit transmtter and receiver
frequencies, as well as the cab signal frequency.

4.7.3.2 Install ati on

In tie and ballast areas, inpedance bonds shall be nounted to
provide a mninmm of one (1) inch clearance below top of rail
using lag screws to fasten the layout to the ties. | f signal

system contractor's inpedance bond |ayout requires a separate
field tuning unit both bond and tuning unit shall be nounted
together on a steel plate and fastened to the ties. When nounted
on concrete ties, stainless steel fasteners shall be used to
secure the steel plate.

On direct fixation |ocations, inpedance bond |ayouts shall be
nounted to provide a mninmm of one (1) inch clearance bel ow top
of rail. There shall be a one-half (1/2) inch mninmm space
under the inpedance bond. If a separate tuning unit is required,

tuning units and bond shall be nobunted on a steel plate and the
plate affixed to the concrete with one-half (1/2) inch space
under the plate.

4.7. 4 Rai | Connecti ons

4.7.4.1 Gener al

The signal system contractor shall provide and test all
connections, cable, and connection accessories required on the
running rails. Cable size No. 6 AW and |larger shall be

connected to rails via exotherm c wel di ng.
4.7.4.2 | npedance Bonds

Traction power track |eads shall be connected to the center of

the rail web by exothermc welding. Crossbondi ng shall be
provided at l|ocations to be determned by block design and
traction power requirenents. Crossbonding cable shall be

connected to the inpedance bond center tap. Substation negative
return cables shall be installed from inpedance bonds to riser
termnal cable adapters in accordance wth traction power
requirenents. Substation negative return cables shall be
connected to the bond center tap.
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4.7.4.3 Mechani cal Joi nt Power Bondi ng

Rai| head bonds shall be provided for nechanical joints (m ninm
of two (2) 250 KCML), frog junpers (mnimum of a single 500
KCM L), switch point junpers (mninmmof a single 500 KCML), and
fouling junpers (mnimm of two (2) 500 KCM L) as required. Size

of the junpers shall be coordinated wth the Traction
Electrification System and provide nmaxinmum broken rai
protection. Traction power junpers shall be connected to the

rail by exotherm c wel ding.

4.7.5 | nsul ated Joints

I nsul ated joints shall be furnished and installed by the track
contractor at |locations determned by signal system design.
St aggered distance of a pair of insulated joints shall not exceed
4-1/2 feet and the preferred distance will be 2-1/2 feet.

4.7.6 Condui t and Accessories

Typically, all conduits under track will be provided by the civil

contractor. The signal system contractor shall provide al

conduits and accessories above ground required for the wayside
signal system equi pnent. Conduit wused above ground shall be
gal vani zed rigid steel. Al open unused entrances in the cable
tray shall be closed by the contractor. Al'l ballast or road
surface renoved or altered during conduit installation shall be
restored to original condition by contractor. Location of

conduits shall be indicated on the cable plans. Contractor shal
| eave thirty (30) percent spare space in conduits.

4.7.7 Cabl es

Cable used for wvital signal circuits shall be specified in
accordance wth standard signal industry practice for vital
signal safety circuits. Cabl es specified shall have a proven

hi story of use on transit and railroad vital signal systens.
4.7.8 Overlay Track Grcuits

Where required for short range train detection within a |arger
detection zone, overlay track circuits shall be used. Overlay
track circuits shall operate in the audio frequency range.
Frequency of overlay track circuits shall not create interference
Wi th any other system or subsystem on the waysi de or onboard the
vehi cl e. Pre-shunt and post-shunt of overlay track circuits shal
be less than thirty feet.
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4.7.9 Loop Vehicle Detectors

Where track circuits are not practicable, vital train detection
shal | be acconplished using | oop vehicle detectors.

4.7.10 Waysi de Signal s

Interl ocking and automatic signal |ayouts shall include signal
heads, brackets, electrical fittings, junction boxes, termnals,
and hardware required for installation. Masts and foundations

shal | al so be provided.

Si gnal heads shall be three aspect color |ight type. The top
| ens of each signal head shall be green, mddle |lens yellow and
bottom Il ens red. Route indicators shall be nmasked with an arrow
corresponding to the route.

Ladders shall be conplete with stays, fasteners, extensions, and
ot her necessary hardware. Ladders shall be as appropriate to
each particular |ocation. Ladders shall be provided where the
hi ghest aspect is nmounted nore than six (6) FT above the surface
where a mai ntai ner can stand.

Waysi de signal layouts nounted in ballasted areas shall be
installed on concrete foundations either of nmonolithic or
secti onal construction.

Waysi de signals nounted in direct fixation track areas shall be

nounted to the concrete structure or wall as appropriate. Al l
fastening to concrete shall be with pre-packaged epoxy adhesi ve.
Fasteners shall be stainless steel hardware. Concrete drilling

shal | be done using approved steel tenplate.
4.7.11 Train Stops

Waysi de nmagnetic train stop layouts shall be installed at all
waysi de signal |ocations to activate the carborne magnet to
command an energency brake application. Train stop |ayouts shal

i ncl ude a waysi de nmagnet, brackets, electrical fittings, junction
boxes, termnals and hardware for installation. Wayside nmagnets
shall be nounted between the rails. Train stop |ayouts shall be
designed to be fail safe in that a failure of any conponent will
cause the vehicle to initiate a penalty brake application.

4.7.12 Housi ngs
Contractor shall provide wayside Central Instrunent Houses (ClH),
Internmedi ate Instrunment Houses (I1H), and wayside cases to house

si gnal equi pnent. I nstrunent houses and waysi de cases shall be
conplete wth foundations, racks, si deboar ds, gr oundi ng,
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illumnation, fire and intrusion alarns, and environnental
control equi pnment as necessary. Instrunment houses shall be wal k-
in type provided with concrete step(s) as required.

| nstrunent houses and waysi de cases shall be located in such a
manner that no part wll foul the vehicle clearance envel ope

Each instrunment house and waysi de case shall be installed |evel
and plunb on concrete piers in at-grade trackwork, on steel
nounting brackets in direct fixation areas, and on special areas
provi ded on aerial structures.

I nstrunent houses and waysi de cases shall be of sufficient size
to house all signal equipnment required for a particular |ocation.
I nstrunent houses shall not exceed ten (10) ft. in width. Length
shall vary in tw (2) ft. lengths fromeight (8) ft. to a maxi num
of forty-eight (48) ft. Any length over forty-eight (48) ft.
shall require two (2) instrunment houses. Interior head room
shall be a mnimm of seven (7) ft. Waysi de cases shall not
exceed seven (7) ft. wde, seven (7) ft. high, and twenty-eight
(28) inches deep.

4.7.13 Trai n-to-Waysi de Communi cations (TWO)

TWC shall be used to transmit train destination fromthe vehicle
to wayside equipnment to facilitate automatic routing. TWC shal
also permt a signal to be generated nmanually by the train
operator to initiate preenption, crossing starts or signal
requests, as nmay be required at a station.

Where requests are transmitted from the vehicle in a standing

position, the circuits shall also provide a cancel for the
request.
4.7.14 Juncti on Boxes

Junction boxes for signal equipnent shall neet the requirenents
of AREMA Signal Manual, Parts 7 and 15.

Junction boxes shall be provided with gaskets to prevent entrance
of noisture and dust, in accordance with the AREMA Si gnal Manual ,
Part 15.2.10.

Mast - mount ed equi pnent shall be provided with split-base junction
boxes.

4.7.15 Car bor ne ATP Equi pnent
Car bor ne ATP equi pnent shal |l incl ude:
a) Aspect Display Unit (ADU) for each cab
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b) Tachoneters on two axles

c) Truck-nounted antennae and body - nounted junction
boxes on each | ead truck

d) Bypass sw tches
e) Limted node pushbuttons
f) Decel er onet er

g) Logic wunits wth <card cradle, power supply and
associ at ed equi pnent

Carborne ATP shall decode speed codes generated by waysi de signal
equi pnent. The speed code carrier frequency shall be overlaid on
track circuit frequencies and nodulated to correspond to
predefined speed limts.

4.7.16 El ectric Locks
Electric lock layouts shall be used with hand-operated swtch-

and-1 ock novenents that interface with mainline tracks, and ot her
| ocati ons as required.

4.8 H GHWAY GRADE CROSSI NGS

Si gnal systens at highway grade crossings will include all signs,
signals, and warning devices and their supports l|located within
the rail right-of-way. The function of these systenms will permt

safe and efficient operation of rail vehicles, highway traffic,
and pedestrians over |evel grade crossings.

Grade crossing warning devices will be designed in conformance
with the TXMUTCD, TXDOT, and the reconmended AREMA practi ces.

Grade crossing warning devices and systens are intended for use
in both new installations and at |ocations where existing
apparatus is replaced. Al'l grade crossing signal systens shal
conply with the TXMJTCD. Signal malfunction signs shall be
installed at each crossing. Such signs shall conformto TXMJTCD,
St andard Hi ghway Sign Design for Texas and Standard Al phabets for
Hi ghway Signs and Pavenent MarKkings. Pavenment  mar ki ngs,
lighting, other highway signage and adjacent street traffic
control systens shall be furnished and installed by others.

The flashing light signal may be supported on the sane mast with
the gate nmechanismor it may be separately nounted.

On nultiple-lane highways, cantilever-nmounted signals are to be
used when deened necessary to inprove notorist preview and
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roadsi de warning. These flashing lights will be nounted over the
inner traffic lanes to provide the notorist with an unobstructed
view of the signals should the standard flashing |ights be
bl ocked from vi ew.

Operation of highway crossing warning signals and gates and their
interconnection with the wayside rail signal system shall be
considered vital.

Where practicable, gates shall be located to cross sidewal ks or
wal kways adj acent to the hi ghway.

4.8.1 H ghway Grade Crossing Operation

The m ni num desi gn requirenents shall be in accordance with AREVA
practices and the TXMJTCD. The design gate |ength paraneter shal
be twenty-nine (29) feet and the nmaxinmum gate length shall be
thirty-five (35) feet.

Wher e hi ghway crossings are | ocated beyond station platforns, the

warning device shall not operate while the train is in the
stopping profile or stopped at the platform Prior to |eaving
the station platform the train operator will initiate operation

of the crossing warning devices via the TWC by operation of the
train ready push button on the cab console. Where such distance
exceeds 600 feet, a posted speed will be inposed to provide the
necessary warning tine.

Coordi nation with the highway traffic systemshall be inplenented
where required. This coordination shall be considered non-vital.

Occupancy of the island track circuit shall result in crossing
war ni ng operation regardless of rail traffic direction. Wen the
train has vacated the island track circuit crossing gates shal
rise and warning signals turn off. Gate release push buttons
shall be provided at all crossings in | ocked boxes.

Approach extension circuits shall be used to prevent a short gate
up novenment when one train has just cleared the crossing and
anot her approaching train again |owers the gates before a
conplete gate up novenent can occur. The train detection system
shoul d be configured to provide a signal if atrainis within ten
seconds of initiating the crossing warning equi pnment.

Where a swtch lies in the approach to the crossing or in advance
of the crossing such that a diverging route effects the speed of
an approaching train, the crossing approach for each route over
the switch shall be calculated and detection through each route
established to provide the appropriate warning tine.
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4.9 YARD S| GNAL SYSTEM
4.9.1 Description

The yard signal system shall be designed to neet the functional
requi renents of yard operations. Switch nachines shall be power
operated trail able machi nes designed for use in yard operations.
Control of switch machines shall be by TWC or wayside push
buttons. Design of switch control shall not preclude the addition
of renote control.

4.9.2 Yard Control Subsystem

A train detection subsystem will be utilized in the control of
yard sw tch machi nes. Control logic will be inplenmented wth
non-vit al m croprocessor controllers. Request for swtch
operations wll be through the vehicle TW console or by

operation of wayside push buttons. Train detection shall be used
to ensure the presence of a train before allowing the switch to
operate and to prevent operation of a switch while a train is
over a swtch.

4.9.3 Waysi de Push Button Box Layouts

Push-button |ayouts shall be provided, to permt the light rail
vehicle operators to initiate their own route request. Push-
button boxes shall be weather proof and adaptable for nounting on
concrete walls or pipe masts as required. Push buttons shall be
| ocated at |east ten (10) FT in approach to the switch with which
they are associ ated. Push buttons shall be accessible from
operator's cab of vehicle. Push button pole or box shall not
obscure the switch points as viewed fromvehicle cab.

4.10 | NTERFACES

The Signal System design shall be fully coordinated and
interfaced with the affected utilities, railroads, agencies, and
ot her project designs. The major interface areas include:

a) Track Alignnment

b) Trackwor k Confi guration

c) Uilities

d) Structures

e) Vehi cl es

f) Qper ati ons

g) El ectrical and Mechani cal Equi pnent

h) Communi cations, and Train Control Center
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i)
i)
k)
1)
m
n)

4.11
ABS:
AC:
ADU:
ARENA:

ATP:
AVG
Cl H:
DART:

| D:

[l H:
KCM L:
LRT:
NEMA:
RTU:
SCADA:
TCC.

TXMUTCD:

Yards and Shops
Archi tectural
Corrosi on Control
Passenger Stations
Real Estate

Noi se and Vi bration

ABBREVI ATI ONS
Aut omati c Bl ock Signal
Al ternating Current
Aspect Display Unit

Aneri can Rail way Engi neering and Mi ntenance-
of - WAy Associ ation

Automatic Train Protection

American Wre Gauge

Central Instrument House

Dal |l as Area Rapid Transit

Direct Current

Hertz

Train ldentification

I nt er nedi ate | nstrunent House

Thousand Circular MIls

Light Rail Transit

Nati onal Electrical Mnufacturers Association
Renote Term nal Unit

Supervi sory Control and Data Acquisition
Train Control Center

Texas Manual on Uniform Traffic Control
Devi ces
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TWC. Train to Waysi de Communi cati ons
TXDOT: Texas Departnent of Transportation
TXU: Texas Uilities Electric

4.12 DEFI NI TI ONS

Alarm Condition - Any abnormal condition that requires attention
of a controller or operator.

Audi bl e Alarm - Sounding of a bell, buzzer, or other acoustic
device to draw attention of the control operator to an alarm
condi tion.

Automatic Routing System- A system to automatically establish
route selection at an interlocking or control point to permt
routing of trains in accordance with a predeterm ned schedul e or
ot her nmethod of automatic route sel ection.

Auxiliary Switch Operation/Switch Test Key - Part of an
entrance/ exit control system a manual control that permts a
request for operation of an individual switch or crossover
wi t hout an associ ated route request.

Bal | ast | npedance - The total inpedance caused by electrical
| eakage paths of a given section of electrically isolated
unoccupi ed track.

Bal | ast Resistance - The total resistance caused by electrical
| eakage paths of a given section of electrically isolated
unoccupi ed track.

Block - Track of defined limts the use of which is governed by
bl ock signals or cab signals.

Block Indicator — A signal that indicates only the occupied
status of a block imrediately in advance of the signal.

Bl ocking - Means to prevent operation of a switch or clearing a
signal to prevent a train novenent to enter a bl ock

Bootleg - Protection for track wires where wres |eave the
ground near rail.

Brake Assurance — A function of the Automatic Train Protection
subsystem that comands a vehicle to initiate penalty brake
application when the actual brake rate is less than the required
brake rate.
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Brake, Energency — An irretrievable brake application to fully
stop a vehicle at the full service brake rate assisted by track
brakes. Enmergency brake can only be applied by the Operator.

Brake, Full Service — The normal maxi mum braking effort achieved
t hrough use of dynami c and di sc braking systens.

Brake, Penalty — An irretrievable brake application to fully stop
a vehicle at the full service brake rate.

Buss - A conductor or a group of conductors that are term nated
as a common connection for two or nore circuits.

Cab Signal — The transm ssion, reception and enforcenent of the
ATP speed limt, as transmtted to the vehicle by vital wayside
equi pnent .

Call-On Signal - A wayside signal aspect authorizing a follow ng
train novenent into an occupied block, with the route |lined and
| ocked.

Central Instrunent House - A walk-in type housing used to house
signal equipnent and term nate cable at an interl ocking.

Clearance Ofset — A function that nodifies the sequence of a
traffic signal cycle when an electrical signal is present that
indicates a train is approaching a hi ghway crossi ng where hi ghway
traffic through the crossing is affected by the traffic signals.

Conti nuous Welded Rail - Tracks welded together in the absence
of rail joints, except at special track work areas.

Control (Supervisory) - A coded nessage from a control console
to a field location to change the status of signal equipnent.

Controlled Signal - A wayside signal |ocated at interlockings
and capabl e of being renote controlled either locally or fromthe
Train Control Center.

Control Point - A wayside location where signals and sw tches
may controlled, either renote or locally.

Cross-Bond - An el ectrical connection bet ween tracks to
distribute traction power negative return currents.

Crossover - Two turnouts, with track between the frogs, arranged
to forma continuous passage between two tracks.

Crosstal k - Undesirable interference created by coupling between

one system and anot her system or from one portion of a systemto
anot her portion of the sane system
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Derail - A device that causes rolling equipnent to |eave the
rails.
Entrance-Exit Type Route Control - Automatic route contro

i npl enented by defining an entrance point and an exit point.

Fleet - A nmethod of route control in which an established route
is not cancel ed by the passage of a train.

Frog — A track structure used at the intersection of two rails to
provi de support for the wheels and passageways for the fl anges,
permtting wheels to roll on either rail.

Headway — The time interval between the passage of consecutive
vehicles traveling in the sane direction neasured at a given
ref erence point.

Headway, Design — The m ni num headway supported by the signal
system wusing an ideal train nodel and nom nal dwell tinmes.

| npedance Bond - A device that provides a high inpedance to an
AC signal while providing a |ow resistance path for DC current.
Where required, inpedance bonds shall provide a nmeans of coupling
track circuit and speed code frequencies to the rails.

I ndi cation (Supervisory) - A coded nessage froma field |ocation
to a control console to report status of signal equipnent or
train operation.

I nsul ated Joint - Arail joint in which electrical insulation is
provi ded between adjoining rails.

Interlocking - An arrangenent of signals, swtch |ayouts and
appliances at special trackwork, so interconnected that their
novenent s nmust succeed each other in proper sequences, permtting
train novenents over controlled routes only if safe conditions
exi sts.

Interlocking Limts - The length of track or tracks between
opposi ng waysi de signals controlled by an interl ocking.

Jerk Rate — The maxi num al |l owed rate of change of acceleration or
decel erati on.

Joint Electron Device - Cooperative effort of El ectronic
| ndustries Association (EIA) and Engi neeri ng Counci

Locking — The electrical and/or nechanical establishnent of a
condition for a signal conponent or function which cannot be
altered except by a prescribed and inviolate sequence of
unl ocki ng.
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Lunar is a white signal aspectas defined in the AREMA
Communi cations & Signal Manual, Part 7.1.10.

Nat i onal El ectrical Mnufacturers Association (NEM).

Noi se, Electrical - Interference caused by undesirable random
vol tage or currents.

Non-Vital - Any design, circuit, device, software or processor
where flaws, operation, msoperation or failure does not directly
af fect safety.

Precondition - To store information that wll be acted on by an
antici pated novenent to cause a device or devices to function in
a predeterm ned manner.

Reaction Tine - Tine used by equipnent, operator, or both, that
el apses between the nonent an action is called for and the
desired result occurs.

Renote Termnal Unit (RTU) - Equi pnent t hat constitutes t he
field end of a data transm ssion system

Ri ght - of -\WAy Hazard - The existence of an abnormal condition on,
or near, the tracks which could inpair safe train novenent.

Route - A specified succession of contiguous blocks over which
trains operate between controlled interl ocked signals.

Signal - An appliance that conveys vital information governing
train novenents responsive to dynam c information based on train
position and status of the track ahead.

Si gnal Aspect - The appearance of a fixed signal conveying an
indication as viewed fromthe direction of an approaching train.

Signal Indication - The information conveyed by the aspect of a
si gnal .

Skate - A sliding device placed on a rail to engage with a car
wheel so as to provide continuous braking by sliding friction.

Subsystem - A subsystem conprises elenents within a system that
are interconnected to performa specific function.

Swi t ch- and- Lock Movenent - A devi ce whi ch per forns t he

sequential functions of unlocking, operating, and |ocking a track
swi tch.
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Switch (Track) - A pair of switch points with their fastenings
and operating rods providing nmeans for establishing a route from
one track to another.

Switch Circuit Controller - A device for opening, closing, or
shunting electrical switch control and indication circuits
operated by a rod connected to a switch point.

Switch Test Key/Auxiliary Switch Operation - Part of an entrance
and exit control system a manual control that permts a request
for operation of an individual switch or crossover wthout an
associ ated route request.

Thru-Routing - A nethod of entrance-exit route selection design
whereby internediate signal requests are automatically initiated
between available entrance and internediate exit points by
initiating only initial entrance and final available exit
commands.

Track Circuit - An arrangenent of electrical and/or electronic
equi pnrent, including a length of the running rails, which permts
detection of trains within the limts of the running rails.

Track Transformer - A transforner designed to couple electrica
energy to and fromthe rails of a track circuit.

Traction Power System - The substations, feeder cables, overhead
contact wires, switchgear, and other equi prment and providing the
el ectrical power for the novenent of trains and operation of
auxiliary systens.

Traffic Crcuit - A circuit which controls and maintains the
direction in which a signal system will accept and govern train
novenent s.

Train Control Center - The principal cont rol and nonitoring
point for DART' s rail operations.

Traffic Control System- A signal system permtting trains to
operate in either direction on the sane track governed by
i ndi cations of block signals.

Train Detection Equipnent - Crcuits and associated equipnent
used to detect the presence of trains.

Trai n Shunt |npedance - Electrical i npedance between running
rails when spanned by train wheels and axl es.

Train Stop - Devices |ocated at wayside signals which initiates

a penalty brake application by activating vehicle-borne
equi pnent .
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Train-to-Waysi de Communications (TW) - a solid state digital
comuni cati ons between train and wayside to provide a continuous
information fl ow between train, wayside and TCC

Turnout - An arrangenent of a track switch and frog that
provi des neans for rolling stock to be diverted fromone track to
anot her.

Unsafe Condition - Any condition that endangers human |ife or
property.

Vital - Any design, circuit, device, software or processor which
affects safety of train operations.

Waysi de Case - A housing, l|ocated along the Right-of-way, used
to house signal apparatus and term nate cabl e.
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CHAPTER 5 - COVMUNI CATI ONS

5.1 GENERAL

This chapter describes the functional requirenents and the
interface criteria to be designed into all Dallas Area Rapid
Transit (DART) Light Rail Conmunication Systens. Provi sions for
these subsystens shall neet the requirenents of applicable
standard and directive drawings and shall be coordinated wth
DART. Subsystens shall be conpliant with federal, state, and
| ocal |aws such as the Anericans with Disabilities Act (ADA) and
applicable National Fire Prevention Association (NFPA) codes and
standards relating to public transportation and comrunications
systens.

5.2 DESCRI PTI ON

The Communications System shall consist of the follow ng
subsystens: comruni cations transm ssion; radio; public address;

vi sual nmessage  board; t el ephone; fire detection and/or

suppression system as required by the local jurisdiction; and
intrusion detection and security. The comuni cations system
shall also be designed with provisions for a future closed

circuit television (CCTV) subsystem

Addi tional supervisory control and control center operational
comuni cati ons subsystens are described in the Design Criteria
Manual , Vol une 2, Chapter 6.

5.3 COVMUNI CATI ONS SUBSYSTEMS SCOPE

5.3.1 Commruni cati on Transm ssion Subsystem (CTS)

The Conmuni cati ons Transm ssi on Subsystem provi des the nmedi um for
poi nt-to-point, shared voice, and data transm ssion. It consists
of transm ssion, multiplexing and inter-connect equipnent and
provides interfaces for all term nal equi pnent requiring

connectivity from field conmunicating sites to the Operations
Control Center (OCC).

The CTS backbone network shall be based on the Synchronous
Optical Network (SONET) standard and shall conply, at a mninmm
with Telcordia Technol ogies GR 253-CORE, SONET Generic Criteria

requirenents. Hi gh-speed optical interfaces shall operate at a
mnimmline rate of OC12 (622.08 Mips) and shall be capabl e of
being upgraded through internediate line rates up to and
including OC192 (9953.28 Mops). Electrically equival ent

tributaries shall be available in granularities of DS-1, VT1.5
and franed DS-3. The network topology shall consist of nmultiple
subt ended Unidirectional Path Switched (UPSR) rings to allow for
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diverse path protection and netwrk segnentation generally

delineated by |ine sections. No single node shall termnate a
subtended ring entirely. Rat her, any new subtended ring shall
extend from at |east two nodes of an existing ring. Mul tiple

fiber strands fromthe sanme cable shall be term nated and patched
through (also referred to as a ‘collapsed ring’) at each
communi cations node to conplete the ring topol ogy. Nodes shal
be capable of peer-to-peer communication. Equi prrent shall be
functionally conpatible with existing field and OCC equi pnent.

Low speed digital interfaces and tributary nultipl exi ng equi pnent
shall be based on the North Anerican Digital Hi erarchy utilizing
Pul se Code Modulated (PCM, Dgital Service level 0, DS-0,
channels in groups of 24 with D4 framing to form 1.544 Mps DS-1
signals. Twenty-eight (28) DS-1 signals may be nmultiplexed into
a 44.736 Mips DS-3 signal to be used for higher density transport
and groomng through the Digital Cross Connect Swi tch (DACS)
| ocated at the OCC. Hi gher order nultiplexing (M-2 and M- 3)
shall not be based on proprietary framng or synchronization
schenes. DSX panels shall be deployed at all Jlocations to
distribute DS-1 or DS-3 signals. Time Division Miultiplex (TDV
signals shall be term nated, cross connected, and distributed via
a local distribution frane.

Physical CTS interfaces wthin the conmunications house or
facility consist of: two-wire or four-wire audio frequency
channels; EIA Standard Interfaces RS-232, RS-422 or RS-485; high
speed optical or wireless technol ogies; and Ethernet 10/100/1000
Base T.

Al  optical nmultiplexers shall enploy redundant, east-west
opti cal interfaces for hi gh- speed secti ons. Low speed
mul ti pl exer sections shall enploy 1:1 or 1: N protection swtching
on circuits determned operationally critical by DART. CTS

common control card equipnment such as CPUs, switch matrices,
timng reference cards, shelf controllers, power supplies and al
other critical system resources shall be deployed wth fully
redundant active and standby nodul es.

Fi ber optic cabling and associ ated fiber optic nmodem and/ or nedi a
converters shall be used for connectivity between each
comuni cation house/facility and Traction Power Substation
(TPSS), si gnal Central and | nstrunment House (CIH), and
Communi cations Interface Cabinet (CIC) for distributing the |ocal
TCP/ I P, RS-232, or other data transm ssions over fiber. Mul ti -
pai r copper conmunications cabling shall be used for TDM voice,
al arm and anal og data connectivity between these sane facilities.

The head-end CTS node is located at the OCC. CTS communi cati ons
nodes shall be located along each line section wthin
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conmuni cati ons houses or ot her desi gnated conmuni cati ons
facilities to support all field comunication requirenents. Each
comuni cations facility shall have connectivity to the OCC either
directly with or through an internediate CTS node. Al field
comuni cations shall be distributed from these comunications
facilities, either directly, or through internedi ate cabi nets, or
encl osures. An el enent or network managenent system shall be
|l ocated at the head-end node that is capable of real-tine
nonitoring and CTS node provi sioning.

Operational signals shall share transmi ssion nedia wwth fire and
security signals such that the following requirenents shall be
met :

a) The transm ssi on medi a shal | conform to t he
requirenents of Installation, Miintenance and Use of
Proprietary Protective Signaling Systens (NFPA 72).

b) Common transmssion nedia shall not inpair the fire
al arm functi on.

Fire alarms, security trouble alarm and supervisory signal
transm ssion from transit facilities to the appropriate centra
supervising station may be acconplished primarily via the
Communi cati ons Transm ssi on Subsystem

5.3.2 Radi o Subsystem - Rai
The Radi o0 Subsystem shall consist of three parts, as follows:

a) Two- way comuni cat i ons to support | i ght r ai
operations, nmaintenance and public safety shall be
carried on a conventional five channel, 800 MHz network
that covers all above grade, underpass, tunnel, and
depressed Ri ght-of-Way (ROWN sections.

b) Bui | d- Qut expanded coverage shall be part of the radio
subsystem pl anni ng. This includes software-based
coverage prediction and simulation tools for RF
propagation studies and the perfornmance of field
coverage studies that shall give indication of the need
for system expansi on based on geographic factors.

c) Radi o system coverage shall be provided in tunnel,
under passes and depressed sections of ROW in
accordance with NFPA 130 (the city of Dallas currently
utilizes a 470MHZ system for the tunnel that DART
mai ntains). Portable radio coverage shall be a design
par amet er
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The 800 MHz conventional radio network shall utilize existing
DART equi prent and new y acquired base station or renote receiver
equi pnent . The five radio channels are typically allocated as
follows, per DART FCC licensed (Allocation may change based on
operational requirenent:

a) Train Operations — Primary
b) Train Operations — Secondary
c) Yard Operations

d) Mai nt enance and Pol i ce

e) Pol i ce

The inplenentation of additional channels shall be contingent
upon business need, light rail system expansi on, budget
allocation, and availability of frequency licenses (as a result
of any frequency use and allocation changes nandated by the
Federal Communi cations Conmm ssion [FC(C]). These five (5)
channels are the mnimum requirenment to support the existing
system Future expansions of the system (Phase 2 and beyond) nay
require additional radio channels, determined by the nunber of
new users needed to support the expansion of the Light Rail
Transit System Any new frequency allocations shall be dictated
by the FCC rules in place at the time of the contract, as well as
the aforenentioned conditions. Under existing FCC rules, and due
to the classification of the DART system as a Public Safety
agency, a new frequency pair will be justified for every seventy
(70) new users added to the system Speci al consideration wll
have to be obtained by DART, as the nmaxi num nunber of the
channel -pairs (5) allocated within a 64-km of a conventional
systemis already in use.

Each channel shall be an open channel, such that all radios
operating on a channel shall hear all communications on that
channel . The design shall anticipate that radio equipnment wll

enpl oy a form of Coded Squelch (CS) in the future.

New equi pnent shall be capable of operating with 12.5 kHz
bandw dth capabilities, and, 6.25 kHz if avail abl e.

New renote receivers shall be added as needed. New receivers
shall be conpatible wth existing equipnment such that new
equi pnrent audio nmay be “voted” wth +the existing renote
receivers’ audio.

New transmtter equipnent, shall be capable of supporting
transm ssions with a 12.5 kHz bandwidth and if available, 6.25
kHz. Equi prent that only operates with 25 kHz bandw dth shal

not be accepted or considered. A plan for the transition of the
existing transmtter equipnment, from 25 kHz bandwi dth to 12.5 kHz
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bandw dth, shall be developed and inplenented, to conply wth
pendi ng changes to FCC regul ati ons.

An RF field strength sinmulation tool shall be enployed to assi st

in determning any required base station placenent. New base
station transmtter equi pnent shall be synchronized to existing
transmtter equipnent. Synchroni zation nethods to be utilized
shall be conpatible with the existing and operational system in
use. These nethods include, but are not |limted to, smart
controllers, sem-automatic and/or nmanual timng and adjustnent
processes. In the event that interference zone(s) cannot be
avoi ded, these zone(s) shall be |ocated outside of DART' s transit
system radi o service areas. Dupl i cate nessage broadcast (tine

del ayed, multiple zones) is not acceptable.

LRV radios will be supplied by the vehicle supplier. The prine

consideration for portable radios shall be performance and
stability. The use of solid state radios shall be required
Radios shall be digital-capable and analog conpatible, if

avai l abl e and offered as a standard commerci al product.

In order to provide coverage for the 800 MHz, 900 Mz and/or any

jurisdictional authority as required, where the over the air

signal is inadequate (tunnels, underpasses and depressed ROW
sections), a slotted coaxial cable antenna or other repeater or

base station equipnment shall be used. The slotted coaxial cable
shall be jacketed with a fire-retardant, halogen-free material

A distributed anplifier system shall be utilized as appropriate

to mnimze new base station requirenents. FCC rules for
i nt ernodul ati on power and em ssions from Tunnel portals shall be
utilized. The nost current FCC bandw dth rules in effect at

contract award shall be foll owed.

Each rail operations controller and yard operations controller
consol e shall have the capability to transmt and receive on al
five 800 MHz channel s.

Any expansion shall provide a required coverage of 95% of the
service area, 95% of the tinme, including the areas along the
Ri ght-of -Way (ROW. The field signal levels required to neet the
coverage requirenents, from all |l|ocations, shall be 3.0 dB or
better, above the receiver’'s 12 dB SINAD sensitivity threshold,
nmeasured at the input to the receiver’s RF port (-112 dBm or .56

uV signal).

When radio coverage is extended, CTS channels are the preferred
path to connect OCC radio system audio to the base
station/repeater, satellite receiver, or voting sites. If CTS
channels are not available, an alternate path such as m crowave
or |eased lines shall be enployed in the design.
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5.3.3 Closed Circuit Television (CCTV) Subsystem

CCTV conduits shall be provided at all passenger stations for
future CCTV equi pnent installation. Conduits shall be sized to
allow for <canera power and control <cabling that includes
pan/tilt/zoom (PTZ) functions. Conduits shall connect individual
station canera locations to the Comuni cations Interface Cabinet
(A C serving that station. The design shall adequately
accomodate signal, power and control cabling. Canmera power
shall be provided by a UPS, with a backup tine equal to that
required by PA, VMB, and other station equipnment |ocated within
the C C

Canmera |locations are defined in the Design Criteria Mnual,
Volunme 1, Facilities Design, Chapter 22. Canmeras shall be
mounted to |imt access to vandals, but shall be conspicuous to
patrons. Aerial and at-grade stations platform |evel canera
| ocations shall provide a full view of all patron accessible
areas. Enclosed stations will have CCTV installed in accordance
w t h NFPA 130.

5.3.4 Publ ic Address and Vi sual Message Board Subsystem
( PA/ VNMB)
Passenger stations shall be equipped with public address and

visual nessage board equipnent to allow comrunication wth
patrons or enployees, as appropriate during energency or
interruptions of train service equipnment shall be designed to
conply with ADA accessibility guidelines.

Each station design shall specify a mninmumof two zones and each
system shall operate as a single zone so that each announcenent
shal | be avail abl e throughout the station.

At any station, the system shall be capable of originating
announcenents from the Train Control Center (TCC); station fire
managenent panel (if installed); security room or at |east one
| ocal |y designated area, such as the Comrunications Interface
Cabi net . The | ocal announcenent panel shall have line of site
station platform and concourse visibility, where practical.
Announcenents from the fire nanagenent panel shall automatically

override other announcenents. TCC announcenents shall have
second priority to any local announcenent. The station VMB
design shall include a |ocal keyboard access feature for ad hoc
station nessaging. The system shall be capable of storing

mul ti pl e canned voi ce and vi sual nessages.
TCC Controllers and supervisors shall have the capability to

sel ect any conbination of stations to receive PA/ VMB
announcenents wutilizing the comrunications workstation consoles
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as described in the Design Criteria Manual, Volunme 2, Chapter 5,
Comruni cati ons, Section 5.3.8.

PA | oudspeakers shall be installed in the vertical axis at
passenger stations and shall be arranged in a pattern so that
every point at a height of 5 ft above the floor is within the
hori zontal and vertical 6 dB beam wdth cone of at [|east one
speaker . Public address anplifiers shall be nodularly designed
with isolated A and B channel outputs so that a single failure
shall not disable the system Cable runs to speakers shall be
dai sy chained in a two-zone (A/B) per platform configuration so
that adjacent speakers shall not be powered by the sane
anplifier.

The PA layout at any new station and conduit |ayouts at other
stations shall be designed for a uniformy distributed m ninm
sound pressure |evel of 80 A-weighted decibels (dBA) at a height
of 5 ft above the floor on passenger station platforns. On
station platfornms the coverage shall be uniformlevel over 90% of
the open platformarea. Station platformmninmum]|levels shall be
obt ai ned when trains are not operating and when the anbi ent noise
| evel is mnimal. The sound pressure |evel shal | be
automatically adjustable based on anbient noise to a maxi num of
105 dBA. At locations with high background noise | evels, a speech

processor shall be wused to enhance the performance and
intelligibility. Voice intelligibility shall neet or exceed the
m ni mum standards set forth NFPA 72. Sound trespass to areas

adj acent to stations shall be mnimzed to neet |ocal ordinances
or adjustable to |levels approved by the authority having
jurisdiction.

The Visual Message Boards shall be placed to afford maximum
achievable visibility from all parts of the station while
conplying with ergonomic and ADA guidelines. This includes
gquantities, height, and distance from platform ends. For

equi pnent placenment in accordance with ADA requirenents, the
PA/VMB system is responsible for coverage over an effective
platform use area not to exceed 400 ft end-to-end. DART
Qperations is the primary user of the Visual Message Boards, if
these signs are to be used by any others than operations, their
need shall be secondary to Operati ons.

The specified platform 400 ft end-to-end length is considered to
be, for design purposes, a typical platform |ength. Ref er ences
and design decisions are based on this 400 ft end-to-end
requirenent. Platforns that exceed the 400 ft end-to-end |l ength
shall be considered to be atypical. Atypical design shall inpact
t he design considerations specified herein. Design inpacts shal

i nclude: Visual Message Board quantities; the distance between
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boards; the nunber of speakers; the nunber of audio anplifiers;
cable runs; conduits; and platform station rel ated equi pnent.

Conduit runs and junction boxes shall be concealed wherever
possible to mnimze the station architectural aesthetic i npact
and shall be furnished by the station Contractor. Speaker

encl osures, nessage board enclosures, and associated nounting
hardware shall be vandal-resistant and shall blend with other
fixtures and finishes within each station. Speakers shall be
doubl e re-entrant weat her-proof type.

5.3.5 Tel ephone Subsystem

The Tel ephone Subsyst em shal | provi de ener gency and
adm nistrative voice and dial-up data services to communi cations
devi ces throughout the conmmunications system Communi cat i ons
devices are also referred to as instrunents or tel ephones in this
section. These devices include admnistrative telephones,
passenger energency call (PEC) units, el evator  energency
t el ephones, waysi de tel ephones, and digital communications alarm
transmtter (DACT) units. The system shall all ow comuni cati ons

between and anong various DART field facilities and the
Qperations Control Center and enabl e comuni cations between DART
field facilities and the Public Switched Tel ephone Network
(PSTN) .

Al'l teleconmunications circuits and switching services shall be
provided by a DART owned and operated Private Automatic Branch
Exchange (PABX) switched network. The primary electronic
switching equipnment shall be located at the DART OCC, with tie
lines to one or nore renote sites with conpatible swtching
equi pnent . These interconnected swtches should provide
nonolithic or pseudo-nonolithic switching operation with respect
to call processing, dial plan, and other system features. The
PABX network shall be maintained by DART Information Technol ogy.
D al plan and extension requirenents shall be coordinated through
DART I T.

TCC console operators shall have the ability to uniquely
identify, accept, acknow edge, and disconnect each incomng
energency call (from PEC wunits and elevator ener gency

t el ephones), regardless of the order in which it came in, wthout
di sconnecting concurrent calls.

Communi cati ons system connection to the DART PABX network shal
be acconplished through a line side T-1 interface with nmultiple
T-1 trunks necessary to provide an adequate nunber of extensions.
Tl trunks from the PABX shall be groomed and individual analog
circuits transported to all field conmunications device | ocations
over the CTS.
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PEC units, elevator energency tel ephones, and waysi de tel ephones
shall be capable of being renotely programmed and autonmatically
nonitored (polled) for fault, health, and traffic statistics.
Al progranmm ng shall be held in non-volatile nenory. These
devi ces shall also have operating instructions on or adjacent to
the instrunent.

Al'l conmuni cations devices, with the exception of DACTs, shall be
tel ephone 1|ine powered. Al'l  comruni cations devices, cables,
protected termnals, and other interconnect equipnent shall be
grounded according to manufacturers standards. Each buil di ng
distribution frame shall include transient surge protection for
all trunks and |ines.

5.3.5.1 Adm ni strative Tel ephone

Adm ni strative telephones shall be provided at signal and
comuni cations equi pnment facilities, substations, crew roons and
other areas as determ ned by DART. Standard desk or wall nount,
12-digit dial pad telephone equipnent shall be conpatible with
anal og PABX extensions delivered fromeither existing or new DART
owned and operated sw tches.

The following call functions shall be provided over single pair
tel ephone lines run to adm nistrative tel ephones:

a) Four-digit dialing for all DART extensions at all new
DART rail and administrative facilities. Dialing plan
shall be uniformfor Direct Inward D aled (D D) calls.

b) Direct Qutward Dialing (DOD) with single digit ('8 or
"9") access to trunks and capability of dialing a ten-
digit local tel ephone nunber.
5.3.5.2 Passenger Energency Call (PEC)
PEC units shall be installed in designated station areas to
provide a direct nmeans of enmergency comrunications between
patrons and the Public Safety Answering Point (PSAP).

The PEC unit shall be an outdoor-rated, weatherproof, hands-free,

ADA conpliant energency tel ephone instrunent. The instrunent
shall have two push buttons. One pushbutton to initiate an
energency call, a second pushbutton for custoner service. The

i nstrunment shall have a dial pad.
Each tel ephone shall be served by a single Telco line with no

| ocal par al | el or ‘party-line’ wring between instrunents
al | oned. The instrunent shall be capable of storing and auto-
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dialing at least a primary and secondary tel ephone extension. The
primary telephone extension shall be designated the PSAP. The
secondary tel ephone extension shall be the TCC operator console
stations when a patron initiates a call.

Each of these telephones shall be equipped with a blue marker
light in a vandal-resistant fixture and shall be distinctive in
color wth their l|ocation and enmergency function plainly
i ndi cated by appropriate signage.

A mnimmof two (2) PEC units shall be installed per center at-
grade station platform or public telephone devices nay be
substituted such that the travel distance from any point in the
public area to a PEC shall not exceed 300 ft (91.4 n) unless

ot herwi se approved by the authority having jurisdiction. At
aerial and underground stations, in conpliance with NFPA 130,
PEC s shall be Ilocated on the passenger platform with an

additional unit optionally |ocated adjacent to the fare vending
area or at sone other designated area on the concourse or
nmezzani ne | evel .

5.3.5.3 El evat or Enmergency Tel ephone

El evator energency telephones shall be integrated into each
el evator cab installed in stations to provide a direct nmeans of
energency communi cations from a station patron, |ocated inside
the el evator, to the operations control center. The design shal
conformto ASME Al7.1 latest edition, Safety Code for Elevators
and Escal ators, and ADA desi gn gui delines.

The instrunment shall be hands-free and have only a single push
button to initiate an energency call. The instrument shall not
have a dial pad or a corded handset. The instrunment shall be
flush nmounted and integrated into the elevator control panel.
Each tel ephone shall be served by a single PABX with no |oca
parallel or ‘party-line’ wiring between instrunments allowed.

The instrument shall be capable of storing and auto-dialing at
|l east a primary and secondary tel ephone extension of designated
TCC operator console stations when a patron initiates a call.

5.3.5.4 \Waysi de Tel ephone

Waysi de tel ephones shall be installed in normally non-public
areas such as grade-separated gui deway, bridges, tunnels, freight
or heavy rail crossings, and at designated fire nmanagenent
panel s.

Waysi de tel ephones and encl osures shall be NEMA 4X rated, with a
12-digit dial pad and a non-nodul ar arnored cord wi th handset.
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Bet ween any two conmuni cations facilities, wayside tel ephones may
be paralleled into line groups with a maxi mum of four tel ephones
per line. No two adjacent waysi de tel ephones shall be wired to a

pair from the same comrunications facility. Tel ephones in
nort hbound and sout hbound tunnels shall be independently wred.
Drops for wayside telephones shall be in a parallel-through

configuration with the cable enclosed in conduit from the cable
trough, through a protected entrance termnal, to the tel ephone
W ring term nal

The followng call functions shall be provided by wayside
t el ephones:

a) Four-digit dialing for all DART extensions at all new
DART rail and admnistrative facilities. Dialing plan
shall be uniformfor Direct Inward Dialed (D D) calls.

b) Direct Qutward Dialing (DOD) with single digit ('8 or
"9") access to trunks and capability of dialing a ten-
digit local tel ephone nunber.

Each of these telephones shall be equipped with a blue marker
light in a vandal -resistant fixture and shall be distinctive in
color with their location plainly indicated by appropriate signs.
Hand-hold bars shall be provided with wayside telephone to
support personnel against an oncom ng vehicle.

Waysi de tel ephones shall be installed every 800 ft along tunne
portions of the right-of-way. Wayside energency tel ephones shal
be recessed so as not to interfere with pedestrian novenents
al ong wal kways, yet, shall be within easy reach of the wal kway.
Waysi de energency tel ephones shall also be installed on aerial
track structures longer than 2500 ft at the beginning and end of
the structure and, at a mnimum every 1000 ft along the
structure.

5.3.6 Fire Detection Subsystem

The Conmmuni cations Contractor shall only provide subsystens that
are located in the Comunications houses and roons that they
construct. Facility and other Contractors that provide fire
detection systens or devices shall supply those conponents and
provi de connections to the fire detection system or fire
detection systens provided by others. The responsible Contractor
shall provide fire detection sensors triggered by both heat and
snoke detectors arranged for cross-zone verification with class-A

W ring. Communi cations facilities shall be configured for a
m ni mum of two detection zones. Each zone shall consist of at
| east one snpke and one rate-of-rise heat detector. |If nore than

one detector zone is activated, a fire alarmshall be annunci at ed
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fromthe fire detection panel and shall be indicated to the |oca
RTU for TCC | ogging. Fire supervisory indications shall be
allocated for future use in the event that a facility requires
this nonitoring function. Local alarm annunciation shall be
acconplished wth horn and strobe |ights.

The fire detection control panel shall provide a CTS interface
via an RTU so that a single alarm for each |ocation can be
indicated to the TCC Alarm processing is described in the
Design Criteria Manual, Volume 2, Chapter 6, Train Control Center
and Supervisory Control System Primary reporting shall be
acconplished by using an Underwiter’s Laboratory (UL) approved
Digital Alarm Comunication Transmtter (DACT). DACT's are
installed at each field location with connection to the |oca

fire detection systens that shall comunicate with the existing
TCC Digital Al arm Conmunication Receiver (DACR). This alarm
reporting schene is subject to approval by the fire marshall who
represents an authority having jurisdiction.

Al fire detection equipnent shall conform to the |atest
requi renents of NFPA Codes Section 12A, 72, 72-90 and 130.

5.3.7 I ntrusi on Detection Subsystem

The Conmuni cations Contractor shall provide intrusion detection
and alarm ng equipnent in the Conmunications houses, interface

cabinets, facilities and roonms. |In addition, intrusion detection
equi pnent nonitoring via SCADA indication over the CIS shall be
provided for Fare Collection equipnent, energency exits,
equi pnent roons, and other secure |ocations. An OCC interface

shall be provided via the CTS described in the Design Criteria
Manual, Volunme 2, Chapter 6, Operations Control Center and
Supervisory Control System Communi cation house or room
intrusion detection circuits shall be supervised by a separate
intrusion detection panel or by an intrusion detection nodule
within the fire alarm control panel. The ability at TCC to
read/ wite nuneric identification nunbers and log ingress and
egress shall be provided. Alarmactivation shall be tinme del ayed
to allow deactivation with a key or control code frominside the
house or room An intrusion alert occurs when the Comruni cations
Room door is opened. It shall be annunciated with a |owl evel
buzzer and indicated to the RTU for logging at the TCC An
intrusion alarm occurs if the alert is not deactivated within a
selectable tinme period. Alarnms shall be annunciated locally with
a 105 dBA bell and indicated to the control center via an RTU
interface. CICintrusion shall be indicated by a log entry and a
visual or audio notification to controller via the Supervisory
Computer System (SCS). Local annunciation is not required.

5-12 May 2005 Revision 4



Design Criteria Manual Communi cat i ons, Chapter 5

5.3.8 Conmmuni cati ons Contro

A Conmuni cations workstation shall be provided at each ROC and
Yard Operations Controller console. Conmunications workstation
equi pnrent shall not interact wth the supervisory control
equi pnrent in the console, although all equipnment shall be fully
integrated within the consol e.

The console comrunications equipnent shall include: a touch
screen LCD; keyboard; nouse; processor; and audio equipnment,
i.e., headset, speaker, and footswitch. The processor shall be a
commercially available type state-of-the-art unit to allow for

ease of wupgrades and expansion to the system Each consol e
processor shall comunicate wth a central Commruni cati ons
Controller via an industry standard interface. The Conmuni cati ons
Controller shall provi de all audio swtching, line |leve

adj ustment and line signaling functions.

The communi cati ons workstation LCD display shall provide a nmenu-
based man- machi ne sof twar e interface t hat can provi de
notification and pre-assigned priority call selection for the
foll ow ng channel types:

a) Radi o

b) Waysi de Tel ephone

c) El evat or Enmergency Tel ephone

d) Adm ni strative Tel ephone

e) Passenger Energency Call (PEC)

f) Public Address / Visual Message Boards (VMB)

Utilizing a conbination of function keys and nenu w ndows, it
shall be possible to select incomng calls or initiate calls and
also to make public address and VMB announcenents to equipped
station(s). The comunications channels available at each
wor kstation shall be assigned in pre-programed groups to allow
for flexible peak and of f-peak personnel assignnents.

5.4 DESI GN REQUI REMENTS
5.4.1 El ectromagnetic Conpatibility Requirenments

El ectromagnetic Conpatibility (EMC) is the ability of equi pnent
and systens to performtheir intended functions wthin a transit

system el ectronmagnetic environment. The primary nethods
available for achieving electromagnetic conpatibility are:
shi el di ng; gr oundi ng; bal anci ng; filtering; i sol ation;

separation; orientation; circuit inpedance; level control; and
cable design. The primary objective is to devel op equi pnent and
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installation paraneters that shall assure an el ectromagnetically
conpati ble system This objective shall be achieved through:
Commruni cations Systens equi pnment selection coordination; design;
and installation.

The designer shall consider designs and practices that mtigate
el ectromagneti c interference (EM) and radi o frequency
interference (RFI) from sources comonly associated with a
transit environnment such as: traction power systens; the AC power
di stribution system the vehicle propul sion system the signaling
system and nearby non-DART electrical utilities. Consideration
must be given to: the location; routing; isolation; installation;
grounding; and electrical circuit, wre, and cables shielding
such that wundesirable EM and RFI generation and undesirable
circuit coupling are mtigated. Al l  Comruni cati ons equi pnent
shall nmeet FCC Regulatory Standards Part 15 for radiation and
conduction. Shielded cabinets and line filters shall be utilized

as required to neet these standards. Fi ber optic cabling shal
be used wher e practi cal to elimnate el ectromagnetic
i nterference.

5.4.2 Communi cat i on Houses, Cabinets and other Facilities
Except as stated otherwise in followng sections, al |

Communi cations System equi pnent shall be located in equipnent
roons at the OCC, vyards, shops, and nmaintenance right-of-way
facilities and in pre-wired houses or cabinets at stations and
other locations as necessary along the transit system In the
tunnel portions of the system the houses may be set in niches in
the tunnel walls. At renote surface |ocations, the houses shal
be set on pre-cast concrete piers, nonolithic slabs, or other
nmethods as determned by local geotechnical testing data and
structural engineering calcul ations. If any of the houses are
required in elevated sections, provision shall be nade where
appropriate for nmounting themon the structure or on piers bel ow
the structure.

At-grade station comrmunications equipnent shall be installed
within a single CIC cabinet. The CC should be sized to
accommodate all conmunications equipnent (current planned and
future), power supplies, and supporting devices required to
provide station services. It shall be located on the station
platform or adjacent to it, in nearby proximty to an accessible
utility or systenms manhole. The CIC pad footprint shall include
an extended foundation or sidewalk that allows personnel to
safely access every CIC face. The pad footprint shall be no |ess
than three feet in all directions fromthe C C base. CIC cabinets
shall be installed at a maximum distance of 2 km (1.25 m|les)
fromthe comruni cati ons node. Alternately, station equi pnent may
be installed within a conbined communications house / |ocal
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interface cabinet up to 350 ft fromthe nearest station platform
In this configuration, the CIC is elimnated and all station
comuni cations equipnment s absorbed into racks wthin the
comuni cat i ons house.

At aerial stations, comunications equi pnent shall be installed
Wi thin a comunications facility approximately 11 ft by 20 ft,
| ocated in a conbined, but physically segnented structure on the
concourse level that includes the station energency 1|ighting
control and generator equipnent facilities.

Communi cations interface cabinets wthin Signal Houses and
Substations shall be wall nounted encl osures containing protected
term nal blocks and other necessary conmmunications equipmnent.
Mul ti-paired conmunications cables entering the house or
substation shall be term nated and interfaced with comuni cati ons
equi pnent  therein. Power requirenents for communications
equi pnent at these l|ocations shall be coordinated carefully, as
avai |l abl e power sources may be non-standard or unprotected.

To reduce construction and testing costs, the nmpjority of the

communi cations  equi pnent shal | be nmounted in equipnent
facilities, houses, or cabinets, which shall be factory pre-wred
and pre-tested. When conmuni cations equipnent is installed in

equi pnent roons, the equi pnment and all cross-connect panels shal
be of nodular design, which limts on-site wiring and testing.
Al'l conmuni cations equi pnent facilities, cabinets, or enclosures
shall be environnentally controlled to prevent heat or cold
darmage to el ectroni c equi pnent.

5.4.3 Yard Contr ol

To fulfill its responsibilities, the Yard Controller shall be
provided with the follow ng capabilities:

5.4.3.1 Servi ce and | nspection Yard

a) Receive, log, printout, and annunciate fire, security,
and supervisory alarnms generated fromfield devices.

b) Receive, record and |og energency telephone nessages,
i ncl udi ng designation of the origin of the call within
the S& facilities.

c) Real time communication wth passenger vehicl e

operators and other on-duty transit personnel wthin
the S& facilities and yard area.
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5.4.3.2 Nort hwest Rail Operating Facility

a) NVWROF wi Il have supervisory control and nonitoring of
all yard TPSS circuit breakers in the NAROF yard
of fice.

The Communi cations workstation for the Yard Controller shall be
integrated within the yard control console. The workstation
shall be LCD based and simlar in design to the rail operations
control console.

5.4. 4 Connection to O her Systens

Subsystem interconnection shall be acconplished by cables from
t he equi pnment roons and fromthe conmunications facilities to the
CICs in stations, substations and Signal houses. Qut si de pl ant
cables between facilities shall be termnated on protected
distribution blocks as described in following sections.
Demarcation panels shall be wused at each station as an
internediate termnal point to connect to equipnent furnished,
installed, or wired by the Contractor. Details regarding the
application of the demarcation panel at stations can be found in
Design Criteria Manual, Volume 2, Chapter 5, Section 5.5.

5.4.5 Communi cati ons Cabl e

Copper conmuni cations cables, utilized for transmtting distances
| onger than 75 ft shall be formed from twisted pairs of
i ndividually insulated copper conductors. Cross-connect W ring,
connectorized cables and other short communications cables shal
al so be fornmed fromtw sted pairs unless specifically indicated.
All multiple pair conmunications cables shall be color coded per
t el econmuni cati ons industry standards. Adequat e sl ack shall be
specified to allow for at l|least three re-termnations at each
cabl e end.

All multiple pair comunications cables to be installed outside
of a building, station, or other protected structure shall be
gel -filled, shielded, and shall have an outside jacket suitable
for direct burial installation. I ntra-buil ding comunications
cables shall have a jacket rated for plenum installation. Cable
installed in exposed areas wthin tunnel sections and encl osed
right-of-way (ROW cut sections shall be jacketed with a |ow
snoke rated nmaterial. All outside plant cables shall be
shi el ded.

Backbone optical fiber cables shall be arnored single node cable
with dual 1310 nm and 1550 nm wavel ength w ndow fi bers. Subnet
optical fiber cabling for local signal distribution shall be
ar nor ed mul ti node or single node cable with dual wavel ength
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wi ndow fi bers. Hybrid fiber cables consisting of a conbination
of multi and single node fiber strands are acceptable. New fiber
connecting CTS backbone nodes via high-speed SONET interfaces
shall be deployed with no Il ess than 24 strands of fiber within a
single cable. Fiber optic cable ends shall have service |oops of
not less than 150 ft to be stored in a Fiber Slack Enclosure
(FSE) . All multiple stranded fibers cables shall be term nated
on fiber distribution panels to allow for ad hoc or energency
pat chi ng between strands. SC or MIRJ style connectors shall be

utilized on all fiber termnations, panels, attenuators and
j unpers.
Communi cations cables shall be enclosed in trough, conduits,

raceways, boxes, or cabinets.

Penetrations through floor and fire-rated walls shall wutilize
gal vanized rigid Steel (GRS) conduits and shall be firestopped
using an F rated firestop under the rating criteria of ASTM E814.

Al'l outside plant netallic conmunications cabling requires over
vol tage protected entrance termnals at each cable end. Entrance
termnals shall utilize a fuse link type connection equi pped with
gas tube, or solid state, line protectors. Modul es shall be
rated for 230 V or higher surges. Each individual conductor
term nated shall be protected.

5.4.6 Power Systens and G oundi ng

5.4.6.1 Uni nterrupti bl e Power Systens

Uninterruptible Power Systens (UPS) shall be provided for
Comuni cations Facilities and Comruni cation Interface Cabinets to
provi de backup power for communications and station equi pnent.
The UPS shall be sized appropriately to provide eight hours of
backup in Communi cati ons houses or roons and one hour of backup
power in ClCs. Battery backup tinmes may be reduced in facilities
that are also backed up by station power generation equipnent,
i.e., at aerial station conmmunications facilities which shall be
backed up by natural gas generators and are to support essenti al
comuni cati on | oads. Al UPS units shall include maintenance
free batteries enclosed within the UPS housing. The UPS battery
charging system shall incorporate overcharge protection to
prevent battery danage and to prevent batteries from emtting
hazardous |levels of conbustible gases. UPS | oad connections
shall include a bypass swtch to permt connecting the load to
| ocal AC power when UPS nmi ntenance or replacenent is required.
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5.4.6.2 G oundi ng, Bondi ng and Lightning Protection

Al'l  communi cations equipnment, racks, and electrical equipnent
shall be properly grounded to prevent equipnent danmage or
personnel injury due to lightning strikes or power surges. Refer
to Design Criteria Manual, Volune 2, Chapter 9, System G oundi ng
for grounding criteria.

5.4.6.3 Facility G ounding

Communi cations Shelters and Cl Cs shall be grounded with a ground
mat system The ground mat shall achieve a maxi mum allowabl e

resistance to ground of 3 ohns. The ground mat system shall
consist of ground rods that are interconnected with bare copper
stranded wre. The grid conductor and ground rods shall be
connected by permanent bondi ng met hods. If the Communications
shelter and/or CIC are located at a station with nore than one
grounding system the conmunications ground grid shall be

connected to the site central reference groundi ng point.
5.4.6.4 G ound El ement Bondi ng

Subsurface electrical ground systemelenents shall be permanently
bonded by exotherm c welding nethods. Mechani cal connecti ons
shall not be accepted as a pernanent bond.

5.4.6.5 Stati on Comruni cati ons Equi pnent G oundi ng

Communi cations station equipnment grounding, such as Wayside
Tel ephones and VMB equi pnent, shall conmply with the Design
Criteria Manual, Vol une 2, Chapter 9, System Groundi ng
provi si ons.

5.4.6.6 Li ghtni ng Protection

A Lightning Surge Arrester shall be connected to all ungrounded
AC power conductors entering communi cations shelters or CIC s as

specified in the NEC, Article 280 “Surge Arresters.” Uilize
revision current at time of design. Al netallic outside plant
cables entering a Comrunications shelter or CC shall be
termnated wth station protectors for protection of I|ightning
i nduced vol t age spi kes or surges.

5.5 | NTERFACI NG REQUI REMENTS

5.5.1 Station Demarcati on Panel

Each station shall have a demarcation panel provided and

installed by the Contractor. The demarcation panel is a physi cal
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interface point between facilities and systens work. It allows
the Contractor to independently consolidate, route and wire all
copper audio, visual, SCADA and energency voice circuits from
station equipnment |ocations back to a central point. The
demarcation panel facilitates the Contractor’s work by allow ng
the Contractor to connect fromthe CIC to the demarcati on panel
where all facilities provided circuits have been [|anded, and
conplete all comunications circuits or connections. This pane
can be located within either the Central Enmergency Lighting Power
Supply (CELPS) (UPS) roomor simlar location at aerial stations
or in a separate cabinet |ocated near the CIC or station platform
at at-grade stations. The Contractor shall include all conduits
to conmunications devices in the station area (PA VM, PEC
CCTV, Tel ephone, Ticket Vendi ng Machi nes, SCADA, etc.) and copper
cable wiring to these devices on the station side of denmarcation
panel. The Systens design shall include all equipnment and wiring
on CIC side of demarcation panel. Al critical alarns shall be
wired in a fail-safe condition.

5.5.2 Ceneral Interface Coordi nation

The Communi cations System is associated with many other systens

and other project activities. It is intended to provide a
comuni cations systemthat is fully interfaced with other project
activities and perform all required functions. Any additiona

required interfaces shall be identified and a recomendati on nade
for the nost effective nmethod of their control and alarm

noni t ori ng. Interface requirenents shall be |ogged and tracked
to help ensure that the requirenments are conpleted. Thi s
chapter’s interface descriptions are not in conplete detail.
Rat her, they are intended for use in conjunction wth

Communi cations Interface Drawngs and other Design Criteria
Manual criteria. The following list includes potential interface
areas that the designer shall take into consideration:

a) Transit Vehicle System

1) Vehicle nobile radio are supplied by LRV supplier
b) Corrosion Control and G ounding System

1) Conmuni cati ons system grounds

2) Communi cati ons systens shi el di ng

3) Electromagnetic conpatibility

4) Electromagnetic interference contro

5) Station, Tunnel, Aerial, Yard, Shop, OCC G ound

Gid

c) Trackwork System
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d)

1)
2)

3)

Track location and | ength

Cabl e express trough routing and transitions to
duct bank

Waysi de cabl e and equi pment installation

Station System

1)

5)

6)

7)

8)
9)
10)

Power supply to:

- Publ i ¢ address subsystem anplifiers

- Vi sual Message Board signs

- CCTV caneras and equi pnent

- Passenger Energency Call Equi pnment

- Transm ssi on Equi prent

- "Blue Light" Wayside and Energency Tel ephone
Stations

- Ti cket Vendi ng Machi nes

Facility equi pment renpte termnal unit (RTU)
Equi prrent controls and indications interface to RTU
Location and installation in stations of:

- Publ i c address anplification equi pnment
- Publ i ¢ address speakers

- Publ i ¢ address m crophones and control s
- CCTV caner as

- RTU

- Tel ephones (Stati on Energency)

- Vi sual Message Board Signs

- El evat or

- Passenger call units (PEC subsystem

- Communi cations interface cabinets

- Ti cket Vendi ng Machi nes

Fire al arm subsysteminterfaces to RTU and external
zones

Intrusion alarm subsystem interfaces to RTU and
external zones

Radi ati ng cable routing and installation in tunnel,
stations or under passes

Conduit runs for all comrunications subsystens
Cable installation for all conmunication subsystens

Tel ephone Conpany Interface Location for station
payphones
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11) Fire Managenent Panel
e) Tunnel and Ri ght-of-Wy System

1) Tunnel energency tel ephones

2) Bungal ow | ocati ons

3) Oher wayside equi pnent | ocations

4) Cabl eway (subway and el evated stations)

5) Conduit into stations (subway and el evat ed)

6) Conduit/cabl eway to signal bungal ows and traction
7) Electrification substations and tie stations

8) Cable route (surface sections)

9) Cable installation

10) Radi ating cabl e supports and installation (subway)
11) Fire Managenent Panel

12) Ventil ation systemcontrols and indications

f) Yard and Shop System

1) Power source
2) Equi prent | ocation
3) Radi o Subsystem

- Base and control station equi prment
- Ant enna nounti ng
- Radi ati ng cable in buildings

4) Conduit runs for all comunications systens
5) Cable installation for all comunications systens

g) Train Control System

1) CIS Interfaces

2) Tel ephones within bungal ows

3) ROC control consol e | ayout

4) Yard Control Tower consol e | ayout

h) Traction Power System

1) SCADA Interface to transm ssion system

2) Sectionalizing swtch |ocations (Enmergency
t el ephones)

3) Substation tel ephone | ocations

i) Operations Control Center Structure System
1) Heating, ventilating and air conditioning
2) Power source

3) Floor |oading
4) Lighting

5-21 May 2005 Revision 4



Design Criteria Manual Communi cat i ons, Chapter 5

i)

k)

5) Conduit/cable tray |ayouts
6) Cable installation
7) Equi prent installation
8) Acoustical environnment
Uility Services
1) Interfaces with power conpanies
- Tenporary power
- Cabl e interference and/or relocation
- El ectromagnetic interference coordination
2) Interfaces with gas conpanies

- Cabl e or pi peline i nterference and/ or
rel ocation

3) Interface with water/sewer utilities

- Cabl e, cul vert, or pipeline interference
and/ or relocation

4) Interface with tel ephone conpanies
- Cable or fiber interference and/or relocation
- PBX trunks or Centrex Lines
- Leased circuits for <control of radio base
stations and satellite receivers not served by
the Comrunications Transm ssion Subsystem
di al back-up for RTUs

5) EM coordination
6) Tenporary tel ephones

H ghway and Street
1) Cable routing details at road crossings
Rai | r oad

1) Electronmagnetic interference coordination
2) Cable interference

Safety
1) Fire departnent radio in tunnels
2) Level of CCTV surveillance required (active or

passi ve)
3) 911 Tel ephone Zones
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n)

p)

q)

Fare Vendi ng

1) Data Channel Requirenents
2) Central Fare Collection Location

Public Infornmation
1) Information Operators

- Number of Operators
- Anticipated Call Vol une

Comruni cati ons, Chapter 5

Airport Authorities (Love Field and DFW International

Ai rport)

1) Radio Frequency Interference
2) Security Coordination

Regi onal Transportation Authorities

1) Denton County Transportation Authority

2) Trinity Railway Express
3) Oher Conmuter Rail Systens
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5.6 ABBREVI ATI ONS AND DEFI NI TI ONS

ADA - Anericans with Disability Act

Adm ni strative Tel ephone Subsystem - Used to provi de
comuni cations between various DART field facilities and
Operations Control Center and communi cati ons between DART field
facilities and the Public Switched Tel ephone Network (PSTN).

CCTV - Closed Grcuit Tel evision

CELPS - Central Energency Lighting Power Supply

ClC - Comuni cations Interface Cabinet

CTS - Communi cations Transm ssion Subsystem - A bi-directional

fiber optic based digital comunications carrier system providing
anal og and data connections between the OCC and the field.

CRT - Cathode Ray Tube

DACS - Digital Cross Connect Switch - Software based,

m cr oprocessor-controll ed digital access and cross-connect system
that provides for channel swapping of DS-0 slots between
different DS-1 (T1) channels.

DACT - Digital Alarm Comunication Transmtters

DACR - Digital Al arm Comruni cati on Receiver

dBA - Decibels Afilter weighted

Demar cati on Panel - The physi cal interface point between
facilities and systenms work, which allows the Contractor to
i ndependently consolidate, route and wire copper audio, visual,

SCADA and energency voice circuits from station equipnent

| ocations back to a central point.

DFW - Dal |l as-Fort Worth

DD - Drect Inward D al

DOD - Direct Qutward D al

DTMF - Dual Tune Milti - Frequency

EIA - Electronic Industry Association

E&M - Tel ephone circuit signaling control |ines
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EMC - Electromagnetic Conpatibility - The ability of a device,
equi pnent , or system to function satisfactorily in its
el ectromagnetic environnent w thout introducing intolerable
el ectromagneti c disturbances to anything in that environnent or
being affected by the environnent in an undesirable way.

EM - El ectromagnetic Interference

FCC - Federal Communi cati ons Comm ssion

LCD - Liquid Crystal Display

GRC - Gal vani zed R gid Conduit

| MC Internedi ate Metallic Conduit

KHz Ki | ohertz

Km - Kil oneter

m - meter

Mos - Megabits

MHz - Megahertz

NEC - National Electric Code

NFPA - National Fire Protection Association

NM - Nanonet er

OCC - Operations Control Center - The OCC includes the Train
Control Center (TCC), the Yard Control Center (YCC), the Security
Control Center (SCC), the Bus Control Center (BCC), and the OCC
Equi pmrent Room

OCU - O fice Channel Unit

PA - Public Address

PABX - Private Automatic Branch Exchange

PBX - Private Branch Exchange

PCM - Pul se Code Modul at ed

PEC - Passenger Energency Call - A communication system used to

al l ow a passenger in an energency situation to signal an alarmto
the TCC, open and latch a voice channel and allow TCC personnel
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to establish two-way communications with the passenger via the
CTS.

PTZ - Pan/Tilt/Zoom
PSTN - Public Switched Tel ephone Network

RTU - Renote Terminal Unit - The equipnent that constitutes the
field end of a Data Transm ssi on.

ROC - Rail Operations Controller

ROW - Ri ght - of - V\ay

S& - Service and Inspection

SCADA - Supervisory Control And Data Acquisition

SCS - Supervisory Control System

SINAD - Signal Noise and Distortion

SONET OC-3 - Synchronous Optical Network (SONET) - rate of 155.52
Md/s consisting of three (3) multiplexed OC-1 rate channels as
defined by CCTT. The optical signal that corresponds to the
STS-3c electrical signal.

SONET OC-12 - Synchronous Optical Network (SONET) - rate of
622.08 M/ s consisting of twelve nmultiplexed OC-1 rate channels
as defined by CCOTT. The optical signal that corresponds to the
STS-12c el ectrical signal.

Subsystem - A subsystem conprises elenments within a system that
are interconnected to performa specific function.

TDM - Tinme Division Miltiplex

TPSS - Traction Power Substation

TCC - Train Control Center - Facility located within the OCC that
is staffed and dedicated to the operation, nonitoring, and
control of the LRT system

UL - Underwiters Laboratory

UPS - Uninterruptible Power Supply - An auxiliary power system
that provides an uninterrupted power source during a nornmal power
source failure.

UPSR - Unidirectional Path Switch Ring
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VMB - Visual Message Board
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CHAPTER 6 - TRAI N CONTROL CENTER
AND SUPERVI SOCRY CONTRCOL SYSTEM

6.1 GENERAL
6.1.1 Pur pose

The Operations Control Center (OCC) is located at DART' s S&l
Facility, 3021 Oak Lane, Dallas, Texas, and is also used for
di spat ch supervision of bus, coach and Transit Police operations.
The Train Control Center (TCC) is the principal site for the
supervision of DART rail operations, and is located within the
OCC.

The TCC includes radio, public address/visual nessage board,
t el ephone, and supervisory control system equipnment to allow rail
operations staff to nonitor and control wayside and station
equi pnent. The TCC equi prment includes: a system of Large Screen
di splays; Rail Operations Controllers' (ROC) and Yard Operations
Controller consoles, wth voice comunications equipnent and
supervi sory control LCDs; The Yard Operations Controller's
console is adjacent to the TCC and is |ocated overlooking the
yard area; a DACR to receive all reporting fire alarns, alerts,
and system trouble indications conmunicated through field DACTs
(via dialup).

The Equipment Room (ER) is located within the OCC and is
separated from the TCC by the Conmunications mai ntenance support
area. The Equi pnent room houses the centralized equipnent to
support TCC operational activities. The Equipnment Room also
houses a Systenis nmanager console wth voice comunications
equi pnent .

Data communications facilities and renote supervisory control
system equi pnent are | ocat ed at stations, traction
el ectrification substations, and in comrunications and signal
bungal ows.

Thi s chapter:

a) Provi des an overview of TCC Light Rail staff operating
functions.

b) Provides a description of the TCC area designated for
Light Rail operations, and describes architectural
requi renents of the facility.

c) Defines requirenments for the Light Rail supervisory
control system and equi pnent.
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6.1.2 Scope

The existing TCC space 1is currently designed to support
supervision of the Starter System North East and North Centra
Expansion corridors, and the Yard. The TCC will be nodified to
support the increased operational requirenents as a result of
addi tional expansion corridors. Operational territory wll be
expanded by the North West (NW, South East (SE), Irving (IR,
and Row ett (RW Corridors. The existing Yard will be nodified,
and a North West Rail Operating Facility (NAROF) will be added.
NWROF supervision shall be in accordance with Design Criteria
Manual , Vol une 2, Chapter 5, Conmunications, Paragraph 5.4.3.2.

Radi o and tel ephone communications systens and coverage w ll be
expanded between the TCC and all new revenue operations |ine
segnent s.

The supervisory control system shall nonitor and control, from
TCC, the following field subsystens in the North Wst, South
East, Irving, and Rowl ett |ine segnents:

a) The signal system and associ ated al arns,

b) The traction electrification system and associated
al arns,

c) Station and tunnel facilities,
d) Commruni cati ons equi pnmrent and associ ated al ar s,

e) Intrusion alarm conditions for station fare collection
equi pnent .

The supervisory control system shall continue to support all
alarm indication and controls inplenented in the Starter System
North Central, and North East Expansion Corridors. Furthernore;
addi tional power requirenment, current OCC UPS | oad and avail abl e
|l oad will be analyzed to ensure it can support the future upgrade
and nodification at TCC and Equi pnment room

6.2 TCC Staff Operating Functions

TCC currently includes equi pnent for radi o communi cati ons between
TCC and the Light Rail service area, energency telephone system
comuni cations, alarmand state display fromand command i nput to
waysi de and station equi pnment via the supervisory control system
public address/visual nessage board capability, fire subsystem
nonitoring and alarm ng, and adm ni strative tel ephone connections
to other DART staff and outside public safety agencies. The
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current operating functions will be available in the Light Rai
service area to be expanded, i.e., the North Wst, South East,
Irving, and Row ett Line Sections.

TCC Light Rail operations staff wll wutilize the equipnment to
perform operating functions in the follow ng areas:

a) Mai nl ine Train Supervision (Signaling System
b) Traction Electrification Supervision

c) Communi cat i ons Equi pnent Super vi si on

d) Yard Supervi sion

e) Coordi nation with Bus and Coach operations

f) Enmer gency Support

g) Security Monitoring

h) Gener al Coordi nation

6.2.1 Mai nl i ne Train Supervision

TCC facilities and equi pnment wll be nodified as needed to ensure
the following mainline train supervision functions continue to
perform per required response tinmes for both the existing system
and Phase Il expansion corridors:

a) Supervi se single track operation

b) Aut horize and nonitor special nobves such as reverse
operations and early turnback

c) Supervise train operation to schedul e
d) Aut horize train entry onto mainline

e) Support schedul ed and unschedul ed mainline mintenance
activities

f) Designate track as closed or slow reduced speed
g) Supervi se unschedul ed nmai nline coupling and uncoupling

h) Hel p train operators to troubl eshoot vehicle problens
on the mainline
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i) Record incidents, signal violations, and voice radio
and tel ephone conversations

i) Notify Yard or Maintenance of cars needi ng mai nt enance

6.2.2 Traction Electrification Supervision

TCC facilities and equi pnent wll be nodified as needed to ensure
the following Traction Electrification Supervision functions
continue to perform per required response tines for both the
exi sting system and expansi on corridors:

a) Control overhead catenary power to support wayside
mai nt enance and energency response activities

b) Provi de proper power status information in wayside and
station emergencies situations

c) Mai ntain informati on on power outages and the tines of
out age and restoration

d) Moni t or energency traction power cutout

6.2.3 Communi cat i ons Equi pnent Super vi si on

TCC facilities and equi prment will be nodified as needed to ensure
the followng Comunications Equipnent Supervision functions
continue to perform per required response times for both the
exi sting system and expansi on corridors:
a) Moni tor Major and M nor Alarns associated with critical
comuni cations equi pnment used to support DART Iight
rail operations.

6.2.4 Yard Supervi sion

TCC facilities and equi prment will be nodified as needed to ensure
the followng Comunications Equipnent Supervision functions
continue to perform per required response times for both the
exi sting system and Phase |l expansion corridors:

a) Support pre-di spatch exceptions

b) Supervi se car storage and novenent

c) | ssue Run assignnents to train operators

d) Distribute schedule to train operators
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e) Distribute bulletins
f) Coordi nate car novenent to/from Miintenance Area

g) Record voi ce radi o conversations

6.2.5 Coordi nation with Bus and Coach Operations

TCC facilities and equi prment will be nodified as needed to ensure
rail operations staff can continue to perform the follow ng
functi ons:

a) Reports on major schedul e deviations affecting feeder
operation and major transfer points

b) Requests for bus, coach and van bridge service

6.2.6 Emer gency Support

TCC facilities and equi prment will be nodified as needed to ensure
the foll owm ng Energency Support functions continue to perform per
required response tines for both the existing systemand Phase |
expansi on corridors:

a) Monitor Fire Alarms occurring at:

- Traction electrification substations (TPSS)

- Si gnal bungal ows and Comruni cati ons bungal ows

- Tunnel ar eas, Cty Place station, and Aeri al
Stations

- OCC and Mai ntenance facilities

- O her areas as required

b) In the wevent of a tunnel fire, <control tunne
ventil ation equi pnent , and execute Enmer gency
Ventil ati on Scenari os.

c) Access and follow pre-defined energency procedures and
i nformation.

d) Coordi nate energency response activities with the Fire
Department and other public energency services using
911, Radi o, and Energency Tel ephones

e) Generate Public Address and Visual Messages to the
Patrons |ocated within the usable limts of Station
Pl at forms and Under passes.

f) Comruni cate with Enmergency and Waysi de Tel ephones.
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g) Monitor fire suppression equi pnent failures
h) Moni tor tunnel and station sunp punps

i) Moni tor Fire Managenent Panel usage

1) Support testing of fire alarns

k) Support testing of fans and danpers

1) Monitor status of primary power and UPS for station
tunnel ECS, and Communi cati ons equi pnent

6.2.7 Security Monitoring

TCC facilities and equi pnrent wll be nodified as needed to ensure
the follow ng security related functions continue to perform per
required response tines for both the existing system and
expansi on corridors:

a) Monitor intrusion alarnms from station fare collection
equi pnent, signals and TPSSs bungal ows, conmunicati ons
equi pnent roonms and bungal ows, station facilities
i ncl udi ng Knox- boxes, and ot her required waysi de areas

b) Monitor intrusion gate alarnms at tunnel station
entrances

c) Support testing of intrusion alarns

6.2.8 Gener al Coordi nati on

TCC facilities and equi pnent wll be nodified as needed to ensure
the followng functions are available for both the existing
system and Phase || expansion corridors:

a) Provi de voi ce comruni cati ons patches as appropriate

b) Monitor status of Light Rail subsystens equi pnment and
report abnormal conditions to Maintenance

c) Monitor status of Light Rail facilities and report
abnormal conditions to Miintenance

d) Maintain a | og of:

- Systens-rel ated events
- Facilities-rel ated events
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6.3 TCC PHYSI CAL DESCRI PTI ON

The Train Control Center (TCC) at the S& facility is used for
supervision of mainline and yard Light Rail operations and
includes a Light Rail overview display system and i ndividual
consoles for the rail operations staff. The Equi pnrent Room at
the S& facility houses supporting systens equi pnent including:
voice and data comrunications controllers, field interface
equi pnent, and supervisory control conputers and peripheral
devi ces.

6.3.1 Train Control Center

The TCC wi Il house any new communi cati ons and supervi sory control
consoles wused by Rail Operations Controllers (ROCs) and the
Chi ef . It will also include any expansion to the existing Wll

format Overvi ew Di spl ays.

A future Commuter Rail Controller may al so be located in the TCC
Future security staff, responsible for nonitoring CCIV and
responding to patron energency calls, will be located el sewhere
in the S& facility.

Addi ti onal consoles and supporting equi pnent shall be added to
support the operational requirenments of the system expansion. The
TCC shall be nodified as needed to contain up to six ROC
consol es.

The consol es for operational staff shall be located to facilitate
communi cations anong the staff. The following additiona
conditions shall be net:

a) The ROC consoles shall be arranged for effective
operation with up to six manned.

b) Al'l ROC consoles shall be located to have a good view
of an Overview Display. Staff manning the consoles
shall be able to see the Overview Display while seated
normal ly at the console, with horizontal angular range
not exceeding 70 degrees and vertical angle not

exceedi ng 30 degrees. Each shall be close enough to
easily discern the Overview Display |egends and
synbol s.

c) Access to the TCC shall be located to mnimze the
di sturbance to staff comunications or their view of
t he Overview Displ ay.
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6.3.2

ROC Consol es

All new ROC consoles shall be simlar in Aesthetic Appearance to
the existing Consoles. Performance Requirenents shall neet or
exceed that of the existing consoles. Consol es shall have the
fol |l ow ng design requirenents:

a)

b)

f)

g9)

h)

Consol e dinensions shall be selected consistent with
ergonomc limts

Frequently wused equipnent shall be |ocated nost
accessi bly. Most-frequently wused procedures shal
require the fewest actions possible. Equi prment
| ocation shall relate to the normal flow of staff
activities.

Singl e purpose function buttons and sw tches shall be
used for, but limted to, functions which are
frequently used or require rapid activation.

Voi ce communications interfaces shall be integrated
such that staff need not switch between nore than two
devices to interact with the several parties with whom
they may need to nmintain contact.

Choice of command entry devices shall consider the
i npact upon staff and of other activities (e.g., voice
actuation vs. other verbal activities, frequency and
duration of arm extension for touch panel or cursor
devi ce, notion accuracy requirenents).

LCD s shall be sized consistently with information
requi renents and density to mnimze em sSSion exposure.
LCD s shall be high resolution, low flicker. Col or
capabilities shall be <consistent wth information
requirenents.

Audi 0 outputs shall have volune controls. LCD s shal
have easily accessible intensity and col or controls.

Hori zontal surfaces, which are touched by operators,
shall be non-netallic (low thermal conductivity).
Edges shal |l be rounded.

Assenblies and wring shall be nodular to allow
repl acenent of a failed unit within thirty m nutes, and
repl acenent shal | not require shutdown of t he
functioning portion of the console. Interface devices
shal | utilize plug connectors or equivalent for
conveni ent device repl acenent.
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6.3.3 Overvi ew Di spl ays

The existing Overview Displays will be used for the Starter
System North Central, and North East Corridors. Additional
Overview Display Equipnent wll be specified to support
operational requirenents associated with the expansion corridors.
The Overview Display equipnent shall display an overview of
system status sufficient for Rail Operations Controllers to

integrate information regarding: blocks of signaled track where
trains are located, traction electrification system status, and
critical alarm conditions. The follow ng specific physical
features shall be provided:

a) Di splay of nultiple sinultaneously displayed colors and
obj ect display attributes (including flashing).

b) Di splay | egends shall be easily read from ROC consol es.
Abbrevi ations shall be permtted in | egends.

c) The display equipnent shall be mintainable wth
m ni mal di sruption to operations.

d) Display intensity and room lighting levels shall be
consistent with easy visibility over |ong periods.

6.3.4 Equi prmrent Room

The Equipment Room (ER) is located within the OCC and is
separated from the TCC by the Conmunications mai ntenance support
area. The Equi pnent room houses the centralized equipnent to
support TCC operational activities. The Equipnment Room also
houses a Systenis nmanager console wth voice comunications
equi pnent. The foll ow ng Equi pnent is currently housed within the
Equi prment Room

a) A Redundant Optical Add/ Drop SONET Ml ti pl exer
b) TCC Local Area Network Equi pnent

c) A Digital Cross Connect System

d) Channel banks

e) Fi ber optic cable term nation equi pnent

f) Main Distribution Franme (MNDF)
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g) A Conmuni cations Controller and associ ated equi pnent to
support Voi ce, Radio, and PA/VMB communi cations by the
operators

h) Radi o voting equi pnent

i) Audi o recorders

1) Supervi sory Control System Equi pnment

k) Test equi pnent storage
1) Docunent ati on storage for equi pnent and software

m Wrk area for technicians

The Existing Equi pment Room | ayout shall be nodified as needed to
support additional equipnent requirenents as a result of the
Phase || expansi on.

6.3.5 Envi ronnent al Feat ures

The followng environnental features shall be considered when
nodi fying the TCC and Equi pnrent Room with additional equi pnent:

a) Controls and air conditioning equipnment capacity shall
be sufficient to maintain room tenperatures within the
range of 65 to 75 degrees Fahrenheit (within .5
degrees) and within a relative humdity of 60 to 80

per cent .

b) Al'l work areas shall be illum nated. The TCC shall
have general |ighting that can be di med and controlled
from a central |ocation. In addition, spot lighting
shall be provided for all consoles. Al general

lighting shall be connected to Essential Power.

6.3.6 I ntrusi on and Energency Services Features

Modi fications to the TCC and Equi pnent Room shall not dimnish
exi sting Emergency services. The following energency service
features shall continue to be supported:

a) TCC and Equi pnrent Room access control provided wth
| ocked doors.

b) A fire alarm system and/or clean agent fire suppression

system for the Equipnent Room and the TCC, wth
overriding shutoff.
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c) Emergency egress systens. These include flashing
lights, unlocking power doors, etc., sufficient to
ensure occupants wll have clear exit routes.

6.4 LI GHT RAI L SUPERVI SORY CONTROL SYSTEM

The existing Light Rail Supervisory Control System (SCS)
automates and/or augnents sone of the functions for LRT
operations. The SCS is conputer-based and includes equi pnment at
the TCC, Equipnment Room communication and signal houses,
Traction Power Substations, Light Rail stations, and other field
| ocati ons.

The major elenents of the SCS are:

a) Renote termnal units (RTUs) |ocated along the wayside
to acquire devices and alarm states and to inplenent
RCC devi ce control commands.

b) Computer equipnment located at the TCC, the Overview
Display, and ROC consol e-based display and input
devi ces. Di spl ay devices provide up-to-date wayside,
station, and alarminformation.

6.4.1 Dat a Conmuni cati ons between RTUs and the TCC

A fiber optic communications systemis currently in place between
TCC and the following |line segnents of the system

a) Gak Aiff not including SOC and WOC

b) North Central

c) Nort h East
A fiber optic communications system shall be provi ded between TCC
and the following |line segnents of the system

a) Nort h West

b) Sout h East

c) I rving

d) Row et t
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Fi ber optic-based conmunications is also provided between TCC and
the traction electrification substations in the CBD and OC |ine
sections, not including WOC and SCC.

The RTUs in the expansion line segnents and the TCC conputer
equi pnent shall conmunicate over the fiber optic comunications
system utilizing industry-standard physical level and |ink |evel
data communi cati ons protocols.

6.4.2 Aut omat ed Feat ures

The SCS shall <continue to provide the followng autonated
features for the expansion:

a) Monitor and report to the ROCs change-of-state for:

- Si gnal system devi ces and al arns

- Traction electrification system devices and al arns

- Station Fare Col |l ection equi pnent intrusion alarns

- Fire alarnms, station facility alarms, station
al arnms, and tunnel ventilation system devices and
al arns

- Security/intrusion detection device al arns

- Communi cat i ons equi pnent al arns

b) Keep current all displayed information on the Overview
D splay and consol e LCD di spl ays.

c) Initiate control actions to station and waysi de devi ces
in response to ROC comands entered at the ROC
consoles. Control actions shall include those to:

d) Control traction electrification system breakers and
not ori zed di sconnect sw tches

e) Control energency traction power disconnect

f) Control ventilation systemfans and danpers in response
to tunnel fires

g) Control signal equipnment

h) Request routes of signal systemvital interl ockings
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i) Qperators can place track bl ocks on segnents of tracks
for indication only, but there will be no inpact in the
field.

1) Recall and display energency operating procedures and
reconmended ventilation schenme for response to tunnel

fires
k) Log system events, al ar s, and operator-entered
comands
6.4.3 Rai | Operations Controllers and O her Users

Rai|l operations staff shall continue to utilize ROC consoles to
supervise Light Rail system activities. Al'l new ROC consol es
shall be simlar to existing consoles, and shall neet or exceed
t he performance characteristics of the existing consoles.

6.4.4 CGeneral G aphical Requirenents

The new Overview Display and consol e graphics for the expansions
shall provide a sem -geographic representation of the Light Rail
system and its nmgjor subsystens. Al displayed information,
synbol s, and associated graphics shall be consistent with the
current inplenentation.

6.4.5 Syst em Response Ti ne Requirenents

The el apsed tine from

a) First possible detection by an RTU of an alarm or
device change of state until display at TCC shall not
exceed four (4) seconds.

b) When an ROC enters a conmand for any individual device
control until the RTU generates the associated out put
signal shall be no nore than four (4) seconds.

6.4.6 System Avail ability

The Supervisory Control System is intended to operate 24 hours
per day seven days a week. Mdifications to the SCS architecture
shall not conprom se systemavailability.

6.4.7 Renote Term nal Units (RTUs)

RTU equipnment is Jlocated wthin conmunications and signal
bungal ows along the wayside, and in traction electrification
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system (TES) bungal ows. Addi tional RTUs shall be provided to
support expansion corridors. RTUs:

a) Provide device signal state acquisition, change of
state detection, and corresponding reporting to central
conput er equi pnent

b) Initiate device control actions based on conmands from
central conputer equi pnent

c) Provide alarm signal acquisition and corresponding
reporting to central conputer equi pnent

d) New RTUs shall be solid-state m croprocessor-based
units with logic elenments and auxiliary conponents
configured as easily replaceable plug-in nodules. All
communi cati ons RTUs shal | be from the samne
manuf acturer; comon function subsystem nodul es shall
be i nterchangeabl e between the RTUs.

e) RTU configuration shall be nodular to provi de expansion
of performance and capacity by adding subsystem
nodul es. This shall include the ability to add 1/0O
subsyst em nodul es.

f) RTUs shall be capable of unattended operation. RTUs
shal | automatically begin operation upon power on.

g) Each RTU shall be capable of continued operation with
the loss of conmunication to TCC as a result of either
communi cation equipnment failures or central equipnent
failures. Each RTU shall, in the event of |oss of
power, performauto-restart after resunption of power.

h) RTUs shal | support | ocal initialization and
troubl eshooting with either local control panel or
portabl e test equipnent.

6.4.7.1 RTU 1/0O

RTUs shall support digital inputs and outputs via contact closure
and relays (or optically isolated solid state equival ents such as
silicon controlled rectifiers). /O shall be electrically
isolated to protect against power surges.

| nput and output circuit wring shall be termnated at term na
bl ocks, where they wll be connected to device indication or
control circuit wiring provided by others.

For i nputs:
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a) The RTU shall provide DC voltage to an input circuit to
sense contact closure

b) Each input circuit shall be scanned such that all
events lasting at | east 500 mlliseconds are acquired

c) Abnormal or inaccurate sensing conditions due to signal
bounce and power transients shall be accomrpdat ed

For out puts:
a) The RTU shall provide and drive a relay and dry contact

b) Each digital output shall be controlled by software to
close for a specific time length; the length of tine
shall be pre-defined (and configurable) for each point
to be between 100 milliseconds and 2 seconds.

c) The RTU shall prevent unintended energizing of output
circuits upon power up and power restoration.

LED indicators shall be provided on the front of each 1/0O card
indicating the current status i.e., input contact closed, output
relay energized.

RTU I/0O subsystens (including cables) shall be equipped wth
extra capacity for both input and out puts.

6.4.7.2 Dat a Conmuni cati ons between RTUs and the Central
Equi prment

RTUs shall wutilize an Ethernet connection to the fiber optic
comuni cati ons system to comrunicate with the TCC. Speed shal
be at least 10 Mips and as nuch as 100 Mips. Signal System RTUs
shall be interfaced serially to the Conmunication Systens RTU
Error correction and detection shall utilize an industry standard
schenme (such as CCTT CRC-16) and at a mninum shall: detect all
errors of up to 16 contiguous bits; and detect at |east 99% of
all error bursts greater than or equal to 16 bits.

For RTU | ocations where the fiber optic conmunications systemis

not present, the RTU shall communicate with the TCC using a dial -
up tel ephone i ne.
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6.4.7.3 Mai ntai nability

RTUs shall :

a) Perform self-tests upon power up and on comrand from
| ocal test equipnment and from central. |/0O subsystens
and 1/0O cards shall also performself-tests.

b) Detect and report 1/0O subsystem card failures and
indicate via card LEDs

c) Det ect and indicate (via |ocal LED) | ack  of
comuni cation |ink

d) Provide for safe maintenance and testing of 1/0
circuits and safe replacenent of /0O cards while power
is applied to the RTU and 1/ 0O subsystem

e) I ncl ude and support use of portable test units which
can:

- Enul ate RTU to the TCC
- Emul ate the TCC to the RTU

6.4.7.4 Envi ronnent al Requi renents

RTUs shall be capable of continued operation between -10C and
+60C wWith up to 95% hum dity (non-condensi ng)

RTUs  shal | be capable of continued operation in the
el ectromagnetic environment where they will be |ocated, such as
TES, signal, and communi cati ons bungal ows. RTU el ectronmagnetic

em ssions shall neet FCC requirenents.

6.4.7.5 Encl osur es

RTUs shall be |located in racks or cabinets. Racks, Cabinets, and
equi pnent shall be properly grounded.

|/ O cables shall be |abeled and shall have keyed plug connectors
for connection to 1/0O cards.

6.5 REQUI REMENTS FOR | NTERFACE TO OTHER SYSTEMS
6.5.1 Service and I nspection Building Systens Interfaces

The S& building shall provide the follow ng support interfaces:

a) Bui | di ng Power
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- The building facilities provide Essential Power
and House Power for the current | oads.

- Addi tional power |oads wll be calculated to
account for any added equipnment. Requirenents
shall be communicated to building facilities for
possi bl e expansi on.

b) Groundi ng Interface

- The building facilities have provided existing
groundi ng systens. The TCC system equi pnent
utilizes two independent grounding systens. The
groundi ng systens shall have connection points in
t he Equi prent Room and t he TCC.

- The current grounding system shall be eval uated
and nodified to support any additional connections
required.

6.5.2 Signal System Interface
The signal system shall continue to provide portions of
i ndi cation and control circuitry to enable the RTUs to:

a) Al'l signal system Local Control Panel control, alarm
and Term nal Mdde functions shall be available on the
shal | be avail able at the TCC and OCS

b) Moni t or and report si gnal system power al arm
conditions, e.g.: conditions caused by events such as
bl own fuse, ground detection, AC and DC power failures

c) Monitor and report state for signal system devices such
as: track circuits/blocks, sw t ches, signals and
platformlimts.

d) Monitor and report fire alarnms at signal bungal ows

e) Request track inhibit (to prevent train entry into
closed track), and request track inhibit reset

f) Request switch inhibit (to prevent realignnment of a
switch), and request switch inhibit reset

g) Request routes of interlockings, including routes in
support of reverse train novenent

h) Support testing of signal bungalow fire alarns
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The Signal System shall provide one or nore termnal blocks to
which RTUI/O wiring can be connected, and shall provide and wire
circuitry between the termnal block and its devices.

The signal bungalows shall contain sufficient space for an
RTU Communi cations cabinet, and shall provide sufficient power
for the RTU and supporting devices.

6.5.3 Traction Electrification SystemlInterface

The Traction Electrification System shall provide portions of
i ndication and control circuitry to enable the RTUs to:

a) Moni tor and report TES al arm conditions, e.g. caused by
events such as: high substation tenperature; high
transforner tenperature; uninterrupted power system
faul t

b) Monitor and report change-of -state for traction
el ectrification system

- AC f eeder breaker

- AC over/under voltage and over current
- DC over/under voltage and over current
- DC rate of rise

c) Monitor and report change-of-state (energized/ de-
energi zed status) of OCS sections

d) Monitor and report if a circuit breaker has been pl aced
in local control node

e) Monitor and report Blue Light station |ocal | ockout
state, and support testing of energency traction power
di sconnect from Bl ue Light stations

f) Monitor and report fire alarns at TESs

g) Command open and/or close of DC and AC circuit breakers

h) Command di sconnect/restoration of DC power to a
catenary section

i) Support testing of TES bungal ow fire al arns

1) Monitor presence of voltage indication on station Buss
and catenary sections
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The TES shall provide one or nore termnal blocks to which RTU
I/Owring can be connected, and shall provide and wire circuitry
between the termnal block and its devices.

The TES substation bungal ows shall contain sufficient space for
an RTU Communi cations cabi net, and shall provide sufficient power
for the RTU and supporting devices.

6.5.4 Station Facilities and Ventilation System Interfaces

Station facilities and ventilation system shall provide portions
of indication and control circuitry to enable the RTUs to:

a) Moni tor and report fire/snoke alarnms in:

- Tunnel areas and underground station(s)
- Aerial Stations

b) Monitor and report activation of |ocal Fire Managenent
Panel s at tunnel areas and underground station(s)

c) Monitor and report change-of-state for ventilation
equi pnrent (fans and danpers) in tunnel areas and
under ground station(s)

d) Monitor and report station high tenperature alarnmns,
e.g., in equipnent roons, bungal ows, interface cabinets

e) Monitor and report alarm conditions for station
envi ronnmental control equi pnent:

- Fire water punp (low water |evel)
- Sprinkl er system
- Air conditioning system

f) Monitor and report high water alarm state from tunne
sunp punps

g) Monitor and report station power-rel ated al arns:

- Primary AC feed and circuit breaker
- Station UPS (transfer to/failure)

h) Monitor and report fare vending equipnent intrusion
al ar s

i) Monitor and report intrusion alarns at sel ected areas

i) | ssue "test"” control to fire alarns in:
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- Tunnel areas
- Non-tunnel areas

K) Control wventilation fans and danpers in tunnel and
under ground station areas

The station facilities, station environnmental control system and
ventilation system shall provide one or nore termnal blocks in
each communi cati ons equi pnent roomto which RTUI/Owring can be
connected, and shall provide and wre circuitry between the
term nal block and its devices.

The station conmmunications equi pnent roons shall contain

sufficient space for and RTU Comruni cations cabinet, and shall
provi de sufficient power for the RTU.
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GHAPTER 7 - FARE GALLECTI ON

7.1 GENERAL

The DART Light Rail (LRT) Fare Collection Systemconsists of fare
collection equipment and a related Centralized Data Collection
System (CDCS) .

The fare collection equipnent for the Light Rail Buildout Phase 2
System shal | use the barrier-free, self-service nethod. The fare
coll ection equipnent shall have been proven in transit revenue
service.

Each station shall have fare collection equipnent consisting of
one or nore ticket vending machines (TvM), and one or nore S and
Al one Validators (validators). Each TVW shall have the capability
to vend single-ride and day pass tickets, of various pricing
levels. The TWM shall issue tickets already validated or not
val i dat ed. Validators shall wvalidate pre-purchased tickets by
stanping an inserted ticket with current date, issue tinme, and a
val i dat or code.

Transit patrons shall purchase tickets, validate them if
necessary, and retain the validated tickets as evidence of paynent
for passage throughout the system

The fare col | ection equi pnent shall be designed to nmeet applicable
standards such as the National Hectrical Code (NEC), National
Hectrical Safety Code (NESC), and Underwriters' Laboratories,
Inc. (uL), and the local codes of authorities having jurisdiction.

The fare col |l ection equipnent shall be designed to neet the rules
in Title 49, Code of Federal Regulations, Part 37 resulting from
the Anericans with Dsabilities Act. In particular, rules related
to Autonated Teller Machines (49CFR37, Appendix A Section 4.34)
and appended guidelines for Gontrols and Qperating Mechanisns
(Appendi x Section a4.27) nust be addressed in the fare collection
equi pnent desi gn.

7.2 TTCKET VENO NG MACH NES

TVMs shall:

a) D spense tickets according to fare policy
b) Accept US coins for paynent
C) Accept US bills for paymnent

d) Have a display to provide information to patrons that
is fully visible in direct sunlight

e) Meet all applicable requirenents of ADA

f) Have buttons that allow Patrons to make choices
regardi ng | anguage, zones, type and quantity of tickets

g) Recirculate coins
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h)
i)
3)
K)

1)

7.2.1

Have suppl enental change units
Accept overpayments and issue overpaynent tickets
Have cancel button

Allow purchase of multiple tickets 1in a single
transacti on
Meet the tenperature requirenments  of the |ocal
environment

Coi n and Bank Not es

The TvM shall accept, validate and retain only United States

coins.

a)

b)

d)

e)

Goi ns accepted and validated shall only include:
- Dol | ar coi ns

- Fi fty-cent coins

- Quarters

- D nes

- N ckel s

The coin validator shall be configurable to accept an
Authority defined token.

The TW shall return change.
The coin systemshall consist of:

- Goin re-circulation unit capable of handling all
above coin denomnations wth the exception of
Fifty-cent coins.

1) Recept acl e capacity of 70 coins per unit

- Qoin escrow units that return the exact sane coins
deposited during that transaction.
1) M ni mum size based upon the re-circulation
uni t

- Suppl enental change units
1) M ni num capacity of 700 coins

- Goin Vaul ts
1) M ni num si ze of 366 cubic inches

2) Vi ght not to exceed 10 pounds enpty

Any conponent of the coin system shall be renovable
and, when renoved, the TW shall remain in service for
bank note transactions.

The TW shal|l accept, validate, and retain only United States bank

notes.
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Bank Note capability shall include the foll ow ng:
a e dol | ar

b Fi ve dol | ar

C Ten dol | ar

d) Twenty dol | ar

Accepted bank notes shall be stacked and stored separate and apart
fromthe coinage in a | ocked vault.
a; M ni num capacity of 1,000 bills

b Vi ght not to exceed 10 pounds enpty
Bank notes shall be accepted in all four orientations.
The bill validator shall reject foreign objects and all bank notes
not in acceptabl e condition.
The bill system shall be renovable and, when renoved, the TvM
shall remain in service for coin transactions.
The TW shall contain a bill escrow unit that holds up to 15
bills.
7.2.2 Ti cket Stock

The TWishal|l dispense ticket stock as follows:

a) M ni mumof four (4) unique ticket stocks.
7.2.3 User | nformation
Each TWMshal|l facilitate ticket purchase by:

a) Logi cal |y arranged st ep- by-step ticket pur chase
I nf ormat i on

b) Presenting infornation in the follow ng forms:
- Aneri can Engli sh
- Spani sh
- Information that conplies with Title 49, Code of
Federal Regulations Part 37

7.2.4 D spl ay

The TWishal |l contain a patron user display device and the display
device shall provide informati on necessary to purchase ticket(s).

7.2.5 Addi ti onal TVM Feat ures
The additional follow ng TW features shall be provided:

a) CGancel Button - To immediately cancel the transaction
and return any coins or bills that are held in escrow
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7.2.6

b)

d)

f)

9)

h)

i)

Automatic Time-Qut - |If a transaction is not conpleted
within a preset time, the TvM shall cancel the current
transaction and prepare for the next transaction.

Recording of Transactions - The TVWM shall record each
and every transaction. As a mninumthe follow ng data
shal | be recorded:

-~ Dat e

- Ti me

- Event code

- Enpl oyee code

~ Totals for each ticket type selected

- Total transaction val ue

- Qver paynent s

- Al M ntenance and Revenue access and the actions
taken.

- Gount by bill and coin type received for all
vaul ts and hoppers.

Progranmmng Capabilities - The TWM shall have the
capability to be programmed by authorized service
personnel to nodify the ticket printed and to update
the fares associated with each button.

Authorized service personnel shal | have the
capability to nodify (through the (DCS the naxi num
change ret urned.

Authorized service  personnel shal | have the
capability to nodify (through the CDCS the bank
not es denom nations accept ed.

An audit register ticket showng vaulted noney shall
be created for counting roomaudit purposes.

Environnental - The TVW nust be suitable for outdoor
operation in exposed locations under the full range
of climatic conditions as detailed in the Design
QOiteria Manual . Vol une 2, Systens, Chapter 1.

Ergonomc Factors - Design for:
- pti mzed human factors perfornmance
- Patron i nformati on and i nstructions
- Ti cket purchasi ng net hods and operations
- Revenue and ticket stock servicing
- TVM nal nt enance ser Vi ci ng

TVM D nensi ons
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Qveral | TvM di mensi ons above nounting base:

W dt h: 3ft - Gn
Dept h: 2ft - Gn
Range of operabl e control: I n accordance w th ADA
requirements
Cabi net over hang: Not |ower than 80in
Access: Wieel chair front and side
7.3 T KET VENO NG MACH NE HARDWARE REQU REMENTS

The TvMs shall be constructed of nodul ar conponents that provide
for ease of naintenance and servicing, including:

a) Mbdul ar har dware desi gn
b) Lowest | evel replaceable unit nodul es

C) Provi de nodul e exchange net hod for machi ne servici ng
fromthe front

d Acoin slot with verifier and escrowunit to validate
the coins used as payment.

e) Qinre-circulating unit: _ _
- Allows current use of inserted coins for naking of
change.

~ Requires the change to cone fromthe re-
circul atln% unit until it is enpty.
- Wienever the

re-circul ati n% unit cannot di spense
chanPe, then change shall be dispensed fromthe
suppl enental change units.

f) Goinvaults for:
- Recel ving coi ns
- Securing coins

9) Integrated bill acceptance system:
- Bank note acceptor and verifier
- Escrow uni t

h) Bill vaults with stackers for:
~ Recei vi ng bank notes
- Securi ng bank notes

i) The coin and bill vaults shall be uni (1uely keyed and:
- Be gr otected so that they can only be opened by
aut hori zed personnel in the counting room
- Have an exclusive, secured chanber 1n the TVM

assenbly or pedestal.
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j) Aticket tray for:
- Ti cket di spensi ng
- Ret urni ng change
K) M croprocessor logic for:
- Control | ing the machi ne
- Monitoring its condition
1) Data shall exit the nmachine by way of fiber optic cable
stubbed up into the TvM base.
m Power Backup to: _ _ _
- Conmpl ete the |ast ticket transaction if noney has
al ready been inserted. _
- Ensure that the data is keep intact so that events
may be tracked.
- Maintain the local alarmfor at least four hours.
n) Provide for a local shut-off for the local alarm
0) A security systemas described in Paragraph 7.5,
Security
0)) Sufficient memory capacity to electronically retain all
transactional data for repl acement of hard drive or
subsequent transmittal to data storage facility:
- A1 data format _
- Renovabl e nenory device (i.e. PCOMJA card or
f1 oppy)
q) Renote nonitoring and reporting over the communi cations
network.
r) The TWnay include:
~ Bank credit/debit card reader/validator
- Qedit card reader/validator
7.3.1 Equipment Encl osure
The TWM cabi net characteristics shall include the follow ng:
a) Constructed from stainless or cold-rolled, commercial-
quality steel.
b) Provide front access
c) Be free of sharp edges and burrs on all exterior
surfaces including all controls and appurtenances.
d) Built to resist damage to exterior cabinet and

conponents due to abuse and vandalism and shal | further
protect all accessible conponents of the nachine from
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7.3.2

7.4

b)

unaut hori zed entry.

No screws or hinges shall be accessible from the
exterior

Al netal parts that can be contacted by patrons shall
be electrically grounded.

Li ghti ng

TvM shall be equipped with a fluorescent |ighting
fixture to illumnate the front and back areas when the
anbient light conditions are |ow

Fl uorescent lighting shall be controlled by a
phot oel ectric sensor.

There shall be an interior cabinet light to aid
mai ntenance  and  service personnel, phich shal |
automatically illumnate each tine the cabinet door is
opened.

Uility GConnections

The TvMs shall take power from a branch of the station
service at 120 volts ac, 60 Hz, single phase.

Power shall enter the nmachine by way of conduit stubbed
up into the base area.

RELI ABI LI TY AND NMAI NTAI NABI LI TY
The TW shall be required to nmeet mninumreliability
standards. The equipnent shall have a design life of a
m ni numof 15 years.

The software logic shall include a diagnostic
capability that shall identify defective nodul es.

Faults shall be self-diagnosing and reported by event
with detailed error codes.

Mai ntenance infornation shall be retained at the TVM
and al so sent to the QCS

SEAR TY

Each TW shal |l be designed and nounted to mnimze the
effects of tanpering and vandal i sm

Vault access shall wuse controlled keying and high
security locks that are nounted to prevent tanpering.
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C) Al exterior doors shall be locked with at least a
three-point latching device with a bascule bolt and a
hook | ocking bar, or DART approved equivalent.

d) Access to the TW for nmaintenance functions shall not
provi de access to the noney vaults.

e) The TWM shall detect intrusions and shall signal the
Train Control Cent er (T via the LRT System
communi cati ons network.

f) In the event the door on the TVWM should be opened
W thout proper authorization, an audible alarm shall
annunciate this condition locally at the nachine and
iLmediately send the alarm nmessage to the (OCS and to
the Tcc.

Q) The communi cat i ons link  integrity  shall be
automatically checked on a periodic basis to confirm
that it is functional.

CENTRALI ZED DATA CCOLLECTI ON SYSTEM

a) The TWs shall be networked together for information
transfer between the C(DCS and each TW i nstall ed.

b) The (CS provides:
Transaction record integrity when noving data from

the TYWto the Data Storage Conputer.

- Daily TW polling to ensure transmttal of data
fromthe TWMto the CCS

- Data repository for all event and transactional
data.

- Gontrol of various TVM operating paraneters from a
renote location to allow new system files to be
sent to the TvMs.

- A vehicle to generate required system reports.

C) The CS shall receive status indication from the TW
via the conmmunications network.

d) At a mnimum the followng TVM originated infornation
shall be transmtted to the COCS

- Intrusion Alarm Data
1 Machi ne i1dentification nunber
2 Event code triggered
3) Date and tinme

- Transaction Data
1 Machi ne identificati on nunber
2 Date and tine

3) Qver paynent anount

4) Escr ow anount
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f)

b)

d)

Fare cCollection, Chapter

5% Card nunber

6 Ti cket information
i. Type
ii. Value
L. Quantities
Event Data

- Machi ne identification nunber
- Date and time

- BEvent code

- Access information

Revenue Contai ner Insertion and Renoval
- Dat a Machi ne identification nunber
Date and tine
Revenue contal ner identification

- Enpl oyee 1D
VAL| DATORS
Val idators shall:

~ Be stand-al one devices _
- Inprint an inserted ticket wth:

1 Dat e

2 Ticket expiration timne

3 Station

4 Val i dator identification code

Inmprint narks shall be clearly visible on the ticket.

-

Approxi mate validator dinensions excluding its nounting

post or ventilating hood shall be:

Height: 27in
W dt h: 14i n
Cept h: 14in

Range of operable control: _
- In conpliance with ADA requirenents
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CHAPTER 8 - CORROSI ON CONTROL
8.1 GENERAL
8.1.1 Pur pose

This chapter describes design requirenents necessary to provide
corrosion control for DART LRT System Corrosion control systens

shal | : prevent premature corrosion failures; mnimze stray
current effects on DART owned and other underground structures;
and be economical to install, operate, and naintain.

8.1.2 Transit System Description

Traction power for transit vehicles is supplied by a nom nal

750-volt DC overhead catenary system The catenary system is
energi zed by Traction Power Substations |ocated along system
route. The running rails of each track are used as negative
conductors for the return of traction power to substations. The
system operates on fixed facilities, such as aerial and at-grade
trackway facilities. Negative return rails are crossbonded at

approximately 2000 ft. intervals to maintain electrical

continuity and equal potential levels for all rails.

8.1.3 Scope

Corrosion control design criteria enconpass all engineering
disciplines applied to the project. The criteria is separated
into three areas: Soil Corrosion, Stray Current Corrosion and
At nospheric Corrosion Controls. The <criteria for each are
descri bed bel ow.

a) Soil Corrosion Control. Criteria shall apply to
systens or neasures installed to mtigate corrosion
caused by soils and ground waters. Designs shall be

based on the corrosive characteristics of soils as
docunented in the predesign investigations report or
from actual on-site neasurenent, if necessary. The
report shall be used by the designer to aid with the
design and preparation of construction contract
docunents.

b) Stray Current Corrosion Control. Criteria shall apply
to systenms or neasures installed with the traction
power system and trackwork to assure that stray earth
currents are maintained within acceptable ranges based
on system characteristics and the characteristics of
ot her underground facilities.
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c) At nospheric Corrosion Control. Criteria shall apply to
systens or neasures installed to mtigate corrosion
caused by local climatological conditions and air

pol | ut ant s. Design shall be based on the corrosive
characteristics of the atnobsphere as docunented in the
predesi gn investigations report. The report shall be

used to aid wth the design and preparation of
construction contract docunents.

8.1.4 I nterfaces

Corrosion control engi neering shal | be interfaced and
coordinated wth other desi gns, including the utility,
mechanical, civil, structural, electrical, trackwrk, traction
el ectrification, envi ronment al , geot echni cal , architectural,

safety requirenent system groundi ng, bonding design for |ightning
protection, and signals and communi cations system designs. The
DART system shall be designed and constructed in segnents,
corrosion control shall be coordinated throughout the design,
installation, and start-up process of each segnent.

8.1.5 Expansi on Capability

The design criteria contained in this chapter applies to each
construction segnent. However, the corrosion control criteria
shal | be applicable to the entire system wthout nmajor
reconfiguration, reconstruction, redundancy and duplication of
equi pnent . Uni que prototypes and experinmental systens of a
research nature are discouraged. Any such systens or prototypes
must be reviewed and approved by DART prior to their
i npl enentation and prior to incurring any costs for billing to

the Authority.

8.2 SO L CORROSI ON CONTROL (BURI ED STRUCTURES)

8.2.1 Pur pose

The purpose of this section is to provide criteria for designs to
prevent corrosion of DART structures due to soil and water
condi tions. The designs shall be based on achieving a 75-year

life for buried structures. Were failure would affect safety or
interrupt continuity of operations, corrosion control provisions
shall be required for all facilities regardless of |ocation and
material for construction.

Materials of Construction. Al'l  piping (pressure and non-
pressure) and conduit shall be non-netallic unless netallic
materials are required for specific engineering purposes. Use of
netallics nmust be supported by engineering cal cul ati ons when used
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in lieu of non-netallics. Alumnum and its alloys shall not be
used for direct burial purposes.

8.2.2 Scope
The structures which may be affected by soil and water corrosion
shall be identified. Typically, these include, but are not
limted to:

a) Ferrous or concrete tunnel liners

b) Buried and on-grade reinforced concrete structures

c) Pier and piling structures

d) Ferrous pressurized piping (water, fire water, sewage
ejectors, and so forth)

e) Hydraulic elevator and lift cylinders

f) Chilled water systens

g) Under gr ound st orage tanks

h) O her underground structures

Designs shall be provided for DART structures to permt a safe
and reliable operation for the 75-year |life span specified above.
Corrosion control measures for structures owned by others shal
be coordinated with the interested owner(s). Thi s coordination
shall be required to resolve design conflicts and to mnim ze the
i mpact of other designs, such as interference of cathodic
protection. All contacts with owners of other structures shal
be coordi nated t hrough DART

8.2.3 Design of Soil Corrosion Prevention Systens

Protection of metal structures shall include corrosion contro
techniques such as coating, electrical isolation, electrical
continuity, and cathodic protection. The corrosion control
desi gner shall coordinate the designs to identify concrete
structures subject to attack, and shall specify cenent types in
accordance wth ASTM C 150. For severe environments,

suppl enental coatings shall be specified.

a) Coatings. Coatings specified for corrosion control of
buried netallic or concrete facilities shall neet the
followng mnimumcriteria:

- M ni mum vol une resistivity of 10'° ohntentinmeters

- Thi ckness as recomended for the specific system
but not less than 15 mls

- Provi de a chem cal or nechanical bond to netal or

concrete surface. Pressure sensitive or
nonbondi ng systens are not acceptabl e.

8-3 May 2005 Revision 4



Design Criteria Manual Corrosion Control, Chapter 8

b)

- A mnimum five year performance record for
i ntended service.

- MII application wher ever possi bl e, W th
conpati ble tape systens for field application.

- Mechani cal characteristics capable of wthstanding
reasonable abuse during handling and earth
stresses after installation for the design life of
the system

- Desi gn shal | specify surface preparation
application procedure, prinmer, nunber of coats,
dry film thickness, testing and repair procedures

for the specific system used. Sui tabl e generic
coating systens include but are not limted to the
fol | ow ng:

1) Ext ruded Pol yet hyl ene/ Butyl Based System
2) Coal Tar Epoxies (Two Conponent Systens)

3) Pol yet hyl ene Backed Butyl Mastic Tapes (Cold
Appl i ed)

4) Bi tum nous Mastics (Airless Spray)

El ectri cal | sol ati on. Devices wused for electrica
insulators for corrosion control shall include non-
netallic inserts, insulating flanges, coupl i ngs,

uni ons, and concentric support spacers. Devices shall
nmeet the following mnimumecriteria:

- Devi ces shall have a mninmum of 10 negohns prior
to installation and shall have nechanical and
tenperature ratings equivalent to the structure in
which it is installed.

- Devi ces shal | have sufficient el ectrical
resistance after insertion into the operating
pi ping system such that no nore than 2% of a test
current applied across the device flows through
the insulator, including flow through conductive
fluids if present.

- Devices (except non-netallic wunits) buried in
soils shall be encapsulated in a non-conductive
heat shrink sl eeve in accor dance wth
manuf act urers reconmendat i ons.
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d)

- Devices installed in chanbers or otherw se exposed
to partial imersion or high humdity shall have a
protective coating applied over all conponents.

- Design shall specify the need for, and |ocation
of, insulating devices. Al'l devices shall be
equi pped with permanent test facilities when they
are not accessible or when specialized equipnent
is necessary for access.

- Wherever possible, a mninmm clearance of siXx
i nches shall be provided between new and existing
structures. Wen field conditions prohibit a six-
inch clearance, the design shall include special
provisions to prevent electrical contact with the
exi sting structure(s).

Electrical Continuity. Electrical continuity shall be
provided for all non-wel ded pipe joints and shall neet
the followng mnimumcriteria:

- Use direct burial insulated, stranded copper wres
with the mnimum length necessary to span the
devi ce bei ng bonded.

- Wre size shall be based on the electrical
characteristics of the structure and resulting
network to mnimze attenuation and allow for
cat hodi ¢ protection.

- A M ninmumof two wires shall be used per joint for
r edundancy.

- Exotherm c wel ds and adjacent bared piping shal
be coat ed.

Cat hodic Protection. Cathodic protection systens shall
be provided for buried netallic structures consistent
with the structure Iife objectives. Werever feasible,
cat hodi c protection shal | be acconpl i shed by
sacrificial galvanic anodes to mnimze corrosion
interaction with other underground utilities. Inpressed
current systens shall be wused only when wuse of
sacrificial systens is not technically and econom cally
f easi bl e. DART shall approve use of these systens at
the conceptual stage prior to detailed design.
Cat hodi ¢ protection schenes using forced drainage of
transit induced stray DC currents that require
connections to the negative systemshall not be used.
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- The cat hodic protection design shall consider the
fol | ow ng:

1) Presence of anaerobic bacteria
2) Need for nutual protection schenes
3) Limtation of cathodic potenti al

4) | naccessibility after construction IS
conpl et ed

5) Need for nonitoring facilities

- Cat hodi ¢ protection system design shall be based
on theoretical calculations for each system
i ncluding the foll owi ng m nimum paraneters:

1) Cat hodic current density (mninmum 1.0/ ma/ft?
of bare area)

2) Current requirenments
3) Antici pated current output/anode

4) Assunmed percentage bare surface area (m ni num

19
5) Indicated total nunmber of anodes, size,
spaci ng

6) Anti ci pated anode bed resistance

7) The sum of the anticipated anode life and
time to failure based on corrosion rates
anticipated at 90% cunulative probability
| evel, shall not be |less than 75 years.

| npressed Current Systens. |Inpressed current rectifier
systens shall be conpletely designed using variable
voltage and current output rectifiers. Rectifiers
shall be rated a mninum of 50% above calculated
operating |levels to overcone a higher than anticipated
ground bed resistance, lower than anticipated coating
resi stance, or presence of interference bonds. Q her
conditions which may result in increased voltage and
current requirenments shall be consi dered.
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WAt er Tr eat nment . Chem cal treat ment of chiller,
condenser and boiler supply and return systens shall be
designed to mnimze internal corrosion and to prevent
conponent fouling. Water treatnent systens shall be
designed to prevent corrosion rates in excess of 2.0
mls per year for steel and 0.1 ml| per vyear for
copper. Provisions for corrosion rate neasurenents
shall be made in the return |lines. Al'l  chem cal
treatment systens shall conply wth environnenta
protection requirenents. The corrosion control design
shall include appropriate neasures and provide space
requirenents for treatnent equipnent.

Test Facilities/ Testing. Test stations consisting of
two structure cables, one reference electrode,
conduits, and term nation boxes shall be designed to
perm t initial and periodic tests of cat hodi c
protection levels, interference currents, and system
conponents (anodes, insulated fittings, and continuity
bonds). The corrosion control design shall specify the
| ocations and types of test facilities for each
cathodi c protection system

Materi als and Structures

Ferrous Pressure Piping. Al DART owned buried cast
iron, ductile iron and steel pressure piping shall be
cat hodically protected. Designs shall be provided by
the DART and will include the follow ng:

- Application of a protective <coating to the
external surfaces of the pipe (See Coatings
8.2.3.b).

- El ectrical insulation frominterconnecting piping,
ot her structures, and segregation into
electrically insulated discrete sections dependi ng
upon the total length of the piping (See
Electrical Insulation 8.2.3.c).

- Electrical <continuity through installation of
insulated copper wres across all nechanica
joints other than intended insulators (See
El ectrical Continuity 8.2.3.d).

- Per nanent test/access facilities installed at all
i nsul ated connections and at intervals of not
greater than 200 feet, to allow for t he
verification of continuity, the effectiveness of
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b)

d)

insulators and coating, and the evaluation of
protective |evel.

- | mpressed current anodes and rectifier units or
sacrificial anodes; the nunber of anodes and the
size of rectifiers shall be determned on an
i ndi vi dual structure basis.

Copper Pi pi ng. Buried copper pipe shall have an
exposed and accessible insulating union installed at
all locations where the piping enters through a
building wall or floor. A non-netallic, insulating,

and watertight seal shall be installed at each pipe
penetration point to separate the piping from building
structural elenents.

Rei nforced/ Prestressed Concrete Pressure Pipe. The
design and fabrication of reinforced concrete pipe and
steel cylinder pre-stressed concrete pipe shall include
the foll ow ng:

- A low perneability concrete by controlling the
wat er/cenment ratio (ratios of 0.3 for core
concrete and 0.25 for nortar are preferred, but
industry practices may result in changes to these
| evel s).

- Maxi rum of 200 ppm chloride concentration in
m xi ng water for concrete.

- Ceneral use of Type | Portland Cenent.

Concret e/ Rei nforced Concrete. For concrete in contact
with soils, design shall be based on the foll ow ng:

- Use of Type | Portland Cenent.
- Maxi mrum wat er/ cenment ratio of 0.45 by weight.

- Maxi mum 200 ppm chloride concentration in m Xxing
wat er and adm xtures conbi ned.

- Mnimum 2 in. of concrete cover on the soil side
of all steel reinforcenent when the concrete is
poured within a formor a mnimum 3 in. of cover
when the <concrete is poured directly against
soils.

Gravity Fl ow Pi pi ng (Non-Pressured)
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- Corrugated steel piping shall neet the follow ng
m ni mum

1) Application of a sacrificial nmetallic coating
and an outer organic barrier <coating to
interior and exterior surfaces.

- Cast or ductile iron piping shall be designed and
fabricated to nmeet the follow ng m nimuns:

1) Use an internal nort ar lining wth a
bi t um nous steel coating on ductile iron only
(not required for cast iron soil pipe).

2) Use a bonded protective coating or unbonded
dielectric encasenent on t he ext er nal
surfaces in contact with soils.

3) Use a bitumnous mastic coating on the
external surfaces of pipe 6 in. from each
side of a concrete/soil interface.

- Design, fabrication and installation of reinforced
concrete non-pressure piping shall include the
foll ow ng m ni muns:

1) Wat er / Cenent ratios meet i ng m ni mum
provi si ons of Anerican Wat er Wor ks
Associ ation (AWM.

2) Maxi mum 200 ppm chloride concentration in
m Xi ng wat er.

El ectrical Conduits. Buried netallic conduits shal
i nclude the foll ow ng m ni mum

- Gal vani zed steel with a PVC top coat or other
coating acceptable for direct burial, including
couplings and fittings.

- Gal vani zed steel with a mninmnumof 3 in. concrete
cover on soil sides wi thin duct banks.

- Electrical continuity through use of standard
threaded joints or bond wires installed across
non-t hr eaded j oi nts.

Hydraulic Elevator and Lift Cylinders. Steel hydraulic
elevator and [|ift cylinders shall be designed,
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h)

fabricated and installed to neet the followng
m ni NMuUNs:

- Application of an external protective coal tar
epoxy or coal tar tape <coating resistant to
deterioration by petroleum products (hydraulic
fluid).

- An outer concentric fiberglass reinforced plastic
(FRP) casing. Casing thickness dianeter and
resistivity shall be designed to prevent noisture
intrusion (including the bottom), and to naxim ze

electrical isolation between the cylinder and
earth.
- Silica sand fill between the cylinder and FRP

casing with a mninum resistivity of 25,000 ohm
centineters, a pH of between 7.0 and 7.5 and a
maxi mum chl ori de concentration of 200 ppm

- Cathodic protection through the use of a PVC
Sl eeve to isolate the cylinder.

- A renovabl e noisture-proof sealing lid shall be
installed on the top of the casing prior to

installation of the cylinder. The top of the
casing shall be permanently sealed against
noi sture intrusion after installation of the
cyl i nder.

Support Pilings. Designs based on using a steel shell
filled with reinforced concrete with the concrete as

the 1oad-bearing nenber wll not require further
corrosion control neasures. Desi gns based on the use
of netallic supports exposed to the soil, such as
piles, shall wuse protective coatings and cathodic

protection. The need for any special neasures shall be
based on the type of structures, analysis of soil
borings for the corrosive characteristics of soils, and
the degree of anticipated structural deterioration
caused by corrosion.

Subway Structures

- Cut and Cover Constructi on. Cast-in-pl ace
concrete shall include the follow ng provisions:

- Type V Cenent, or a fly ash nodified Type II

Cenment, capable of resisting groundwater sulfate
concentrations in excess of 1,500 ppm

8- 10 May 2005 Revision 4



Design Criteria Manual Corrosion Control, Chapter 8

- Maxi mum wat er/ cenment ratio of 0.45 by weight and
use of an air entrainnment, adm xture to establish
a dense, low perneability concrete in accordance
with Anerican Concrete Institute (ACI) standard
speci fications.

- Maxi mum chl ori de concentrations of 200 ppmin the
cenent, mxing water, aggregate, and adm xture
conbi ned.

- Concrete cover over rei nforcing st eel in
accordance with ACH codes, but not less than 2
i nches for those surfaces exposed to soils.

i) Bored Construction. Corrosion control for concrete or
ferrous tunnels shall be determ ned pending the result

of soil boring analysis. Alternatives w Il include
coati ngs, bondi ng, cathodic protection and test
el ectrodes.

K) Non-Metallic WMaterials. Plastics, fiberglass, and
other non-netallic materials for pressurized piping may
be appropriate to aid in corrosion control. The

corrosion control design shall consider the foll ow ng:

- Manuf acturer's recomendati ons

- Mechani cal strength and i nt ernal pressure
limtations

- El asticity/ expansi on characteristics

- Conparative costs

- Expected life

- Fai | ure nodes

- Local codes

- Prior experiences wth the proposed non-netallic
material in simlar applications.

8.3 STRAY CURRENT CORRCSI ON CONTROL
8.3.1 Ceneral

This section provides criteria for designs to mnimze the
corrosive effect of stray currents from the DART system on DART
structures and adj acent structures owned by ot hers.

Stray current control shall reduce or limt the level of stray
earth currents at the source, under normal operating conditions,
rather than trying to mtigate the corresponding effects
(possibly detrinental) which may otherwise occur on DART
facilities and other underground structures being inpacted by
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DART Light Rail Operations. The basic requirenents for stray
current control, which have been established, are as foll ows:

Qperate the DART nmainline system with no direct, or indirect,
el ectrical connections between either the positive or negative
traction power distribution circuits and ground.

The system structures which may be affected by stray current
shall be identified and designs to mnimze the inpact of stray
currents fromthe DART system shall be provided.

8.3.2 Scope

Structures and systens that are used to control stray current
| evel s or may be affected by stray currents shall be identified.
Typically they include, but are not limted to:

a) Conmponents of traction power electrification system
b) Trackwor k conponents

c) Rei nforced concrete structures

d) Metal lic pipes

e) Metallic or concrete tunnel liners

f) Metallic Piles

Designs shall be provided to permit safe and reliable operation
of the underground structures and to maintain their expected life
span. Designs shall be coordinated with the outside agencies
t hr ough DART.

8.3.3 Traction Power System

The traction power distribution system shall be separated into
three electrically isolated sections: the mainline, yards, and
shops.

a) Tracti on Power Substations

- Substations shall be spaced at intervals such that
track-to-earth potentials along the main line wll
be within the range of normal operating voltage
during normal revenue operations.

- Substations shall be provided with access to the
negative bus for stray current nonitoring. Access
shall be provided either inside through use of
dedi cated wall space, if available, or outside
t hrough use of a weather tight enclosure wth an
open conduit between the enclosure and the
negati ve bus.

8-12 May 2005 Revision 4



Design Criteria Manual Corrosion Control, Chapter 8

b)

Provisions to nonitor track-to-earth potentials
continuously using pernmanent installed recorders
shal | be included.

Positive Distribution System

Resi st ance-to-Earth Criteri a

1) The positive distribution circuit, consisting
primarily of the overhead distribution and
cont act system shal | have a m ni num
effective in-service resistance to earth of
at least one mllion ohns per 1,000 FT of

double catenary system This resistance
shall be reasonably maintainable during the
anticipated life of the overhead system

(approxi mately 30 years).
El ectrical G ound Connections, OCS Support Pol es

1) For | ocati ons ot her t han at aeria
structures, electrical ground facilities for
adj acent OCS support poles shall not be
i nt erconnect ed. This wll elimnate the
possi bl e transference of stray earth
currents, from one portion of the transit
systemto another, because of an electrically
conti nuous ground system

2) Where OCS poles shall be located on aerial
structures, provisions shall be nmde to
i nterconnect these electrically and connect
themto a ground el ectrode.

The positive distribution systemshall be operated
as an electrically continuous bus with no breaks,
except during energency or fault conditions, and
with intentional electrical segregation of yard,
shop and nmainline traction power distribution
systens.

Negative Distribution System

Resi stance-to-Earth Criteria for mainline running
rails, i ncluding special trackwork and all
ancillary system connections shall be designed to
have the followi ng mninmm in-service resistance
per 1,000 ft. of track (2 rails):
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d)

e)

1) Aerial - 625 Chns/ 1,000 ft.-2 Rails

2) At Gade - 625 Chns/ 1,000 ft.-2 Rails

3) Grade Crossings - 300 Ohnns after installation
4) Enbedded Track - 150 Chns/ 1,000 ft.-2 Rails
5) Tunnel - 625 Chns/ 1,000 ft.-2 Rails

Rail to ground resistance shall be continuously
nonitored during construction to detect variations
or decreases in the resistance. | nvesti gati ons
shall be initiated as soon as a |ow resistance
reading is detected and the adverse condition(s)
repaired imrediately by the Contractor at no
addi ti onal expense. Delay of repair(s) could
i npact additional construction elenents and result
in higher repair costs.

These <criteria shall be net through use of
appropriately designed insulating track fastening
devices such as insulated tie plates, rail clips,
direct fixation fasteners, or other approved
nmet hods. Test facilities shall be included, to
the extent necessary, to determ ne resistance-to-
earth levels during construction and operations.

Track Crossbonds

Auxi |

Crossbonding shall be provided, as required, to
nmeet criteria for traction power, signaling, and
ot her considerations. Track crossbonds shall be
provi ded between mainline inbound and outbound
tracks at the following locations for stray
current control:

1) At each traction power substation.

2) Wthin 500 ft. of passenger station platforns
if not covered by above or other criteria for
crossbhonds.

iary

Switch machines, train control devices, train
comuni cati on systens and ot her devices or systens
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whi ch may contact the rails shall be electrically
i solated from earth. The criteria shall be et
t hr ough t he use of dielectric material s
electrically separating the devices/systens from
earth such that the mninum resistance-to-earth
criteria are nmaintained.

f) Yar ds
- The yard/ mainline traction power segregation point
shall be Jlocated such that all track on the
mainline side of the segregation point is

electrically insulated from earth and neets the
m ni mum resi stance-to-earth criteri a.

1) The vyard traction power substation shal
i ncl ude provi si ons for ener gency
interconnection to the mainline traction
power system

2) Substations shall be provided with access to
t he negative bus for stray current
nonitoring. Access shall be provided either
i nside through use of a dedicated wall space,
if available, or outside through use of a
weat her tight enclosure with an open conduit
bet ween the encl osure and the negative bus.

3) Yar d/ Mai nl i ne track shal | i ncl ude t he
foll owi ng m ni mum provi sions at end of track,
or prior to rail insulated joints where
bunper posts are installed:

- Use of high-resistivity, well drained ballast

mat eri al .

- A mnimum of 1 in. clearance between the ball ast
material and all netallic surfaces of the rail and
of netallic track conmponents in electrical contact
with the rail.

- Al'l dead-ended tracks shall have insulated joints
installed to isolate bunping posts or simlar
devices that are electrically grounded.

- Al'l dead-ended track shall have the negative power

rail crossbonded to other negative power rails
within ten ft. of the end of the track.
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- Cross-bondi ng negative feeder cables shall utilize
a main cable run (possibly several cables) wth
taps to negative power rail(s) as opposed to |ong
runs of individual cables connected to single
negative power rails.

- Yar d - M nimum in-service track to earth
resi stance of 20 Chns/ 1000 ft.-2 Rails.

Mai nt enance Shops

- Rail insulators shall be installed i mediately off
the apron to avoid breaking of the apron concrete
if a shorting condition occurs in the insulator.

- Shop traction power shall be provided by a
separate dedicated DC power supply electrically
segregated in both the positive and negative
circuits fromthe yard tracti on power system

- Shop track shall be electrically grounded to the
shop buil ding and shop groundi ng system

- Shop track shall be electrically insulated from

yard track by the use of rail insulating joints.
Actual locations of insulators shall ensure that
parked vehicles will not electrically short the

shop to the yard for periods of tine |onger than
that required to nove a vehicle in or out of the
shop.

Water Drainage and Infiltration

Tunnels and other below grade structures shall be
designed to prevent water from dropping or running onto
the negative rails and rail appurtenances and shall be
designed to prevent the accumul ation of free standing
wat er .

Mai nl i ne water drainage systens shall be designed to
prevent water accunulation from contacting the rails
and rail appurtenances.

Yard water drainage systens shall be designed to
prevent water accumulation around ties and rai
appurt enances.

Shop water drainage systens shall be designed to

prevent water accumulation around the rail insulating
joints imediately off the shop apron.
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8.3.5

a)

b)

DART Fi xed Facilities

Tunnel s and St ati ons

Rei nforcing steel in the tunnel and underground
passenger station inverts shall have electrical
continuity. M ni mum requirenents shall include

the foll ow ng:

1) Wl ding of al | or a portion of t he
| ongi tudi nal | ap splices.

2) welding of all | ongi t udi nal menbers to
transverse nenbers at intervals not exceedi ng
500 ft and at electrical breaks in the
| ongi tudi nal nenbers, such as expansion and
contraction joints.

Test stations shall be installed as foll ows:

1) Install test station approxinmately every 200
ft maxi mum within tunnels. The test station
will be used to nonitor stray current effects

and to provide a controlled shunt of stray
current from reinforcing steel to earth, if
necessary.

Aerial Structures

Non- bal | asted aerial structures shall be designed
to include the follow ng mninmm provisions:

1) The top layer of reinforcenent in the slab

beneat h t he t rackway shal | be made
el ectrically continuous by tack welding the
| ongi t udi nal bar s at t he splices.

Alternatively, top and bottom mt epoxy
coated rebar can be used which elimnates
this requirenent.

Collector bars shall be tack welded to the
| ongi tudi nal reinforcenent at each end of the
structure and at el ectri cal breaks in the

structure such as contraction/expansion joints.
The size of the collector can be the sane as the
transverse reinforcement. Col | ector bars on each
side of an electrical break shall be connected
with a mnimum of two bondi ng cabl es.
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- A ground electrode system shall be provided at
each end of the structure and at internediate
poi nts depending on the length of the structure.
The nunber and | ocation of rods and resistance-to-
earth of the ground electrode system shall be
determ ned for each structure.

- Test facilities shall be provided at each end of
the structure to house wires from collector bars
and the ground electrode system to nonitor stray
current effects and to provide a controlled
shunting of stray currents from reinforcing steel
to earth, if necessary.

- Metallic structural deck nenbers (reinforcing and
girders) shall be electrically insulated from
support piers.

Exi sting and new, ballasted aerial structures that are
designed to permt the electrical separation of deck
reinforcing steel from support pier reinforcing steel
shall include the provisions of aerial structures.
VWhere this is not possible, these structures shal

i ncl ude the foll ow ng m nimum provi si ons:

- The structural surface supporting the ballast
shal | be well drained.

- A wat er proof insulating nenbrane shall be
provided over the entire surface on which the
bal | ast contacts the structure.

- An electrically continuous collector grid shall
be placed between the nenbrane and the ball ast.
The width should be at |east equal to that of the
trackway.

- A ground electrode system shall be provided at
each end of the structure and at internediate
poi nts depending on the length of the structure.
The nunber and location of rods and resistance-
to-earth of the ground el ectrode system shall be
determ ned for each structure.

- Test facilities shall be provided at each end of
the structure to house wires from collector bars
and the ground electrode system to nonitor stray
current effects and to provide a controlled
shunting of stray currents from reinforcing steel
to earth, if necessary.
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a)

b)

Corrosion Control, Chapter 8

Uility Structures

Al'l piping and conduit shall be non-netallic unless
metallic facilities are required for specific
engi neering purposes. There are no special provisions
required if non-netallic materials are used.

Metallic Facilities (Main |ine)

- Pressure or non-pressure piping exposed wthin
the tunnel structure or enbedded in the invert
shall not require special provisions.

- Pressure piping that penetrates the tunnel or

station walls shall be electrically insulated
from the outside piping to which it connects and
from watertight wal | sl eeves. El ectri cal

insulation of interior piping from outside piping
shall be made on the interior of the tunnel or
station.

- Al'l buried pressure piping outside of the tunne
and station structures shall neet criteria of
Section 8.2.3

Metallic Facilities (Shops)

- Al reinforcing, structural steel and rails within
the shop building shall be electrically connected
to a common grounding grid.

- Al pressure piping within the shop building or
perimeter of the shop steel reinforcing grid shal
have the foll owi ng m ni mum provi si ons:

1) Electrical insulation from interconnecting
pressure piping located outside the shop
bui l ding or perineter of reinforcing grid.

2) El ectri cal i nsul ation from wat erti ght
wal | / f1 oor sl eeves.

3) El ectrical connection to the comon ground
grid at sufficient |ocations such that there
will be only negligible potential differences
between the piping and grounding network
during fault or normal operating conditions.

8-19 May 2005 Revision 4



Design Criteria Manua

8.

3.

Corrosion Control, Chapter 8

d) Metallic Facilities (Yards)

Al'l buried pressure piping shall neet the criteria
of Section 8.2.3.

Al l netallic fencing surrounding the yard
perimeter shall be made el ectrically continuous.

Facilities Owmed by O hers

a) Repl acenent/ Rel ocation Facilities

Corrosion control requirenments for underground
facilities which are owned and/or operated by
others, and wll be either relocated or replaced
as part of the project, shall be limted to the
m ni mum requirenments necessary for stray current
control. The scope of these requirenents rel ates
to buried, nmetallic pressure piping only.
Specifically, the following mnimumcriteria shal
be net for steel, cast iron, and ductile iron
pressure piping:

1) El ectri cal continuity t hr ough t he
installation of insulated copper W res across
all nmechanical joints for which electrical

continuity cannot be assured.

2) El ectrical access to the piping through test
stations at 200 ft. intervals maxi num

The need for additional nmeasur es, such as
el ectrical isolation through the use of insulated
connections and application of a protective
coating system and/or installation of a cathodic
protection system shall be the responsibility of
the individual utility operator W th DART
provi ding engineering guidance. The need for
t hese, and/or other neasures, shall be based on
the stray current/corrosion control requirenments
of the specific wutility, and the established
performance record of the wvarious structures
wi thin the given environnent.

b) Existing Uility Structures

Five or three wre test stations shall be
installed at select points along existing netallic
utility structures that are exposed as part of
transit system construction for the purpose of
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evaluating stray earth current effects during
startup and revenue operations. The specific
| ocations shall be determ ned by the individual
utility operation, with guidelines for this work
as follows:

1) At all wutility crossings wth the system and
on structures which are in close proximty to
and parallel the systemright-of-way.

2) At locations on specific utility structures
which are in close proximty to the system
traction power substations.

8.4 ATMOSPHERI C CORROSI ON PREVENTI ON

8.4.1 Pur pose

The purpose of this section is to provide criteria for
at nospheric corrosion control for the reduction of naintenance
costs and preservation of appearance. Systemmide criteria
i ncl ude the foll ow ng:

a) Materials Selection: Materials shall have established
performance records for the service application.

b) Seal ant s: Sealants shall be used in crevices to
prevent the accunul ati on of noisture.

c) Protective Coatings: Barrier or sacrificial coatings
shal | be used on carbon steel.

d) Design: The use of dissimlar netals and recesses that
trap noi sture shall be avoi ded.

8.4.2 Scope

Structures which may be affected by atnospheric corrosion shall
be identified. Typically, these include:

a) Catenary structures and hardware

b) Vehi cl es

c) Exposed netal surfaces on aerial stations, aerial
main |line structures, at-grade stations and
surface main line structures

d) Ri ght - of -way fences

e) Exposed netal surfaces at shop and yard areas, and
mechani cal, electrical, signal and conmuni cations
devi ces, and structures in equi pnent roons, vents, fan,
and exit shafts
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8.4.3

a)

b)

Desi gn of Atnospheric Corrosion Prevention Systens

Mat eri al s. Metals exposed to area atnospheric
environnments shall be selected and protected as
fol |l ows:

- Steel and Ferrous All oys. Carbon steel and cast
iron exposed to the atnosphere either outside or

inside the tunnel area shall have a coating
applied to all external surfaces. Rail and
certain rail f ast eners, i.e., spring clips,
spi kes, rail plates, etc. wll not require
coat i ngs.

- Hi gh strength, low alloy steels shall be simlarly
protected except where used as weathering steel

exposed to the outside environnent. The design
shal | incorporate conplete drainage of al

surfaces, the coating of netal-to-netal contact
surfaces, and the sealing of crevices. The

potential staining of adjacent structures shall
be consi dered.

- Series 200 and 300 stainless steels are suitable
for use in any exposed situation w thout further
protection, but Type 316 is preferred for superior
corrosion resistance. Series 400 stainless steels
can al so be used but nmay exhibit staining.

- Stai nless steel surfaces shall be cleaned and
passi vated after fabrication.

- Al um num Al'l oys. An anodi zed finish shall be used
to provide the best weather resistant surface.

- Copper Alloys. Copper and its alloys can be used
where exposed to the weather w thout additional
protection.

- Magnesi um Al | oys. When |ong term appearance is
critical, magnesium alloys shall have a barrier
coating applied. Bi-nmetallic couples shall be
avoi ded.

- Zinc Al oys. Zinc alloys can be used wthout

addi tional protection. Bi-nmetallic couples shal
be avoi ded.

Coat i ngs. Coatings shall have an established

performance record for the intended service and be
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d)

conpatible with the base nmetal to which applied.

Coat i ngs shal | denonstrate satisfactory gl oss
retention, color retention, and resistance to chal ki ng
over the I|ife of the coating. The mnimum life

expectancy of coatings (the time to mjor naintenance
or recoating) shall be twelve years.

Metallic Coatings (for carbon and alloy steels).
Acceptance netallic coatings for use both in tunnels or
above grade are: zinc (hot dip gal vanizing), alum num
or a conbi nation of alum num and zi nc.

Organi ¢ Coati ngs. Organic coating systens shal
consist of a wash primer (if the condition of the
substrate requires it), a priner, internediate coat(s),
and a finish coat. M ni mum volune resistivity for
coating per ASTM D257. M ninmum thickness of coating
shall be 15 mls. Acceptable organic coatings for use
in tunnels or above grade are as foll ows:

- Al'i phatic pol yuret hanes

- Vi nyl copol yners

- Epoxy (as a primer where exposed in the atnosphere
or as the conplete system where sheltered from
sunl i ght)

- Acrylics (where not exposed to direct sunlight)

- Al kyds (where not exposed to direct sunlight)

8-23 May 2005 Revision 4



CHAPTER 9

SYSTEM GROUNDI NG
AND
RACEVAYS



Design Criteria Manual

Section

9.1
9.2
9.3
9.4

9.5
9.6

©wo ©vo

oo ©Vvooo
00 0000
~N~ouo AwNR

e

W N -

Chapter 9
SYSTEM GROUNDI NG AND RACEWAYS

Tabl e of Contents

PURPCOSE

GENERAL

CODES AND STANDARDS
DESI GN CONSI DERATI ONS

Tracti on Power Substations

Si gnal and Conmuni cati ons
Housi ng/ Equi pnent

Passenger Stations and Facilities
Aerial Structures

| NTERFACES
DUCT BANKS

Pur pose

Scope

Codes and St andards

Si gnal s and Conmuni cati ons
System Duct Bank

Tracti on Power Duct Bank
Desi gn Consi derati ons
Manhol es

Syst em Groundi ng/ Raceways, Chapter 9

Page
9-1
9-1
9-1
9-2

@QIDO ©
WWN N

9-4
9-4

@@@GID © OO
ool Obhpb

May 2005 Revision 4



Design Criteria Manual Syst em Groundi ng/ Raceways, Chapter 9

CHAPTER 9 - SYSTEM GROUNDI NG AND RACEWAYS
9.1 PURPCOSE

This chapter describes the design requirenents for safety
groundi ng so that grounding and corrosion control requirenents do
not conflict. The design key is to provide proper |ocation of
insulation points and tinely operation of grounding nechanisns to
prevent electrical shock hazards to the public and to operating
personnel and protect equipnent from danmaging voltages and
currents. The grounding resistance shall be a maxi nrum of 2 ohns,
unl ess ot herw se not ed.

Non current-carrying netal enclosures or parts of all primary
voltage, alternating current equipnent, including A C sw tchgear
shall be firmy grounded to the ground buss. Structural netal work
where exposed within the substation, supervisory control cabinets,
ventil ation equi pnent or ductwork, and exposed netallic conduits,
or raceways enclosing or supporting alternating current carrying
cabl es, shall be grounded to the ground buss.

G ounding protection systens shall be designed to acconplish the
fol | ow ng:

a) Protect passengers and DART operating and maintenance
per sonnel agai nst hazardous system vol t ages

b) Provide a ground path for lightning surges and fault
currents

C) Assure integrity of corrosion control systens

d) Meet the nost stringent grounding code requirenents
applicable to the system

9.2 GENERAL

G ounding protection shall be provided for traction power
subst ati ons, si gnal and communi cations housi ngs, passenger
stations, shops and yards, aerial and catenary structures, and
other wayside l|ocations. Due to the difference between safety
groundi ng and corrosion control requirenents, all groundi ng design
shall be submtted for review by the corrosion control engineer
so that corrosion control designs are not conpromsed and a safe
systemis provided.

9.3 CODES AND STANDARDS

All work relating to the grounding design shall conform to the
| atest editions of industry codes and standards including:

Nat i onal El ectri cal Code, | EEE St andar ds 1100- 1999( | EEE
Recommended Practice for Powering and Gounding Electronic
Equi pnent , The Enmerald Book), | EEE Standards 142-1991(I EEE

Recommended Practice for Gounding of Industrial and Conmercia
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Power Systens, The Green Book), |EEE Standards 80-2000 (| EEE CGuide
for Safety in AC Substation Gounding), and |EEE 1050, (CGuide for
Instrunmentation and Control Equipnment Gounding in GCenerating
Stations).

O her local and State codes may also apply. The designer shall
consult these publications and provide systens in accordance with
t he nost stringent code or industry practice.

9.4 DESI GN CONSI DERATI ONS
9.4.1 Tracti on Power Substations

Please refer to Chapter 3 for the description of the Traction
Power System

G ounding for traction power substations shall consist of a ground
buss connected to ground rods and bare-copper conductors
interconnected to form a lowresistance grid mat. The mat shall
neet | EEE Standard 80 to provide safe touch-and-step potentials.
All risers to the buss shall be <capable of carrying the
antici pated range of short circuit currents w thout danage.

b) Negati ve G oundi ng Devi ce

Each substation shall be provided with a negative grounding
devi ce capable of bonding the substation negative buss to the
substation ground grid. This device shall be in the open
position under normal operation. In the event that an unsafe
voltage or an excessive current occurs on the negative return
system the device shall ground the negative return systemto the
ground grid.

The device shall consist of a bi-directional solid-state swtch
with associated sensors, relaying, and control <circuits to
solidly bond the substation ground grid to the negative return
system The device shall have settings between 50V and 100V in
10-volt steps for field adjustnents. The device shall also
provi de separate alarm contacts for the |ocal anunciator panel
and the SCADA system The device shall be nmounted inside each
rectifier unit.

9.4.2 Si gnal and Communi cati ons Housi ng/ Equi pnent

Pl ease refer to Chapters 4 and 5 for descriptions of the Signa
and Conmuni cati ons systens.

G ounding shall be designed to mnimze the noise voltage
generated by currents fromtwo or nore circuits flow ng through a
common ground inpedance and to avoid creating ground |oops which
are susceptible to nmagnetic fields and differences in ground
potential .

The design shall provide a single point signal grounding system
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for all equi prent enclosures, cabinets, drawers, assenblies, and
subassenbl i es (chassi s/ cabinet). The comuni cations signal ground
conductors shall be isolated from the equipnment ground and from
all enclosures, trays, conduits, and structures.

Safety considerations also require the chassis or enclosure for
electrical equipnent to be grounded. Potentials appearing at
equi prrent neutrals shall be mnimzed. The equi pnent single point
groundi ng system shall be connected to the facility grounding grid
wher e avail abl e.

G ound detectors shall be provided for each housing to detect AC
and DC circuits grounding conditions.

9.4.3 Passenger Stations and Facilities

Refer to Facilities Design Criteria for detailed descriptions of
t he passenger stations and facilities.

Al nmetal parts of electrical boxes and nmachines that are
susceptible to contact by patrons and operating and maintenance
personnel shall be electrically grounded.

G ounding for passenger stations shall consist of a ground nat
under each facility conprised of a buried grid-and-rod system
I nterconnection wth steel piling and steel reinforcenent to
reduce touch potentials shall be specified where necessary. To
guard against contact by passengers, grounded equipnent, netal
encl osures, notors, and so forth shall not be | ocated closer than
6 FT fromthe edge of the platform

G oundi ng connections shall not be nmade on mechanical and utility
pi pes (including water) outside the dielectric coupling used to
provide an electrical termnation point for corrosion contro
systens. Additionally, underground interconnections shall not be
made between ground mats and water piping or other utility
structures.

9.4. 4 Aerial Structures

Gounding for aerial structures shall consist of a ground
el ectrode wth rods and conductors at each end of the structure.
An intermedi ate grounding point for structures in excess of 2,500
FT in length may be required. Gound el ectrode resistance to earth
shall not exceed 2 ohns unl ess ot herw se not ed.
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Structures on the aerial structure such as catenary poles,
handrails, cable trough conponents, and other netal conponents
shall be nmade electrically continuous wth the top I|ayer of
reinforcing steel in the deck. At each end of the structure,
i nsul ated cables shall be installed between the reinforcing stee
and the ground electrode via an appropriately sized and
conveniently | ocated weat herproof junction box or manhol e. Support
piers shall be insulated fromthe structural deck nenbers.

9.5 | NTERFACES

In order to provide conpatible grounding design for the various
el enents, close coordination nust include the foll ow ng designs:

a) Architectura

b) Structures

C) Uilities

d) Qper ati ons

e) El ectrical and mechanical equi pnent
f) Traction Electrification

g) Si gnal and Communi cati ons
h) Passenger Stations
i) Yard and Shop
1) Corrosi on Control

9.6 DUCT BANKS

9.6.1 Pur pose

This criteria describes the requirenents for the planning and
design of system w de duct banks for DART. The duct banks are

groups of ducts joined together to accommobdate AC/DC wires and
cables for the transm ssion of communication signals and power.

9.6.2 Scope

Duct banks as referenced under this application shall include al
duct banks to be installed outside the tunnel and aerial sections
of the project, where concrete troughs wll be installed.
Drawings will be issued depicting cable transition details for
transition fromat-grade to aerial structures and fromat-grade to
t unnel sections. I n mai nl i ne raceways, wher e possi bl e,
transitions shall be designed to include renpovable covers

exposi ng trough raceway interior that shall enable cable |aying
directly into the trough/raceway w thout renoving cable fromthe

reel. Locations imedi ately adj acent to unavoi dabl e direct cable
| aynent inpedinent in the mainline raceway may be exenpted from
this requirenent as required to avoid unnecessary costs. To

enable splicing and cable pulling of conductors, duct bank
manhol es shall be incorporated into the duct bank design.
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9.6.3 Codes and St andards

All work relating to the duct bank design shall conform to the
| atest editions of industry codes and standards such as NEC, NEMNA,
NFPA 130, ASTM and | EEE reconmmendati ons. O her local and state
codes may also apply. The designer shall consult these
publications and provide systens in accordance with the nost
stringent code or industry practice.

9.6.4 Si gnal s and Communi cati ons System Duct Bank
This duct bank will be utilized to carry signal and conmmunicati on
cables along the entire system The duct bank w il be buried

underground as directed by the appropriate codes and standards
The duct bank shall be designed to accommodate all necessary
signal and comrunication cables together with appropriate spare
conduits. The specific nunber of spare conduits shall be
determined in accordance wth good industry ©practice and
coordi nated wit h DART.

9.6.5 Tracti on Power Duct Bank
Duct banks for traction power purposes shall be as foll ows:

a) Incomng Wility Service
b) Positive Feeders
C) Negati ve Return Feeder

They shall be designed in accordance wth all design requirenents
outlined in Chapter 3 (Traction Electrification) of this design
criteria. The design nust be carefully coordinated wth
underground utilities to assure safe access within the right-of-
way.

9.6.6 Desi gn Consi derati ons

Al'l duct banks shall be designed to slope downwards toward the
manholes with a pitch of not less than 0.60 percent. Conduits in
systens duct banks shall be designed at a depth of not |ess than
48" below top of rail where crossing under LRT rail except where
designed in or below a track slab in which case no depth
requi renent shall apply. Elsewhere conduits in systens duct banks
shall be designed at a depth of not l|less than 36" below finish
gr ade. The duct banks wll normally consist of schedule 40
pol yvi nyl chloride (PVC) ducts, however, if rigid steel conduit is
required it shall be gal vani zed in accordance with the appropriate
st andar d. Conduits constructed of high density polyethylene
(HDPE), fiberglass reinforced epoxy (FRE), and nmultiple-conduit
preformed plastic duct systens, are also acceptable where
application suitability can be denonstrat ed.

The duct bank shall run as directly as possible but shall be

|l ocated so as to avoid existing utilities, foundations and
f ooti ngs. Conduits of dissimlar materials shall be joined with
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the use of anti-oxidant conpounds and insulating couplings to
prevent galvanic corrosion in accordance wth the corrosion
control /groundi ng chapter of these criteria.

Bends in the duct bank should be kept to a mninmum both vertically
and horizontally and shall have a m ninmum radi us as recommended in
the appropriate codes and standards. |f bends are required which
exceed these codes, the direction change shall be acconplished by
means of manhol es. Al'l such transit system duct banks shall be
installed only within the DART right-of-way. If it appears
prudent to transgress other than DART territory, a formal request
must be forwarded to DART for consideration and review, to
determne if the purchase of additional right-of-way is warranted.

A standard col ored nmarker tape shall be specified for installation
in the trench directly above the duct bank approximately 12 IN
above the duct bank.

Any request by Texas Uilities Conpany to route feeder circuits
within the right-of-way shall be presented to DART for approval
and coordination wth the system duct bank. Werever possible,
t he designer shall use express cable trough with renovabl e covers
to interconnect manholes in the mainline nmanhol e raceway system
Express cable trough and renovable covers shall be manufactured
of polynmer concrete with sand and/ or stone aggregate and shall be
desi gned and manufactured to w thstand AASHTO HS- 20 | oadi ng under
occasi onal use. However, express cable trough need not be
desi gned for continuous highway | oading. Express cable trough
shal | have renovabl e pol yner concrete covers secured by at | east
one tanper proof security bolt as described herein. Interl ocking
covers nmay be enployed where practical to reduce the required
security bolt quantity without affecting security. Express cable
trough shall be |ocated between the northbound and southbound
tracks or between either track and a retaining wall or ballast
wal | where appropriate. Security bolts for all systens manhol es,
handhol es, pull boxes and express trough shall be stainless steel
and shall enploy a pentahead pattern conformng to the standard
used by the maintenance departnent. Joints in express cable
trough shall be wapped in geo-textile fabric to mnimze the
infiltration of dirt and debris.

9.6.7 Manhol es

Manhol es shall be of the pre-cast concrete type and constructed of
as many sections as necessary to provide adequate room for pull
irons, termnators, cable racks and a | adder, while providing the
worker with sufficient space to pull and termnate cables. Cast
in place manhol es may be specified for design requirenments where
no readily available pre-cast manholes w |l satisfy the project
demands. The manhole shall have a grounding neans suitable for
connection to a ground rod.

A drain and gravel sunp shall be provided at the |owest point in
the manhole and properly installed to assure drainage. The
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manhol es shall be supplied wth a cast iron lid and ring marked
appropriately. Mnholes will be spaced approximately every 400 FT
or closer as required by final design except at center platform
stations where architectural considerations prohibit manhole
pl acenents closer than 550 feet on centers and where pulling
tensions are denonstrated to be less than that allowed for the
specific cables to be installed for the duct bank configuration
desi gned.

Manhol es, handhol es, and pul | boxes | ocated in the guideway shall
be designed to w thstand AASHTO HS-20 | oadi ng under occasiona
use. However, they need not be designed for continuous highway
traffic | oading. Systens manhol es shall not be installed with the
manhol e cover located in a public street traffic area.

Manhol es shall be designed to a depth as necessary to: connect
duct banks that are required to be routed under obstructions

mai ntain a mnimm duct bank depth required below top of sub
grade to effectively elimnate interference wth sub grade
construction operations; and to drain the conduits to the
manhol e.

Manhol es | ocated al ong the gui deway shall be designed to mtigate
potential fall exposures on a site specified basis. Manhole lids
shall also be designed so that the lids, when opened, do not
intrude into the vehicle dynam c envel ope.

FRP channel inserts shall be of pultruded, glass-reinforced
pol yester or vinyl ester resin.
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CHAPTER 10 — OPERATIONS
10.1 GENERAL
10.1.1 Purpose

This section provides a functional overview of the Dallas Area
Rapid Transit (DART) Light Rail Transit (LRT) System.
Operations criteria are achieved based on i1mplementation of
systems and Tacilities design standards. Additional system
operation details are contained in the Operations and
Maintenance Plan and the DART Rail Operations Manual.

10.1.2 System Description

Trains shall operate over a double tracked corridor that
consists of exclusive right-of-way including tunnel and aerial
sections, partially separated right-of-way, street median
alignment, and operation through an urban transit mall.

All line sections shall be double tracked. Under normal
conditions, trains shall operate in the forward direction on the
right hand track of the double tracked route. Trains shall
reverse direction at scheduled terminal stations located at the
ends of the operating route and/or at designated intermediate
points.

Crossovers shall be provided at various locations along the
route to permit reverse running operations Tfor emergencies

and/or maintenance-of-way activities. Storage tracks shall be
strategically located to provide emergency storage for disabled
vehicles.

Regulation and supervision of train operations and the
supervisory control of associated electrical, mechanical and
communications subsystems shall be performed by designated DART
Train Control Center (TCC) personnel. Train operations relating
to station stopping, door operation, selected route requests,
acceleration, deceleration, and speed maintenance shall be
manually controlled by the Train Operator.

10.2 OPERATIONS
10.2.1 Period of Operation/Headways

LRT scheduled operations shall span the hours of 3:30 a.m. to
1:00 a.m. (21-1/2 hours), seven days per week. Adjustments may
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be made based on ridership characteristics and changes to DART
policy.

LRT System Headways are based on system ridership projections
and DART policy.

Trains operate at optimal headways during the morning and
evening peak periods. The morning peak period begins at
approximately 6:00 a.m. and ends at 9:00 a.m. The evening peak
period begins at approximately at 3:00 p.m. and ends at 6:00
p.-m. Branch line peak headway i1s 5-10 minutes. Trunk Line
headways e.g., Oak Cliff Junction to Katy Junction including CBD
Mall, shall be based on negotiations between the City of Dallas
and DART Policy. Train consists shall be determined based on
ridership demand; consists shall be a mixture of 1, 2 or 3 car
consists.

Mid-day service headways shall generally be 2.5 minutes on the
CBD, 5 minutes on the trunk sections and 10 minutes on the
branch 1lines. Late night operation shall normally be with
single car consists.

Weekend service headways shall generally be 5 minutes on the
CBD, 10 minutes on the trunk sections and 20 minutes on the
branch lines. Weekend consists shall normally be a single car
unless ridership dictates.

Detailed headway plans are contained in the Operations and
Maintenance Plan. Design headways are described in the Dart
Design Criteria Manual, Volume 2, Chapter 4, Signal System.
Design headways shall take into consideration abnormal operation
recovery times. Operating headways shall be adjusted based on
ridership demand and DART policy.

10.2.2 Operating Speeds

Maximum Operating speeds are determined by civil and alignment
characteristics, the Signal System, and vehicle performance
parameters. The maximum system operating speed shall be 65 mph.

The Signal System 1is described in the DART Design Criteria
Manual, Volume 2, Chapter 4, Signal System. On line sections
where train control systems are in effect, train speeds up to 65
mph shall be permitted subject to civil speed restrictions.

In areas where train movements are not protected by automatic
train control systems, speeds shall be limited to a maximum
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speed of 45 mph. Street or median alignment speeds shall be
governed by the civil and progression speed for the parallel
street. LRT speeds may be up to 10 mph above the local street

traffic speed limit. Speeds shall be coordinated with local
authorities.
10.2.3 Terminal Operations

Turnback operations shall be facilitated by interlockings that
shall be located 1i1mmediately 1in advance of each terminal
station. Interlocking equipment shall provide automatic routing
of inbound and outbound trains, controllable from the TCC and at
the local control panel in the wayside Central Instrument House
(C.1.H.).

Terminal stations shall be equipped with crew rooms and provide
(at a minimum) one telephone, one fax, and restroom facilities
for DART personnel.

Terminal stations shall be equipped with tail tracks to
facilitate midday and overnight storage; or cutting and adding
of cars. Tail tracks shall be a minimum of 500 feet long, and
signaled to provide sufficient stopping distance between
platform and tail track signals to allow permissive aspects at
terminal interlockings with the tail tracks occupied.

Ideally, terminal stations shall have a center platform design
where space, available right-of-way and cost considerations
permit. Terminal station design shall also take into
consideration future extensions, after which, the station may
become a run through and/or intermediate turnback station.

10.2.4 Station Operations

Passenger stations function as the patron entrance and exit
points for the LRT system. They also serve as transfer points
between automobile, bus and pedestrian modes of travel and the
LRT system. Stations shall provide the Tfacilities for
automated, self-service fTare collection, and iInformation on
system use.

Stations shall be designed as barrier-free, unmanned stations.
Fare collection equipment shall, therefore, be designed to be
used by patrons without the need for assistance from station
attendants. Fare collection at stations will be accomplished as
stated in the DART Design Criteria Manual, Volume 2, Chapter 7.
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Escalators and/or elevators shall provide primary patron access
at all underground or aerial stations. Stairways between levels
at each underground and aerial station shall also be installed.
Elevators shall be provided to accommodate mobility-impaired
passengers at any station not at surface Ilevel. Elevator
operation shall be automatic and not require any actions by DART
personnel.

DART 1s implementing a level boarding initiative. This includes
modification of the current LRV fleet by addition of a C-car
that allows Ilevel boarding. The C-car unit train shall
incorporate 3 sections and is designated as a SLRV. In addition
existing high-level special use platforms will be phased out
through modifications of station platforms to a 15-1/2 1inch
height above top-of-rail or installation of discrete level
boarding areas.

In order for TCC personnel to monitor platform occupancy, the
Train Control System design shall ensure that station platform
limits are specifically defined by detector circults.

Stations on a curve must 1include mirrors installed on the
platform. The location of the mirrors must be such that the
train operator is able to see all doors while berthing at noted
berthing markers.

Escalator, stairway, and passageway capacities shall be based on
local codes and NFPA 130. Egress calculations shall be developed
for each station by the designer.

The number of fare vending machines for each station shall also
be related to expected station passenger volumes.

Station maintenance and cleaning shall generally be performed by
personnel traveling between stations iIn highway vehicles. Hose
bibs shall be installed to facilitate station maintenance and
cleaning. In addition, secured electrical outlets and
connections shall be installed for use by maintenance personnel.

10.2.5 Yard Operations

Yard operations are those functions that are necessary to
provide trains for revenue service and receive trains for
maintenance, cleaning, or fTor storage in accordance with
established operating schedules. Yard control and supervision
functions and work locations shall be closely coordinated with
the DART Train Control Center.
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Yard operations shall include train movement between vyard
storage tracks and mainline tracks, the changing of train
consists, and vehicle movement between the car wash and
maintenance shop TfTacilities. Train Operators shall have the
capability to perform any train movement within the yard or on
the mainline. A bypass track around the main servicing and
storage areas shall be incorporated.

Key yard crossovers and turnouts shall be powered, but shall not
be Tully interlocked and shall be locally controlled by the
Train Operator based on a yard operating assignment or yard
control supervisor’s direction. TCC permission shall be
required before leaving or entering the yard. Refer to the DART
Design Criteria Manual, Volume 2, Chapter 4, Signal System for
yard turnout operation details.

Yard operating speed shall not exceed 10 mph except for test
activities on specified yard tracks.

10.2.6 CBD Mall Operations

The DART LRT system shall operate at-grade through the Dallas
Central Business District (CBD) transit mall.

The 1line 1is double track through the CBD Mall. Emergency
crossovers shall be installed at each end of the mall to permit
single-track operation or scheduled turnbacks.

Operation through the mall shall be by line-of-sight. Trains
shall be controlled by the traffic signal system that
incorporates train progression. Traffic signal cycle time and
timing sequence shall permit trains to move on consecutive
cycles where only one train of the same direction per cycle is
permitted. The CBD traffic system interface is being modified
to implement Full Traffic Signal Preemption design in order to
enhance operating efficiency.

10.2.7 Median/Street Operations

Operation iIn the median of a street or highway or i1n mixed
street traffic shall be by “line-of-sight.” Trains shall be
controlled by the same traffic signal system that controls the
movement of parallel vehicular traffic. Speeds shall be the
civil speed for traffic on that roadway with LRT provisions for
speeds up to ten mph above the vehicular speed limit, subject to
the 45 mph maximum permitted train speed.
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Traffic signal requirements, roadway signage, and traffic
interfaces for median and mall operation are described in the
DART Design Criteria Manual, Volume 1, Chapter 5, Traffic
Control. Traffic signal cycle times and signal phasing shall
take i1nto account the LRT operating requirements described iIn
Chapter 5.

10.2.8 Operations in Signalized Territory

Train operations i1n signalized territory shall conform to signal
aspects, iIndications and procedures defined in the Rail
Operations Manual. The Signal System shall be designed using
fail-safe principals as described in the DART Design Criteria
Manual, Volume 2, Chapter 4. \Wayside signal aspects shall be
based on a red, yellow, green, and lunar color light system.
The cab Signal System Operations shall be based on carborne cab
signal aspects.

Train operation past a signal indicating STOP shall force an
immediate brake application. A counter shall be installed on
the vehicle to register that such an incident has occurred.
Signal indications shall provide iInformation regarding diverging
moves.

10.2.9 Line-of-Sight Operations

DART currently operates by line-of-sight outside of signalized
territory. Safe train separation shall be assured through
visual observation of operating conditions, rules, and
procedures. Block 1i1ndicator signals may be necessary on
specified segments where sight distance is limited due to sharp
curvature or other wayside conditions. Speed limits in line-of-
sight territory shall not exceed 45 mph.

10.2.10 Emergency/Unscheduled Operations

The train control system and operating procedures shall permit
trains to move iIn the reverse direction against the normal flow
of traffic between crossovers under the supervision of the TCC.
Train movements against the normal flow of traffic may be
utilized in the event of emergency or unscheduled operating
conditions.

Operating procedures and permissible headways shall be developed
for conducting unscheduled operations during emergencies,
scheduled maintenance and abnormal operations. The Operations
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and Maintenance Plan and Standard Operating Procedures shall
describe operating procedures during abnormal conditions.

10.3 FACILITIES
10.3.1 Special Trackwork

Special trackwork shall be located along the routes to allow
merging and diverging moves at junctions, access to either track
at terminals, and single-track operation to sustain off peak
headways of fifteen minutes or less for disrupted conditions or
scheduled maintenance. Crossovers on mainline tracks should
ideally permit a speed of at least 20 mph and not less than 15
mph.

Crossovers shall be one of two types as follows:

a) Powered, interlocked, and remotely controlled by the
rail operations controller in the TCC. All crossovers
in signalized territory shall be of this type.

b) Power protected with powered operation but not Tully
interlocked.

Additionally, each transit corridor shall have (at a minimum)
one pocket track strategically Ilocated to facilitate train
operations. Pocket tracks shall be a minimum of 500 feet in
length. The exact location and length of the pocket track
shall be determined by an operational analysis.

Signal logic at major junctions and terminal stations shall be
developed to permit normal merging and diverging moves without
requiring trains to stop and have the Train Operator activate
wayside pushbuttons. Pushbuttons or other control devices may
be 1installed for abnormal conditions. For interlockings in
signalized territory, the TCC shall have the option of remotely
controlling train routing.

Double (scissors) crossovers may be used In space-constrained
locations. Turnouts and crossovers 1in signalized territory
shall allow both TCC and local operation.

Switch and crossover risk analysis must be made when determining
their [location 1iIn order to evaluate hazards associated with
their proximity to bridge/overpass, and other supporting
structures. Refer to the DART Design Criteria Manual, Volume 2,
Chapter 12, System Safety.
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10.3.2 Grade Crossings

Where required, highway and street grade crossing warning
devices shall be installed. Crossing device shall provide safe
and efficient rail and highway traffic operations at grade
crossings.

The device shall be automatically activated by the approaching
train and shall consist of flashing lights, bells, and gates.

Train speeds through grade crossings shall be determined on a
site-specific basis and shall be consistent with safe operating
practices, track speed, and maintenance of required trip times.

Integrity of freight railroad grade crossings must be maintained
along shared corridors throughout LRT construction and
installation phases.

10.3.3 Wayside Signs

Wayside signs are installed along the right-of-way or in station
areas to provide additional information on track speed, berthing
marker, and application of audible warning devices.

Additional signs which do not directly impact train movement are
located at stations and along the right-of-way, these include
passenger directional signs at stations, no trespassing signs,
etc.

10.4 SUPERVISORY CONTROL
10.4.1 Train Supervision

Train supervision shall be accomplished by both field personnel
and Train Control Center (TCC) personnel.

Field supervisors shall be assigned to specific locations where
train congestion is likely to occur and shall also rove 1in
assigned territories around the system.

Systemwide train operations shall be under the supervision of
the DART Rail Operations Controllers located at the TCC, as
described in the DART Design Criteria Manual, Volume 2, Chapter
6. Train operations in signalized territory shall be continually
monitored from the information received automatically from the
Tield via the communication system and from information provided
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by Train Operators and Supervisors. Controllers shall also be
able to communicate with train operators via the Radio Subsystem
described in the DART Design Criteria Manual, Volume 2, Chapter
5, Communications.

10.4.2 Train Control Center (TCC)

The Train Control Center (TCC) shall be the principal monitoring
and control point for all LRT System Operations.

The major TCC subsystems are described iIn the DART Design
Criteria Manual, Volume 2, Chapter 6, Train Control Center and
Supervisory Control System. TCC subsystems shall monitor and
control the following:

a) Signal systems;
b) Communications systems;

C) Communicating territory traction electrification
system;

d) Yard operations;

e) Tunnel ventilation fans;

) Fire alarms and fire protection systems;
9) Intrusion alarms.

TCC design philosophy 1is iIntervention by exception. Normal
functions such as train routing at junctions and terminals shall
be performed automatically.

The signal system shall be capable of continuously monitoring
train operation and performance in signalized territory. By
continuously monitoring train performance, the need for
correcting performance irregularities and detecting emergency
situations can be readily determined.

TCC equipment shall incorporate a mimic board with an overall
display of the system and monitors at individual workstations.
Sizing and space requirements at the TCC shall account for
future line extensions.
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10.5 SYSTEM SECURITY

10.5.1 Field Operations Security

Field operations security shall be accomplished by uniformed and
plain-clothes police officers who shall be positioned at

significant stations and also ride trains.

Contract security personnel may supplement the police officers
and fare inspectors shall be used to enforce DART fare policy.

10.5.2 Security
Field security shall be augmented by a Security Controller who
shall have radio contact with field personnel. There shall be a
space available for a Security Control Center as part of the
Operations Control Center.
Stations equipped with CCTV cameras shall be monitored by the
Security Controller. The Security Controller may be located in
a space at the station or at the security control center.
10.6 SYSTEM SAFETY
10.6.1 System Safety Elements
Major system safety elements are covered in detail iIn the DART
Design Criteria Manual, Volume 2, Chapter 12, System Safety.
The following system safety elements may affect train
operations:

a) Safety Signage at Stations;

b) Adjacent Freight Operations, the DART Design Criteria
Manual, Volume 2, Chapter 12, System Safety;

c) Operation Interfaces, the DART Design Criteria Manual,
Volume 2, Chapter 12, System Safety;

d) Code of Federal Regulations-Roadway Worker Safety, 49
CFR 214;

e) Rail Safety Indoctrination Training.

10
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RELIABILITY AND MAINTAINABILITY
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CHAPTER 11 — RELIABILITY AND MAINTAINABILITY
11.1 INTRODUCTION

High levels of reliability and maintainability relate directly
to the availability and thus the overall performance and success
of a transit system. Basic principles of reliability and
maintainability shall, therefore, be applied in the design of
all systems equipment, including, but not limited to: LRVs,
TPSS, signals, communications, fare collection, and other system
elements (stations / bridges / structures / track, etc.)

These principles establish the basis for a comprehensive effort
to ensure DART’s mission goals are met and life cycle ownership
costs are reduced. This chapter defines the principles of
reliability and maintainability, outlines the potential for
their use, and serves to show how those i1nvolved i1n the design
process of the various DART systems should use them. This
chapter should be viewed as a helpful design guide to achieving
a reliable and maintainable transit system, rather than as an
all inclusive blueprint.

Reliability is defined as the probability that a system will
perform a required Tfunction under stated conditions for a
specified period of time.

The maintenance criteria provides the major maintenance issues
to be addressed In the design. Mean-Time-To-Repair (MTTR) and
Mean-Time-Between-Failures (MTBF) shall provide the measurements
to verify the various systems meet the minimum goals of
availability.

11.1.1 Operating and Maintenance Safety

Operating and maintenance safety shall be the most important
consideration in the design, installation, and construction of
the System’”s equipment.

11.1.2 Principles

A reliable system is one that operates without material error,
fault or failure during a specified time 1In a specified
environment. The four essential principles underlying such a
system are:

a) Availability. The system is available for operation
and use at times set forth in service agreements.
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b) Security. The system is protected against
unauthorized physical and logical access. (Logical
access is the ability to read or manipulate data
through remote access.)

c) Integrity. System processing is complete, accurate,
timely and iIn accordance with the entity’s transaction
approval and output distribution policy.

d) Maintainability. The system can be wupdated In a
manner that provides near continuous availability,
security and integrity.

The determination of the reliability of a system uses criteria
from each of the above four underlying principles, organized
into the following three distinct categories:

a) Communications: The entity has defined and
communicated performance objectives in accordance with
established policies and standards.

b) Procedures: The entity uses procedures, people,
software, data, and infrastructure to achieve system
availability, security, integrity and maintainability
objectives in accordance with established policies and
standards.

c) Monitoring: The entity monitors the system and takes
action to achieve compliance with system availability,
security, 1iIntegrity, and maintainability objectives,
policies and standards.

A system must satisfy all of the above three criteria to be
deemed reliable.

11.1.3 Availability and Dependability

Availability is defined as “The ability of an i1tem to be iIn a
state to perform a required function under given conditions at a
given instant of time or over a given time interval, assuming
that the required external resources are provided.”

Inherent Availability (A;) as used by DART is the i1deal state for
analyzing availability. 1t i1s a function only of the Mean-Time-
Between-Failures (MTBF), and the Mean-Time-To-Repair (MTTR);
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preventive maintenance is not considered. Inherent availability
is defined as:-
MTBF

MTBF + MTTR

Other elements to be —considered are repairability and
serviceability. Repairability is the probability that a failed
system can be made operational in a specified interval of repair
time, while serviceability addresses the ease with which the
system can be repaired.

The specifications shall establish the standards for all of the
above elements and shall reflect minimum performance goals.

Dependability is the capability of the Light Rail Transit (LRT)
System to perform 1its TfTunction continuously and consistently
during revenue hours. For example, dependability of the vehicle
iIs measured by the percentage of trips completed, number and
percentage of late trains, passenger delays, and vehicle and
systems availability.

11.1.4 Reliability

Reliability is defined as the ability of a component, item, or
system to perform a required function under stated conditions
for a specified period of time.

Reliability can be expressed as a function of the Mean-Time-
Between-Failures (MTBF) or the Mean-Distance-Between-Failures
(MDBF) . Reliability directly affects the availability of a
component, item, or system as described in Section 11.1.2. The
measure of a component’s or item’s reliability by time (MTBF),
or distance (MDBF), depends on that system’s operating
functions, uses, and characteristics.

Subcomponents of reliability are the Mean-Time-Between-Service-
Failure (MTBSF) that measures fTailure rates 1In revenue service
conditions and Mean-Time-Between-Maintenance (MTBM) that measure
the maintenance requirements of the system or component.

Systems reliability can be analyzed iIn two ways. First, using
“service-proven” equipment consistent with successful past
performance, and adjusted for subsequent improved reliability
designs and up-to-date enhancements. The second approach i1s to
apply predictive reliability models and techniques to each
subcomponent and to its total system.
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To maximize reliability, the systems design shall use service-
proven equipment and standardized components available and in
general wuse iIn the rail transit industry. This approach
promotes component availability and standardization over the
life cycle of the system.

Requirements shall be established for conducting formal
reliability programs including program monitoring, configuration
and systems control, reporting, and documentation. Quantitative
reliability factors provided shall be verifiable and consistent
with DART’s transit industry experience. All quantitative
requirements specified In the Contract Documents for developing
a reliability analysis shall be reasonable and practical.

11.1.5 Reliability Program Plan

A plan shall be established and maintained for a Reliability
Program throughout the design, manufacturing, installation, and
testing of the Light Rail System.

The plan shall describe a program that 1integrates the
reliability engineering function with other program elements
throughout the design, parts selection, manufacturing,
installation, and testing. See Section 11.1.14 - Reliability
and Maintainability Program Plan.

11.1.6 Reliability Requirements

DART reserves the right to have any failed or defective item
disassembled, photographed, and documented by any means
necessary to permit examination and analysis of the discrepancy.
The cause of the discrepancy shall be categorized to determine
iT corrective action should be iIn the area of design, quality,
or materials selection. When the appropriate corrective action
has been implemented, a monitoring period shall be instituted to
assure the corrective action has been effective. IT the
monitoring period does not produce TfTavorable results iIn a
reasonable time frame, the analysis portion of the program shall
be restarted.

11.1.7 Reliability Demonstration Testing

DART reserves the right to witness a Reliability Demonstration
Test of all systems/equipment. All testing on the program shall
be considered reliability testing for the purpose of incident
monitoring.
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At the completion of system acceptance and integrated testing, a
Reliability Demonstration Test shall be conducted for a period
of one (1) year.

Each system’s equipment shall be included in the demonstration
test.

A schedule, plan and procedure shall be prepared for the
Reliability Demonstration Test. The plan and procedure shall
address the following:

a) Operational monitoring and incident reporting
responsibilities;

b) Maintenance performance and responsibility including
completion of incident report forms;

c) Incident Evaluation Committee procedures;
d) Test reports;
e) Pass/fail criteria;

) Identification of procedures, requirements, and areas
needed for impounding and securing all failed hardware
in bonded (fenced in, secured, and locked) areas on
DART premises.

During the Reliability Demonstration Test, performance results
shall be evaluated for compliance of equipment performance with
the approved requirements. IT test experience indicates that
approved requirements are not being met, corrective action shall
be taken and the test demonstration shall be restarted from the
beginning.

11.1.8 Maintainability

Maintainability is most frequently identified by Mean-Time-To-
Repair (MTTR).

Primarily, MTTR 1is the time to restore a defective system or
equipment to an operating condition.

Typically, MTTR is calculated as:

Cumullative Repair Time in Hours
MTTR = Total Number of Repair Actions
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A repair, as defined in the calculation, is a corrective action
resulting from an equipment fTailure or breakdown. The repair
may also be the result of preventive maintenance iInspections or
scheduled maintenance.

The repair or servicing time 1is the active working time to

effect the maintenance action. The time element excludes
transportation time to the site or waiting for a repailr person,
and/or parts. It includes fault detection and 1isolation,

access, testing, replacement or adjustment, and time to restore
the system or equipment to a state of operational readiness. To
control exceptional cases, the 90™ percentile is used to
indicate that the repair time is not exceeded 90% of the time.

Modular design principles shall be maximized to Tacilitate
maintainability goals. The modular concepts shall range from
plug-in units to easy replacement or subsystem components and
assemblies. Fault 1solation, or check areas, and components
subject to a high frequency of replacement or wear TfTailures
shall be readily accessible.

Implementation of a maintainability program shall be an
iterative process, beginning with the design phase and
continuing through demonstration testing Into operations.

11.1.9 Maintainability Concept

The maintainability concept shall employ the maximum use of
modular Lowest Level Replaceable Unit (LLRU) items to minimize
the time taken for implementing corrective action and returning
the defective equipment to revenue service.

Preventive maintenance and inspection for equipment shall be per
accepted industry practices for equipment of the type specified.
The requirements for preventive maintenance and inspection shall
be determined during the design phase and schedules for
preventive maintenance shall be developed as part of the
Maintainability Program Plan and incorporated into the
applicable maintenance manuals.

11.1.10 Maintainability Program Plan

A Maintainability Program Plan shall be prepared and integrated
with the Reliability Program Plan. The plan shall be updated
throughout the design, installation, testing, and initial
operating period to verify maintainability goals.
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The Maintainability Program Plan shall outline all schedules and
activities for corrective and preventative maintenance. The
Plan shall 1include data reporting, tasks performed, and the
total active maintenance time to effect repairs. The Plan shall
outline each maintenance task, time schedules, recommended
tools, personnel, and skill levels required. These
recommendations shall be based upon those of the Contractor and
of the equipment suppliers. This data shall be used for
logistics planning, life cycle maintenance costs, and design
recommendations. See Section 11.1.14 - Reliability and
Maintainability Program Plan.

11.1.11 Maintainability Review

Maintainability design guidelines shall be developed and
submitted for evaluation during design reviews of equipment and
components proposed for incorporation into the DART Transit
System. For each equipment type, the maintainability features
shall be specifically identified in the design review data. As a
minimum, this identification shall include the following items,
as applicable:

a) LLRU identification and Mean-Time-To-Repair (MTTR)
predictions at the primary and secondary level;

b) Fault annunciation or troubleshooting analysis;

c) Equipment adjustments (minor and major) and
calibration requirements;

d) Expendable or Qlimited Hlife items 1included in the
design;

e) Major  overhaul and restoration recommendations,
including preventive maintenance schedules for
equipment and parts requirements;

) Recommended maintenance skill levels and training to
be applied;

9) Listing of required test and support equipment
required for performing both preventive and corrective
maintenance;

h) Procedure requirements by reference to maintenance and
operating manuals;
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i) Quantities of parts in the component(s) and system(s).
11.1.12 Fault Isolation and Troubleshooting Plan

Within the Maintainability Program Plan, a Fault Isolation and
Troubleshooting Plan shall be developed. This plan shall be a
working document used during design to ensure that Tfault
isolation and troubleshooting features are incorporated in the
equipment design. The Fault Isolation and Troubleshooting Plan
shall also become one of the source documents iIn assessing the
adequacy of maintenance manuals and maintenance training.

11.1.13 Maintainability Demonstration Test Plan

As part of the training program for DART maintenance personnel,
a Maintainability Demonstration Test Plan shall be developed.
The Test Plan shall address where special emphasis, instruction,
or proficiency are required. The Plan shall also address
selected servicing, preventive maintenance, troubleshooting,
change-out of components, corrective maintenance, and the use of
special tools.

11.1.14 Reliability and Maintainability Program Plan

A Reliability and Maintainability Program Plan shall be
developed for all applicable systems.

The Plan shall, at a minimum, include the following items and/or
requirements as applicable:

a) Reliability program objectives;

b) Identification of Kkey personnel responsible for
managing the Contractor’s Reliability and
Maintainability Programs;

C) Reliability program schedule, which 1dentifies
specific tasks, with start and completion dates, and
explains how these task will be coordinated and
integrated with major program milestones for design,
manufacturing, and testing;

d) Details of design and component selection and
screening processes to be used to meet reliability
requirements;
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e)

L),

9

h)

K)
D

P)

Details of methodology and procedures to be used to
calculate Mean-Time-Between-Failures (MTBF) and Mean-
Time-To-Repair (MTRR) predictions;

Identification of sources proposed to be used for
component reliability data;

Proposed serialized type forms and reports, including
preventive maintenance and discrepancy reports
specifically for joint use of the Contractor and the
Authority during the field reliability assessment
testing program;

Controls and procedures for ensuring that the
activities of subcontractors and suppliers comply with
the methods and objectives of the Reliability and
Maintainability Program Plan;

Procedures to evaluate design changes Tfor possible
effects on system reliability and maintainability;

Provisions for furnishing predicted design
reliabilities;

Procedures for fTield reliability testing;

Provisions for continual comparisons of field
reliability testing results with accept-reject
criteria;

Provisions for early fault detection and rapid fault
isolation;

Demonstration testing plans for verification of
compliance with specified reliability requirements
when calculations and analyses are 1inconclusive, or
when past performance records are incomplete or
unavailable;

Provisions for furnishing a time Qlog showing the
actual factory time spent in repairing each piece of
defective equipment removed during the course of the
Maintainability Testing Program;

Provisions for field report time analysis;
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aQ) Corrective measures to obtain satisfactory
performance;

r) The predicted availability of the equipment stated as
a percentage of a 21.5-hour operating day, with 7 day-
per-week operations.

11.1.15 Maintenance Concept

The maintenance concept shall rely upon the maximum practical
use of modular Lowest-Level-Replaceable-Units (LLRU) to restore
service in the shortest practical elapsed time, i.e. Mean-Time-
To-Repair (MMTR).

11.1.16 Preventive Maintenance

Preventive Maintenance is defined as a systematic arrangement of
inspection, cleaning, lubricating, servicing, and minor repairs
(adjusting and tightening) <carried out at predetermined
intervals or according to prescribed criteria, to reduce the
probability of failure or the degradation of the functioning of
an i1tem, to optimize equipment [life, minimize disruptive
operational failures, and initiate repairs before breakdowns
occur.

11.1.17 Preventive Maintenance Plan

A Preventive Maintenance Plan shall be developed which
identifies all scheduled maintenance required on DART equipment
and Tacilities. The Plan shall 1indicate when to perform
maintenance tasks, detail all of the tasks needed to perform a
particular maintenance function, outline all tasks 1iIn their
proper sequence as required to perform tests and inspections,
and describe all tasks required for each periodic inspection and
the projected time needed for each task. All of these
requirements shall be identified and clearly documented in the
Plan. Preventive maintenance activities shall include:

a) Servicing and Inspection. All systems will be given a
periodic servicing and inspection. The level and
frequency of servicing and inspection shall be
consistent with industry practices.

b) Cleaning. All facilities, parking lots, roads,

storage areas, and vehicles (revenue and non-revenue)
shall be periodically swept and cleaned.

10
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c) Overhaul. This is a special maintenance activity
concerned with the planned rehabilitation, retrofit,
or modification of vehicle equipment. The activity

shall generally iImprove equipment performance and
minimize future fTailures.

11.1.18 Corrective Maintenance

Corrective maintenance shall be directed at repairing failed or
malfunctioning parts, components, or subsystems. The intent 1is
to restore the equipment to a operational and safe condition
within the shortest reasonable time. Corrective maintenance
shall be performed on both an unscheduled and scheduled basis.

Unschedulled corrective maintenance shall apply to a failed item
or component that is repaired In a short time period, requiring
a minimum amount of effort. It shall also apply to emergency
repailrs.

Tables shall be prepared to show all potential equipment
failures at any level--from the highest-level assembly to the
lowest-level replacement component. The tables shall be
organized by symptom for observable equipment failures. Symptoms
shall be identified in terms of observable indicators only. The
tables shall list all possible causes for each symptom and shall
indicate the Ilowest Ilevel of maintenance for each fault
isolation step and corrective action that can be performed.

DART’s maintenance philosophy is to be prepared to react to
unscheduled maintenance as a matter of course and to provide
reasonable turnaround to keep the required equipment available
at an optimum cost.

Scheduled corrective maintenance shall be carried out when the
repair action cannot be completed iIn a short time period
because:

a) The action 1s considered a major repair activity
requiring a significant amount of time or resources.

b) Required materials, equipment, tools, or resources are
not immediately available.

C) The repair can be safely deferred and performed more

efficiently at a later time iIn conjunction with some
other repair action.

11
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11.1.19 Work Control

All maintenance activities shall be conducted within the
framework of a comprehensive work control and management system.
The system shall consist of documented maintenance policies,
administrative and repalr procedures, automated information
systems, and management reports for control and follow-up on all
DART maintenance activities. The process will enable DART rail
management to achieve maintenance program objectives and monitor
the various phases of the startup, pre-revenue testing, and
equipment warranty provisions.

11.1.20 Warranty Work

All maintenance activities performed during the warranty of
systems and components shall be reported on a work control
system based on DART"s Management Information System (MIS) for
tracking reliability and maintainability goals and objectives.
The definitions and classifications for specification compliance
shall be defined by DART.

11.1.21 Warranty Goals

Maintenance fTailure criteria shall be developed to define a
system or component design action that is required by the vendor
during the warranty periods for the system and components.
Should the respective fTailures attain or exceed the thresholds,
the system shall be automatically declared a design fault, and
the supplier shall iInstitute a corrective action plan.

When the corrective action has to be installed on the vehicle or
other systems, the warranty period shall be re-initialized. The
“Fix” shall be the responsibility of the supplier.

11.1.22 Materials Management

An integral element of system maintainability and availability
is the availability of parts and materials to repalr or service
the system so that downtime is minimized. Designers shall
incorporate parts requirements and materials into the contract
documents.

DART’s rail materials management group shall have three
fundamental objectives:

a) Provide effective support to maintenance functions by

12
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ensuring that parts are available when and where they
are needed.

b) Manage the iInvestment in inventory at a level
consistent with demand and associated carrying costs.

c) Track inventory and minimize the loss of material from
theft or other causes.

To avoid maintaining a large inventory, such factors as fTailure
rates, inventory draw down rates, and Jlead times for
replenishment shall be analyzed to determine spare parts
requirements. As iInventory usage depends on conditions that are
unique to DART (vehicle mileage, fTailure rates, etc.), a work
control system shall be used to collect and analyze failure and
repair data. This information shall be used to assist 1In
predicting iInventory requirements. The initial warranty period
on new equipment shall provide sufficient data to allow starting
this analysis and prediction process. This work control system
shall be based on DART’s automated MIS program.

11.1.23 Training and Technical Manuals

Technical manuals and training materials shall be made available
to DART for any transfer of work from the supplier. The manuals
may initially be in draft form, but must be sufficiently current
for DART personnel to effectively and efficiently perform the
activity. The manuals shall cover all operating, maintenance
and special procedures required by DART to successfully operate
and support the new equipment. The goal of manual design and
development shall be completeness and accuracy of coverage 1iIn
the most concise manner possible. The manuals and training
materials shall be made available sufficiently iIn advance of any
transfer of work to DART to permit training and on-the-job
experience to minimize the learning curve’s influence on
operating costs.

11.2 Reliability and Maintainability Program Plan

A Reliability and Maintainability Program Plan shall be
developed for each system.

Items to be addressed shall include:
a) Availability—interpreted as a function of the MTBF and

MTTR measures discussed previously 1iIn this chapter,
appropriately related to the system being designed;

13
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b) Reliability—-reliability for system shall be defined,
accompanied by reliability requirements, failure
analysis plans, and a reliability demonstration plan—
with associated procedures;

c) Warranty work—outline of warranty terms and
conditions, penalties for non-compliance with warranty
conditions, warranty issue resolution, and warranty
work plans;

d) Preventative maintenance—policies and procedures shall
be outlined for all levels of progressively periodic
inspection and any daily 1i1nspection. Courses of
action for preventative maintenance activities shall
evolve as designs and maintenance policies are
finalized;

e) Corrective maintenance—methods of corrective repair to
out-of-service components (for both scheduled and
unscheduled outages).

11.3 GLOSSARY OF TERMS

Terms and definitions on which emphasis shall be applied for
reliability and maintainability are contained within this
section of the criteria. In the event of conflict between
definitions contained i1n reference documents and those contained
herein, the definitions of this is criteria shall govern.

Accept Criteria - The limits for Reliability and Maintainability
(R&M) parameters which will lead to an acceptance of tested
items 1Tt the values measured during an R&M demonstration are
within prescribed limits.

Acceptance Tests - Test conducted for the purpose of accepting
or approving products and performance of the Contractor.

Accessibility - A measure of the relative ease of admission to
the various areas of an item for the purpose of operation or
maintenance.

Adjustment - Changing (by electronic, electrical or physical

means) a variable In an item to cause a change iIn iIts output
characteristics.

14
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Administrative Delay Time - Administrative Delay: The
accumullated time during which an action of corrective
maintenance on a Tfaulty 1item 1is not performed due to
administrative reasons.

Alert Time - That element of up-time during which an item is
assumed to be in its specified operating conditions, and 1is
awaiting a command to perform its intended mission.

Assembly — Two or more components semi-permanently joined to
satisfty a particular function.

A grouping of components or piece parts that may be permanently
or semi-permanently connected and that performs a definable
function.

Availability - The ability of an item to be in a state to
perform a required function under given conditions at a given
instant of time or over a given time interval, assuming that the
required external resources are provided.

The measure of a system or equipment’s availability for 1its
designed purpose, 1i.e., revenue or shop operating inherent
availability is related to the Mean-Time-Between-Failures (MTBF)
and the Mean-Time-To-Repair (MTTR) through the TfTollowing
equation:

_ MTBF
MTBF+MTTR

Availability Goal — A system or component objective established
in consideration of operational performance, cost, capability,
and capacity of a system and includes reliability and
maintainability goals. The goal i1s a desired result and can
either be a minimum or maximum expected performance level.

Basic Reliability - The ability of an 1i1tem to perform its
required functions without failure or defect for the duration of
its life profile.

Note: Reliability i1s deemed to include Durability (defined
below).

Built-In-Test (BIT) - An integral capability of the equipment
which provides an on-board test capability to detect, diagnose,
or isolate system failures. The fault detection and, possibly,
isolation capability 1is wused for periodic or continuous
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monitoring of a system’s operational health, and for observation
and, possibly, diagnosis as a prelude to maintenance action.

Built-in Test Equipment (BITE) - Any device permanently mounted
in the equipment and used for the express purpose of testing the
equipment, either independently or iIn association with external
test equipment.

Burn-In - The operation of an 1item to stabilize its
characteristics. Basically, a reliability conditioning
procedure which i1s a method of ageing an item by operating it
under specified environmental and test conditions in accordance
with an established procedure 1iIn order to eliminate early
failures and age or stabilize the i1tem prior to final test and
shipment.

Calibration - The comparison of Measuring and Test Equipment or
a measurement standard of unknown accuracy to a measurement
standard of known accuracy which is traceable to the National
Bureau of Standards, iIn order to detect, correlate, report, or
eliminate by adjustment any variation in the accuracy of the
instrument being compared.

CALS - An acronym for Continuous Acquisition and Life Cycle
Support, previously the acronym stood for Computer-aided
Acquisition and Logistic Support. It is an effort to document

and utilize technical information, in a digitized format.

Certificate of Compliance or Conformance - A written statement,
signed by a qualified party, attesting that the 1items or
services are 1In accordance with specified requirements and
accompanied by additional iInformation to substantiate the
statement.

Certified Inspection Reports - Reports signed by the
Contractor®s Quality Control Representative (CQCR) attesting
that the 1items 1inspected meet the specification requirements
other than any exceptions included in the report.

Certified Test Reports - Reports of tests signed by a qualified
professional attesting that tests were performed iIn accordance
with the test method specified, that the test results reported
are accurate, and that items tested meet or fail to meet the
stated minimum requirements. Include calibration certificates,
if required.
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Common (Critical) Failure Mode - Failures of distinct components
caused by an initiating event.

Comprehensive Maintenance — A maintenance program that includes
all elements of routine and non-routine maintenance. Routine
maintenance is the entire scheduled system of preventive and
planned maintenance activities through the useful life cycle of
the vehicle.

Concurrent Engineering - A systematic approach to the
integrated, concurrent design of products and their related
processes, including manufacture and support. This approach is
intended to cause the developers, from the outset, to consider
all elements of the product life cycle from conception through
disposal, including quality, cost, schedule and user
requirements.

Confidence Level - That probability that a given statement 1is
true. The statement iIn question normally refers to whether a
given parameter lies between two limits, is above a lower limit,
or is below an upper limit.

Configuration Control - The establishment of an agreed build
standard for an item and the procedure for controlling change to
that standard, In order that 1t may be defined at any time.

Consensus Standard - An artifact or process that iIs a de-facto
standard by written agreement between the Contractor and the
Authority where the de-facto standard’s content and
applicability are established prior to application and 1is
applied 1n place of a recognized U.S. national standard.

Consumer’s Risk - The probability of accepting equipment with a
true Mean Time Between Failure (MTBF) equal to the lower test
MTBF. The probability of accepting equipment with a true MTBF
less than the lower test MTBF will be less than the consumer’s
risk.

Contractor Data Requirements List (CDRL) - A contractual term
which refers to all the written documents (i.e. reports,
drawings, procedures, data) which a contractor is obligated,
under the contract, to provide to the procuring activity. This
is over and above any hardware or services which the contractor
may be also obligated to provide.

Contractor Quality Control (CQC) Plan (System) - A written
description of proposed actions to control and assure quality.
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The CQC Plan defines applicable quality policy for the project

and applicable quality procedures. The CQC Plan shall be
established and maintained by the Contractor to ensure
compliance with the Contract requirements. No portion of the

Plan may be delegated to subcontractors or suppliers without the
prior approval of the Authority.

Corrective Action - Corrective action 1identifies action to be
taken to correct immediate defects and correct the root cause to
prevent recurring defects. Corrective action addresses systemic
or chronic problems. Corrective action includes procedures for
investigating the cause of nonconforming work and procedures for
analysis to detect and -eliminate potential causes of
nonconforming work.

Corrective Maintenance (See Corrective Maintenance Time -
Activities performed to restore a defective part of a vehicle or
component to a satisfactory condition by correcting the
malfunction that caused the vehicle or component to be below the
specified performance.

Corrective Maintenance Time (See Corrective Maintenance) - That
part of the maintenance time 1iIncluding that due to logistic
delays, during which corrective maintenance is performed on an
item.

Critical Failure - A failure that could result iIn injury to
persons or that prevents an i1tem from performing an essential
mission.

Critical Function — A function which, if degraded or lost, has a
major iImpact on system performance, such as loss of vehicle
movement and control.

Critical Item - An item whose failure could result in a critical
failure or that requires special effort during
development/production.

Note: Examples, that might be tailored for each System Element,
are listed below:

1. The failure of which would critically affect system
safety, cause the system to become unavailable or unable
to achieve stated objectives, or cause extensive/expensive
maintenance and repair.
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10.

11.

12.

The failure of which would prevent the acquisition of data
to evaluate system safety, availability, or need for
maintenance/repair.

An 1tem which has stringent performance requirement(s) Iin
iIts 1i1ntended application relative to state-of-the-art
techniques for the i1tem.

A single point failure which causes system failure.

An item which is stressed iIn excess of specified derating
criteria.

An item which has a limitation which warrants controlled
surveillance under specified conditions.

An 1tem which 1s known to require special handling,
transportation, storage, or test precautions.

An 1tem which 1is difficult to produce or manufacture
relative to state-of-the-art techniques.

An item which has exhibited an unsatisfactory operating
history or which does not have sufficient history of its
own to provide confidence iIn i1ts reliability.

An 1tem which has past history, nature, function or
processing with a deficiency warranting a total
traceability.

An item that can be produced by only one company, 1.e.
(sole supplier).

Long lead time items.

Defect - A fault or imperfection.

Dependability — The capability of the Light Rail Transit (LRT)
System to perform 1its Tfunction continuously and consistently
during revenue hours.

Derating - Using an item in such a way that applied stresses are
below rated values.

Derating Factor - Complement-to-1 of the quotient of actual
stress to the rated stress value.
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Design Life — The stated operating life of a component before
replacement or renewal.

Diagnostics - The detection, isolation and analysis of faults
and failures.

Discrimination Ratio - It is one of the standard test plan
parameters. It is the ratio of the upper test Mean-Time-
Between-Failures (MTBF) to the lower test.

Down-Time - That period of time during which an item is not in a
condition to perform a required function.

Duty Cycle — The actual portion of the operating time during
which the equipment or hardware is subject to stress resulting
from executing the design function.

Early Life Failures - Failures which occur in the early life of
an item. The early life of an i1tem i1s normally characterized as
a period in which the failure rate of the item is considerably
higher than that of the subsequent period. Such failures are
usually amenable to removal by burn-in or environmental stress
screening.

Environmental Stress Screening (ESS) - A series of tests
conducted, at an early stage, under environmental stresses to
disclose weak parts and workmanship defects for correction.

Factory Tests - Tests made on various products and component
parts prior to shipment to the job site.

Failure — Any malfunction whereby a system, subsystem,
component, or human ceases to properly perform its required
function within previously specified limits. This includes the
cases where different components or parts of a subsystem may be
failing, causing the subsystem to fail In a cumulative manner.

NOTE: Failures may be classified as to such aspects as cause,
degree, relevancy, chargeability, dependency and responsibility.

Failure Analysis - The logical, systematic examination of a
failed item to identify and analyze the failure mechanism, the
failure cause, and the consequences of the failure.

Failure Mode - The consequences of the mechanism through which
the failure occurs, i1.e. short, open, fracture, excessive wear.
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Failure Modes and Effects Analysis (FMEA) - A procedure by which
each potential TfTailure mode of a component, equipment or
subsystem In a system i1s analyzed to determine the results or
effects thereof on the overall system and to classify each
potential failure mode according to 1ts severity.

Failure Modes, Effects & Criticality Analysis (FMECA) - A
qualitative method of reliability analysis which 1involves a
fault modes and effects analysis together with a consideration
of the probability of their occurrence and of the ranking of the
seriousness of the faults.

Failure Rate - The number of failures of an i1tem per unit of
measure of life, expressed in hours, cycles, miles, events as
applicable to the item.

Fail Safe - In the presence of equipment failure, the system
shall continue to be In a condition of safety. An equipment
failure shall result 1In the 1iImposition of a restrictive
condition if necessary to avoid a safety problem.

Fault - The state of an i1tem characterized by its inability to
perform a vrequired Tfunction, excluding the inability during
preventive maintenance or other planned actions, or due to lack
of external resources.

NOTE: A fault if often the result of a fTailure of the item
itself, but may exist without prior failure.

Fault Tolerant - Fault Tolerance: The attribute of an item that
makes 1t able to perform a required function in the presence of
certain given sub-item faults.

Fault Tree Analysis (FTA) - An FTA provides a diagrammatic means
of showing the logical relationship between a particular system
failure mode and the basic failure causes.

Field Replaceable Unit (FRU) - A replaceable unit able to be, in
a safe and timely manner, removed and replaced by the Authority
at the location where that unit operates or is maintained.

Human Engineering - The area of human factors, which applies
scientific knowledge to the design of items to achieve effective
man-machine integration and utilization including operations,
maintenance, support and disposal of the system.
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Human Error - A human action that produces an unintended and
unwanted result.

Inactive Time - That time during which an item is in an iInactive
or non-operational iInventory, i1.e. it is being held In reserve
for potential future assignment to the 1i1Inventory of an
operational unit.

NOTE: The distinction between inactive time and down time 1is
that down time implies that the item is both on the inventory of
an operational unit and dysfunctional, whereas inactive time
would only mean that the item in not in an operational unit’s
inventory.

Incident — Any unexpected event observed during the equipment
operating time where a deviation from the required function 1is
demonstrated. Usually provides an initial indication of a

possible defect or failure.

Independent Failure — A TfTailure is independent when it is not
caused by the malfunction of other equipment or hardware,
component abuse, or an iIncorrect maintenance procedure.

Infant Mortality (See Early Life Failures)

Inherent Maintainability - The maintainability potential present
in a design, i.e. the maintainability which is dependent solely
on the quality of the design and assumes perfect quality of
manufacture and correct use in the field.

Inherent Reliability - The reliability potential present In a
design, 1.e. the reliability which i1s dependent solely on the
quality of the design and assumes perfect quality of manufacture
and correct use in the field.

In-Service R&M Demonstration - A procedure to demonstrate the
reliability and maintainability achieved by an equipment against
the requirements specified in the contract using production
standard equipment under agreed in-service conditions.

Interchangeability - A condition which exists when two or more
items possess such functional and physical characteristics as to
be equivalent in performance and durability, and are capable of
being exchanged one for the other without alteration of the
items themselves, or of adjoining i1tems, except for adjustment,
and without selection for fit and performance.
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Intrinsic Availability - The probability that the
system/equipment 1is operating satisfactorily at any point in
time when used under stated conditions, where the time
considered is operating time and repair time (active).

Thus, intrinsic availability excludes from consideration all
free time, storage time, administrative delay time and logistic
delay time.

Intrinsic R&M (See Inherent Reliability and Inherent
Maintainability)

Life Cycle Cost (LCC) - The sum total of the direct, indirect,
recurring, non-recurring and other related costs incurred, or
estimated to be iIncurred, in the design, development,
production, operations, maintenance, support and disposal of a
major system over its anticipated useful life span.

Life Limited Item - An i1tem that has a limited and predictable
useful life and could be considered for replacement on a pre-
planned basis for reliability, safety, or economic reasons.

Life Profile - A time-based description of the events and
environments an item experiences from manufacture to final
expenditures or removal from the operational inventory, to
include one or more mission profiles.

Line of Maintenance - An echelon in an organization where
specified levels of maintenance are to be carried out on an
item.
NOTES:

1. Examples of maintenance echelons are: field, repailr shop,
and manufacturer.

2. The maintenance echelon is characterized by the skill of
the personnel, the facilities available, the location etc.

Line Replaceable Unit (LRU) - A unit designated to be removed
upon Tfailure from a Hlarger entity (equipment, system) 1iIn the
operational environment.

Logistics - The science of planning and carrying out the
movement and maintenance of equipment. In its most
comprehensive sense, those aspects of operations which deal
with:
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a. Design and development, acquisition, storage, movement,
distribution, maintenance, evacuation and disposition of
materiel;

b. Acquisition or construction, maintenance, operation and
disposition of facilities; and

c. Acquisition of furnishing of services.

Logistic Delay Time - Logistic Delay: That accumulated time
during which a maintenance action cannot be performed due to the
necessity to acquire maintenance resources, excluding any
administrative delay.

NOTE: Logistic delays can be due to, for example, traveling to
unattended installations, pending arrival of spare parts,
specialists, test equipment, information and suitable
environmental conditions.

Logistic Support (See Logistic Support Analysis)

Logistic Support Analysis (LSA) - The selective application of
scientific and engineering efforts undertaken during the
acquisition process, as part of the system engineering process,
to assist iIn:

a. Causing support considerations to influence design;

b. Defining support requirements that are related optimally to
design and to each other;

c. Acquiring the required support;

d. Providing the required support during the operational phase
at minimum cost.

During the Ilater production and in-service phase LSA 1is
conducted on a repetitive basis in order to meet life cycle
costs, readiness, and supportability objectives.

Lowest Level Replaceable Unit (LLRU) — A replaceable unit able
to be removed and replaced by the Authority, which i1tself does
not include any constituent replaceable units.

Maintainability - The probability that a given maintenance
action, for an item under given conditions of use, can be
carried out within a stated time interval, when the maintenance
is performed under stated conditions and using stated procedures
and resources.
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NOTE: The term “maintainability” is also used to denote the
maintainability performance quantified by this probability.

Maintainability Demonstration (See also Maintainability
Verification) - A maintainability verification performed as a
compliance test.

Maintainability Model - A mathematical model used for prediction
or estimation of maintainability performance measures of an
item.

Maintainability Prediction - An activity performed with the
intention of forecasting the numerical values of a
maintainability performance measure of an item, taking 1iInto
account the maintainability performance and reliability
performance measures of 1ts sub-items, under given operational
and maintenance conditions.

Maintainability Qualification Test (MQT) - A compliance test
carried out prior to the production phase to ensure that the
design can accommodate the maintainability requirements.

Maintainability Verification - A procedure applied for the
purpose of determining whether the requirements for
maintainability performance measures for an i1tem have or have
not been achieved.

NOTE: The procedure may range from analysis of appropriate data
to a maintainability demonstration.

Maintenance

1. All action taken to retain materiel In or to restore it to
a specified condition. It includes inspection, testing,
servicing, classification as to serviceability, repair,
rebuilding and reclamation.

2. The routine recurring work required to keep a system
element or a facility (plant, building, structure, ground
facility, utility system or other real property) iIn such
condition that it may be continuously utilized, at its
original or designed capacity and efficiency for its
intended purpose.

Maintenance Concept - A description of the planned general
scheme for maintenance and support of an item iIn the operational
environment. The maintenance concept provides the practical

25



Design Criteria Manual Reliability and Maintainability, Chapter 11

basis for design, layout and packaging of the system and its
test equipment and establishes the scope of maintenance
responsibility for each level (echelon) of maintenance and the
personnel resources (maintenance manning and skill [levels)
required to maintain the system.

Maintenance Down Time - The interval between the time a
system/equipment i1s made available for preventive or corrective
maintenance until that maintenance action is successfully
completed.

Maintenance Plan — A schedule of maintenance activities that is
performed periodically without interrupting the satisfactory
operation of the System’s Elements.

Maintenance Procedures — Methods for periodically checking and
servicing i1tems to prevent TfTairlure(s) or to effect a repair,
renewal, or overhaul.

Malfunction (See Fault)

Man-Machine Systems - A system comprising of persons and
equipment interacting together to perform a function.

Markov Chain - A stochastic process on a discrete time basis
that has finite or a denumerable number of iInfinite states and
in which the probabilities of occurrence of future states depend
only on the present state and not on the history of prior
states. A stochastic process is one which can be modeled by a

family of random variables (R) -

Maximum Mean Time to Repair (A _x (0.90) — The time expressed in

hours required to perform 90% of all corrective maintenance
actions.

Mean Distance Between Failures (MDBF) — The mean distance
between failures of an i1tem iIs the ratio of the total operating
distance, d, accumulated by the total population of identical
items to the total number of relevant failures, F, occurring
within the population of identical i1tems during the time, t. It
is expressed by the following equation:

MDBF = d
F
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Mean Time Between Critical Failures (See Mean Time Between
Failures and Critical Failures) - Similar to Mean Time Between
Failures (MTBF) except that only critical failures are counted.
It is a measure of expected time between critical failures.

Mean Time Between Failure (MTBF) - A measure of the expected
(average) time during which a system will continuously perform
within its specified limits under stated conditions without a
chargeable failure. It can be estimated by dividing life units
(hours, miles, etc) accrued during a stated period under stated
conditions by the number of failures during the period and i1s a
basic measure of reliability for repairable items. It is
expressed by the following equation:

MTBF =

T -+

Note: Acceptable sources of MTBF data shall 1include the
following:

1. Manufacturer’s generally available published MTBF
information.

2. Manufacturer’s published data (signed and dated by a
manager in the manufacturer’s organization) determined
from Qlaboratory tests of 1identical or substantially
equivalent equipment.

3. Manufacturer’s data (signed and dated by a manager iIn the
manufacturer’s organization) determined from calculations
based on the current revision of Military Standard MIL-
HDBK-217 - Reliability of Electronic Equipment.

4. Manufacturer’s data, signed and dated by a manager iIn the
manufacturer’s organization), determined, using a
documented data acquisition and analysis procedure, from
recorded experience with installed equipment (identical to
or substantially equivalent to the make and model for
which the MTBF data is to be submitted) 1in similar
operating environments, provided the data acquisition and
analysis procedure and reliability records substantiating
the MTBF information are provided.

5. Existing third-party analyses or third-party data which
are fully documented, signed, dated, and verifiable may be
proposed for equipment and applications, which are
identical or manifestly similar. The third party shall be
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a reputable testing laboratory or similar organization
regularly 1involved 1iIn assessing and documenting the
reliability of equipment similar to the subject equipment.
In any case, the source of all data and/or results used
shall be clearly 1identified and the rationale used 1iIn
extrapolating data for application to the Authority’s
environment shall be explicitly stated.

Mean Time Between Maintenance Actions (MTBMA) - A measure of the
expected (or average) time between all maintenance (preventive
and corrective) actions. It can be estimated by dividing the
total number of system life units (hours, miles, etc) by the
total number of maintenance actions (both preventive and
corrective) during a stated period of time. It provides
information related to the demand for maintenance manpower.

Mean Time Between Service Failure (MTBSF) — Mean Time Between
Service Failure 1is the average equipment operating time per
independent equipment service failure. MTBSF is the reciprocal
of the service failure rate and is expressed mathematically as:

Equipment Operating Time
Independent Service Failures

MTBSF =

Mean Time to Failure (MTTF) (See Mean Time Between Failure) -
This i1s similar to Mean Time Between Failure (MTBF) but applies
to non-repairable systems. It i1s a measure of the expected life
until failure. It can be estimated by dividing the total number
of failures within a population into the total number of life
units of the population during a stated period under stated
conditions.

Mean Time to Repair (MTTR) — The combined average time required
to: (1) Troubleshoot, and (2) Repair equipment for operation
after report of a failure. This time iIs measured from the time
troubleshooting and repair work begins until restoration 1is
completed. MTTR is a measure of maintainability of the design
and equipment. Time required to locate and repair dependent
(non-chargeable) failures shall be included in the total repair
time. The MTTR shall be estimated by the total elapsed
corrective maintenance time divided by the total number of
corrective maintenance actions during a given period of time.

Typically, MTTR is calculated as:
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CumulativeRepair Time in Hours
TotalNumber of Repair Actions

MTTR =

Measurement Standard - A metrology reference standard device
used to calibrate measuring and test equipment (M&TE) or other
measurement standards where a measurement standard has a
National Institute of Standards and Technology (NIST)
traceability property such that comparative measurement or value
of a measurement standard 1i1s related to stated references
through an wunbroken chain of comparisons all having stated
uncertainties.

Minimum Design Life — The 1inherent durability of the
equipment/system. Typically specified in the system/equipment
design and normally stated in years.

Mission Profile - A time-phased description of the events and
environments an item experiences from initiation to completion.
It identifies the task, events, durations, operating conditions
and environments for each phase.

Mission Reliability - The probability that an item will perform
its required functions for the duration of a specified mission
profile (See Mission Profile)

Mission Time - That element of up-time required to perform a
stated mission profile.

Modular Design — The logical assemblage of electrical and
mechanical components together in replaceable sub-assemblies
according to the function they perform.

Monte Carlo Computer Simulation Techniques - A method utilizing
random sampling to obtain inputs for computer simulation trials
and obtaining approximate solutions in terms of a range of
values each of which has a calculated probability of being the
solution to the problem.

Nonconformance - A discrepancy in characteristic, documentation,
or procedure which affects form, fit, or function and renders
the quality of an item unacceptable or indeterminate iIn regard
to meeting relevant project requirements. Examples of
nonconformance include physical defects, test  failures,
incorrect or inadequate documentation, or deviation from
prescribed processing, inspection, or test procedures.

29



Design Criteria Manual Reliability and Maintainability, Chapter 11

Non-Operating Time - The amount of time that a system/equipment
IS not operating but assumed to be operable. Non-Operating Time
refers only to systems not committed to a specific mission.

Non-Scheduled Non-Routine Maintenance - Necessary actions to
restore a system or equipment to a serviceable condition. (See
also Corrective Maintenance)

Operating Time - The time during which the system or equipment
is turned on and actively performing at Uleast one of 1its
functions.

Operational Availability (See also Intrinsic Availability) - The
probability that an equipment/system at any instant 1in the
required operating time will operate satisfactorily under stated
conditions where the time considered includes operating,
corrective and preventive maintenance, administrative delay
time, and logistic delay time.

Overhaul - The effort, usually performed at workshop level, when
a complete disassembly inspection, rework and reassembly, of an
item Is required to restore the i1tem to a “like new” condition.

Part — One (1) or more pieces semi-permanently joined to satisfy
a particular function.

Parts Control Program - A documented policy and procedure
intended to control the method for selecting and using parts to
enhance system/equipment performance and reliability.

Parts Count Analysis - A method of predicting item reliability
utilizing models which need part types and quantity, part
quality levels and equipment environment. This prediction
method 1i1s normally utilized during early design phases and
assumes the time to Tailure of the parts 1is exponentially
distributed, 1.e. a constant failure rate.

Parts Stress Analysis (See also Parts Count Analysis) - A method
of predicting item reliability utilizing models which require
additional information to that 1i1n Parts Count Analysis,
particularly stresses on parts (e.g. temperature, power oOr

current rating, complexity etc). It 1s normally applied at
later design phases for trade-offs between reliability versus
part selection. The parts stress analysis method assumes the

time to failure of the parts is exponentially distributed (i.e.
a constant failure rate).
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Preconditioning (See also Burn 1In, Early Life Failures and
Environmental Stress Screening (ESS)) - A method of ageing an
item by operating i1t under specified environmental (normally
high temperature or vibration) iIn order to eliminate early life
failures prior to final test or shipment.

Prediction - The reliability computed from the observed,
assessed or extrapolated reliability of its parts for the stated
conditions of use, and taking iInto account the design of a
product.

Predictive Maintenance — A systematic methodology of
system/component failure analysis to identify the probability of
damaged equipment and cost/benefit analysis of preventive
maintenance actions to minimize costs and maximize performance.

Premature Failure (See Early Life Failure)

Preventive Maintenance — A systematic arrangement of inspection,
cleaning, Hlubricating, servicing and minor repairs (adjusting
and tightening) carried out at predetermined iIntervals or
according to prescribed criteria, to reduce the probability of
failure or the degradation of the functioning of an item, to
optimize equipment life, minimize disruptive operational
failures, and initiate repairs before breakdowns occur.

Procedure - Procedure as used in regard to maintainability shall
be understood to mean written instructions identifying what is
to be done, who will do 1t, and how, where, and when i1t shall be
scheduled to be done.

Producer’s Risk - The probability of rejecting equipment which
has a true Mean-Time-Between-Failures (MTBF) equal to the upper
test MTBF. The probability of rejecting equipment which has a
true MTBF greater than the upper test MTBF will be less than the
producer’s risk.

Product - A type or a category of manufactured goods,
constructions, installations, and natural and processed
materials or those associated services whose characterization,
classification, or functional performance determination 1is
specified by standards.

Production Reliability Acceptance Test (PRAT) - A test conducted

under specified conditions, by, or on behalf of, the Authority,
using delivered or deliverable production items, to determine
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the producer’s compliance with specified reliability
requirements.

Projects — Maintenance action undertaken on a pre-established
number of items of equipment to correct a material or design
defect. Projects may last more than a year and may be made part
of the capital program.

Provisioning - The process of determining and acquiring the
quantity and type of support items, spares, repalr parts, tools
and test equipment necessary to operate and maintain an item for
an initially stated period of time.

Quality - The totality of characteristics of an item that bear
on its ability to satisfy stated and implied needs.

Quality Assurance — QA is a system of coordinated activities
that attempts to prevent maintenance performance from deviating
from what iIs expected within the maintenance department’s cost
and performance objectives. Activities can include 1incoming
inspection of materials, component performance  testing,
component vendor surveys, and component defect analysis to
predict the probability of occurrences of defects of components,
control production, and to design inspection sampling plans.

Quality Control Inspection - Examining, testing, analysis, or
sampling products or workmanship, including when appropriate,
raw materials, components, and intermediate assemblies, to
determine conformance to stated requirements.

Quality Control Tests - Tests conducted and performed by the
Contractor for the purpose of monitoring the quality of products
and performance of the Contractor.

Random Faillure - A fTailure whose time of occurrence 1Is
predictable only in a probabilistic sense (i.e. not
deterministic).

Reaction (or Reponse) Time - The time used by equipment,

operator, or both, that elapses between the moment an action 1is
called for and when the desired result occurs.

Reject Criteria - The limits for Reliability and Maintainability
(R&M) parameters which will cause a rejection of tested items
when the limits are reached or exceeded during an Ré&M
demonstration.
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NOTE: Possible parameters for reject criteria are the number of
chargeable TfTailures (for reliability) or repair times (for
maintainability).

Relevant Failure - A relevant failure of an 1i1tem 1s an
independent failure which results In a loss of function of that
item caused by either of the following:

1. A fault in the i1tem while operating within its design and
environmental specification limits, or

2. Improper operation, maintenance or testing of the item as a
result of Contractor-supplied documentation.

Reliability - The ability of a component, item, or system to
perform a required Tfunction under stated conditions for a
specified period of time.

NOTE: The term reliability is also used as a reliability
characteristic denoting a probability of success, or a success
ratio.

Reliability Analysis — A quantitative analysis of equipment or
operation that determines whether the function under study will
comply with the specified reliability or availability goals.

Reliability Block Diagram (RBD) - A reliability model that
provides a pictorial representation of system reliability
performance and shows the Ilogical connection of (functioning)
components needed for system success.

NOTE: In the symbolic representation, no distinction iIs made
between open circuit, short circuit, or other TfTault modes.
However i1n the numerical evaluation this i1s possible.

Reliability Center Maintenance (RCM) - A method for establishing
a scheduled (preventive) maintenance program which will
efficiently and effectively achieve the inherent reliability and
safety levels of equipment. It is methodology which can be
applied to the development of a preventive maintenance program
and results in 1improved component reliability and minimized
overall program costs. The intended end result is improved
overall equipment safety, availability, and economic operation.

Reliability Demonstration - A demonstration using a statistical
evaluation of tests or operating data to show that
system/equipment reliability complies with the specified
quantitative requirements.
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Reliability Growth - The improvement in a reliability parameter
caused by the successful correction of deficiencies in item
design or manufacture.

Reliability Growth Model - A mathematical model to
monitor/control the i1mprovement of a reliability parameter
generated by the successful correction of deficiencies 1In
system/equipment design or manufacture.

NOTE: Usually a distinction is made between parametric and non-
parametric reliability growth models. Parametric models allow
users to plan, monitor/control, and predict the vreliability
growth.

Reliability Growth Test - A series of tests conducted to
disclose deficiencies in item design and manufacturing and to
verify that corrective actions will prevent recurrence. It

measures the degree of improvement in item reliability as a
result of corrective actions iIn the design and manufacturing
processes.

Reliability and Maintainability (R&W) Allocation and
Apportionment - The allotment of reliability and maintainability
requirements to sub-systems such that, 1f these sub-system
requirements are met, the allotment will result in satisfactory
system level reliability and maintainability.

Reliability and Maintainability (R&) Assessment - The
determination of the R&M values of an item within stated
confidence Jlimits, from test or field data, on nominally
identical items. The source of the data must be stated.

NOTE: Alternatively, point estimates may be used, the basis of
which must be defined.

Reliability and Maintainability (R&W) Assurance - The
implementation of adequate planned and systematic actions
necessary to provide confidence that an item will satisfy given
reliability and maintainability requirements.

Reliability and Maintainability (R&M) Model - A mathematical
model wused Tfor prediction or estimation of R&M performance
measures of a product.

Reliability and Maintainability (R&) Program Plan - A plan that

defines the management and technical tasks to be undertaken and
the organizations responsible for them.
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Reliability Maintenance — Reliability maintenance is the process
of modifications that increases the probability that a system or
component will continue to efficiently operate.

Reliability Qualification Test - A test conducted under
specified conditions, by, or on behalf of, the Authority, using
items representative of the approved production configuration,
to determine compliance with specified reliability requirements
as a basis for production approval.

Reliability Stress Analysis - The study of the reliability
effects of stresses (electrical, mechanical, thermal, etc.) on a
product and their distributions taking into account the
operational requirements.

Repair - A corrective action resulting from an equipment failure
or breakdown. A repair may also be the result of preventive
maintenance inspections or scheduled maintenance. In either
case, repair is an activity that restores a malfunctioning item
to an operable state.

Repair Time - The active working time to effect the maintenance
action. The time element excludes transportation time to the
site or waiting for a repailr person, and parts. It includes
fault detection and isolation, access, testing, replacement or
adjustment, and time to restore the system or component to a
state of operational readiness. To control exceptional cases,
the 90" percentile is used to indicate that the repair time is
not exceeded 90% of the time.

Repairability - The probability that a failed system can be
operational in a specified interval of repair time.

Replaceable Unit - Any physical unit (e.g. component, printed
circuit board, sub-assembly, etc.) which can be removed and
replaced, and whose removal and replacement does not require
removing soldering, re-soldering or re-wiring (other than
disconnecting from/connecting to a wiring terminal) of that
unit, nor of any other unit In order to access the replaceable
unit. IT a unit 1s not a replaceable unit and is not within a
replaceable unit as defined iIn the preceding sentence, the
entire shelf/chassis/rack/cabinet within which the unit 1is
situated shall be considered a replaceable unit.

Replacement Schedule — The specified period(s) when components
of operating equipment and systems are to be replaced.
Replacement i1s the removal of components which are approaching
the end of their useful lives or the time interval specified for
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component overhaul or rework and installation with a serviceable
component.

Sampling Plan - A sampling plan is the process of measuring a
few 1tems and assuming information about the group from the same
measurements.

Safety - The likelithood of a product to maintain throughout its
life cycle an acceptable level of risk that may cause an injury
to personnel or major damage to the product or its environment.

Scheduled or Routine Maintenance (See Preventive Maintenance) -
Maintenance activities to be performed on an established
frequency or periodicity.

Screening - A process for inspecting items to remove those that
are unsatisfactory or those likely to exhibit early life
failure. Inspection includes visual examination, physical
dimension measurement and Tfunctional performance measurement
under specified environmental conditions.

Secondary Failure - A failure of an i1tem, caused either directly
or indirectly by a failure or a fault of another item.

Selection Time - Time necessary to select requisite test
equipment/programs.

Serviceability - The ease with which the system can be repaired.
Servicing Time (See Repair Time)

Shelf Life - The length of time an item can be stored under
specified conditions and still comply with specified
requirements.

Simulation - The representation of selected behavioral
characteristics of one physical or abstract system by another
system.

Single Point Failure - The failure of an item which would result
in Tailure of the system and 1i1s not compensated for by
redundancy or an alternative operational procedure.

Sneak Analysis - Sneak Circuit Analysis: A procedure conducted
to identify latent paths which cause occurrence of unwanted
functions or inhibit desired functions assuming all components
are properly functioning.
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Software Quality - A software product’s totality of features and
characteristics that determine its ability to satisfy stated
needs and conformity to specified and referenced standards. The
degree to which a software system meets the specified and
referenced standards.

Software Quality Assurance (SQA) - SQA is the planned and
systematic set of activities that ensure that software process
including all activities involved in design, coding, testing,
and maintaining products including software, associated data,
documentation and all supporting and reporting paperwork conform
to requirements, specified standards, and procedures.

Software System Test - The activity of testing Iintegrated
hardware and software systems to verify whether the system meets
the Authority’s specified reliability, and technical

requirements.

Software Validation and Verification - Two complementary aspects
of testing a product’s fitness for purpose. Formal process to
confirm software meets Agency’s specifications and fTulfills its
intended purpose.

Spare Parts Scaling - The determination of how many spares of
each type should be held to support an equipment by the unit iIn
which i1t is fitted, having considered the numbers of equipment
fitted, likely fTailure rate, and proximity of the alternative
sources.

Standby Mode - That mode of an item during which it is not fully
operating but assumed to be completely operable.

Standby Operation - A sequence of elementary activities carried
out during a quasi-operational state.

Supportability - A measure of the degree to which all resources
required to operate and maintain the system/equipment can be
provided in sufficient quantity and time.

System Life Cycle - The period divided into phases, ranging from
the Tfirst considerations on the need for a system/equipment
through the development and iIn-service stages down to phasing-
out and disposal.

Tailoring - The process by which the 1individual requirements
(paragraphs, sub-paragraphs or sentences) of the selected
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documents are evaluated to determine the extent to which each
requirement is most suitable for a specific system or equipment
acquisition and the modification of these requirements, where
necessary, to ensure that each achieves an optimal balance
between operational needs and cost. This process must take care
not to exclude those R&M requirements which are determined as
essential to meeting operational needs.

Testing Process - A series of tests conducted to disclose
deficiencies or to verify that corrective actions will prevent
recurrence and to determine compliance with specified R&M
requirements.

Unsafe Condition - Any condition that endangers human life or
property.
Up-Time - That period of time during which an item is In a

condition to perform a required function.

Wear Out Failure - A failure whose probability of occurrence
increases with the passage of time, as a result of processes
inherent In the i1tem.

Work Center — A group of production shops which are considered a
unit for organizational or performance control or cost
accounting purposes.

Work Measurement- A system for determining the time to perform a
specific task and comparing planned work performance to actual.

Work Standards — The time required to perform a specific task by

a craft-person with average working skills working at a pace
that can be maintained under normal working conditions.
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CHAPTER 12 — SYSTEM SAFETY
12.1 INTRODUCTION
12.1.1 Purpose

The purpose of the DART SYSTEM SAFETY DESIGN CRITERIA is to
provide engineers, architects, planners and other project
participants with sufficient detailed iInformation to permit a
uniform and comprehensive approach to design development.

Designing the system to incorporate system safety, by itself,
will not assure a safe operating system after operations have
begun. A safe design 1i1s only the fTirst element 1In a
comprehensive system safety program. The complete program shall
include assurance that: design criteria are iIncorporated in the
final system design, the system components and construction are
provided as designed, staff is trained to safely operate and
maintain the system, and adequate management controls are 1iIn
place to assure adherence with the safety plan throughout the
operations cycle.

12.1.2 Goals

Safety criteria shall provide performance values, procedures and
specifications for measuring design attainment of the following
safety goals:

a) All elements of system layout, design and operation
shall have safety performance equal to or greater than
currently demonstrated in the existing DART light rail
transit system.

b) No equipment failure within the system shall result iIn
a catastrophic or critical accident.

12.1.3 Objective

The system safety design criteria shall, at a minimum, meet the
following objective:

Identified unacceptable and wundesirable hazards shall be
eliminated or controlled using the following hierarchy of hazard
resolution:

Design for Minimum Risk. Design, redesign or retrofit to
eliminate (i.e., design out) the hazards through design
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selection. IT an identified hazard cannot be eliminated,
reduce the severity and/or probability of occurrence to an
acceptable level. This may be accomplished, for example,

through use of fail-safe devices and principles in design,
the iIncorporation of high reliability systems and
components, and the use of redundancy 1in hardware and
software design.

Safety Device. Hazards that cannot be eliminated through
design or controlled through design selection will be
controlled to an acceptable level through the use of fixed,
automatic, or other protective safety design features or
devices. Examples of safety devices include interlock
switches, protective enclosures, and safety pins. Care
must be taken to ascertain that the operation of the safety
device reduces the loss or risk and does not iIntroduce an
additional hazard. Safety devices will also permit the
system to continue to operate iIn a limited manner.
Provisions will be made for periodic functional checks of
safety devices.

Warning Devices. When neither design nor safety devices can
effectively eliminate or control an identified hazard,
devices will be used to detect the condition and to
generate an adequate warning signal to correct the hazard
or provide for personnel remedial action. Warning signals
and their application will be designed to minimize the
probability of iIncorrect personnel reaction to the signals
and will be standardized within like types of systems.

Procedures and Training. Where it is not possible to
eliminate or adequately control a hazard through design
selection, or use of safety and warning devices, procedures
and training will be used to control the hazard. Special
equipment operating procedures can be implemented to reduce
the probability of a hazardous event and a training program
can be conducted. The level of training required will be
based on the complexity of the task and the minimum trainee
qualifications contained 1i1n the training requirements
specified for the subject system element and element
subsystem. Procedures may include the use of personal
protective equipment. Precautionary notations i1n manuals
will be standardized. Safety critical tasks, duties, and
activities related to the system element/subsystem will
require certification of personnel proficiency. However,
without specific written approval, no warning, caution or
other form of written advisory will be used as the only

12-2 January 2007 Revision 5
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risk reduction method for Category 1 and |11 hazards.
Hazard categories are covered in the DART Operations SSPP,
Section 5.

12.1.4 Analysis Methods

There are several hazard analysis techniques that should be
considered to assist in the evaluation of potential hazards and
to document their resolution 1including a Preliminary Hazard
Analysis (PHA), Failure Modes and Effects Analysis (FMEA), and
Operating Hazard Analysis (OHA). These analyses should be
conducted in accordance with the latest version of MIL-STD-882.
This standard provides uniform requirements for developing and
implementing a system safety program of sufficient
comprehensiveness to identify the hazards of a system and to
impose design requirements and management controls to prevent
mishaps. The system safety program addresses hazards from many
potential sources, including system design, hazardous materials,
advancing technologies, and new techniques. Detailed guidelines
on utilizing these techniques can be found 1In the FTA
publication Hazard Analysis Guidelines for Transit Projects
January 2000. The hazard analysis shall include the following
information:

a) Component identification and function;

b) Next higher assembly identification;

c) Effects of failure on system performance;

d) Means by which fairlure i1s detected;

e) Hazard severity categories are defined to provide a
qualitative measure of the worst credible mishap
resulting from personnel error, environmental
condition, design inadequacies, procedural
deficiencies, system, subsystem or component failure

or malfunction as follows:

1) Category 1: Catastrophic: Death, system loss or
severe environmental damage.

2) Category 1l: Critical: Severe iInjury, severe
occupational 1llness, major system, or
environmental damage.

3) Category 111: Marginal: Minor injury, minor
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occupational
environmental damage.
4) Category 1V: Negligible:
injury, occupational
or environmental damage.

Less
illness, or less than system
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illness, minor system, or

than minor

e) Hazard likelihood is the probability that a hazard will
be experienced during the planned life expectancy of
the system. It can be estimated 1iIn potential
occurrence per unit of time, events, population, or
activity. However, qualitative hazard likelihood may
be derived from research, analysis, and evaluation of
historical safety data from similar systems.
Supporting rationale for assigning a hazard
probability shall be documented 1i1n hazard analysis
reports. When hazard probability assessments are
determined to be necessary for classification of
critical hazards, the following qualitative hazard
likelihood ranking shall be used (see page 12-5):

Desi{lptlve Level Within Specific Individual ltem Within a Fleet or
ord Inventory
Likely to occur frequently. -
Frequent A MTBE*yis less than 2000 Y 232;;2&;&i;¥
operating hours
Will occur several times in life
of an item. MTBE is equal to or -
Probable B greater than 1000 opergting ﬁ:;;ugg:?;
hours and less than 100,000
operating hours
Likely to occur sometime in life
of an item. MTBE is equal to or -
Occasional C greater than 100,000 ogerating se\/vJelrlaloct(:iumI;s
hours and less than 1,000,000
operating hours
Unlikely but possible to occur
in life of an item. MTBE is Unlikely but can
Remote D greater than 1,000,000 operating reasonably be
hours and less than 100,000,000 expected to occur
operating hours
So unlikely, it can be assumed Unlikely to
Improbable E occurrence may not ?e occur, but
experienced. MTBE is greater 2
than 100,000,000 hours possible
*MTBE = Mean time between events
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Design Characteristics for Safety

Specific characteristics shall be 1i1ncorporated into equipment
designs to accomplish the safety objectives. Examples of some
of these characteristics are:

a)

b)

d)

12.1.6

Redundancy / Fail-Safe Philosophy: Where redundancy
iIs employed to satisfy a safety critical function, the
methods employed shall be totally independent to
preclude both elements failing from a common cause.
In addition, a fTailure of either element shall be
readily detectable, such that the need for remedial
action 1is 1indicated before a critical hazard can
arise. Redundancy shall be employed where fail-safe
philosophy cannot be satisfied. Fail-safe means the
item shall achieve a mode of operation known to be
“safe” after experiencing i1ts first failure.

Hazard Isolation: The design shall incorporate hazard
isolation features so that the effect of any hazardous
event shall be contained as close to the source as
possible and shall not impact any other system.

System Status Verification: The design shall include
all necessary means to verify safe system performance
and operation.

Component Interlocks: The design includes component
interlocks whenever out of sequence operation could
cause a critical hazard.

Design Safety Optimization

System safety techniques for optimizing design include:

a)

b)

c)
12.1.7
The level

Establishing safety goals/criteria and checking;
Safety evaluations;

Qualitative hazard analysis.

System Safety Protection Policy

of system safety protection included iIn the design

criteria is based on the following general policies.



Design Criteria Manual System Safety, Chapter 12

12.1.7.1 General Public

The DART light rail system provides the highest standards of
safety and security for its property, passengers, and members of
the public when revenue service commences. This shall include
provisions to meet the special needs of those members of the
general public with physical disabilities including sight
impairments, hearing impairments, lack of coordination,
disabilities due to age, and semi-ambulatory or non-ambulatory
disabilities.

12.1.7.2 Transit System Employees

Any employee of DART shall be provided the same level of
protection as the general public.

12.1.7.3 Environment

Design of the DART light rail system shall include protection of
the environment and protection of the facility from nearby
accidents.

Crime Prevention through Environmental Design (CPTED)
methodologies shall be used to evaluate station and facility
locations.

12.1.7.4 Equipment and Structures

All equipment and structures necessary to prevent or mitigate
the consequences of various accidents or events shall be
protected from identified potential hazards.

12.1.8 Postulated Safety Hazards

Safety design criteria are iIntended to provide controls for
those hazards commonly found 1in a transit system. The
postulated hazards that the DART System Safety Design Criteria
are iIntended to provide protection against include the
following:

a) Fire/Explosion - in vehicles, tunnels, stations,
right-of-ways, yards, and shops;

b) Collision - vehicle with another vehicle, structure,
automobile, or person, either on the track or iIn the
right-of-way;
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c) Electrocution - on vehicles 1in tunnels, stations,
right-of-ways, iIn yards, and in shops;

d) Flood - in right-of-way, tunnel, subway station,
guideway, yards, shops, and systems equipment;

e) Entrapment/Crushing - in vehicle doors, between cars,
under cars, between cars and platforms, on right-of-
ways, iIn yards and shops, i1n station gates, elevators,
and escalators;

) Falls/Contusions - in rail vehicles, elevators, on
escalators, stairs, ramps, platforms, right-of-ways,
crossings, yards, and shops;

9) Environmental Pollution - release of a hazardous
material iInto the air, ground, or water, or the
creation of any adverse effect on the environment;

h) Security concerns - terrorist threats, vandalism,
assaults, and thefts.

12.1.9 System Safety Performance Criteria

The following sections provide general criteria for system
performance to protect against the hazards identified in Section
12.1.4. Later sections will provide more specific design
criteria for subsystems.

12.1.9.1 Fire/Explosion Accident Control
General

Vehicles, circuits, structures, furnishings, equipment and
operating procedures shall be designed, arranged, and
implemented in accordance with the following criteria:

a) Combustible and potential 1ignition sources shall be
separated by distance and/or barriers.

b) Material 1in passenger/public areas shall be selected
and arranged to contain fires typical for these areas
safely without further general propagation. This
includes Tires from public carelessness and minor
vandalism such as from burning cigarettes, matches on
seats and trash fires.
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c) Materials shall be selected to conform to flammability
standards and be specifically designed for
applications in any areas where they may be exposed to
a high-energy electrical arc, and minimize the
production of toxic smoke or particles.

d) Critical areas shall be protected by supervised fTire
and intrusion detection systems monitored at the Train
Control Center (TCC).

e) Heat generating equipment (transformers, resistors,
motors, generators, rectifiers, etc.) shall be
ventilated as required.

) Standardized informational graphics shall be provided
throughout the system to 1indicate the location of
regular and emergency exits and exit paths, emergency
telephones, fire extinguishers and other safety
critical items.

9) Fire detection and suppression equipment shall be
provided in accordance with the particular
requirements of each area. This will include
sprinkler protection, Halon or clean agent fTire
extinguishing systems in TCC and electronic equipment
areas, portable Tfire extinguishers in the subway,
stations, and on board cars, and a standpipe system in
underground stations, tunnels and aerial stations.

h) Protection shall be provided that prevents the
intrusion of flammable and combustible liquids and
vapors.

1) Access shall be provided for emergency response
personnel, through  passenger stations, or from
crossing of parallel streets or on special access
roads along the right-of-way.

Evacuation

Evacuation from rail vehicles, trainways, and station areas
shall be an integral part of system safety design for all such
areas. Systems shall be designed to provide for complete
evacuation of a fully loaded train from any point in the subway
tunnel within 30 minutes, from an underground station platform
in 4 minutes or less, and from the most remote point on the
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platform to a point of safety in 6 minutes or less. Design of
several subsystems will impact these criteria.

The criteria for these subsystems include the following:

a)

b)

D

2)

3)

Vehicle

Emergency door controls shall permit opening of
all doors from 1inside and selected doors from
outside the vehicle to permit evacuating the
vehicle within one minute.

Vehicle fire containment and materials fire
resistance shall meet the requirements of the
latest edition of NFPA 130, Standard for Fixed
Guideway Transit and Passenger Rail Systems,
Applicable Chapter. Portions of the vehicle body
separating major ignition or energy sources from
the passenger compartment shall have sufficient
resistance to fire penetration to the interior of
the vehicle by an external fire for a period
consistent with the safe evacuation of a fTull
load of passengers from the vehicle in the worst-
case situation.

Vehicle emergency Jlighting and communication
systems shall remain operative for a period of
not less than one hour following loss of traction
power .

Tunnel

D

2)

3)

The emergency telephone system iIn the tunnel
shall remain operative for at least 30 minutes
following any interruption of the normal power

supply.

Tunnel wiring and cabling for communications,
lighting, and power distribution shall be
selected and installed to minimize smoke and fume
emission for a period of at least 30 minutes
following initiation of a tunnel fire.

The number and location of entrances and exits
shall be adequate for evacuation under emergency
conditions. The number, Hlocation, and lighting
of emergency exits shall be iIn accordance with
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4)

5)

6)

)

8)

9)
10)

the provisions of the latest edition of NFPA 130.
Emergency access points shall be provided such
that no point in the tunnel is more than 1,250
feet from an emergency exit. Cross tunnel
passages shall be provided at intervals of no
more than 800 feet with fire rated doors.

Capability shall be provided for emergency
deactivation of traction power within the tunnel.
Emergency trip station shall remain operative for
at least 30 minutes following loss of power to
the control circuits.

Emergency lighting shall be provided and shall
remain operative for at least 90 minutes
following any interruption of the normal power
supply. The minimum level of i1llumination shall
be 1 foot candle on the surface of the walkway.

The tunnel ventilation system shall be reversible
and shall be capable of removing the combined
heat, smoke, and toxic fumes from a Tire event
away from the direction of passenger evacuation.

The emergency ventilation fans, their motors, and
related components exposed to ventilation airflow
shall remain operative In an ambient atmosphere
of 482 degrees Fahrenheit for at least one hour.
Per NFPA 130, a design analysis shall be
permitted to be used to reduce this temperature;
however, it shall not be less than 302 degrees
Fahrenheit.

Continuous walkways with a clear envelope at
least 24 1inches wide shall be provided to an
egress point of at least 36 inches wide, except
in the crossover sections where a minimum of 24
inches shall be provided. Handrails shall be
provided along the walkway. The walkway envelope
may be 22 1inches wide in selected locations
adjacent to obstructions.

Egress path shall not be obstructed.
Markers shall be regularly placed along walkways

indicating the direction and distance to the
closest exit.

10
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11) A standpipe system and outlets to supply water

for fTire Tighting activities will be provided
throughout the tunnel sections at an interval
satisfactory to the Authority Having Jurisdiction
(AHD).

Aerial Structures

D

2)

Access points for emergency vehicles shall be
provided such that access to the aerial structure
shall be spaced at a maximum interval of 2,500
feet unless a change is approved or requested by
the AHJ.

A continuous walkway with a clear envelope of at
least 24 inches wide shall be provided to egress
points. The walkway envelope may be 24 inches
wide in selected locations adjacent to
obstructions. Guardrails shall be provided along
the outside of aerial structures.

Subway Station

D

2)

3)

The number and location of exits, lighting and
methods of securement shall all be iIn compliance
with the provisions of the latest editions of
NFPA 130, NFPA 101 — Life Safety Code and local
Building Codes.

Public access areas shall be equipped with
automatic Tfire detection and Tfire protection
systems iIn accordance with the provisions of the
latest edition of NFPA 130, and the AHJ.

The ventilation system shall be reversible and of
sufficient capacity to remove heat, smoke, and
toxic fumes at the projected volumes to provide a

tenable environment. Remote control of fans
and dampers shall be located at TCC and the local
fire management panel. The ventilation system

shall meet the criteria of the latest edition,
NFPA 130.

11
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e) Fenced Trainway

1) Access gates shall be provided in fences such
that access to the trainway shall be spaced at a
maximum interval of 2500 feet unless approved by
the AHJ. Highway-rail grade crossings, systems
access gates, and station access points can be
used to satisfy the 2500 foot requirement.
System access gates, when installed, shall be
identified for the AHJ and Operations personnel
through the use of signage containing the
location and unique gate identification.

2) Security of gates shall allow operational and
emergency access. A Knox Padlock linked to an
authority lock and chain shall used to secure the
access gate.

3) An “Area of Refuge” within a fenced trainway may
be considered on a case-by-case basis as a means
to satisfy emergency egress requirements. It
selected the Area of Refuge shall:

A. Have clearly defined limits;

B. Meet the definition of a point of safety;

C. Be demarked with appropriate sighage;

D Not create an additional unacceptable hazard.

12.1.9.2 Collision Accident Control

Operators will manually control trains. An Automatic Train
Protection (ATP) system shall prevent vehicles from penetrating
occupied blocks i1n high speed signalized sections. On surface
sections with Jline-of-sight operation the maximum allowable
speed will not be more than 45 mph.

Train progress in signalized territory shall be monitored by the
TCC. Traction power, brake, and train protection subsystems and
their controls shall be designed to be fail-safe, both as
independent subsystems, and when interacting as permitted by the
integrated system design.

Surface operation in streets, along transit malls and along
median alignments will generally conform to that of other street
vehicular traffic and in accordance with the provisions of the
DART Design Criteria Manual, Volume 2, Chapter 10, Section
10.2.2- Operating Speeds. Operation in these segments and other

12
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non-signalized territory shall be by line-of-sight where safe
separation of trains is maintained through visual observation of
conditions and operating rules and procedures. Collisions
resulting in injuries shall be minimized through providing an
adequate fTield of vision, an exterior surface contoured to guide
objects away from the track, an exterior surface free from
projections that could cause 1iInjury, and energy absorption
structures at both ends of the car.

In station areas (except the Central Business District),
pedestrian crosswalks and station elements shall be arranged to
provide transit vehicle and patron visibility for at least 600
feet iIn both directions. The sight triangle should be measured
at least 12 feet-0 inches from the centerline of the near track.

Signage shall be provided near station area crosswalks to
encourage patrons to look both ways prior to crossing the track.
Station area signage shall also be provided to discourage
trespass, discourage crossing at locations other than
crosswalks, and to remind patrons to stand behind the tactile
warning strip.

Right-of-way warning signs shall be erected at [locations
including highway-rail grade crossings, bridges, and the ends of
station platforms and along the guideway at approximately 400
foot iIntervals to warn of the high voltage hazard and discourage
trespass. The signs shall be pole, fence, or wall mounted.
Additional signs shall be iInstalled on a case-by-case basis as
deemed appropriate for the environment.

Train collisions with other vehicles shall be minimized through
the effective design of crossings. This shall include the use
of grade separations in areas of high hazard, use of medians or
traffic barriers to 1inhibit gate violations and fully gated
crossings in all other areas except the CBD and the median
running sections where traffic signal controls will be used.

Crash safety design shall include standards for the integrity of
the <car body and its Tfurnishings, progressive structural
crushing and deformation of structure to absorb crash impact
loads, vertical strength of end of car, and strength for shear
mechanism. Passenger seats and stanchions shall be designed to
accommodate crash loadings. Interior cabinets and attachments
shall not open or release their contents under expected crash
loading conditions.

13
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Right-of-Way (ROW) fencing and/or barriers shall be provided
when civil design/operational train speeds are anticipated to be
greater that 45 mph. Additional or supplemental fencing and /
or barriers shall be evaluated on a case-by-case basis for
special circumstances. The following conditions warrant an
evaluation:

a) Adjacent public or private schools;

b) Adjacent parks and recreational areas;

c) Special event locations where fences/barriers may be
needed for channelization;

d) Areas with anticipated security concerns;

e) Parking areas next to at-grade stations.

In corridors shared with freight railroads, fencing shall be
installed between the LRT and railroad track to provide a clear
operational separation. Crossing of the railroad for fire/life
safety access and egress 1is discouraged. In the event this
access or egress iIs required, sliding gates shall be used to
prevent encroaching into clearance envelopes.

If clearances are not available for the standard fence, barriers
shall be installed between the LRT and railroad in areas where
personnel will need to be on the ROW. Barrier installations
will be evaluated on a case-by-case basis. Areas to install the
barriers are:

a) Special trackwork;

b) Switching yards;

C) Pocket tracks;

d) Maintenance facilities.

A standard 6 foot high chain 1link fence 1is the minimum
recommended for ROW or railroad separation fencing. Fencing
installations shall follow clearance, grounding, taper and flare
and other requirements found throughout the DART Design Criteria
Manual, Volumes 1 and 2, in addition to the above requirements.

Fencing, landscaping, and other structures near the highway-rail
crossing shall be located, arranged, or placed to maximize
visibility at the crossing. Examples of placement
considerations include:

a) Crossing warning device controls placed for normal
operating direction;

14
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b) Within 200 feet of the edge of the roadway, fencing
and landscaping shall quickly taper (in 20 feet) to a
maximum height of 4 feet and flare to at least 40 feet
from the centerline of the near track, or to the edge
of the Right-of-Way i1f less than 40 feet;

c) Vertical elements within 200 feet of a crossing shall
be held to a maximum of 4 feet in height.

Rail Safety Indoctrination shall be required of all
contractors/employees whose duties include work around rail
operations. The indoctrination shall be coordinated with the

Manager Rail System Safety.

Track alignments which place supporting columns of an overhead
structure (bridge, overpass) within 50 feet of the track shall
be minimized. In the event that the alignment i1s closer than 50
feet from a support column, the approach shall be kept clear of
switch points. Control methods to minimize potential damage to
the columns shall be evaluated on a case-by-case basis.

12.1.9.3 Electrocution Accident Control

Electrical equipment will be enclosed iIn rooms or vaults, or
shall be guarded by barriers to prevent unauthorized access.
Critical areas shall be protected by intrusion alarm systems.

A means for locally removing power from specific sections of the
system shall be provided. TCC shall have the capability to
Tfully monitor the provision of power to each section, as well as
the ability to remove and reapply power.

Vehicle, propulsion power and auxiliary electrical circuits
design shall minimize stray or leakage currents. Installation
design shall be in accordance with the National Electrical Code
and the National Electric Safety Code.

Employees shall be protected from live high voltage circuits and
components by cabinet designs that incorporate circuit-
interrupting interlocks in access doors where appropriate.

Propulsion power wires shall be so located that they adequately
clear all normal or emergency traffic and cannot be reached
without the aid of ladders or lifts. The nominal contact wire
height for various alignments 1i1s covered i1n the DART Design
Criteria Manual, Volume 2, Section 3.

15
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Due to the potential of electric shock on the boarding areas of
station platforms, grounded equipment (metal enclosures, metal
handrails, metal racks, etc.) shall not be located closer than 6
feet from the platform edge.

Propulsion power circuits shall be interrupted in the event of a
ground fault.

12.1.9.4 Flooding

Tunnels and other below grade structures shall be designed to
prevent water from dripping or running onto the rails and rail
appurtenances shall be designed to prevent the accumulation of
standing water.

Pumping stations shall be provided at low points in the system.
A high water alarm shall be provided at TCC.

Drainage pumps shall be of sufficient size to handle intrusions
from weather, water leaks, and fire Tfighting operations. The
use of internal combustion powered pumps shall not be permitted
below grade.

Where pumps operate automatically, pumps shall also be provided
with local controls to manually override the system.

Primary drainage shall be achieved through the use of proper
roadbed design and construction. Excessive water shall drain
into grates to be carried in culverts to a pump pit.

Vehicles shall be designed to operate through specified flood
levels safely, e.g., water 2 inches above top of rail for 400
feet at up to 10 mph.

12.1.9.5 Entrapment/Crushing Accident Control

Vehicle doors, elevator doors, escalators, tunnel refuge areas,
platform ends, special use platforms, and yard and shop work
areas shall be designed and operated to guard passengers and
employees from exposure to entrapment and crushing hazards.

Doors on moving vehicles (rail cars and elevators) shall be
interlocked with the vehicle propulsion and braking systems so
that the vehicles cannot be moved until the doors are closed and
locked 1n rail vehicles, or positioned as permitted in elevators
by ANSI Al17.1.

16
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Dimensions and forces exerted by door closure seals shall be
controlled such that either, a) the door cannot be closed on any
portion of a person®s body to the position which closes the
propullsion 1interlock circuit; or b) the Tforce required for
extraction of a portion of the body on which the door can lock
iIs not more than 20 Ibs. An interlock with vehicle control
system shall prevent opening when the vehicle is iIn motion
(greater than 2 mph).

Escalator and elevator installations shall conform to ANSI
Al7.1.

Door status indicators shall be provided at the train operator’s
console shall indicate when any vehicle door is open and when
all doors are closed.

Mirrors shall permit, and operating rules shall require, a
visual check by the operator that no person is entrapped along a
train, before the train is moved from the station.

Vehicles shall have no projections which can ensnare objects or
people on exterior surfaces.

Underground and other selected stations shall be monitored on
Closed-Circuit Television (CCTV) by Jlocal agents or by the
Controller at TCC. Emergency telephones shall be located in
these areas.

Horizontal spacing between platform and train body shall be a
design 3.0 inches for stations on tangent track based on the
edge of the platform being 4 feet 8 inches from the centerline
of the track. Vertical spacing of the platform shall be
designed to be 15 1/2 inches above top of rail. The LRV
threshold interface with the platform edge shall meet applicable
ADA and TAS requirements.

Level boarding of the SLRV shall be accomplished by phasing out
existing high-level special use platforms through modifications
of station platforms or installation of discrete level boarding
areas. Interim special use platforms or discrete level boarding
areas shall not discharge in the direction of the trackway or to
other hazardous areas.

Yard and shops will be protected in accordance with applicable
sections of OSHA 29 CFR 1910 and ANSI A117.1.

17
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The Authority will establish operating rules guarding against
entrapment and crushing.

Emergency exits from all areas of the guideway, tunnel, and
facilities shall be provided with adequate signage and lighting.

Emergency exit hatches shall be designed to withstand the
anticipated loads of the Ilocation, and shall require no more
than 29 Ibs. of pressure to open from the exit direction. They
shall conform to the requirements of the latest edition NFPA
130, and NFPA 101.

12.1.9.6 Falls/Contusions Accident Controls
General

Walking areas shall be designed to minimize tripping/falling
hazards through the design of walking surfaces, travel paths,
handrails, and lighting levels.

Stairs

Stairs shall have uniform closed risers at a height designed to
minimize tripping hazards. Riser nosing shall be rounded with a
maximum extension % iInch. Treads shall be covered in abrasion
resistant, non-slip materials and be designed to minimize
slipping hazards. Exterior stairs shall have a wash slope down
of 1:100. Handrails shall be of graspable design with no
protrusions or design elements that could be impacted in a fall.

Handrails and landings shall be i1n conformance with OSHA and
Local Building Codes.

Ramps

The use and location of ramps shall be iIn accordance with local
Building Codes and Texas Accessibility Standards (TAS). Ramps
in buildings shall be sufficiently wide to accommodate turning
movements of wheelchairs. All ramps shall have handrails on
both sides. Surface shall be non-skid. Ramps at station
platform areas shall give sufficient space at the top and bottom
of the ramp for a wheelchair turnaround.

Escalators

Step treads shall have a non-slip surface. Level runs of three
steps shall be provided at entrances and exits. Lighting shall
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be a minimum of 5 horizontal foot candles diffused, positioned
to avoid shadow and glare effects.

Emergency stop buttons shall be provided at the top and the
bottom of each escalator run. Escalator speeds shall be set at
no more than 120 fpm.

Elevators

Elevators shall have a non-slip floor surface. A grab-bar shall
be provided on back and sidewalls. Elevator controls shall be
as specified in Texas Accessibility Standards to accommodate the
disabled. Door closing shall have a detector to provide for
door recycling when an obstruction Is encountered.

Elevators shall be equipped with a temperature sensing device
which will prohibit stopping on the fire floor, but with
capability for override by emergency response personnel (Phase
Il fire recall).

Elevators shall be equipped with an emergency communication
device that rings to the TCC.

Escalators and elevators shall be designed consistent with the
requirements specified in the DART Design Criteria Manual,
Volume 1, and Chapter 31.

12.1.9.7 Environmental Protection Control
Environmental protection controls shall include:

a) Protection of users of the system from release of
hazardous materials in the vicinity of the stations
and guideway .

b) Protection of groundwater contamination through the
design of underground storage tanks and drainage
system.

12.1.10 Codes and Standards

Detailed codes and standards references are included for each of
the system sub-components In the respective chapters of the DART
Design Criteria Manual. General references to safety specific
criteria shall be made In the respective sub-component section
of these System Safety Design Criteria. It is intended that the
design of the entire system meet the most stringent requirements
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of all of the applicable codes and standards. This iIncludes and
shall not be limited to:

a)
b)

c)
d)
e)
)
9
h)

12.1.11

DART and

National Fire Protection Association;

National Fire Protection Association 130, Standard for
Fixed Guideway Transit and Passenger Rail Systems;

Uniform Building Code;

International Building Code (BOCA);

Building Codes of the DART Member Cities;
Uniform Fire Code;

International Fire Code (BOCA);

Fire Codes of the DART Member Cities;
Texas Accessibility Standards;

Occupational Safety and Health Act. 29CFR 1910 &
1926;

Texas Manual on Uniform Traffic Control Devices;

NTSB-RSS-71-1 Special Study of Rail Rapid Transit
Systems;

NTSB-RSS-73-1 Safety Methodology in Rail Rapid Transit
System Development;

APTA, Moving People Safely;
MIL-STD-882, System Safety Program Requirements;
NESC - National Electric Safety Code;

North Central Texas Council of Governments - Standard
Specification, for Public Works Construction.

Compliance

its contractors (including consultants) shall be

responsible for establishing and monitoring a document control
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system to ensure incorporation of these criteria into the design
of the DART rail transit system.

12_.2 LIGHT RAIL VEHICLES
12.2.1 General
12.2.1.1 Anti-Climb

Adequate anti-climb devices shall be provided on each transit
vehicle end.

12.2.1.2 Windows

All transit vehicle windows and windshields shall be of impact
and TfTire resistant material and shall comply with the latest
edition NFPA 130 and 49 CFR 223. Windows shall be constructed to
meet FRA Type 11 impact and ballistic requirements.

12.2.1.3 Hand-holds

Handholds and grab rails shall be provided for all passengers.
This may include seat backs, horizontally below the ceiling, and
within each side doorframe. Grab-rails shall meet OSHA
standards for diameter and wall distance.

12.2.1.4 Finishes

Interior and exterior finish shall be devoid of sharp edges and
dangerous protrusions.

12.2.1.5 Electromagnetic Radiation

Wherever practical, the design shall locate equipment producing
electromagnetic radiation outside of the passenger compartment.

12.2.1.6 Under-floor Fire and Roof Protection

The vehicle end caps shall be designed to prevent propagation of
an under floor fire to the vehicle interior. Fire-stops shall
be provided at floor and roof penetrations. Consideration shall
be given to prevention of arc penetration and susceptibility to
ignition of materials used iIn the roof assembly of the vehicle.
Floors shall have a minimum fire resistance rating of 30
minutes.
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12.2.2 Combustible Content
12.2.2.1 Combustibility Limit

The design of the passenger vehicle shall place major emphasis
upon limiting the total combustible content of the vehicle.
Each combustible material above a minimum weight specified shall
be specifically identified by suppliers name and type, use in
the vehicle, total weight, and heating value in BTU/IDb.

Total combustible content of each passenger vehicle shall not
exceed a heating value that would lead to an unsafe condition.

12.2.3 Flammability of Vehicle Materials
12.2.3.1 Testing

Materials used i1n passenger vehicles shall be tested for
compliance with requirements as specified in the latest edition
NFPA 130.

12.2.3.2 Other Material Characteristics

Materials and finishes shall be evaluated under a Tfire risk
assessment for transit vehicles including material
characteristics other than TfTire propagation such as smoke
emission, ease of ignition, rate of heat rise, and smoke release
rate.

12.2.4 Toxicity

Those materials and products generally recognized to have high
toxic products of combustion shall not be used (e.g. polyvinyl
chloride, hypolon, asbestos, lead, and urethane foam).

12.2.5 Fire Extinguishers

At least two approved multipurpose portable fire extinguishers
of the 10-1b class rated 4-A: 30-B:C minimum shall be provided

in each vehicle with one extinguisher at the end of each
passenger compartment.
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12.2.6 Electrical Requirements
12.2.6.1 Lighting

Passenger compartment interior Ulighting shall be provided by
fluorescent lights. One fluorescent fixture above each doorway
shall remain powered from the battery when the low voltage power
output is interrupted. Lights shall also be provided in the step
wells and shall i1lluminate when the doors are open. A ceiling
mounted TFixture shall be located in the cab for use by the
operator. Emergency interior lighting shall be provided in the
vehicle. Minimum illumination shall be one foot-candle measured
at the floor of the vehicle.

On the exterior, there shall be headlights, high-intensity
headlights, taillights, stoplights, turn signals, marker lights,
run number sign lights, emergency light and strobe light
consistent with The State of Texas Vehicle Code. Additionally,
there may be other signal (informational) type lights installed
on the vehicle exterior to aild operations. Exterior indicator
lights placed above the center side doors shall indicate whether
the doors are open or unlocked.

12.2.6.2 Motors, Wiring and Circuitry

All motors, motor controls, current collectors, and auxiliaries
shall be of a type and construction suitable for use on fixed
guideway transit vehicles. Low smoke flame retardant wiring
shall be used where possible.

Self-ventilated resistors shall be mounted with adequate air
space between resistor elements and combustible materials.
Heat-resistant barriers shall ensure protection from overheated
resistors.

Wires connected to different sources of energy shall not be
cabled together or run in the same conduit, raceway, tubing,
junction box, or cable unless all such wires are insulated for
the highest rated voltage in such locations.

All wire and cable shall have insulation suitable for the
intended operating environment and shall be supported and
protected so as to offer the least possible chance of mechanical
damage. Motor leads where entering the frame shall be securely
clamped and fit to prevent moisture from entering the motor
case.
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Electrical circuits and associated cabling shall be designed
with gap and creepage distance between voltage potentials and
car body ground, in accordance with the environmental conditions
to which the circuits and cabling will be subjected. Creepage
distances shall be 1In accordance with the provisions of the
latest edition of NFPA 130.

Non-combustible protection shall be considered for use between
any part of the current collector assembly that i1s at line
voltage and any other portion that is at ground potential.

The battery installation and circuitry shall be designed to
minimize combustion hazards and exposure to toxic materials.
Fire stops shall be provided iIn raceways to control spread of
fire.

Metal enclosures that surround arcing devices shall be lined
with insulating material. Adequate shields or separators shall
be provided to prevent arcing to adjacent equipment and wiring.

Propullsion and braking resistors shall be designed to minimize
combustibility

Power resistor circuits should incorporate protection devices.

Resistor elements shall be electrically insulated from resistor
frames, and frames shall be electrically insulated from
supports. When forced ventilation 1i1s provided the resistor
leads shall be separated, secured, and cleated for protection in
the event of loss of air circulation of the ventilating system.
Leads shall be so routed or otherwise protected from resistor
heat.

12.2.7 Communications
12.2.7.1 Public Address

A Public Address System (PA) shall be provided so that train
operators can communicate emergency information to passengers
including the passengers on a platform. There shall be
provisions in each vehicle so that passengers may contact the
train operator.

12.2.7.2 Two Way Radio

Direct radio voice communication shall be provided between the
train operator and TCC.
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12.2.8 Doors and Emergency Exiting

The number, width, and Hlocation of doors shall be designed to
provide for evacuation of a fully loaded car within one minute.
Doors shall be interlocked to prevent train movement while doors
are open. Doors shall be of sufficient dimensions to provide
emergency egress by handicapped persons with the assistance of
other persons.

Operator control switches for transit vehicle doors shall be
located on the same side of the cab as the passenger doors which
are being activated.

A door sensing circuit shall be provided to recycle doors open
when an obstruction is met. Door closing force shall not exceed
30 Ibs.

Doors shall allow for withdrawal of trapped clothing when doors
are closed.

Provisions for normal and emergency door opening shall include
normal operation from the cab or, after release from the cab, by
push-buttons at the interior and exterior of each door.
Emergency opening shall be provided through manual controls
inside and outside for selected doors, iIncluding after the loss
of power.

A positive door control device shall be provided to prevent side
doors from accidental opening.

An audible warning shall sound iInside the transit vehicle when
doors are closing. Safety signs shall be developed for side
doors.

Doors shall be designed to be opened by patrons under emergency
conditions with the train stopped, even with the Iloss of
electrical power to those doors.

12.2.9 Couplers
Couplers shall be designed to allow safe manual coupling and
shall be designed for proper energy absorption. Coupling shall

automatically assure proper electrical connections to train line
control functions.
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12.2.10 Heating, Ventilation and Air Conditioning

Ventilation equipment throughout the train shall be controllable
from the controlling operator’s cab.

Heater elements shall incorporate protective devices.

The operator shall have the capability, from the controlling
cab, of closing all outside air openings and shutting down all
air ventilation fans on the train.

Heater fanned air distribution ducts and plenums shall
incorporate high temperature sensors, Tfusible [link, airflow
devices, or other means to detect over temperature or lack of
airflow.

12.2.11 Braking Systems

The transit vehicle system shall provide for Tfull service
braking through the friction brakes upon the Tfading of the
dynamic system.

There shall be backup operation of the brake system upon the
failure of any major brake control subsystem.

Emergency brakes shall be automatically applied and non-
retrievable when the emergency brake train line is de-energized
or open-circuited. Sand shall be automatically applied and the
wheel slip system shall be disabled.

The design of the emergency brake subsystems shall be such that
no single failure (single-point failure) can cause an unsafe
condition.

The service braking system shall be designed to achieve smooth
deceleration at all speeds.

Parking brake shall be capable of holding a design (AW4) loaded
car on a 7% grade indefinitely.

A magnetic track brake shall be provided for use iIn emergency

brake application. The emergency brake application shall be by
means of a clearly visible control on the console.
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12.2.12 Car Body

Car body structure shall be adequate at the front, rear, and
side of the vehicle so that interior acceleration/deceleration
rates are contained within safe acceptable limits.

The steps, floor, and articulated sections shall be designed to
minimize the tripping and slipping hazard.

Stanchions shall be securely fastened so as not to detach under
passenger loads and forces typical of collisions. All
stanchions and handrails shall be designed to spread iImpact
loads on the human body to reduce injury severity.

Passenger seats shall be designed to preserve their structural
integrity wunder TfTull passenger Jloads and the most severe
collision situations that are possible for the system design.
Seat areas shall be designed to prevent passengers from being
projected into adjacent seats under collision conditions.

12.2.13 Wheelchair Access

Accessibility for wheelchair users and handicapped patrons shall
be provided on each car. Each end door per vehicle shall be
configured to provide for wheelchair access. These doorways
shall 1include clearance standards to accommodate wheelchair
turning movements, grab bars at seated reach height, and all
criteria included within American Public Transportation
Association (APTA) guidelines for rapid transit.

Special design features shall be included to provide for the
interface between the light rail vehicle and wayside platform or
lifting devices. Audible warning devices on board the car shall
be used to provide notice of doorway changes. Interlocks and
fail-safe design will be used to assure a safe travel path for
the wheelchair user.

Provisions shall be made for access to passenger communications
system in the wheelchair area.

Level boarding shall be accomplished by phasing out existing
high-level special use platforms through modifications of
station platforms or installation of discrete level boarding
areas. The LRV threshold interface with the platform edge shall
meet applicable ADA and TAS requirements.

27



Design Criteria Manual System Safety, Chapter 12

12.2.14  Steps and Entrances

Steps shall conform to local Building Codes and shall be covered
with a non-slip material. Step risers shall ideally all be of
the same height designed to minimize tripping hazards. Step
tread width shall be uniform on all steps from a minimum of 8 to
a maximum of 11 in. Step wells shall be lighted.

Handrail supports shall be capable of withstanding the forces of
both normal patterns of use and of those in a fall.

Grab rails shall be provided in the step wells.

Vestibules shall be designed to support safe entrance and exit
by providing grab rails, minimizing obstructions, appropriate,
and adequate lighting.

12.2.15 Lightning Arrestor

Each vehicle shall be provided with a suitable and effective
lightning arrestor for the protection of all electrical
circuits.

12.2.16  Propulsion System

Propulsion controls shall be located and designed for ease of
operation. High acceleration, deceleration, and jerk shall be
controlled to acceptable levels by onboard limiting subsystems.

12.2.17 Clearances

Platform car clearances shall be designed consistent with the
criteria in Section 12.1.9.5 and ADA and TAS requirements.

Exterior side protuberances shall be minimized. Car mirrors
shall be included in clearance calculations.

12.2.18 Shlip/Slide Protection

Slip protection in the acceleration mode and slide protection iIn
the braking mode shall be provided consistent with the
requirements defined in Chapter 2. Re-action of tractive effort
after slip/slide activity is to be jerk limited.
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12.2.19 Train Separation Malfunction

Upon sensing train separation, the rear section of the car shall
go into emergency braking while the front section shall go into
full service braking after a time delay.

12.2.20 Mirrors

Each car end shall have exterior side mirrors. Mirrors shall be
positioned to minimize any collision hazard with pedestrians.
Mirrors shall be of such size and location for operator
visibility of all train car door openings with doors open or
shut.

12.2.21 Audible Warning Devices

Each car shall 1include a gong (minimum output of 75 dBA 50
feet), whistle, and horn (minimum output of 96 dBA 100 feet).

A silent alarm system shall be provided on the vehicle including
an exterior marker light.

12.3 COMMUNICATIONS
12.3.1 General

The communications system will be consistent with the
requirements of the DART Design Criteria Manual, Volume 2,
Chapter 5, and Communications.

12.3.2 Transit Radio Subsystem

The transit radio subsystem network shall be comprised of base
transmitters and receivers, antennas, satellite receivers,
portable transceivers, and ancillary equipment. Sufficient base
transmitters, receivers, microphone, antennas, and necessary
ancillary equipment shall be provided to ensure a high degree of
system reliability.

The transit radio subsystem shall provide at least one dedicated
2-way radio voice communication channel for use iIn emergency
situations. The emergency channel shall have the capability of
communicating with transit system personnel on trains, in motor
vehicles, and at locations within the system.

Either a direct communication link or 911 system shall be
provided between TCC and the most appropriate public emergency
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agency. Two-way radio voice communication capability for non-
transit system emergency response personnel shall be provided by
their own equipment, except 1in underground Tfacilities, where
facilities for underground communications shall be provided.

12.3.3 Emergency Telephone Subsystem

An emergency telephone subsystem shall be provided for use by
employees, and emergency response personnel consistent with the
requirements defined in the DART Design Criteria Manual, Volume
2, Chapter 5, Communications. Telephones shall be located along
bridges and elevated trainways in excess of 2500 feet, aerial
station platforms, subway station platforms, subway tunnels,
tunnel entrances, and other strategic Jlocations as needed.
Telephones shall be located at the end of the elevated platforms
and spaced at intervals not to exceed 1000 feet.

The emergency telephone subsystem shall be designed to fTulfill
the manual TfTire alarm and request for emergency response
functions and shall conform to the guidelines for all 911 type
systems in NFPA 1221. Phones shall be of distinctive color and
be demarcated with a blue light as indicated in the Ilatest
edition of NFPA 130.

In areas with Fire Management Panels these telephones shall be
located adjacent to or integrated with the Fire Management
Panel .

12.3.3.1 TCC Emergency Telephone

An emergency telephone line or 911 system shall be provided in
the TCC for direct communication between TCC and emergency
response agencies. Emergency communications should go directly
to member cities Public Service Answering Point (PSAP).

12.3.3.2 Passenger Emergency Call
A Passenger Emergency Call System shall be provided for the use

of passengers consistent with the requirements of the DART
Design Criteria Manual, Volume 2, Chapter 5. They shall be

located in all grade separated stations. Distinctive color
and/or a blue light shall 1i1dentify these units. Public pay
phones with 911 capabilities may be used in at-grade, open air
stations.
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12.3.3.3 Freight System Emergency Call

A telephone line shall be provided between TCC and the
designated location of any freight railroad operating on joint
right-of-way. Wayside phones shall also be provided at any LRT-
freight at-grade crossing and any connection to the general
railroad system.

12.3.4 Public Address/Visual Message Board (PA/VMB) Subsystem

All passenger stations shall have PA/VMB subsystems to allow
communications with patrons or employees, as appropriate.
During emergencies or interruptions to train service, the PA/VMB
subsystem shall be used to communicate with patrons, employees,
and emergency response personnel. The public address subsystem
shall conform with the requirements of NFPA and applicable ADA
Requirements, including supervision of circuits for integrity.

TCC shall have the capability of using the PA/VMB subsystem to
make announcements. Override access to the passenger station or
maintenance Tfacilities PA/VMB subsystems shall be provided at
Tire management panels associated with the specific facility.

12.3.5 Command Posts

Provisions shall be made for establishing temporary command
posts to serve as the focal point for controlling, supervising,
and coordinating all activities during emergency operations.
Such command posts shall meet the requirements of the latest
edition of NFPA 130. The location of the command posts shall be
carefully chosen to provide an easily 1identifiable sites that
are convenient for responding personnel and that are suitable
for communication with supervision, and coordinating the
activities of the emergency response organizations involved.
Fire Management Panels (see Section 12.3.6) shall serve as the
command posts at underground passenger stations.

12.3.6 Fire Management Panels

Fire Management Panels shall be provided to serve as command
posts at all underground stations, maintenance Tfacilities, the
car assembly facility, and at other locations as provided. Fire
management panels shall have provisions for the following
functions:

a) Access to the emergency telephone subsystem with
direct access to TCC;
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b) Limited access for removal of traction power via TCC
requests;

C) Fire/security subsystem status indicators;

d) Distinctive signage and/or lighting for
identification;

e) A graphic display of the area within the control of
the panel and emergency evacuation routes.

The following provisions shall be 1incorporated In to the Fire
Management Panels, on a site-specific basis:

a) Escalator and elevator controls;

b) Overriding access to the public address system at
stations or maintenance facilities;

c) Status of ventilation systems.
12.3.7 Fire/Security Subsystem

The fire/security subsystem shall perform the Tfollowing
functions, iIn accordance with NFPA 72:

a) Automatic fire detection, alarm, and supervision;

b) Automatic Tire suppression equipment activation and
supervision;

C) Emergency voice communications subsystems status
supervision and control;

d) Control and supervision of the status of various
mechanical and electrical systems and equipment, as
necessary for proper response to emergencies;

e) Intrusion detection, alarm, and supervision, as
required by the DART Design Criteria Manual, Volume 1,
Chapter 27, Fire Intrusion Alarm Systems.

Control and supervision of the fire/security subsystems shall

occur at TCC. Equipment shall be provided and located as needed
to perform in accordance with system safety design criteria.
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Manual fire alarm pull stations shall be located iIn maintenance
facilities, the car assembly facility, TCC, and subway station
entrances.

12.3.8 Train Control Center

A Train Control Center (TCC) shall be arranged and equipped to
function as the central supervising station for the entire rail
transit system, in accordance with the latest editions NFPA 72,
NFPA 130, and the DART Design Criteria Manual, Volumes 1 and 2.
The TCC i1s located adjacent to the DART Bus Control Center and
Security Control Center. The entire complex is referred to as
the Operations Control Center (OCC).

During normal operations, TCC shall provide the primary control
of the system. During emergency operations, the assigned
command post shall be responsible for the local control,
supervision and coordination of all activities required to
correct or alleviate the emergency. TCC shall retain
responsibility for operation of the system except for the
immediate emergency area.

12.3.9 Yard Control

A Yard Control function and position shall be arranged and
equipped to function as the central supervision station for the
yard and maintenance facilities site in accordance with NFPA 72
and Chapter 6 of the DART Design Criteria Manual. In addition,
the Yard Control position shall be arranged and equipped to
function as a satellite station fTacility during periods when
this position and control station are not manned. The function
of the Yard Control shall be closely integrated with the TCC.

12.3.10 Communication Transmission

Transmission of fire and security trouble alarm and supervisory
signals from transit facilities to the appropriate central
supervising station shall conform to the requirements of NFPA
72.

Common use of electronic transmission media shall not impair, iIn
any way, the fire alarm function.
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12.3.11 Closed Circuit Television

Cameras locations shall be consistent with that defined in the
DART Design Criteria Manual, Volume 1, Chapter 22, Station
Operational Requirements.

Il1lumination in areas protected by cameras shall be adequate for
the particular type of camera being used.

Cameras shall be monitored at the security workstation at OCC.
Provisions for video recording shall be provided.

Cameras shall be mounted so as to limit access to vandals, but
be conspicuous to patrons.

12_.4 TRACTION ELECTRIFICATION

The key elements of the Traction Electrification System (TES)
that i1mpact system safety include the protection of the public
and employees from electrocution, protection from the fTire
hazard of high current distribution facilities, and provision of
a reliable power supply to assure safe control of train
operations

12.4.1 Traction Power Substations

Traction Power Substations (TPSS) shall be considered as Group
B, Division 4 occupancies, when referencing the Building Code of
the DART Member City for occupancy related requirements.

Traction Power Emergency Trip stations (ETS) shall be provided
at strategic locations in the maintenance facility and inside a
dual keyed Knox Box located on the exterior of each substation.
The limited access emergency trip stations shall provide the
capability of isolation of traction power iIn the traction power
zone.

Remote control of the maintenance yard traction power substation
shall be provided at the Yard Control position iIn addition to
the controls at the TCC.

Electrical grounding and lightning arrestors shall be provided
for all TPSS.

Locks shall be provided on all manual AC/DC breaker control
cabinets.

34



Design Criteria Manual System Safety, Chapter 12

TCC shall have the capability of operating and controlling
essential AC/DC switchgear functions. These shall include
alarms and visual indication of status changes (i.e. positive
voltage protection, open/closed breaker positions, faults, or
other abnormal conditions associated with traction power
substations.)

Disconnect switches to isolate substations from an Overhead
Catenary System (0CS) back-feed shall be provided.

Rate-of-rise or other sensing elements which can discriminate
between high-resistance faults and train starting currents shall
be provided on feeder breakers.

All draw out switchgear shall provide protection to personnel
from accidental contact with live power circuits when the
circuit breaker is removed.

Circuit interrupting devices which do not have Jload-break
capability shall be equipped with interlocks to prevent unsafe
operation. High-voltage terminations shall be protected to
prevent accidental contact by personnel.

Substation direct current equipment enclosed In metal housing
shall have monitoring devices that detect and annunciate
enclosure insulation breakdown to ground and/or high voltage on
the switchgear enclosure.

Rubber matting of high dielectric strength, tar base concrete,
or other means of insulation shall be provided on the floor
around the perimeter of direct-current conversion equipment and
switchgear. This shall be flush with the finished floor.

Clearance around this equipment shall be such that personnel
cannot bridge to grounded surfaces. |If such clearance cannot be
obtained, grounded surfaces shall be adequately insulated.

Substation doors shall be controlled by a security system
monitored by intrusion alarms at TCC. Entry by unauthorized
persons shall be prevented by means of locks with special
keying. The use of keys shall not be required for egress.

Construction

TPSS and enclosures shall be a minimum of Type [11-N
construction, in accordance with the Building Code of the DART
Member City and Applicable Sections of the DART Manual, Volume
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2. Designs will minimize the construction of underground
substations.

Occupancy Separations

IT other facilities, such as train control equipment,
communications equipment, or battery power supplies, (unless
maintenance free batteries are used) are incorporated into a
traction power substation structures, occupancy separations
shall be provided.

Access and Egress

Access to and emergency exiting from TPSS shall be per the local
fire codes and the Building Code of the DART Member City.
Access roads and turnarounds will be provided for fire
department equipment as required by the AHJ.

Emergency Lighting and Exit Signs

Emergency lighting and exit signs shall be iIn accordance with
the Building Code of the DART Member City and local codes.

Communications

An emergency telephone shall be provided at each TPSS.

Fire Protection

Substations shall be equipped with Tfire extinguishers of
suitable type and size and fire alarms.

Fire hydrants in accordance with the AHJ shall be provided
within 300 feet of TPSS. Clean agent extinguishing systems may
be used to increase this distance with AHJ approval.

IT automatic fire detection systems are used in traction power
substations, then they shall comply with NFPA 72 and local code.
The status of any such devices shall be monitored and displayed
at TCC thru Supervisory Control and Data Acquisition (SCADA) and
the Digital Alarm Communication Receiver (DACR).

Substation Ventilation Systems

Traction power substations shall be independently ventilated as
defined in the DART Design Criteria Manual. Ventilation is tied
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into the fire alarm system. The TPSS will shut down as a result
of fire alarm activation.

Electrical Requirements

Traction power circuitry, as well as traction power control
circuitry and equipment, shall conform to the requirements of
the National Electrical Code, NFPA 70.

Grounding

The substation ground grid shall be designed as defined iIn the
DART Design Criteria Manual, Volume 2, Chapter 3 so that step-
and-touch potentials at the maximum available ground fault
current do not exceed safe limits.

12.4.2 DC Power Supply

Substations shall be located throughout the system in order to
provide operation at design headways.

Substations shall be designed to assure adequate back-up in the
event of the loss of a single sub-station.

Wayside electrical control equipment and switches shall be
secured by locks.

Equipment shall be properly clad to prevent the accidental
contact of live parts by maintenance personnel.

Transformers and rectifiers shall be equipped with interlocked
door switches which remove power and prevent energization of the
equipment while the door is open.

Rectifiers and DC switchgear shall be isolated from earth ground
and shall be equipped with monitoring devices which detect and
annunciate the breakdown of insulation between the enclosures
and earth, and between the enclosure and traction power positive
potential. Breakdown to traction power positive, negative or
ground, shall cause DC power to be removed from the substation.
Grounded equipment located within six feet of the rectifier and
switchgear equipment shall be protected by electrical insulating
material to 1iIncrease the effective distance to the grounded
portion of the equipment to six feet.

All materials manufactured for use as conduits, raceways, ducts,
boxes, cabinets, equipment enclosures and their surface fTinish
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material shall be capable of being subjected to temperatures of
932 degrees F for one hour, and shall not support combustion
under the same temperature condition. Other materials when
encased In concrete may be acceptable.

All conductors except those specifically excluded by DART shall
be insulated. Minimum thickness of insulation and jacket shall
meet the requirements of the National Electrical Code, NFPA 70,
for the voltage and use intended.

All insulation shall conform to the National Electric Code and
be moisture and heat resistant types carrying temperature
ratings corresponding to the conditions of application.

All cables In open raceways and in subway trainway areas shall
pass the Tflammability requirements of Type Test of Class 1E
Electric Cables, and Field Splices, Nuclear Power Generating
Stations (Institute of Electrical and Electronics Engineers,
Inc. I1EEE 383) and the smoke emission requirements of Smoke
Generation of Solid Materials (NFPA 258).

12.4.3 Catenary

The catenary system will conform to the requirements of the DART
Design Criteria Manual, Volume 2, Chapter 3.

Foundations shall be steel reinforced and shall be structurally
capable of withstanding the catenary equipment loads imposed
during installation, operation, and maintenance.

The contact wire clearances shall be as defined i1n the DART
Design Criteria Manual and shall have minimum clearances as
defined In the National Electric Safety Code.

All catenary shall be sectionalized to provide for removal of
power In zones. Overlaps or air gaps shall be selected for use
over insulations where practical.

All catenary support structures shall be grounded and have
effective lightning protection.

Protection for patrons, the public, and employees shall be
provided between any walkways or bridges over or adjacent to the
catenary. The need for protection shall be evaluated when
catenary is within 12 feet of a walkway.
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12.4.4 Sectionalization (Emergency Trip Stations)

Traction power emergency trip stations shall be provided at each
substation. Emergency trip stations shall incorporate a device
for tripping traction power Tfeeder breakers and removing
traction power from the overhead conductors iIn the specific
power zone. Local lockout capability shall be provided.
Emergency trip stations shall be locked so as to prevent access
by the public.

Activation of the Jlocal mechanical Jlockout shall preclude
restoration of any traction power in the power zone controlled
by the emergency trip station until the local mechanical lockout
i1s released.

12.5 SIGNAL SYSTEM

The Signal System shall be designed to provide Tail-safe
protection to maintain safe separation between trains and to

facilitate headway and performance requirements. A Signal
System will be used on any segment where the maximum allowable
speed exceeds 45 mph. Detailed requirements of the Signal

System are defined In the DART Design Criteria Manual, Volume 2,
Chapter 4.

12.5.1 General Provisions

The generic techniques used to increase system safety may
include:

a) Providing subsystenms, such as train detection
circuits, to prevent dangerous modes of operation;

b) Using fail-safe design so that a signal is required to
indicate a safe condition before operation continues,
and no failure of a single component can cause a false
indication of safety;

C) Feedback systems so that transmitted commands can be
verified;

d) Interlocking to prevent a dangerous change from being
made in the system;

e) Monitoring to provide information on the state of

essential system elements through a combination of
automatic means, human operators, or both;
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) High reliability to minimize incidents or failures;

9) Use of accepted transit industry practices and proven
standards of the transit industry and applicable
regulatory codes;

h) All visual wayside signal placements shall maximize
sight distance for the train operator and shall be at
a standard location adjacent to the right-of-way;

i) The design of all wayside and transit vehicle train
control equipment shall incorporate electromagnetic
compatibility concepts to minimize potential
interference from within the train control system and
nearby electrical systems;

J) Signals shall be located to allow for the minimum safe
braking distance required to stop short of an
obstruction, switches not properly aligned, or a
conflicting route;

k) Adequate training of personnel in safe operation and
maintenance procedures for signals.

12.5.2 Automatic Train Protection
The Automatic Train Protection (ATP) system shall consist of
fixed signal blocks with wayside signals at block boundaries.

Future use of cab signaling systems shall not be precluded.

The [Hlength of signal blocks shall vary depending upon the

operating characteristics of the line segment. Block spacing
shall be designed to provide for safe stopping distance,
visibility, maximum  operational performance and headway,

location with vrespect to turnouts, and need for emergency
access.

Block locations 1i1n the tunnel shall be coordinated with the
design of the ventilation system so that a train’s location can
be determined with respect to the ventilation fans.

In some segments, such as the CBD Mall, Iline-of-sight and

operating procedures (see the DART Design Criteria Manual,
Volume 2, Chapter 10, Sections 10.2.8 and 10.2.9) may be used.
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Trip stops shall be used at all signals so that an emergency
brake application is automatically initiated if a train goes
past a stop signal. A monitoring system shall be provided to
indicate to TCC that a violation of a stop signal has occurred.

Special wayside signal protection may be provided in critical
locations such as approaching junctions, on severe curves or
grades, or where a grade crossing iIs adjacent to a station.
This could include the use of “timed section” signals, repeater
signals, or Train-To-Wayside Communications(TWC).

12.5.3 Shared Freight Operation

Any sections operating on the same tracks shared with freight
trains shall conform to Federal Railroad Administration
regulations, Title 49, Parts 200-299.

In common corridors where mainline freight trains and revenue
segments of the LRT system have tracks adjacent to each other,
the need for intrusion warning devices on the separation fence
shall be evaluated during the design phase. IT installed, the
top of iIntrusion warning fence shall be at least six feet above
the maximum height of the highest rail and shall set off an
intrusion alarm iIn TCC after any intrusion. The intrusion
warning shall be connected to the train control system to force
a stop signal on that section of LRT track when activated.
Factors to be considered 1in the evaluation should include
freight railroad operating speeds, location of switch points and
curves, maintenance and condition of the freight trackage.

Hot box detectors shall be considered along mainline railroad
rights-of-way in approach to the common corridor. These
detectors shall provide an audible and visual alarm to the TCC
when activated.

An appropriate means of communication shall be provided between
TCC and appropriate railroad control/dispatching centers.

The need for Derailment/Dragging Equipment Detectors shall be
evaluated during design. |If installed on the railroad right-of-
way approaching and adjacent to the common corridor with
mainline railroad freight trains, an alarm shall be provided to
TCC and railroad control center when activated.

Highway/Rail Grade Crossings iIn shared/adjacent track locations

shall conform to applicable FRA regulations for installation and
maintenance.
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12.5.4 Signals

Safe braking distances shall be maintained by wayside signals,
or automatic cab signal systems.

The safe stopping distance criterion shall be consistent with
the requirements of the DART Design Criteria Manual, Volume 2,
Chapter 4, Signal Systems. The safe braking criterion will be
adjusted for operation on a grade.

Speed signs shall be located along the right-of-way in advance
of permanent and temporary speed restrictions.

The signal aspect displays shall be of uniform design throughout
the system. Each defined operating condition shall have a
unique signal aspect, with unambiguous iIndication. Height,
size, and 1illumination levels shall be designed for optimum
visibility.

12.5.5 Grade Crossings

At exclusive or joint railroad right-of-way, crossing signals
and signage shall be consistent with that defined in the DART
Design Criteria Manual, Volume 2, Chapter 5 and Design Criteria
Manual, Volume 2, Chapter 4, Signal Systems and the Texas Manual
on Uniform Traffic Control Devices (TXMUTCD).

Local traffic signaling, phasing, and location shall take into
account the need to protect the rail right-of-way fTirst and
foremost.

Pedestrian crossing warning devices shall be used iIn areas with
identified high pedestrian traffic across the right-of-way.
Examples include crossings near schools, parks, or special event
locations and crossings with adjacent freight railroad
operations/tracks. Such protection could include the
installation of pedestrian warning gates, pedestrian bridges,
channelization, bedstead barriers, “Z” crossings, or tunnels.

12.5.6 Event Recorders

Event recorders shall be considered for installation at signals,
railroad crossings, interlockings, crossing gates or protective
devices. Recorders shall include indication of date, time, and
operating status of the signal, and any crossing gate or
protective device.
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12.6 FIRE/SECURITY SUBSYSTEMS
12.6.1 Fire Alarms

The Fire Alarm system shall include fire detection/alarms, and
manual alarms provided through the emergency telephone system.
This section shall describe the automatic alarm system which
will be designed in accordance with the provisions of the latest
edition NFPA 130, and NFPA 72.

The fire detection and alarm systems shall be electrically
supervised, closed circuit, selectively coded, and continuously
self-monitoring.

The system shall provide for automatic activation of local alarm
devices, shutdown of air conditioning and ventilation systenm,
and closing of fire doors.

The Train Control Center (TCC) shall be the supervisory signal
location for all areas except the maintenance facility and yard.
The maintenance facility and any yard signals shall be monitored
by a yard control monitor which is integrated with the TCC.

12.6.2 Fire Management Panels

Fire Management Panels shall be provided as described in
communications section.

12.6.3 Fire Detectors

Detectors will be located throughout protected areas to provide
for optimum coverage, eliminated unprotected areas, and assure
timely detection.

The type of detector installed shall be designed to meet the
specific requirement of each area to be protected. This shall
include a combination of fixed temperature, combination Tfixed
temperature and rate of rise, 1onization, duct, and smoke
detectors.

All detectors shall be UL listed and shall meet the requirements
of the AHJ.

Security locks shall be provided on bases of detectors in those
areas subject to tampering.
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12.6.4 Manual Fire Alarm Stations

Manual fire pull station alarms shall be provided at maintenance
facilities, at the car assembly facility, TCC, and the platform
areas of underground stations.

Fire alarm stations shall be of type and location approved by
the AHJ.

12.6.5 Auxiliary Power

Each Fire Management Panel and fire alarm control panel shall be
provided with an auxiliary power supply capable of operating the
units for 24 hours.

Output modules of the proper rating shall be provided to provide
the required outputs for all subsystem components specified
within the Fire Management Panel or fire alarm control panel.

12.6.6 Intrusion Detection and Alarm

Intrusion Detection and Alarm Systems shall be designed to
provide protection of the general public and employees from
dangerous equipment or operations, from unauthorized entry by
persons intent on vandalism or sabotage, and for protection of
life safety systems.

Intrusion Detection and Alarms shall be electrically supervised,
closed circuit, selectively coded and continuously self
monitoring.

The Communications Transmission Subsystem shall be used to
transmit intrusion alarms to TCC.

Activation of local alarms shall be 1iIndicated by an audible
and/or visual signal at each station or facility.

Alarms shall be provided for all enclosed spaces or stations,
any rolling grilles at passenger stations, maintenance repalr
facilities, tunnel <cross passage doors, ventilation system
access doors, and substations.

The system shall be designed to allow for activation delay at

the security console or office to allow time to exit a facility
prior to the activation of the alarm.
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Intrusion detection equipment and materials shall be designed
for the specific requirements of the area to be protected.

An intrusion alarm indicator panel shall be provided for each
major facility.

Knox Boxes with tamper switches shall be monitored as part of
the fire alarm system as required by the AHJ.

12.6.7 Fire Protection Systems

Fire Protection Systems shall be designed to meet the
performance standards of these criteria. This i1ncludes
subsystem components that suppress and/or extinguish Tfire or
smoke when they occur. Systems shall be designed to respond to
the requirements of the area to be protected. This shall take
into account the occupancy of the space, access by staff and
fire emergency personnel, and fire hazard.

12.6.7.1 Automatic Sprinklers

The design and 1installation of Automatic Sprinkler Systems
shall comply with the provisions of NFPA 13 Standard for the
Installation of Sprinkler Systems, latest edition NFPA 130, and
the local Building Code.

Automatic sprinklers shall be provided in office areas, locker
rooms, Qlounges, concession stands, restaurant service areas,
storage areas, workshops, trash rooms, mechanical rooms, non-
public areas of stations, escalator pits, elevator shafts, and

all areas of maintenance buildings. Automatic sprinklers or
Halon systems shall be installed in electrical rooms with proper
shielding or protection of equipment. Typically sprinkler

protection will not be required In areas of open stations but
shall be evaluated on a case by case as needed per NFPA 130.

Sprinkler flow rates shall be designed to meet occupancy and use
requirements. Standards shall be specified for each type of
protected area.

Sprinklers shall be located to minimize potential for mechanical
damage.

The sprinkler system shall 1i1nclude water flow alarm and
supervisory signal service to TCC or the Yard Control Tower.
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12.6.7.2 Standpipe Systems

Wet and dry standpipe systems shall be provided to assure
adequate water supply for fire Ffighting activities in all
protected facilities. Standpipe systems shall meet the
requirements of latest edition NFPA 130.

Standpipe systems shall comply with the requirements of the NFPA
14, Installation of Standpipes and Hose Systems and the AHJ.
The AHJ shall approve location, spacing, number and type of
standpipe hose valves, and the need for and provision of type of
hose.

Wet Standpipe Systems shall not be combined with sprinkler
systems unless approved by the AHJ.

Fire department connections for fire department use iIn supplying
the standpipes shall be located within 50 feet of a public road
or designated fire lane and within operating distance of fTire
hydrants as determined by the fire department having
jurisdiction for that facility.

All areas of passenger stations shall be within 300 feet of a
fire hydrant as the fire hose would be laid.

All areas of passenger stations shall be reachable within 150
feet of fire line from an apparatus or 130 feet of fire line
from a standpipe riser.

Subway stations shall be protected by a Class 111 standpipe
system throughout the station entranceways and platforms.
Outlets shall be located so that all points iIn the station are
within reach of 100 feet of hose and 30 feet of water stream.

A Wet Standpipe System shall be provided for TCC in conformance
with the DART Design Criteria Manual, Volume 1, Chapter 29,
Section 29.3.4.

A Dry Standpipe System shall be provided to protect the subway
tunnel. This shall include hose outlet connections at a minimum
of 200 feet intervals. The system shall be sized to provide a
minimum of 250 gallons per minute at the hydraulically most
remote point.

Fire Department connections to the standpipe system at TCC,

aerial, and at-grade guideway shall be within 150 feet of a
street hydrant and within 50 feet of vehicular access.
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Standpipe systems may be installed to satisfy the AHJ
requirements for suppression In remote areas or stations (G-2
Bridge, Mockingbird Station). Installation requirements shall
be determined on a case by case basis with concurrence of the
AHJ .

Standpipe systems shall be plainly marked with signage approved
by the AHJ.

12.6.7.3 Fire Hose Valve Cabinets

Fire Hose Valve Cabinets shall be provided to support water
supply i1n those areas with a high risk which are not readily
accessible because of limitations in the availability and
location of regular fire hose and hydrants connections.

Fire Hose Valve Cabinets shall be located in the Tfollowing
areas: all station concessions, subway station mezzanine and
platform, throughout the TCC, and throughout the maintenance
facilities.

Each fire hose cabinet will be equipped with hose, racks,
valves, and adapters as specified by the AHJ.

12.6.8 Fire Hydrants

Fire hydrants in accordance with the provisions of the AHJ shall
be provided at each of the following locations:

a) Within 300 feet of each Ilocation where the DART
guideway crosses over a traveled way or access road.
(Highway-rail grade crossing);

b) Within 100 feet of each Fire Department connection to
a standpipe or as required by the AHJ;

c) Within 150 feet of each subway station or subway
tunnel access point or as required by the AHJ;

d) Along the access road to the TCC, and maintenance
facilities at a maximum spacing of 300 feet;

e) Within 300 feet of an at-grade or aerial station;

) Within 300 feet of a nonpublic structure (Traction
Power Substation, Signal Power Distribution Center,
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Communications house, etc) unless prior approval of
the AHJ i1s obtained;

9) Not closer than 40 feet to the above locations.

Hydrants shall be marked and Hlocated iIn accordance with the
provisions of NFPA 291, Recommended Practice for Fire Flow
Testing and Marking of Fire Hydrants.

12.6.9 Water Supply

System iIndicator signals support early fire detection and
suppression activities. Water supply requirements of the AHJ
shall be coordinated with the local utility having jurisdiction
and will conform to North Central Texas of Council Governments,
Standard Specifications for Public Works Construction.

The adequacy of water supply shall be determined by flow tests
or other suitable means. The computations for Tire Tlow
requirements shall be based on *“Fire Suppression Rating
Schedule”, (I1SO 1980) or such other method as 1i1s approved by
DART.

Street mains shall be sized to carry the required flow, but iIn
no case shall they be less than 8 inches in diameter.

A backflow preventor with detector check shall be installed on
connections to the public water supply to prevent any
contamination.

Special provisions shall be added iIn those cases where an
automatically controlled fire pump 1is approved as a single
source of water supply by the fire department having
jurisdiction.

IT water flow requirements indicate a need for a separate water
storage tank, such tank shall be designed iIn accordance with the
provisions of NFPA 22, Standard for Water Tanks for Private Fire
Protection and ANSI Code of Pressure Piping.

Underground pipe and Ffittings for Tfire protection shall be
suitable for the working pressures and the conditions under
which the pipe is to be installed in accordance with the AWWA
(American Water Works Association).
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Valves are required at strategic locations to allow segments of
the system to be shut off for repairs, or under emergency
conditions, without reducing protection over a wide area.

12.6.10 Fire Department Connections

Connections from public water systems for fire protection are
for the purpose of providing water supply to the following:

a) Automatic sprinkler systems.

b) Standpipes for hand hose or fire department use.
Cc) Open sprinklers.

d) Yard systems with private hydrants.

e) Fire pumps.

) Private storage reservoirs or tanks for fire
protection.

Connections shall be provided at the access road side of
buildings and shall be located and arranged so that hose lines
can be readily connected without obstruction.

Fire Department Connections shall be designated by a sign having
raised letters at least 1 inch iIn height and cast on a plate
with the appropriate label. Connections for the station shall
also 1i1dentify the connection as part of the transit station
system to distinguish i1t from any other nearby connections.

Protective coatings shall be provided based on environmental
conditions in area of installation.

Fire department connections shall be located within 50 feet of
an approved fire lane or public road and within 100 feet of a
fire hydrant.

12.6.11 Portable Fire Extinguishers

At least two approved multipurpose portable fire extinguishers
of the 10-Ib class rated 4-A: 30-B:C minimum shall be provided
in each vehicle at the end of each passenger compartment.

Fire extinguisher cabinets or mountings shall be marked to
indicate extinguisher location. Marking shall be uniform
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throughout the system, fire engine red paint shall be used on
the cabinet and signage shall placed for optimum visibility.

All portable fire extinguishers shall be UL approved, have a
minimum 10 0b capacity, and be of the type as approved by the
AHJ for the hazard type.

Portable TfTire extinguishers shall be generally located in
accordance with the provisions of NFPA 10, the AHJ and the
latest edition NFPA 130.

a) Underground Guideways: on both sides of entrance at
cross passages and at Fire Management Panel on each
end of tunnel.

b) Aerial and at-grade stations: in all enclosed
ancillary spaces and crew rooms.

C) Underground stations: on station platforms, at each
fire hose location, 1n ancillary areas, adjacent to
Fire Management Panel, and as needed to provide a
maximum travel distance of 75 feet.

d) TCC: Installed throughout with special consideration
for the requirements of Halon 1301 system.

e) Maintenance Facilities: Installed throughout, at each
emergency telephone location. Special consideration
to areas protected by Halon 1301, paint booth, storage
areas, welding area, and others areas of high hazard.

12.6.12 Halon Systems

Halon based protection systems shall be used in designated
computer and electronic equipment areas where fast response 1is
critical and regular sprinkler and extinguishment systems would
damage sensitive equipment. Safeguards shall be provided for
occupied areas. These systems shall not be used iIn any areas
accessible by the public.

Clean agent extinguishing systems equivalent to Halon 1301 may
be substituted as approved by the AHJ.

Halon systems shall be designed to conform with the requirements
of NFPA 12A, Halon 1301 Fire Extinguishing Systems.
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Separate supervisory controls and alarms shall be provided for
each Halon 1301 system. Alarms shall be activated by smoke
detectors located in each area. The detectors shall be cross
zoned so that detection in two zones is necessary for activation
of the system. Operation of a single detector shall provide
activation of auxiliary devices such as release of door hold-
open devices, ventilation system control, and a pre-discharge
warning.

There shall be provision for manual activation of the system
from each protected area. Manual activation shall cause the
same sequence of operation as an automatic operation.

Discharge of the system shall be preceded by a warning followed
by a 20 second delay for activation of the system.

Power disconnect to designated electrical equipment shall be
located by the exit door of each Halon protected room.

System shall provide a minimum concentration of 7% by volume
within 10 seconds and a maximum of 10% in occupied areas or 15%
in normally unoccupied areas.

All openings into areas protected by Halon 1301 systems shall be
provided with devices to close them automatically during Halon
discharge, or shall be protected with Halon 1301 jet screens.

Ventilation system in Halon protected areas shall provide for
prompt extraction of decomposition products and venting to the
outdoors without recycling of makeup air.

Combustible load shall be specified for Halon protected rooms.

Portable extinguishers shall be of a type designed for use with
Halon.

TCC protection shall include the consoles and under floor space.
12.6.13  Air Supply

The elements of the Air Supply System that are essential for
system safety are those related to the removal of heat, smoke,
and toxic Tumes. This 1is especially critical in underground
guideway and station areas. HVAC systems shall be designed to
conform with the requirements of the latest edition NFPA 130 to
provide a tenable environment along the path of egress from a
fire incident.
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12.7 TRAIN CONTROL CENTER (TCC)
12.7.1 General

The Train Control Center (TCC) shall be a controlled space for
housing electronic equipment, personnel, and supporting
facilities to be used for operation and supervision of the
transit system through signaling, communication, and fire and
security management. The facility shall be used for data
processing, status reporting, and transit system supervision.
The facility shall be equipped to permit 24-hour operation.
Requirements of the TCC are defined in the DART Design Criteria
Manual, Volume 2, Chapter 6.

12.7.2 Siting

The TCC structure shall be located in accordance with the UBC
and local building <codes and to maximize operational,
maintenance, safety and cost-effectiveness considerations.

12.7.3 Construction

The TCC facilities shall comply with Type [I11-N construction
requirements, iIncluding height and area limitations, of the UBC
and local building codes for Group B, Division 2 occupancy. All
structural assemblies and building appurtenances in TCC shall be
of noncombustible material.

12.7.4 Occupancy Separations

The TCC shall provide and maintain occupancy separations as
required by the UBC and local building codes and this section.

TCC, including ancillary rooms, shall be separated from
uncontrolled public access areas and other occupancies by a
partition with a minimum fire rating of 2 hours.

The TCC data processing and control areas shall be separated
from all ancillary vrooms by minimum 1-hour Ffire rated
separations.

Cabling from TCC to system operating areas, and to all other

services essential to the operation of TCC, shall be routed
separately from other building services.
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Fire-rated assemblies protecting openings in fire-rated
separations shall be automatic or self-closing and shall be
installed In accordance with the AHJ. Activation of assemblies
shall be by smoke detectors at the opening and by means of a
fixed temperature or rate-of-rise device or combination, there
of. Assemblies may be released by fixed temperature device
alone when a separate smoke barrier is provided.

Egress routes serving TCC and other occupancies shall be 2-hour
fire rated enclosures.

All other protection of vertical openings shall be in accordance
with local codes and the AHJ for Group B, Division 2 occupancies
of Type I11-B construction.

12.7.5 Interior Finishes

Interior finishes shall meet NFPA 101 requirements for Class A
and Class B interior finishes and the AHJ, Class 1 and Class I1.

12.7.6 Access and Egress

Access to the TCC building shall meet the requirements of the
AHJ. Means of egress shall comply with the requirements of the
AHJ .

12.7.7 Emergency Lighting

Emergency lighting shall be provided for all egress routes from
and throughout the entire TCC area. Emergency lighting shall be
installed in accordance with NFPA 101.

12.7.8 Communications

TCC shall have the capability of communicating with operating
trains and other system facilities, with any emergency telephone
in the operating system, and with the appropriate public
emergency response organization(s).

12.7.9 Fire Protection

Site fTire fTlows (water supplies) and hydrants for TCC shall
conform to the NFPA 24 and the AHJ.

Standpipe and automatic sprinkler water supplies shall meet the
requirements of the NFPA 13 and 14 as well as the AHJ.
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IT TCC is within a building having occupancies not directly
related to transit system operations, the TCC standpipes and
automatic sprinkler systems shall be supplied from an
independent connection to the municipal system.

Standpipe Systems

Standpipes, as required by the AHJ, shall be installed in TCC.

Automatic Sprinkler System

Automatic sprinkler protection shall be provided throughout TCC,
excluding areas protected by Halon 1301 systems. Automatic
sprinkler systems shall be hydraulically calculated, designed,
and installed in accordance with NFPA 13.

Portable Fire Extinguisher

Portable fTire extinguishers, with a minimum rating of 4A:60B:C
10 Ib. capacity and UL approval, conforming to NFPA and local
codes, shall be installed throughout the TCC facility.

Halon 1211 or equivalent clean agent fire extinguishers shall be
installed iIn the operations room, train control room, computer
room, and the areas protected by Halon 1301 systems.

Protective Signaling System

An automatic Ffire detection, alarm, and control systems,
complying with the requirements of NFPA 72 and approved by the
AHJ shall be provided throughout the TCC building.

Smoke detectors shall be installed throughout all areas of TCC
that are protected by Halon 1301 or equivalent systems, normally
unoccupied areas (electrical rooms, elevator machine rooms,
mechanical rooms), and return air plenums of HVAC systems
serving more than one area.

Automatic sprinkler systems shall be provided with water flow
alarm and control valve supervision, for annunciation at TCC.

Manual fire alarm capability shall be provided throughout TCC.
This capability may be provided as a part of the emergency
telephone system. Fire alarm capability shall generally be
located along the normal path of exit.
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Fire alarms, trouble alarms, and supervisory signals shall be
transmitted by zone, for annunciation at TCC, in accordance with
NFPA 72.

IT located within a building having other occupancy, TCC shall
be provided with at Ileast one summary alarm for fire or
evacuation notification, (iInitiated from any part of the
building.

The TCC fire alarm system shall be separate from the fire alarm
system of any non-transit occupancy, except that remote alarm
annunciation Tform this system may be provided at locations
outside TCC, as approved by the local fire authority.

12.7.10 Mechanical Systems

The TCC critical heating, ventilation and air conditioning
(HVAC) systems shall be physically and operationally separate
from HVAC systems serving any other occupancy. Redundant fan
and/or air conditioning units shall be provided, sized, and
arranged so that either unit is capable of serving the TCC
facilities.

Emergency smoke removal capability shall be provided for TCC
with redundant full-capacity outside air intakes.

Battery storage or similar ancillary rooms, in which hydrogen
gas or other hazardous gases may be released, shall be
ventilated iIn the manner specified iIn the DART Design Criteria
Manual, Volume 1, Chapter 25.

12.7.11 Electrical Requirements

Light and Power

Electrical equipment and wiring materials and installation shall
conform to the requirements of NFPA 70, and local codes.

Emergency Power

A separate onsite emergency power system shall be provided for
TCC so that the loss of utility electrical power shall not
impair any TCC function. The emergency power system shall meet
the requirements of NFPA 110 and shall be capable of providing
for a maximum normal load of 24 hours.
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12.7.12 Mimic Board

A visual display of the revenue system, stations, and
supervisory control locations shall be provided at TCC.

12.7.13 Automated Emergency Response System

The system monitoring Tfunctions at TCC shall consider
incorporation of an automated emergency response system. This
system shall include a graphic display of the system showing all
relevant emergency related functions.

12.8 YARD CONTROL

All yard movements at the maintenance Tfacilities shall be
monitored by the Yard Control position and control station.
Yard Control shall also iInclude supervisory monitoring of the
fire alarm system and be the central communication point for
emergency communications at the maintenance Tacility. The
functions and location of Yard Control shall be integrated with
the TCC.

Yard Control shall be Jlocated to provide optimal visual
surveillance of the yard throat and storage tracks.

The communication system in Yard Control shall include:
a) Two-way radio communications

b) Emergency telephone system

12.9 ENVIRONMENTAL PROTECTION
12.9.1 Flammable Liquids

Flammable or hazardous liquid or gas lines crossing the track
way except when located on public roadways shall have a valve at
each end for shut-off In emergencies.

Above ground atmospheric storage tanks for Class 1 flammable
liquids or Class 1l or Class 11l combustible liquids and related
piping shall not be permitted directly over a sub-surface
structure or within 25 linear feet measured horizontally from
the outside wall of the substructure unless provided with an
approved leak detection monitoring system.
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Service stations dispensing Class 1 flammable liquids and Class
Il and Class 11l combustible liquids and located in the area
within 100 feet (measured horizontally) from the edge of the at-
grade right-of-way not located within public roadways shall be
required to comply with the following:

a) The surface around pump islands shall be graded or
drained In a manner to divert possible spills away
from the right-of-way.

b) Continuous drains and/or curbs at [least 6 inches
height shall separate service station properties from
the right-of-way.

c) No connection shall be permitted of any storage tanks
and related piping to an at-grade structure.

d) Dispensing pumps shall be located not less than 25
feet from the face of the pumps to the nearest edge of
the at-grade right-of-way.

12.9.2 Air Pollution

The system shall be designed to minimize generation of air
pollution 1iIn station areas by minimizing movement of motor
vehicles through the design of proper access and parking.

The system design shall also include methods to protect for the
intrusion of smoke or toxic fumes from surface conditions into
the subway tunnel.

12.9.3 Noise and Vibration

Special criteria for sound levels shall be established for the
emergency communications systems taking into consideration the
areas i1In which the system is located and levels of background
sound.

12.9.4 Drainage Systems

Drainage systems shall be consistent with the Facilities
Drainage Design Criteria.

Systems shall be designed to control any release of hazardous
materials Into ground water.
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12.9.5 Hazardous Materials

The system shall be designed to minimize the use of any
hazardous materials and to prevent the release of hazardous
materials into the atmosphere, surface areas, or
surface/subsurface waters or ground areas.

System design shall include provisions for the safe delivery,
handling, storage, and disposal of any hazardous materials.

12.10 DEFINITIONS

Alignment - the horizontal and vertical Ilocation of a rail
system described by curves and tangents.

Approved - design, type, material, procedure, or method given
approval by DART.

Aspect - the appearance of a Tfixed signal conveying an
indication as viewed from the direction of an approaching train.

Assembly - a collection of subassemblies and components
typically performing a variety of functions within the context
of a larger system. Examples of assemblies are trucks,
electronic control units, air compressors, etc.

AWO - weight of empty vehicle.
AW1 - weight of vehicle with full seated load.

AW2 - weight of vehicle with design load — full seated load plus
standees at 4 passengers/m?.

AW3 - weight of vehicle with full load — full seated load plus
standees at 6 passengers/m?.

AW4 - weight of vehicle with crush load — full seated load plus
standees at 8 passengers/m?. (Typically not achievable in normal
service, but used as a design parameter.)

Blending - a simultaneous dynamic and mechanical brake
application with the effort of each subsystem continuously
proportioned to achieve the required total braking effort.

Block - a length of track of defined limits on which the
movement of trains is governed by the signal system.
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Block, Interlocking - a length of track within a track switching
section, entrance to which is governed by interlocked signals
and the use of which i1s governed by rules for automatic or
manual train operation. The interlocking block may contain one
or more track switches.

Braking, Closed Loop - braking under continuous direction of the
train control system.

Braking, Emergency - emergency braking 1is irretrievable open-
loop braking with the spin/slide modulation bypassed.

Braking, Open-Loop - braking at the maximum effort permitted by
the traction system without continuous direction from the train
control system.

Braking, Service - modulatable braking from 0 to 3 mph/second in
normal operation.

Catenary System - an overhead contact traction power system in
which the contact wire 1is supported from one or more
longitudinal messengers, either directly by hangers or by
hangers in combination with auxiliary conductors and clamps.
Attachment of the contact wire to the messenger 1s made at
frequent and wuniform intervals so as to produce a contact
surface nearly parallel to the top of the track rails.

Coast - the mode of operation in which no propulsion (positive
traction) or braking effort is in effect for normal drive train
losses.

Component - portions of equipment which are typically repaired
or disassembled, such as nuts, bolts, resistors, Tfittings,
single-piece castings. Used interchangeably with “parts”.

Conceptual Design - a generalized plan describing design
requirements and used as a guide to preliminary design.

Consist - a consist is the specific makeup or composition of a
train of vehicles including their number and identity.

Contact Wire - The lower overhead wire of a catenary system from
which a transit vehicle collects power via the pantograph for
both propulsion and auxiliary power.

Contract Documents - types of contract documents are Tender,
Proposal, the Request for Price Proposals, Contract Forms,
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General Terms and Conditions. Special/Supplemental Terms and
Conditions, Technical Specification, listed drawings and
supplemental drawings; all as 1issued or finally amended and
approved.

Contracting Officer’s Representative (COR) - The representative
designated by DART’s contracting officer as having contractual
authority for a specific contract.

Contractor - the person or persons, Tirm, partnership,
corporation, or combination thereof, which has/have entered into
a contract with the authority to provide the materials and/or
the services specified.

Contractor’s Drawings - 1items such as detail drawings,
calculations, and catalog cuts which are prepared by the
Contractor to supplement or detail contract drawings or
specifications, and which are contractual requirements or are
prepared at the Contractor’s option to detail his work.

Critical Velocity - the minimum steady-state velocity of the
ventilation airflow moving toward the fire within a tunnel or
passageway that is required to prevent backlayering at the fire
site.

Emergency Procedures Plan - a plan that is developed by the
Authority with the cooperation of all participating agencies and
which details specific actions required by all those who will
respond during an emergency.

Electric Traction - a means for propulsion of railroad vehicles
whereby power is provided by electrical energy transmitted from
a remote source through a catenary system.

Electrical Isolation - the condition of being electrically
separated from other metallic structures of the environment.

Electrical Magnetic Interference (EMI) - transmission of
deleterious electrical or magnetic waves which, when acting upon
other equipment, can cause unintended operation or malfunction.

Fail-Safe - a characteristic of a system, or hardware
configuration, which ensures that the occurrence of any failure,
or combination of failures, shall cause the system to revert to
a state that is known to be safe.
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Faillure - a system or equipment is said to have experienced a
failure 1f 1t can no longer provide the required performance
output iIn a satisfactory manner. Specific definition of failure
and satisfactory performance must be provided in any analysis iIn
which these terms are used.

Failure Mode and Effect Analysis (FMEA) - an analysis which
determines the effects of all types of subsystem unit failures
separately and in combination on the performance output of the
system.

Failure Rate - the frequency of failure, expressed as fTailures
per hour, Tailures per mile, etc. Failure rate 1is the
calculated mathematical reciprocal of MTBF.

Failures, Mean Time Between (MTBF) - a ratio of the number of
hours equipment, functions and systems operate in a regular
manner to the number of iIndependent failures observed 1is the
mean time between failures.

Fault - a component state that contributes to a possible
occurrence of an undesired event.

Fault Tree Analysis - a technical management tool for safety and

reliability programs. It first assumes a specific overall
system fault (such as collision) and identifies potential
subsystem faults that could produce it. Each subsystem 1is

broken down into smaller subsystems, and finally may be detailed
down to the individual wire, connector pin, transistor,
integrated circuit, etc. Each of these 1is then examined to
determine if and how such failure could occur, the probability
it would occur, and what design techniques will eliminate the
possibility of occurrence.

Final Design - a design stage during which final specifications,
contract drawings, schedules, and cost estimates are prepared
for construction.

Fire Emergency - the existence of, or threat of, fire and/or the
development of smoke or fumes that calls for immediate action to
correct or alleviate the condition or situation.

Fire Growth Rate - rate of change of the head release rate.

Some factors that affect the fire growth rate are exposure,
geometry, flame spread, and fire barriers.
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Gauge (of Track) - the distance between the gauge lines,
measured at right angles. (The standard gauge is 4 feet 8-1/2
inches)

Gauge Line - the gauge line can be determined in two ways: (1) A
line 5/8 inches below the top of the center of the running rail
head; or (2) the corresponding Hlocation of tread portion of
other trackwork along the side nearer the track center.

Grounded Equipment - equipment connected to the conducting mass
of the earth via ground rods, a grounding grid, or both, to
ensure an iImmediate discharge of electrical potential without
danger.

Grounded - the state of being connected to earth or to some
extensive conducting body that serves instead of the earth,
whether the connection is intentional or accidental.

Hazard - Any real or potential condition that can cause injury,
illness, or death to personnel, damage to, or loss of equipment
or property, or damage to the environment.

Headway - the time interval, measured from front to front,
between successive vehicles or trains moving along the same lane
or track in the same direction.

Impedance Bond - an 1iron-core coil of Jlow resistance and
relatively high reactance used to confine signaling current to
its own track circuit while providing a continuous path for the
traction return current around 1insulated joints to the
substation.

Incident Commander - the person who is responsible for managing
and coordinating all facets of the fire and emergency responses
during a Tfire 1incident. The 1incident commander can be a
responsible fire or police representative at the scene.

Indication, Signal - the information conveyed by the aspect of
the signal.
Insulation - a device or material that prevents the flow of

electric current.
Interface - the points where two or more physical subsystems or

systems meet to transfer energy, iInformation, or control. Also
a point of coordination and exchange.
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Interlocking - an 1interlocking 1is an arrangement of gates,
control apparatus, and/or track switches interconnected so that
functions must succeed each other iIn proper sequence, permitting
train movements over controlled routes only if safe conditions
on those routes exist.

Joint, Insulated - a rail joint designed to arrest the flow of
electric current from rail to rail by means of 1insulation,
placed so as to separate the rail ends and any other metal parts
connecting them.

Light Rail Vehicle (LRV) - a completely assembled, self-
contained, read to run electrically powered rail unit to
transport passengers along a mixed, fixed guideway.

Load Weighing - the measurement of passenger load for the
purpose of adjusting the vehicle’s tractive effort to produce a
constant acceleration rate In power or braking, regardless of
load.

Locking - the electrical or mechanical establishment of a
condition for a switch, 1interlocked route, speed Hlimit or
automatic Tfunction, which cannot be altered except by a
prescribed and inviolate sequence of unlocking.

Maintenance and Recovery Vehicle (MRV) - any vehicle capable of
being trackway-mounted, designed to maintain the trackway, carry
system equipment along the track for use 1In subsystem
maintenance and repair, and retrieve failed passenger
vehicles/trains from the track. The trackway design shall
include consideration of the weights associated with the
recovery vehicle operation.

Manual - the state of vehicle operations iIn which control is in
the hands of an operator who guides and regulates speed. The
operator may depend on visual contact with other vehicles or
with signals which indicate the condition of the track ahead.

Mean Cycles Between Failures (MCBF) - the mean number of cycles
between failures (MCBF) of a system subunit is the arithmetic
mean of the number of cycles between Tailures requiring
corrective maintenance when the system subunit iIs operated and
maintained under stated conditions.

Mean Distance Between Component Failures (MDBCF) - the mean
operating mileage between independent failures of a component.
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Mean Distance Between Failures (MDBF) - the mean operating
mileage between independent failures.

Mean Distance Between Train Delays (MDBTD) - the mean operating
mileage between train delays caused by equipment or system
failures.

Mean Time Between Failures (MTBF) - the mean time between
failures (MTBF) of a system or system subunit is the arithmetic
mean of the operating time between failures requiring corrective
maintenance when the system is operated and maintained under
stated conditions.

Mean Time to Repair (MTTR) - the mean time to repair a failed
system (MTTR) 1is the arithmetic mean of the time between the
occurrence of failure and the restoration of the equipment to an
operable state when maintenance 1i1s performed under stated
conditions. In any specific case, whether maintenance is merely
replacement with a spare, not counting actual repair, or whether
it does reflect repair must be defined. It iIs also necessary to
specify whether repair time refers to active repair time only or
whether i1t also includes other down time.

Messenger Wire - the current-carrying longitudinal wire or cable
of a traction power catenary system from which the contact wire
IS suspended.

Milepost - an identifier for a given location along a railroad
line. Mileposts may or may not be located exactly one mile
apart and may not be sequentially numbered.

Modem - a modulator and demodulator housed in a common assembly,
e.g- phone line to computer.

Multiple-Fed System - electrification system in which
substations feed sections of catenary at multiple points.

Multiplexer - any of several types of electrical/electronic
equipment that uses a common channel to carry two or more
channels.

No Motion - the vehicle speed at or below the lowest speed
detectable by the vehicle control systems.

Noncombustible - a material that, in the form in which it is

used and under the conditions anticipated, shall not aid
combustion or add appreciable heat to an ambient TFfire.
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Materials, where tested iIn accordance with ASTEM E 136, Standard
Test Method for Behavior of Materials iIn a Vertical Tube Furnace
at 750°C, and conforming to the criteria contained iIn Section 7
of the referenced standard shall be considered as
noncombustible.

Non-vital Circuit - any circuit the function of which does not
affect the safety of the train operation.

Normal - as 1in, “normal operating conditions” or *operating
normally” — a condition iIn which relevant vehicle equipment is
not in a failure mode and the environment is as specified.

Point of Safety - an enclosed fire exit that leads to a public
way or safe location outside the structure, or to an at-grade
point beyond any enclosing structure, or another area that
affords adequate protection for passengers and personnel in the
event of an emergency.

Power Demand Analysis and Load-Flow Study - a computer-aided
study using specially written computer program to calculate the
combined performance of the traction power supply and traction
power distribution systems with operating trains. The study
results 1iInclude catenary system voltages, catenary system
currents, and substation power demand requirements, optimize
spacings between substations, outage consequences to operations,
and substation energy consumption.

Preliminary Design - a design stage at which specifications and
drawings clearly show all major design elements and define
requirements for final design. Design calculations are
substantially complete, cost estimates are detailed to an extent
compatible with the 1level of design, and a preliminary
construction sequence schedule is prepared.

Proof (used as a suffix) - apparatus 1Is designated as
splashproof, dustproof, etc., when so constructed, protected, or
treated that 1its successful operation is not interfered with
when subjected to the specified material or condition.

Propulsion Systems - the system of wheels, motors, gears,
brakes, controls and appurtenances that propels or retards the
vehicle in response to control signals.

Redundancy - the existence in a system of more than one means of

accomplishing a given function. Some safety systems rely on
redundancy.
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Relay, Non-Vital - a relay, the function of which does not
affect the safety of train operations is called a non-vital
relay.

Relay, Vital - a relay, the function of which affects the safety
of train operations is called a vital relay.

Reliability - the probability of performing a specified
function, without failure and within design parameters, for the
period of time intended under actual operating conditions.

Remote Terminal (RTU) - a digital encoding and decoding
terminal, the purpose of which iIs to receive and consolidate
status iIndications from its local area and transmit these
indications to the Train Control Center; and conversely to
receive commands from the Train Control Center and transmit
these commands to the designated locations.

Repair - repair refers to the restoration of failed equipment to
an operable state. It is necessary to specify whether repair 1is
merely unit replacement with a spare or whether it 1includes
actual repair of the failed unit with an accompanying direct
return to service.

Revenue Service - all transit service on main line routes
established for service to the public.

Route Request - the registration at an interlocking of a desired
interlocked route.

Run - one transit vehicle trip in one direction from beginning
of a route to the end of it is called a run. When a vehicle
completes a round trip on one route, it has completed two runs.

Running, Normal - a train is said to be running normally if the
train movement 1is via the right-hand track, which is in the
assigned direction of traffic.

Running, Reverse - a train is iIn reverse running if the train
movement is via the left-hand track, which i1s opposed to the
normal direction of traffic.

Safe - the condition iIn which passengers, crew, or repairmen are
secure from threat or danger, harm, or loss arising from
improper design, manufacture, assembly, malfunction, or failure
of the signal system or any of its components or subsystems.
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Safety - freedom from those conditions that can cause death,
injury, occupational i1llness, or damage to or loss of equipment.

Service, as iIn Service Use, Service Braking - the operation of
the cars under normal conditions with regular passengers.

Service Braking - modulatable braking operation of cars under
normal conditions with regular passengers.

Serviceability Design - the performance design of trackway and
other  structures under  service loads. Serviceability
requirements to be considered 1include control of stress,
fatigue, vibration, deformation, and cracking.

Skip Stop Operation - skip stop operation 1iIs a transit
operational mode in which the train stops at every other stop,
producing a faster passenger trip time.

Slide, Wheel - a wheel slide 1i1s an extreme slip condition
wherein the wheel has zero rotational speed and slip speed
equals train speed. This could result in flat spots on the

wheel tread necessitating wheel re-turning. Also, metal may be
built-up on the rail necessitating grinding.

Slip, Wheel - the wheel slip 1is the difference between the
surface speed of wheel thread and rail, usually transient and
sporadic.

Specific Optical Density (Ds) - means, as defined in ASTEM E 662,
Standard Test Method for Specific Optical Density of Smoke
Generated by Sold Materials, the optical density measured over
unit path length within a chamber of unit volume, produced from
a specimen of unit surface area, that is irradiated by a heat
flux of 2.5 W/cm? for a specified period of time.

Speed, Balancing - the steady-state speed attained by the
vehicle or train when resisting exactly equal tractive forces on
level tangent track, such as wind resistance.

Speed, Base - the speed to which the maximum constant
acceleration can be maintained at the nominal line voltage.

Speed Limit, Civil - the maximum safe speed allowed 1In a

specified zone as determined by the physical limitations of the
track structure.
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Speed Limit, Operating - the maximum safe speed allowed iIn a
specific area as determined by operating conditions.

Special Instruction - Train Orders that are in effect at the
cessation of the day’s service are reissued as Special
Instructions the next morning.

Spin, Wheel - during acceleration in power, the condition when
the rotational speed of the wheel i1s greater than that for pure
rolling contact between tread and rail. This usually results iIn
build-up of metal on the wheel tread and a depression on the
rail, which may necessitate grinding.

Spin/Slide Control - an automatic controlled release of
propulsion or braking effort to avoid wheel and rail damage.

Standard Drawings - drawings that specifically define
configurations and are repetitiously or commonly used on a
project.

Station - a place designated for the purpose of loading and
unloading passengers, iIncluding patron service areas and
ancillary spaces associated with the same structure.

Split Center Platform - staggered and separate NB and SB
platforms located between the NB track and the SB track. NB
station on northern platform and SB station on southern platform
except for MacGregor Station.

Station, Enclosed - a station or portion thereof that does not
meet the definition of an Open station.

Station, Open - a station that is constructed In such a manner
that i1t 1i1s open to the atmosphere, and smoke and heat are
allowed to disperse directly into the atmosphere.

Station Master, Yard Control - an authorized individual whose
function is to supervise yard operations, including the routing
of cars within the yard limits.

Stop, Emergency - the open-loop stopping of a vehicle or train
by emergency brake application. Once 1nitiated, the brake
application cannot be released until the train has stopped.
Spin/Slide Control i1s negated.
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Stop, Service - the stopping of a vehicle or train by
application of service braking. Brake application can be
released, reapplied, and modulated.

Stop, Train (Track Trip) - an electro-mechanical device, located
in the trackway, that enforces the stop aspect of a signal by
activation of the car brake system.

Stray Current - current flowing through paths other than the
intended circuit.

Stray Current Corrosion - corrosion resulting from current
flowing through paths other than the intended circuit.

Substation - traction power supply facility. Typical traction
power substation includes power utility interface equipment,
disconnects switches, circuit breakers, traction power
transformers, switchgear, control equipment, signal power supply
equipment, and auxiliary system. Special equipment, such as
harmonic Tfiltering and power factor control equipment, may be
installed in substations as required.

Supervisor, Yard Control - the yard control supervisor 1is an
authorized individual whose function 1is to supervise yard
operations, including the routing of cars within yard limits.

Switch - a track structure used to divert rolling stock from one
track to another.

Systems - Systems include Traction Electrification, Signals,
Communications, Train Control Center, Fare Collection and
Vehicle.

Tangent - any straight portion of a railway alignment.

Ticket Vending Machine - vending machine where public may
purchase fares.

Tight (used as a suffix) - apparatus is designated as
watertight, dusttight, etc., when so constructed that the
enclosing case will exclude the specified material.

Traction Electrification System - traction power supply and
traction power distribution systems.

Traction Power Distribution System - traction power substations
located at predetermined spacings along the route.
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Tractive Effort, Negative - the retarding force developed by the
train braking system.

Tractive Effort, Positive - propelling force developed by the
train propulsion system.

Train - consist of one or more LRV’s combined into an operating
unit.

Train Control Center (TCC) - the room where the train
controllers and their consoles and displays are located.

Train Performance Simulator (TPS) - a computer program
representing operation of trains based upon tractive effort of
the power wunits, resistance of the train to motion, and
alignment characteristics. TPS can calculate time, distance,
speed, acceleration, power demand, energy consumption and loss
relationships of a train for all station-to-station runs and for
the whole route.

Train, Revenue - any train in transit service on main tracks,
which may be used by the public, iIs a revenue train.

Turnout - an arrangement of a switch and a frog with closure
rails, by means on which rolling stock may be diverted from one
track to another.

Vehicle - a complete light rail vehicle.

Vital - a term applied to a device or circuit that has known
failure modes that should occur with extreme rarity.
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