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N O T I C E  
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proposing Tentative Interim Amendments ,  proposing amendments  for Committee consideration, and appeals on 
matters relating to the content of the document,  write to the Secretary. Standards Council,  National Fire Protection 
Association,  l Bat terymarch Park, P,O. Box 9101, Quincy,  MA 02269-9101.  

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Governing 
Committee Projects shall not be considered the official position of NFPA or any of  its Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult  applicable f edera l  state and local laws and regulations. NFPA does 
not, by the publication of this document,  intend to urge action that is not in compliance with applicable laws, and 
this document  may not be construed as doing so. 

Policy Adopted by NFPA Board of Direc to r s  on December  3, 1982 

The Board of  Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combust ion is an important factor in the loss of  life from fire. NFPA has dealt with that subject m 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products 
of combust ion in a fire environment.  The Board has, therefore, asked all NFPA technical committees to review the 
documents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion.  

Licensing Prov i s ion - -Th i s  document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Refe r ence - -Pub l i c  authorities and others are urged to reference this document in laws, 
ordinances,  regulations, administrative orders, or similar instruments. Any deletions, additions, and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council)  in writ ing of such use. The term "adoption by reference" means 
the citing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers only, upon 
written notice to the NFPA (Attention: Secretary, Standards Council).  will be granted a royalty-free license to 
print and republish this document  in whole or in part, with changes and additions, if any, noted separately, in laws, 
ordinances,  regulations, administrative orders, or similar instruments having the force of law, provided that: (l) 
due notice of NFPA ' s  copyright  is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jur isdic t ion 's  lawmaking or rule-making process. 
B. Once this NFPA Code or Standard has been adopted into law. all printings of this document by public author- 
ities with lawmaking or rule-making powers or any other persons desiring to reproduce this document  or its 
contents as adopted by the jurisdict ion in whole or in part, in any form, upon written request to NFPA (Attention: 
Secretary, Standards Council),  will be granted a nonexclusive license to print, republish, and vend this document  
in whole or in part, with changes and additions, if any, noted separately, provided that due notice of NFPA's  copy- 
right is contained in each copy. Such license shall be granted only upon agreement to pay NFPA a royalty. This 
royalty is required to provide funds for the research and development necessary to continue the work of NFPA and 
its volunteers in continually updating and revising NFPA standards. Under certain circumstances,  public authori- 
ties with lawmaking or rule-making powers may apply for and may receive a special royalty where the public 
interest will he served thereby. 

3. Scope of License  G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document.  

(For further explanation,  see the Policy Concerning the Adoption,  Printing. and Publication of NFPA 
Documents,  which is available upon request from the NFPA.) 

S t a t emen t  on NFPA P r o c e d u r e s  

This material has been developed under the published procedures of the National Fire Protection 
Association,  which are designed to assure the appointment of technically competent  Committees having balanced 
representation. While these procedures assure the highest  degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, or for the 
completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document,  and 
any certification of products stating compliance with requirements of this document  is made at the peril of  the 
certifier. 
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This edition of NFPA 130, Standard for F, xed (;uidewa~' TraItsil ~y,slem,~, was prepared by 
the Technical Committee on Fixed (;uideway Transit Systems and acted on hv the 
National Fire Protection Association, Inc., at its Annual Meeting held May 22-25, 1995, 
in Denver, CO. It was issued by the Standards Council on July 21, 1995, with an effec- 
tive date of August 11, 1995, and supersedes all previous editions. 

This edilion of N t;PA 130 was approved as an American National Standard on August 
11, 1995. 

Changes other than editorial are indicated by a vertical rule in the margin of the pages 
on which they appear. These lines are included as an aid to the user in identifying 
changes fiom the previous edition. 

Orig in  and D e v e l o p m e n t  o f  N F P A  130 

The Fixed (;uidewav Transit Systems (:omnfittee was tbrmed in 1975 and immedi- 
ately began work on tile development of NFPA 130. One of the primary concerns of the 
(~,)mmittee in the preparation of this document centered on the potential for entrap- 
ment and injury of large numbers of people who routinely utilize these mass transpor- 
tation facilities. 

During the preparation of this document, several signiticant fires occurred in fixed 
guideway systems where, tbrtunately, the loss of life was limited. The Committee stated 
that the minimal loss of life was due primarily to chance events more than any precon- 
ceived plan or the operation of protective systems. 

The Committee developed material on fire protection requirements to be included in 
N FPA 130, Sg, ndardf i ,  F~xed Guidezva~' Trami! Systems. This was adopted by the Associa- 
tion in 1983. The 1983 edition was partially revised in 1986 to conform with the NFPA 
Manual of Style and incorporated revisions including a new Chapter 8; new Appendix 
F, "Creepage Distance"; additional minor revisions to the first four chapters and Appen- 
dices A, B, C, and E; and a complete revision of Appendix D. 

The scope of the 1988 edition was expanded to include Automated Guideway Transit 
(AGT) Systems. The sample calculations in Appendix C were revised and Appendix D 
was also completely revised in 1988. 

The 1990 edition included additional minor changes to integrate provisions and spe- 
cial requirements tor AGT Systems into the standard. Table l fiom Appendix D was 
moved into Chapter 4, "Vehicles," and new vehicle risk assessment material was added 
to Appendix D. 

Definitions tot "Enclosed Station" and "Open Station" were added in the 1993 edi- 
tion, along with minor changes to Chapters 2 and 3. 

There were minor changes in the 1995 edition in Chapters 1, 2, and 3. 
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F i x e d  G u i d e w a y  T r a n s i t  S y s t e m s  

1995 Edi t ion  

NOTICE: An aslcrisk (*) iblh~wing the numher or lettm" 
designating a l)aragraph indicates explanatory material (m 
that paragral)la in Appendix A. 

lntbvlnation on rcl(_'rcnced pul)lication,> can I)e tbund in 
(:haptter 8 and Appendix F. 

Chapter  1 General  

1-1 Scope. 

1-1.1 This standard shall cover tire protection require- 
ments for underground,  surt~tce, and elevated fixed guide- 
way transit systems including trainways, vehicles, transit 
stations, alld vehicle maintenance alld storage areas; a d d  
for life safety flom fire in transit stations, trainways, vehi- 
cles, and outdoor vehicle maintenance and storage areas. 
Transit stations shall pertain to stations accommodating 
only passengers and employees i)[ the fixed guideway tran- 
sit systems and incidental occupancies in the stations. This 
standard establishes minimum requirements tk)r each of 
the identitied sul)svstems. 

1-1.2 This standard shall not cover requirements t()r the 
following: 

(:t) Conventional tieight or passenger railroad systems 
including th()sc that provide commuler  services. 

(h) Buses and trolley coaches. 
(c) Any other system of ' t ransportat ion not included in 

the defin'ition of fixed guideway transit system. 

To the extent where a system, including those listed in 
1-1.2Ca) through (c), introduces hazards of a similar nature to 
/hose addressed herein, this standard shall he permitted to be 
used as a guide. 

1-1.3 Nothing in this standard is intended to prevent or 
discourage the use of new methods, materials, or devices, 
provided that suflicient technical data are submitted tl) the 
atHhority having jurisdiction to demonstrate that the new 
method, material, or device is equivalent to or superior to the 
requirements of this slalldard with respect Ill fire resistance 
and safety. 

1-2 Purpose. The purpose of this standard is to establish 
in in imum requirements  that will provide a reasonable 
degree of safety ti'om fire and its related hazards. 

1-3 Characteristics of Fire Safety. Fire satiety on a fixed 
guideway transit system shall be achieved through a coln- 
posite of facility design, i)perating equipment,  hardware, 
procedures, and software subsystems that are integrated to 
provide requirements for the protection ot life add prop- 
erty ti-oln the elt;ects of fire. The level of fire safety desired 
for the whole system shall be achieved by integrating tile 
required levels fi)v each subsystem. 

1-4 Application. 

1-4.1 This standard shall apply to new tixed guideway 
transil systems and to extensilms o |  existing systems. 

1-4.2 That portiere of the standard dealing with emm- 
gency proccdulcS shall ,tpply to new and existing systems. 

1-4.3 The standard also shall he used for purchases of 
new rolling stock and retrofitting of existing equipment or 
facilities except in those instances where compliance with 
the standard will make the improvement  or expansion 
incompatihle with the existing system. 

1-5 Definitions, 

Alternate Central Supervising Station. A prearranged 
location that is equipped, or can be equipped quickly, to 
ftmction as the central supervising station in the event the 
central supervising station is inoperative or untenable tot 
any reason. 

Approved.* Acceptable to the "authority having juris- 
diction." 

Ancillary Area/Ancillary Space. The nonpublic areas 
or spaces t)t the stations usually used to house or contain 
operating, maintenance, or support equipment alld ['tlllC- 
tions. 

Authority. The agency legally established and autho- 
rized to operate a fixed guideway transh system. 

Authority Having Jurisdiction.* The "'authorit\' hav- 
ing jurisdiction" is the organization, otticc or iudi'vidual 
responsible ti)r "approv in f '  e(luipment, an installatilm or a 
prl)cedure. 

Automated Fixed Guideway Transit Systems. A tixed 
guideway transit system that operates fully a,atl)mated driv- 
erless vehicles along an exclusive r ight-of way. 

Bui ld ing .  All} s tructure i)r group ()f structures in 
which fixed guideway transit vehicles ave stored ()r main- 
rained, including those in which inspection and service 
functions are pertormed, and other ancillary slrtlctures, 
such as substations and air conditilming ()r ventilation 
facilities, 

Central Supervising Station. The operations center 
where the authority controls and coordinates the system- 
wide movement of passengers and trains from which con> 
munication is maintained with supervisory and operating 
personnel of tlle authority, and with participating agencies 
when required. 

Command Post. The location dur ing an emergency, 
selected by, the person in command, for contrlllling and 
coordinating the emergency operation. 

Communications.  Radi(), telephone, and messenger 
services through(mr the system and particularly at the cen- 
tral supervising station and command post. 

Elevated Structure.  All s t ruc tures  not otherwise 
defined as surface or undergr()und structures. 

Emergency Procedures Plan. A plan developed by the 
authorily with the cooperation of all participating agencies 
detailing specitic actions required by all those who will 
respond during all emergency. 

Enclosed Station. A station or portion thereof that 
does not meet the definition ()f an open station. 

Engineering Analysis (Fire Hazard/Fire Risk Assess- 
ment). An analysis that evaluates all the various tactors 
that affect Ih& fire safety of the s'¢stem ()r COlllpl)llellt. A 
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written report  of the analysis shall be sul)mitted to the 
authority indicating the tire protection method(s) recom- 
mended that will provide a level of lire satety c(mltnenstl- 
rate with this standard. 

Fire Emergency.  The existence of, or threat of, lire 
and/or the development of smoke or fumes that calls for 
imme(liate action to correct or alleviale the omdit i tm or 
situation. 

Fixed Guideway Transit System (the System). An dec- 
tritied transportation system, utilizing a tixed guideway, 
operating on right-ot~way for the mass ,n(wement of pas- 
sengers within a metropolitan area :tnd consisting of its 
tixed guideways, mmsit vehicles, and other rolling stock; 
power system; buildings; maintenance [hcilities; stations; 
transit vehicle yard: and other  stati<)nary and movable 
at)t)aratus, equipment,  appttrtenances, and structures. 

Fixed Guideway Transit  Vehic le  (the Vehicle) .  An 
electrically propelled passenger-carrying vehicle character- 
ized by high acceleration and braking rates fi)r t iequent 
starts and stops and fast passenger loading and unh)ading. 

Guideway.  That portion of the transit line included 
within right-ot:-way fiences, outside lines ofcurl)s or shouklers, 
underground runnels, cut or till slopes, ditches, channels, 
and waterways, ,rod including all appertaining structures. 

Incidental Occupancies  in Stations. Refiers to the use 
of the station by others wh<) are neither transit system 
emph)yees nor passengers. 

Labeled. Equil)nmnt ()r materials to which has been 
attached a label, symbol or other identifying mark of an 
organization acceptable to the "authority having jurisdic- 
titm" and concerned with product evaluation, that main- 
rains perio(lic inspecti(m of production of labeled equip- 
merit or materials and by whose labeling the manuthcturer 
indicates compliance with appropriate standar(Is or perfor- 
mance in a specified manner. 

Listed.* Equipment or materials included in a list pub- 
lished by an organization acceptable to the "autlaority hav- 
ing jurisdiction" and ctmcerned with product evaluation, 
that maintains periodic inspection of production of listed 
equipment  or materials and whose listing states either that 
tim equipment  or material meets appropriate standards or 
has been tested and lound suitable for use in a specitied 
I n  a n n e r .  

Noncombust ible .  A material that, in the form in which 
it is used and under  the conditions anticipated, will not aid 
combustion or add appreciable heat to an ambient fire. 
Materials, where tested in accordance with ASTM E136, 
Sta,dard Tesl Method Jbr Behavior qfl Material.s m a Verh(al 
Tube Furnace a/ 750°(', a n d  conforming to the criteria con- 
tained in Secti<m 7 of the referenced standard shall be con- 
sidered as noncombustible. 

Nontransit  Occupancy.  An occupancy not under the 
control (,t the system operating auth(>rity. 

Open Station. A stati(m that is constructed in such a 
tnatmer that it is open to the atmosphere, and smoke and 
heat are allowed to disperse directly into the atnaosphere. 

Part icipat ing Agency. A public, quasipublic, or private 
agency that has agreed to cooperate with and assist the 
authority during an emergency. 

Person in Command.  A person dcsignatcd by the 
attthority or a responsible fire or police represemative on the 
scene of an emergency fully responsible at the command 
post. 

Point of Safety. An cnclosed the exit that leads to a 
public way or safe h)cation outside the s t ructure,  or 
at-grade point beyond any enclosing strltCttlre, t)l other 
area that atfmds adequate pcotection ti>r passengers. 

Power Station. An electric generating plant for supply- 
ing electrical energy to the system. 

Power Substation. Ix)cation of electric equipment th,tt 
does not generate electricity hut receives and omverts  or 
transforms generated energy to usable electric energy. 

Replace-in-Kind. To furnish with new parts m equit)- 
ment, as applied to vehicles and facilities, of the same type 
but not necessarily of identical design. 

Retrofit. As applied to vehicles and tacilities, to furnish 
with new parts or equipment  to constitute a deliberate 
modification of the original design (as contrasted with an 
overhaul or replacement-in-kind). 

Station. A place designated tor the purpose of loading 
and unloading passengers, including patron service areas 
and ancillary spaces associated with the same structure. 

Station Platform. The area of a station used primarily 
fi)r loading and unloading transit vehicle passengers. 

Surface Structure. Any at-grade or tmroot;ed structure 
other than an elevated or unclergr<mnd strttcture. 

System. See detinition of Fixed (;tti(leway Transit System. 

Trainway. That portion of the guideway in which the 
transit vehicles operate. 

Underground System. The system or that part of the 
system located beneath the surface of the earth or of the 
water. 

Chapter  2 S ta t ions  

2-1 General. 

2-1.1 This chapter shall apply to all stations whether they 
are entirely or ill any part 1)eh)w, at, or above grade. 

2-1,2 Occupancy.  

2-1.2.1 The primary p u r p o s e o f a  station is fin the use of 
the transit passengers who normally stay in a station struc- 
ture for a period of time no hmger than that necessary to 
wait fin and enter a departing transit vehicle or to ex i t the  
station after arriving on an incoming transit vehicle. Where 
contiguous commercial occupancies are in common with 
the station, or where the station is integrated into a build- 
ing of nontransit occupancy, special considerations will be 
necessary beyond this standard. 

2-1.2.2 A station is also for the use of employees whose 
work assignments require their presence in the st;-ttion 
structures. 

2-2 Construction. 

2-2.1 Construction Materials. Building c(mstruction |br 
all new rapid transit stations shall be not less than Type 1 
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or Type 11 or comhinat ions  of Type 1 and Type I1 
approved lmncombustible construction as detined in NFPA 
220, Standard on 7),pes of Building Construction, as deter- 
mined by an engineering analysis of potential tire exposme 
hazards to the strttcture. 

2-2.2 Safeguards During Construction. I)uring the course 
of construction or major modification of any structure, provi- 
sions of NFPA 241, Standard for Saj)%,uarding Colz.slru(lioth 
Alteration, and Demolilion Operations, shall apply. 

[ 2-2.3 Compartmentation and Fire Separation. 
2-2.3.1 Stair and Escalator Enclosure. Stairs and escala- 
tors regularly used by passengers shall not be required to 
be enclosed. Such stairs and escalators shall be included in 
exit capacity calculations as defined in 2-5.3 and 2-5.4. 

2-2.3.2 Ancillary Spaces. In all stations fire resistance 
ratings of separations hetween occupancies shall be estab- 
lished as required by the local building code in accordance 
with NFI'A 251, Standard Methods o/ Tests of Fne E~durance 
of Building Construclion and Materials. 

ExceDtmn No. 1: ,411 power subslatlotLs ,~hall have a fire separa- 
hot~ of at least 3 hr./)om all olher occupancies. 

Exc@tion No. 2: Electrical control rooms, auxiliary" elechical 
rooms, and associaled halle U room~ shall have a fire s@aration of 
at leas! 2 h~ from all other occupancies. 

Exceplion No. 3: Trash rooms shall have a fire separation of at 
least 2 hr jrom all other occupa,czes. 

Exception No. 4: Train conlrol rooms and associated balh, rv 
rooms shall have a fire separation off a/ /east 2 hr.fiom all otlJr 
occupancies. 

Exceptmn No. 5: All public areas shall have a fire separaho, of 
at least 2 hr J)om ,onpublic areas. 

2-2.3.3 Doors and other openings through the separa- 
tions identitied in 2-2.3.2, including Exceptions 2 through 
5, shall be protected hy fire door assemblies having a pro- 
tection rating of 11/., hr. 

I';xce/mon No. 1 ufenliJied in 2-2.3.2 shall be protected by fire 
door assemblies having a prolechon raling 0/ 3 hr. 

2-2.3.4 Agents '  or informat ion  boodls shall be con- 
structed of approved noncombustihle materials. 

2-2.3.5" All station puhlic areas shall have a fire separa- 
tion of at least 3 hr fiom all nontransit  occupancies. The 
fire separation for stations shall he permitted to he modi- 
fied based on an engineer ing analysis of potential fire 
exposure hazards. 

2-2.3.6 All openings from station public areas to all non- 
transit occupancies, i.e., private entrances, shall be pro- 
tected by approved fire protective assemblies with an 
appropria te  rating tot the location in which the'; are 
installed. Where a fire door is required to be open, it' shall 
he automatic closing, actNated by listed smoke detector, or, 
where a separate smoke harrier is provided, the operation 
may he by fusible links. (,S'ee NFP/t 80, Standard for Fire 
Doors and Fne H/indow.~.) 

2-2.4 Automatic Sprinkler System Requirements. (See 
2-7.3.) 

2-3 Ventilation. 
2-3.1 General.  In enclosed stations, provisions shall be 
made |or emergency ventilation for the protection of pas- 

sengers and employees from tire or generation of smoke. 
(See Appendix B.) 

2-3.2 Design. In enclosed stations, the design objectives 
of tile emergency ventilation system shall be: 

(a) To provide a stream of noncontaminated air to pas- 
sengers in a path of egress away flom a train fire: 

(b) To produce airflow rates to prevent backlayering of 
smoke in a palh of egress away from a train fire; and 

(c) To limit llle air temperature in a path of egress away 
from a train tire to 140°F (60°C) or less. 

2-3.3 The design heat release rate produced by a train fire 
shall be used to design the emergency ventilation system. 

2-3.4 Emergency Ventilation Fans. (See B-2.4.) 
2-3.4.1 Ventilation fans used for emergency service, their 
motors, anct all related components exposed to the ventila- 
tion airflow shall he designed to operate in all ambient 
atmosphere of 482°F (250°(;) for a period of at least 1 hr. 

2-3.4.2 Local fan motor starters and related operating 
control devices shall be located away fiom the direct air 
stream of the fans to the greatest extent practical. 

2-3.4.3 Fans required for emergency operation shall be 
capable of satisfying emergency air velocity criteria in 
either supply or exhaust modes. 

2-3.4.4 l)ischarge/outlet openings tot emergency tans 
shall be positioned a sufficient distance tiom supply air 
intake openings to prevent recirculation. If this is not pos- 
sible due to area constraints, then intake openings shall be 
protected hy other approved means or devices to prevent 
smoke from reentering the system. 

2-3.4.5 Operat ion aml tail-safe verification of proper  
operation of emergency lans shall be efliected flOln a cen- 
tral supervising station with indication provided for all 
modes of operation tbr each fan, as well as from a local 
control isolated as in 2-3.4.2. 

2-3.4.6 Thermal overload protective devices shall not be 
located on motor controls of fans used lot emergency 
ventilation. 

2-3.4.7 Local controls shall permit overriding remote 
central supervising control. Local control shall be capable 
of operating the tmls in all modes in tile event tile remote 
controls become inoperable. 

2-3.5 Ancillary Spaces. Storage battery or similar ancil- 
lary rooms in which hydrogen gas or other hazardous 
gases could be released, and mechanical ventilation is 
required, shall he ventilated in accordance with NFPA 91, 
Standmd./br Exhaust Sy.~/emL~ .fin Air Convuing of Materials. 

2-4 Wiring Requirements. (See I:1-2.5.) 

2-4.1 M1 wiring materials and installations within stations 
other than fin traction power shall cnnfi)rm Io requirements 
of NFPA 70, Nalimml Electrical Code ~, and, in addition, shall 
satisB/the requirements of 2-4.1.1 through 2-4.1.8. 

2-4.1.1 Materials manufactured fin- use as conduits, race- 
ways, ducts, boxes, cahinets, equipment enclosures, and 
their surface tinish materials shall be capable of being sub- 
jected to temperatures up to 932°F (500°(:) tbr 1 hr and 
shall not support combustion under  the same temperature 
condition. Other materials when encased in concrete shall 
be acceptable. 
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2-4.1.2 All conductors shall be insulated. Ground wires 
shall be permitted to be bare. All thicknesses of insulation 
and all thicknesses of jackets shall conform to NFPA 70, 
Nalional Elechical Code. 

2-4.1.3 All insulations shall confi)rm to Article 310 of 
NFPA 70, Natio,al Eleclrual (;ode, and shall be lnoisture- 
and heat-resistant types carrying temperature  ratings cor- 
responding to the conditions of application and in tat) case 
lower than 194°F (90°C). 

2-4.1.4 Wire  and cable constructions intended tor use in 
operating vital train signal circuits and power circuits to 
emergency fans, lights, etc., shall pass the flame propagat- 
ing criteria of the IEEE Standard 383, S la ,dard /br  T~'pe 
Tests of (;lass 1E Electric Cables, Field Splice,s, a ,d  Comwclions 

for  Nuclear Power (;e,emli~g Statio,s. N EC-type listed cables 
suitable tot use in plenmns shall be permitted to be used in 
train signal circuits. 

2-4.1.5 All conductors, except radio antennas, shall be 
enclosed in their entirety in armor sheaths, conduits, or 
enclosed raceways, boxes, and cabinets except in ancillary 
areas or other nonpublic areas. Conductors in conduits or 
raceways shall be permitted to be embedded in concrete or 
run in concrete electrical duct banks, but shah not be 
installed exposed or surface-mounted in air plenums that 
might carry air at the elcvated temperatures accompanying 
fire-emergency conditions. 

2-4.1.6 Overcurrent  elements (11 that arc designed to 
protect conductors serving emergency equipment motors 
(fans, dampers ,  pumps,  etc.), emergency lighting, and 
comnmnications equipment,  and (2) that are located in 
spaces other than the main electrical distribution system 
equipment  rooms shall not depend on thermal properties 
tar operation. 

2-4.1.7 The power supply tar fans essential for emer- 
gency ventilation service shall consist of two separate elec- 
trical t?eeders. Each feeder shall originate from a different 
source (substation) and shall be separated physically to the 
extent possible. 

2-4.1.8 (:onductors for emergency tans, emergency light- 
ing, communications, etc., shall be protected t iom physical 
damage by transit vehicles or other normal transit s;'steln 
operations and tronl tires in the transit system by suitable 
enfl)ednlent or ellcitselllellt, o1 hy rou t ing  such conductors 
external to the interior unde lg lound  portions of the trim- 
sit system facilities. 

2-5 Means of Egress. (See Appemlix C.) 

2-5.1 General. To provide minimum criteria for design 
of egress tacilities, a station shall comply with the provi- 
sions of NFPA 101 "% Lift' St(let 3' Code ''~ , Chapter 5, "Means of 
Egress," and Chapter  8, "New Assembly Occupancies," 
except its herein moditied. 

2-5.2 Occupant  Load. (5"er Appe~dix C.) 

2-5.2.1 The occupant load for a transit station shall be 
determined based on the emergency condition requiring 
evacuation of that station to a point of sal;etv. The occupant 
load shall be based on the "'Calculatcd : l l 'a in Load" of 
trains simuhaneously entering the station on all tracks in 
normal traflic direction during the peak 15-minute period 
plus the sinmltaneous entraining load awaiting a train. As 
a basis tot computing the detraining load during an emer- 

gency, not more than one train will unload at any one track 
to a platform during an emergency. 

2-5.2.2 Special consideration shall be given to station ser- 
vicing areas where events occur that establish occupant 
loads not included in normal  passenger  loads. These  
include such areas as civic centers, sports complexes, and 
convention centers. Consideration of control of access to 
platlorm might be necessary to provide the appropriate 
level of safety. 

2-5.2.3 At mtfltiplafform stations, each platform shall be 
considered separately and the arrival of trains from all nor- 
real traffic directions plus entraining loads shall be consid- 
ered. At concourses, mezzanines, or muhi[evel stations, 
simuhaneous loads shall bc considered for all exit lanes 
passing through that area. 

2-5.3 Number  and Capacity of Exits. 

2-5.3.1 Exit capacities shall be calculated on the basis of 
22-in. (358.8-nun) wide exit lanes. Width shall be lnea- 
sured in the cleat ;_it the narrowest point except that indi- 
vidual handrails shall be permitted to project 31/~ in. 
(88.9 ram) into the required width. Fractional lanes shall 
not be counted in measuring exit capacities except that 
12 in. (304.8 ram) added Io one or more lanes shall be 
counted as one-half a lane. 

2-5.3.2 There  shall be sufficient exit lanes to evacuate the 
station occupant load as delined in 2-5.2 fl'om the station 
platforms in 4 rain or less. Tim maximum u'avel distance to 
:tEa exit t iom any point on the plattorm shall not exceed 
300 ti (91.4 ill). 

Exception." Mod{ficatim~ of tke above evacaaho~l time shall be 
permilled based o,  a~ e~gineeri,g a,alvvi~ by evaluati~g material 
keat n'lease roles, statio, geometric,s, a ,d  emergency ve,t i lalio,  
,sy,stellls. 

2-5.3.3 The station also shall be designed to permit evac- 
uation fl'om the most remote point on the platfornl to a 
point of sat;ely in 6 rain or less. 

Exception: Mod!ficalirm off tke above eva(ualio~t lime skall be 
permitted based o~ a ,  m~gi,eeri,g a,al3'sis b 3' evalaali~g material 
keal release tales, stalion geomehics, rind emerge~cr ve~dilatio~ 
wgtellls. 

2-5.3.3.1 111 at-grade or elevated structures so designed 
that the station pladorm is open to the elements and, 
where the concourse is below or protected fiom the plat- 
tiwm by distance or materials as determined by an appro- 
priate engineering analysis, that concourse shall be perlnit- 
ted to be defined as a point of sat;err. 

2-5.3.4 The capacity in persons per minute (ppln), pas- 
senger travel speeds in feet per minute (fpm), and require- 
ments tot exit lanes shall be as tbllows: 

2-5.3.4,1 Platforms, Corridors,  and Ramps of  4 Percent  
Slope or Less. Exil corridors and ramps shall be a mini- 
mum of5  ft 8 in. (1.7,'{ m) wide. lea colnputing the number 
of exit lanes available, 1 ft 0 in. (304.8 nun) shall be 
deducted at each side wall and 1 fl 6 in. (457.2 ram) at 
plattorm edges. 

Per Exit Lane 

Capacity -- 50 p p m  

Travel Speed - -  200 t ] )m (61 m/m). 
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2-5.3.4.2* Stairs, Stopped Escalators, and Ramps of Over 
4 Percent Slope. Exit stairs shall be a mininmm of 44 in. 
(1.12 m) wide. Stopped escalators shall be permitted to be 
considered as emergency exits of two-lane capacity provided 
the}, are of standard 48 in. (1.22 m) width, of l t/,,-lane capac- 
ity provided they are of standard 32 in. (813 ram) width, and 
of l-lane capacity if less dmn 32 in. (813 mm) width. Exit 
ramps shall he a minimum of 6 ft 0 in. (1.83 m) wide. 

Escalators shall not account ti)r more than half of the 
units of exit at any one level. 

Per Exit Lane "Up" Direction 

Capacity -- 35 ppm 

Travel Speed -- 50 fpm I (15.24 m/m). ] 

Per Exit Lane "Down" Direction 

Capacity - -  40 ppm 

Travel Speed -- 60 fpm I (18.3 re~m). 
~Indicates vertical component of travel speed. 

2-5.3.4.3 Doors and Gates. Exit doors and gates shall he 
a minimum of 36 in. (914.4 ram) in width. 

Per Exit Lane 

Capacity -- 50 ppm. 

2-5.3.4.4 Fare Collection Gates. Fare collection gates, 
when deactivated, shall provide a minimtnn 20 in. (508 rain) 
clear unobstructed aisle. Console shall not exceed 40 in. 
(1016 mm) in height. 

Per (;ate 

Capacity --  50 ppm. 

A turnstile-type fare collection gate is one that consists of 
a min inmm 18-in. (457.2-mm) aisle lind maximunl 36-in. 
(914.4-mm) height of the turnstile bar. When deactivated, 
the turnstile bar shall fiee wheel in the exit direction. 

Per Gate 
C a p a c i t y -  25 ppm. 

2-5.3.5 Emergency exit gates shall be in accordance with 
NFPA 101, Lift' Sqfi, ly (;ode. Gate-type exits shall be pro- 
vided [br at least 50 percent of the required emergency 
exit capacity unless tare collection equipment  provides 
unobstructed exiting under  all conditions. 

2-5.3.6 A second means of egress at least two lanes wide 
shall be provided ti'om each station platform and shall be 
remote t inm the major egress route. 

2-5.4 Escalators. (See also C-2.) 

2-5.4.1 Escalators equipped to operate in both directions 
shall be acceptable as emergency exits. 

Escalators runn ing  in the exit direction shall be permit- 
ted to be left in opera t ing mode. Escalators r u n n i n g  
reverse to exit ing shall be capable of being stopped 
remotely, manually, or automaticallv. (See C-2.) 

2-5.4.1.1 Because of the possibility of maintenance or 
malfimction, one escalator at each station shall be consid- 
ered as being OUt  O1" service in calculating egress require- 
ments. The escalator chosen shall be that one having the 
most adverse effect upon exiting capacities. 

2-5.4.2 Escalators with or without intermediate landings 
shall be acceptable as emergency exits, regardless of verti- 
cal rise. 

2-5.4.3 If escalators are exposed to the nutdoor environ- 
ment, the landing and th)or plates shall have a nonslip sur- 
lace and, if they also are exposed to fleezing temperatures, 
the landing and floor plates and steps shall be heated to 
keep those areas free of ice and snow. 

2-5.4.4* Escalators used as a means of egress shall be con- 
structed of noncombustible materials. 

2-5.5 Fare Collection Gates or Turnstiles. The following 
design features shall be provided to facilitate the exit of 
patrons in the event of an emergency. 

2-5.5.1 The fare gates or turnstiles shall assume an emer- 
gency exit lnode in the event of loss of power to the fare 
gates or turnstiles or npon actuation of a nlanual or renlote 
control. 

2-5.5.2 Fare collect ion gates or turns t i les  shall be 
designed so that their t~dlure to operate properly will not 
prohibit movement of passengers in the direction of the 
emergency egress. 

2-6 Emergency Lighting. 

2-6.1 Stations shall be provided with a system of emer- 
gency lighting in accordance with NFPA 101, Lift, Safer); 
Code, except as otherwise noted herein. 

2-6.2 Emergency lighting systems shall be installed and 
maintained in accordance with NFPA 70, National Electrical 
Code. 

2-6.3 Exit lights, essential signs, and elnergency lights 
shall be included in the emergency lighting system and 
shall be powered by a standby power supply or a supply 
independent  of the traction power system. Emergency fix- 
rares, exit lights, and signs shall be separately wired from 
emergency distribution panels. 

2-6.4 Emergency lighting tbr stairs and escalators shall be 
designed to emphasize illumination on the top and bottom 
steps or landings. All newell and comb lighting on escala- 
tor steps shall be on emergency power circuits. 

2-7 Fire Protection. 

2-7.1 Protective Signaling Systems. 

2-7.1.1 Stations equipped with fire alarm devices shall be 
protected by a proprietary system as detined in NFPA 72, 
Naho~ml Fire Alarm Code, 

2-7.1.2" Each station having alarm detector devices shall 
be provided with a tire alarm annunciator  panel at a suit- 
able location accessible to the attthority having jurisdiction. 
Annunciator  panels shall annnunce  by audible alarm the 
activation of any heat or smoke detector in the station and 
visually display the location of the actuated detector or 
alarm. 

2-7.1.3 All fire alarm, smoke detection, valve switches, 
and water flow indicator signals, when activated, shall be 
sinmltaneously transmitted to the local station and to the 
central supervising station. 

2-7.1.4" Separate zones shall be established on local sta- 
tion annunciator  panels to monitor water flow on sprinkler 
systems and supervise main control valves. 

2-7.1.5 Automatic fire detection shall be provided in all 
ancillary spaces by the installation of listed combination 
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fixed tempera ture  and rate of rise heat detectors o1 listed 
smoke detectors  except  where pro tec ted  by at t tomatic 
sprinklers. 

2-7.2 Emergency Communication. 

2-7.2.1 A public address  (PA) system and emergency  
voice alarm repor t ing  devices (such as emergency tele- 
phone) contorming to NFPA 72, Nalio~ml Fire Alarm (;ode, 
o1 local (interior) tire alarm pull boxes shall be required in 
transit stations. 

2-7.2.2 The  central supervising station and each passen- 
ger station shall be equipped with suitable devices so that 
appropr ia te  annonnceinents  can be made over the PA sys- 
tem regarding fire alarms, including provisions for giving 
necessary intbrmation and directions to the public upon 
receipt of any manual or atm)matic fire alarm signal. These 
devices shall be located at suitahle locations at each facilitv. 

2-7.2.3 Emergency  a larm r e p o r t i n g  devices shall be 
located on passenger platlorms and throughout  the pas- 
senger station such that the travel distance flom any point 
in the public area shall not exceed 300 ft (91.4 m) unless 
otherwise approved by the attthority having jurisdiction. 
Such emergency devices shall be distinctive in color and 
their  location shall be plainly indicated by appropr ia t e  
signs. 

2-7.3 Automatic Sprinkler Systems. 

2-7.3.1 An antomatic sprinkler  protection system shall be 
provided in areas of transit stations used ti)r concessions, 
storage areas, trash rooms, and in the steel truss area of all 
escalators in a single entry station and other similar areas 
with combustible loadings, except trainways. 

Exception: The above areas of open station,s remoteh, located 
j?om public spaces. 

2-7.3.2 Installation of sprinkler  systems shall cnmply with 
N FPA 13, Standard jor/be lnstallatim~ of Sprinkler ,~'stems, or 
applicable local codes as required.  

2-7.3.3 A sprinkler  system water flow alarm and supervi- 
sory signal service shall be installed. 

2-7.3.4 Other  approved fire suppression systems shall be 
permit ted to be substituted tbr atttomatic sprinkler systems 
in the areas listed in 2-7.3.1 with the approval  of the 
authority having jurisdiction. 

2-7.4 Standpipe and Hose Systems. 

2-7.4.1 Each u n d e r g r o u n d  t r ans i t  s ta t ion  shall  be 
equipped with a s tandpipe system of either Class 1 or (:lass 
I I I  type, as defined ira NFPA 14, Standard for the Installation 
of Standpipe and Hose Ss'stems. (;lass of service shall be deter- 
mined by the authori ty having jurisdiction. (See A-2-7.4.3.) 

2-7.4.2 The  authori ty hSving jurisdict ion shall be con- 
sulted as to location, spacing, and number  of s tandpipe 
hose outlets and valves and shall determine the need for 
provision and type of bose. 

2-7.4.3* Fire depar tment  connections for fire depar tment  
use in supplying the s tandpipe  system shall be located 
within 100 ft (30.5 m) of vehicnlar access and within oper- 
ating distance of fire hydrants as de te rmined  by the local 
attthority having jurisdiction. I n addit ion to the usual iden- 
tification required on fire depar tment  connections tot 

s tandpipes,  there  shall also be appropr i a t e  wording to 
identi~' the fire depar tment  connection :Is part  of the tran- 
sit station system in order to avoid confusion with any 
nearby fire d e p a m n e n t  connection tbr other  buildings. 

2-7.4.4 Where unde rg round  transit stations include more 
than one platform level (such as crossover subway lines), 
there shall be a cross-connection pipe of a minimum size of 
4 in. (101.6 ram) in diameter between each standpipe system, 
so that supplying water through any fire department  connec- 
tion will furnish water throughont the entire system. 

2-7.5 Portable Fire Extinguishers. Portable fire extin- 
guishers, in such number, size, type, and location as deter- 
mined by the authority having jurisdiction, shall be provided. 

Chapter 3 Trainways 

3-1 General. 

3-1.1 Scope. This chapter considers all trainways whether 
they are entirely o1 in any part below, at, {1i above grade. 

3-1.2 Occupancy.  It is anticipated that passengers will 
enter  tile trainways o1111' in the event it becomes necessary 
to evacuate a disabled train. Such evacuation shall take 
place only under  the guidance and control of authorized 
trained transit system employees or other  authorized per- 
sonnel as warranted under  an elnergency situation. 

3-1.3 Warning Signs. Warning signs shall be posted on 
entrances to the trainway (e.g., station platforms, portals), 
on fences or barriers ac!jacent to the trainway, and at such 
other places where nontransit  authority employees might 
trespass. The warning signs shall clearly state the hazard 
(e.g., DANGER HIGH VOLTAGE 750 VOLTS) with letter 
sizes and colors ira conformance with NFPA 70, National 
Elechical (;ode, and OSHA requirements.  

3-1.4 An emergency telephone (ETEL) shall be provided 
along the trainway at each blue light station and at other 
h)cations deemed necessary by the amhori ty  having 
jurisdiction. 

3-1.5 Blue Light Station. 

3-1.5.1 A location along the trainway, indicated bv a blue 
light, where emergency service or authorized personnel  
can communicate with the central supervising stations and 
disconnect traction power. 

Tract ion power disconnect  devices shall allow quick 
removal of power fimn power zones. Emergency shutoff" of 
traction power shall be achieved by activation of remote 
manual control devices, which, in turn, cause the operat ion 
of substation circuit breakers and associated trackway dis- 
connect devices. 

3-1.5.2 Adjacent to each blue light station, iutormation 
shall be provided that identifies the location of that station 
and the distance to an exit in each direction. 

3-1.5.3" Blue light stations shall be provided at the fbl- 
lowing locations: 

(a) Ends of station platforms. 
(b) Cross passages (see 3-2.4.3). 
(c) Emergency access points. 
(d) Traction power substations. 
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3-2 Underground (Subways). 

3-2.1 Construction Materials. 

3-2.1.1 Where line sections are to he constructed by the 
cut-and-cover methods, perimeter  walls and related con- 
struction shall be not less than Type i or Type II or com- 
binations of Type I or Type II approved noncombustihle 
construction as defined in NFPA 220, Shmdard on T~'pes of 
Buildmg Cmt~lruclio~L as de termined  by an engineer ing  
analysis of potential fire exposure hazards to the structure. 

3-2.1.2 Where line sections are to be constructed by a 
tunneling method through earth, unprotected steel liners, 
veintbrced concrete, shotcrete, or equivalent shall he used. 

Exce/)tiom Rock lum~e£ shall be petrol/led to uhlize .qeel hm~t,~ 
with conereh' liner ij li~i~g is required. 

3-2.1.3 Walk surfaces designated for evacuation of pas- 
sengers shall be constructed o f  noncombustible materials. 
Walking surls.ces shall have a slip-resistant design. 

3-2.1.4 Underwater Tubes. Underwater  tubes shall be 
not less than Type l 1 (000) approved noncolnhustible con- 
struction as defined in NFPA 220, Sla~Mard o~ 7~vpes of 
Buildi*~g Co~slruetion, as applicable. 

3-2.1.5 Noncombustible rail ties shall be used in under- 
ground locations except at switch or crossover locations, 
where fire retardant pressure-treated ties shall he permit- 
ted to be used. 

3-2.1.6 Structures such as remote vertical exit shatis and 
ventilati(m structures shall be not less than Type I (332) 
al)l)roved nonconabustihle construction as detined in N FPA 
220, Shmdard o~ 7~'pes ( f  Buildi~lg Cons/rue~ion. 

3-2.1.7 Ancillary areas shall he separated fiom trackway 
areas within un~terwater line sections hy minimum 3-hr 
fire-resistive construction. Ancillary areas shall be sepa- 
rated from trackway areas within undergr()und line sec- 
tions by minimum 2-hr lire-resistive construction. 

3-2.2 Ventilation. (See Section 2-3 rt*td Appe)Mix B.) 

3-2.2.1 Pr()visions shall be made f()r emergency ventila- 
tion fi)r the protection of passengers, employees,  and 
emergency personnel h o m  tire and generation of smoke. 

3-2.2.2 In underground  and underwater  line sections, 
the design oh jectives of the emergency ventilation system 
shall he: 

(at T() provide a stream of noncontaminated air t() pas- 
sengers in a path of egress away fiom a train fire; 

(h) To pr()duce airflow rates t() prevent hacklayering of 
sm()ke in a path of egrcss away fr()m a train the; and 

(c) To limit the air temperature  in a path ()f egress away 
fiom a train fire t() 140°F (60°(:) ()r less. 

3-2.2.3 The design heat release rate pr()duced by a train 
tire shall be used to design the emergency ventilati(m system. 

3-2.2.4 Fans shall he single- or muhi-speed, shall be permit- 
ted to be reversible, and shall be both locally and remotely 
c(mtrolled. They shall be connected t() two power tieeders 
[rom separate sources, l>ower t~:eders from a utility furnish- 
ing t)ower tor tans shall he is()lated fiom each ()ther and shall 
originate fiom separate and distinct utility sources t() the 
extent possible. Fans shall otherwise be as (iescrihed in 2-3.4 
and shall be wired as per 2-4.1.7 and 2-4.1.8. 

3-2.3 Wiring Requirements. (See Sechm~ 2-4.) 

3-2.3.1 All wiring materials and installations within train- 
ways, other than for traction power, shall conlbrm to the 
requirements of NFPA 70, NaOo~ml Electrical Code, and, in 
addition, shall satisfy the following requirements: 

3-2.3.2 Materials manutactured for use as conduits, race- 
ways, ducts, boxes, cahinets, equipment  enclosures, and 
their surface tinish materials shall be capable of being sub- 
jected to temperatures up to 932°F (500°C) tor 1 hr and 
shall not support Colnbustion under  the same temperature 
condition. Other materials, where encased in concrete or 
suitably protected, shall be acceptable. 

3-2.3.3 All conductors shall he insulated. ( ; round wires 
shall be perlnitted to be bare. All thicknesses of insulation 
and all thicknesses of jackets shall conlbrm to NFPA 70, 
Natio~ml Electrical Code. 

3-2.3.4 All insulations shall contbrm to Article 310 of 
NFPA 70, Natimml Electrical (;ode, and shall he moisture- 
and heat-resistant types carrying temperature ratings cor- 
responding to the conditions of application and in no case 
lower than 194°F (90°(;). 

3-2.3.5 Wire and cable constructions intended tot use in 
operating vital train circuits and power circuits to emer- 
gency fans, lights, etc., shall pass the tlame propagating 
criteria ( ) f  the 1EEE Standard 383, Sla~Mardfor 7~pe Tests of 
Class 1E Electric Cables, Field Splices, a~M Comzeclion.~ for 
Nuclear Power Gem'rali~ E Stalio)~s. 

3-2.3.6 All conductors, except radio antennas, shall be 
enclosed in their entirety in a r m o r  sheaths, conduits, or 
enclosed raceways, boxes, and cahinels. Conductors in con- 
duits or raceways shall he permitted to he embedded in 
concrete or run in protected electrical duct hanks, hut shall 
not he installed exposed or surface-nlounted in air ple- 
ntlnls that could carry air at the elevated temperatures 
accompanying fire-emergency conditions. (NOTE: The 
trainway, alth()ugh used tor ventilation, shall not he consid- 
ered as an air plenum for l)Urposes of motmting electrical 
appurtenances.) 

3-2.3.7 ()vercurrent elements (1) that are designed to 
protect conductov,s serving elnergency equipmen! motors 
(fans, dampers,  pumps, etc.), emergency lighting, and 
connnunicati(ms equipment,  and (2) that are located in 
spaces other than the main electrical distribution system 
equipment ro()nas shall not depend on thermal properties 
fi)r operali(m. 

3-2.3.8 The power supply for rims essenlial tot emer- 
gency ventilation service shall consist ()t two electrical feed- 
ers. Each teeder shall ()riginate f iom a different source 
(suhstation) and shall be separated physically to the extent 
possible. 

3-2.3.9 C(mductors t()r clnergcncy t,tns, emergency light- 
ing, communications, etc., shall be protected fiom physical 
damage hy transit vehicles or other normal transit system 
()perations and t](>m tires in the transit system hy suitahle 
emhcdment  ()r encasement, or by r()uting such c()nduct())s 
external t() the interior underground portions of the tran- 
sit system tacilities. 

3-2.4 Emergency Exit Details. 

3-2.4.1 Emergency exits shall he provided fiom tunnels 
)o a point of salety. 
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3-2.4.2 Emergency exit stairways shall be provided 
througlmut the tunnels, spaced so that the distance to an 
emergency exit shall not be greater than 1250 ft (381 in) 
unless otherwise approved by the authority having jurisdic- 
tion. The stairway shall be designed in accordance with 
NFPA 101, Life &{/ely Code, Class A designation. The stair- 
way shall be enclosed and shall lead directly to the out- 
doors or to a safe retitge area. 

3-2.4.3 Where trainways in tunnels are divided by nfini- 
mum 2-hr-rated fire walls or trainways are in twin bores, 
such an arrangement  shall be deemed to aflbrd adequate 
pro tec t ion  for the passengers  via cross passageways 
between the trainways and shall be permitted, therefore, to 
be utilized in lieu of emergency exit stairways to the sur- 
face. In this situation, or in tim event that a ventilation sys- 
tem fails to provide a sufficient amount  of noncontami- 
nated air to the passengers in a path of egress, the 
following shall apply: 

(a) Cross passageways shall not be farther than 800 ft 
(244 m) apart. 

(b) Openings in open passageways shall be protected 
with th-e door assemblies having a fire protection rating of 
11/,, hours with a sellLclosing fire door. 

(c) A noncontaminated environment  shall be provided 
in that portion of the trainwav not involved in an emer- 
gency and that is being used tar evacuation. 

(d) A ventilation system for the contaminated tunnel  
shall be designed to control smoke in the vicinity of the 
passengers. 

(e) A suitable method shall be provided for evacuating 
passengera in the unc~mtaminated trainway, for protecting 
passengers froln oncoming trattic, and tbr evacuating the 
passengers to a nearby station or other emergency exit. 

3-2.4.4 Doors. Doors to the exit access shall open in the 
direction of exit travel, except in the case . f  cross passage- 
way closures, and shall be equipped with hardware in 
accordance with NFPA 101, L(fi' Sq[ely (;ode. The three 
required to open the doors tully shall be its low its possible, 
not exceeding 50 lb (222 N), applied t+~ the latch side. In 
addition, doors and hardware shall be adequate to with- 
stand positive and negative pressures created by passing 
trains. 

3-2.4.5 Exit Hatches. Exit hatches at exit discharge shall 
be equipped with hardware or latches that can be readily 
opened t?om the side ategress. The force required to open 
or close the hatch shall not exceed 30 lb (133 N) applied at 
the latch side. The hatch shall be equipped with a lmld- 
open device that shall automatically latch the door in the. 
open position to preclude accidental closure, l-latches shall 
be capable of being opened fronl the outside by authorized 
personnel. 

3-2.4.6 Emergency exit facilities shall be suitably identi- 
fied and maintained to allow fin their intended use. 

I 3-2.4.7 Emergency Lighting. (See Sechon 2-6.) 

3-2.4.7.1 Emergency tunnel  lighting illunfination levels 
shall not be less than 0.25 fo,t-ca,ldles (2.69 Ix). 

3-2.5* Traction Power. This section describes life satiety 
and the protection criteria lot the traction power sub- 
system installed in tim subway trainway. The liic' satiety and 
tire protection requirements for tim traction power substa- 

tions, tie breaker stations, and power distribution and con- 
trol cabling are described in other parts of this standard. 

Specifically, traction power as used in this section 
includes the wayside pothead, cable between pothead and 
contact (third) rail or overhead wire, contact rail supports, 
and special warning and identification devices, as well as 
electrical appurtenances associated with overhead trolley 
systems. 

3-2.5.1 Traction Power Contact Rail. To provide satiety 
isolation from the contact rail, the practices of 3-2.5.1.1 
shall be implemented. 

3-2.5.1.1 Traction Power Conductor Rail Protection. 
Power rail conductor (de or ac that supply power to the 
vehicle for propulsion and other loads) shall be secured to 
suitable insulating supports, properly bonded at joints, and 
properly protected to prevent contact with personnel.  
Coverboards, where used, shall be capable of visible 
detlection. 

Coverboard or protective material shall have a flame 
spread rating of not more than 25 when tested in accof 
dance with NFPA 255 (ASTM E84), Standard Method off Test 
off Surface Bmning Characlerislies of Budding Material,~. Insu- 
lating material fi)t cable connecting prover to the rail shall 
meet the requirements of I EEE Standard 383, Standard Jbr 
7)'pc Tests of (;loss IE Elechic ('+ables, Field Spl#+es and Connec- 
tions [or Nuclear Power (;era'rating Stations, Section 2.5. 

3-2.6 Egress for Passengers. The system shall incorpo- 
rate means for passengers to evacuate a train at any point 
along the trainway and reach a sate area. System egress 
points shall be illuminated. 

3-2.7 Protection. 

3-2.7.1 Automat ic  Fire Detect ion.  Heat and smoke 
detectors shall be installed at traction power substations 
and shall be connected to the central supervising station. 
Signals received fiom such devices shall be readily identifi- 
able as to origin of signals. 

3-2.7.2 Standpipe and Hose Systems. Standpipes ibr 
(:lass 1 or Class I11 service, as described in NFPA 14, Slan- 
dar(t jor the l,slallation of ,S'ta~M/)ipe amt ttose .Systems, shall be 
installed in all subway tunnels, l)ue to the nature and 
length of subway tunnels, standpipe shall be permitted to 
be of the dry type. 

3-2.7.2.1 Tunnel  stalldpipe lines shall be of a minimum 
size of 4 in. (101.6 ram) diameter or sized by hydraulic cal- 
culations, and shall be increased in diameter as length of 
pipe increases in order to deliver the rate of water flow 
at proper pressure, as specilied by the authority having 
jurisdictiola. 

3-2.7.2.2 Identification numbers and letters conf<)rming 
to the secti~ma[ identification nulnbers and letters of the 
subway track system, shall be provided at each surface fire 
department  connection a n d  at each hose valve O51 s t and-  
pipe lines. Such idemit~'ing numbers and letters shall be on 
conspicuous, durable,  and legible signs aftixed to, or 
immediately adjacent to, ground level fire department  con- 
nections. In tunnels, tim identit~'ing signs shall be affixed to 
tunnel walls at each hose outlet valve, or painted directly 
on standpipe in white letters next to each hose outlet valve. 

Exposed tunnel standpipe lines and identification signs 
shall be painted as required by the local authority having 
jurisdiction. 
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3-2.7.3 Standpipe Installations in Tunnels under Con- 
struction. 

3-2.7.3.1 A standpipe system, eitller temporary or perma- 
nent  in nature, shall be installed in tunnels nnder  construc- 
tion, before the tunnel has exceeded a length of 200 ft 
(61 m) beyond any access shaft, and shall be extended as 
tunnel work progresses. 

3-2.7.3.2 Permanent standpipes shall confi)rm to NFPA 
14, Standard jbr the h~stallaho~ of Slandpipe a~zd Hose Systems, 
as outlined in 3-2.7.2. 

3-2.7.3.3 Temporary standpipes, which might be used by 
contractors to furnish water for construction purposes, 
shall be equipped with hose outlets and valves with 21/,~ in. 
(63.5 ram) hose thread contbrming to NFPA 1963, Shin- 
daM/or Fin, Hose Com~eetions, and shall have suitable reduc- 
ers or adapters attached for connection of contractor's 
hose. Such reducers or adapters shall be readily removable 
by use of fire lighter's hose spanner wrenches. 

3-2.7.3.4 Permanent standpipes or temporary standpipes 
installed in tunnels during construction shall be provided 
with risers to the ground surface level. Such risers shall be 
equipped with approved fire depa r tmen t  connections,  
which shall be |dent|lied with appropriate signs as outlined 
in 3-2.7.2.2 of this standard, and shall be readily accessible tor 
fire department use and protected fiom accidental damage. 
There shall be a check valve and ball drip or vah'ed drain in 
the riser near the connection to the standpipe. 

3-2.7.3.5 Permanent  or temporary standpipes installed 
dur ing the construction phase shall be securely and ade- 
quately supported and shall be of sutficient strength to 
withstand the pressure and thrust forces to which they 
might be subjected. 

3-2.7.3.6 Temporary standpipes shall remain in service 
until the permanent  standpipe installation is complete. 

3-2.7.4 Portable Fire Extinguishers. Portable tire extin- 
guishers shall be provided in such numbers,  sizes, and 
types, and at such locations in tunnels as determined by 
the authority having jurisdiction. 

3-2.8 Flammable and Combustible Liquids Intrusion. 
This subsection deals with the prevention of accidental 
intrusion of flammable and combustible liquids due to 
spills. 

3-2.8.1 Vent or tan shaits utilized tor ventilation of sub- 
way tunnels shall nut terminate at grade on any vehicle 
roadway. 

3-2.8.2 Vent and fan shafts shall be permitted to termi- 
nate in median strips of divided highways or on sidewalks 
designed to accept such shafts, or in open space areas, pro- 
vided that the grade level of the median strips, or sidewalk, 
o1 open space, is at a higher elevation than the surround- 
ing grade level and separated from the roadway by a con- 
crete curb at least 6 in. (152.4 mm) in height. 

3-2.8.3 Aboveground Atmospheric Storage Tanks. Above- 
ground atmospheric storage tanks storing, handling, or pro- 
cessing Class I flammable liquid or Class II or Class III com- 
bustible liquids and related piping shall not be located over or 
within 25 ft (7.6 m) of a subsurface structure measured hori- 
zontally from the outside wall of such subsurface structure 
unless provided with an approved leak detection monitoring 
system. 

3-2.8.4 Underground Storage Tanks. Underground 
storage tanks for (,;lass I flammable or Class II or (,;lass III 
combustible liquids and related piping shall not be permit- 
ted directly over a snbsurtace structure or within 25 ft 
(7.6 m) measured horiznntally flom the outside wall of 
such subsurtace structure. (See 3-2.8.6,/br tank,~ m or u,Met 
existi~g buildi~gs.) 

3-2.8.4.1 Underground storage tanks and related piping 
for Class I tlannnable or (,;lass II or (,;lass 111 combustible 
liquids located in the area between 25 it (7.6 m) and 100 I) 
(30.5 m) (measnred horizontally) fiom the outside wall of 
the subsurface structure and within that same area, such 
tanks and related piping within 2 ft 10.61 m) (measured 
vertically) below the lowest point of subsurtace structure 
excavation, shall be constructed and installed by one of the 
methods described in (a) or (b): 

(a) Tanks sball be of double wall construction. Tanks 
shall be equipped with an approved automatic leak detec- 
tion and monitoring system. Tanks shall be provided with 
an approved corrosion protection system. Installation, 
maintenance, and inspection shall conform to the require- 
ments specilied by the authority having jurisdiction. 

(b) Tanks shall be installed in a cast-in-place reinforced 
concrete vault large enough to hold and retain the entire 
contents of the tank. The storage tank shall be completely 
encompassed by not less than 24 in. 1610 mm) of well- 
tamped, noncorrosive inert material within the vault. An 
approved method tor monitoring of, or testing tor, prod- 
uct and enclosure leakage shall be incorporated into the 
enclosure design. The vault lid shall be designed and con- 
strutted to withstand anticipated surlace loadings and shall 
not be less than 6 in. (152.4 mm) of reinforced concrete. 
Vauh, tank, and piping shall be protected fiom corrosion. 

3-2.8.4.2 All tanks, vaults, and appurtenances used to 
store Class I flammable and Class II and III combustible 
liquids shall be compatible with the materials stored and 
shall contorm to the provisions of NFPA 30, Flammable and 
Combu,~Oble Liquids (;ode. 

3-2.8.5 Service Stations. Service stations dispensing 
Class I ttammable liquids and Class II and Class I l l  com- 
bustible liquids, and located in the area within 100 ft 
(30.5 m) (measured horizontally) from the outside wall of 
the subsurtace structure, shall be required to comply with 
3-2.8.5.1 through 3-2.8.5.4. 

3-2.8.5.1 The  surface a round  pump  islands shall be 
graded o1 drained in a manner  to divert possible spills 
away flom the subway vent gratings or entrances or exits. 

3-2.8.5.2 Appropriate cont inuous drains across drive- 
ways, ramps, or curbs of at least 6 in. 1152.4 nun) in height 
shall separate service station properties flom adjacent sub- 
way property. 

3-2.8.5.3 No connection (such as venting or drainage) of 
any storage tanks and related piping of Class I flammable 
liquids and Class 1I and III combustible liquids to a sub- 
surfhce fixed guideway transit structure shall be permitted. 

3-2.8.5.4 Dispensing pumps for Class I flammable liquids 
and Class II and Class III combustible liquids shall not be 
located less than 25 ft (7.6 m) from the lace of such pump 
to the nearest side of a subway grating or entrance or exit 
from a subway. 
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3-2.8.6 Existing Storage Tanks in or under Buildings. 
Existing storage tanks tot (;lass I flammable liquids and 
Class II and Class 11I combustible liquids located in or 
under  huildings, , and located directly above a subsur|hce 
transit structure, ~w within 25 ft (7.(5 m) (measured hori- 
zontally) trom the outside wall of the suhsurface transit 
structure, shall be removed and relocated outside the pro- 
hibited area. 

3-2.8.6.1 Where it is not possible to remove and relocate 
tanks for (:lass I flammable and Class II combustible liq- 
uids due to limited space, such underground  tanks shall be 
abandoned in accordance with provisions of Appendix C of 
N FPA 30, Flammable and Combustible I, tquids Code. 

3-2.8.7 Where it is not possible to remove and relocate 
tanks for (:lass I l l  combustible liquids located in buildings, 
such tanks shall be provided with leak detection and a sec- 
ondary containment system of adequate capacity to contain 
the contents of the tank. Otherwise it shall be abandoned 
in accordance with provisions of Appendix C of NFPA 30, 
fTammable and Combustible Liquids Code. 

3-2.8.7.1 Where it is not possible to remove and relocate 
tanks for Class I I1 combustible liquids located under  a 
building, such tanks shall be UL-listed double wall or 
installed in a cast-in-place reinforced concrete vauh aud 
shall be provided with an approved leak detection systetn. 
Otherwise, it shall be ahandoned in accordance with the 
provisions of Appendix C of NFPA 30, Flammable and Com- 
bushble Liquids (',ode. 

3-3 Surface. 

3-3.1 Genera l .  Applies to any at-grade or unroofed  
structure other than elevated structures. 

3-3.2 Construction Materials. Construct ion materials 
shall be not less than Type II (000) approved noncombus- 
tible material as defined in NFPA 220, Standard on T~'pes of 
Building Construction, as de termined by an engineer ing  
analysis of potential fire exposure hazards to the structure. 

3-3.3* Traction Power. This section describes litie safety 
and fire protection criteria for the traction power sub- 
system installed in the trainway. The life satiety and tire 
protection requirements tbr the traction power substations, 
tie breaker stations, and power distribution and control 
cabling are described in other parts of this standard. 

Specifically, traction power as used in this section shall 
include the wayside pothead, cable between pothead and 
contact (third) rail or overhead wire, contact rail supports, 
and special warning and identification devices. 

3-3.4 Electrical Wiring and Cable Requirements. All 
wiring materials and installations other than those tbr trac- 
tion power shall conform to the requirements of NFPA 70, 
National Electrical Code. 

3-3.5 Emergency Access. 

3-3.5.1 Access gates shall be provided in security fences, 
as deemed necessary by the authority. 

3-3.5.2 The gates shall be a minimum of two exit units 
wide and shall be of the hinged or sliding type. Gates shall 
be placed as close as practical to the portals to permit easy 
access to tunnels. 

3-3.5.3 Intormation shall be provided on the gates or 
adjacent thereto that clearly identities the route and loca- 
tion of each gate. 

3-3.6 Egress for Passengers. The system shall incorpo- 
rate means for passengers to evacuate a train at any point 
along the trainway and reach a point of safety. Svstem 
egress points shall be illuminated. 

3-4 Elevated. 

3-4.1 General. Elevated structures are all structures not 
defined in this standard as surface or underground 
structures. 

3-4.2 Construction Materials. 

3-4.2.1 All structures necessary fin- line way support shall 
be of not less than Type I or Type 11 (000) or combinations 
of Type 1 or Type 11 approved noncombustible construc- 
tion as defined in NFPA 220, Standard on Types of Building 
Construction, as determined by an engineering analysis of 
potential fire exposure hazards to the structure. 

3-4.3* Traction Power. This section describes life satiety 
and fire protection criteria for the traction power sub- 
system installed in the trainway. The life satety and fire 
protection requirements fi)r the traction power substations, 
tie breaker stations, and power distribution and control 
cabling are described in other parts of this standard. 

Specifically, traction power as used in this section shall 
include the wayside pothead, cable between pothead and 
contact (third) rail or overhead wire, contact rail supporls 
walkways, and special warning and identification devices. 

3-4.4 Electric Wire and Cable Requirements. All wiring 
materials and installations other than for traction power 
shall conform to the requirements of NFPA 70, National 
Electrical Code. 

3-4.5 Emergency Access. Access to the trainway shall be 
flom stations or by mobile ladder equipment fiom road- 
ways a(!jacent to the trackway. If no adjacent or crossing 
roadways exist, access roads at maximum 2500-ft (762-m) 
intervals shall be required. 

3-4.5.1 If security fences are used along the trackway, 
gates shall be provided to permit access. (See 3-3.5.2.) 

3-4.5.2 Information shall be provided adjacent to each 
blue light station that identifies the route and location of 
the access. The graphics shall be legible fiom the ground 
level outside the trackway. 

3-4.6 Egress for Passengers. The transit system shall 
incorporate a walk surface o r  other suitable means for pas- 
sengers to evacuate a train at any point along the trainway 
so that they can proceed to the nearest station or other 
point of safety. System egress points shall be ilhuninated. 

Chapter 4 Vehic les  

4-1 Applicability. 

4-1.1 New Vehicles. All new passenger-carrying fixed 
guideway transit vehicles shall be, as a minimum, designed 
and constructed to conform with the requirements set 
fbrth in this chapter. 
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4-1.2 Retrofit. Where existing fixed guideway transit 
vehicles are to he retrofitted, the appropriate sections of 
the standard shall apply only to the extent of such retrofit. 

4-2 Construction. 

4-2.1 This standard is prepared with the intent to pro- 
vide min imunl  requirements  for those instances where 
noncombustible materials (as defined in Section 1-5) are 
not used due to other considerations in the design and 
construction of the vehicle. (See B-2.4.3.) 

4-2.2 Testing. It is recognized that the tests cited in this 
chapter might not accurately predict the behavior of mate- 
rials under  hostile fire conditions. Theretore, the use of 
tests that evaluate materials in subassemblies and lull-scale 
configurations shall be encoreaged where such tests are 
more representative of the fire source heat flux levels and 
surface area to vohune ratios. 

4-2.3 Structural Fire Resistivity. Portions of the vehicle 
body separating major ignilion, energy, or tuel-loading 
sources flom the passenger comparmmnt  shall have suffi- 
cient resistance to fire penetration to the interior of the 
vehicle by an external fire tbr a period consistent with the 
safe evacuation of a full load of passengers ifam tile vehi- 
cle in the worst-case situation. 

4-2.3.1 Component Test Criteria. 

4-2.3.1.1 Where the floor is separating the major igni- 
tion, energy, or fuel loading sources fiom tile passenger 
compartment,  the floor assemhlv shall, at the end of 15 
minutes, when subjected to the fi're exposure as defined in 
NFPA 251 (ASTM El 19), StmMard Methods of Tests of Fire 
Endura~ce of Baildmg Conshuctio,~ and Materials, meet the 
following criteria: 

(a) Resist temperature rise of 250°F (139°(:) average and 
325°F (181°(:) single point temperature rise on the unex- 
posed surtace of the specimen. 

(b) Resist flaming ignition of cotton waste on the tmex- 
posed surface of the specimen. 

(c) This floor shall be tested with a representative load- 
ing consistent with the vehicle design. 

(d) As a minimum, the size of the ext)osed portion of the 
floor assemhly sh,dl be 10 ft (3.1 m) long by the normal 
vehicle floor width wide. The assemhly shall be contigured 
to have at least one representative floor joint  and one of 
each type of typical floor penetration (e.g., air duct, wiring 
conduit, etc.). 

4-2.3.1.2 Tests for portions of the vehicle hody, other 
than the floor, shall be permitted to use the test criteria 
defined tbr floors or criteria appropriate t~ the physical 
locations and magnitude of tile major ignition, energy, or 
fuel-loading sources and shall have sutticienl resistance to 
fire penetration lo the interior of tile vehicle hv, an exter- 
nal fire tbr a period consistent with tile sale evacuation of a 
fldl load of passengers fiom the vehicle ill tile worst-case 
situation. 

4-2.3.2 Where vehicles are powered by overhead supply 
(trolley wire, catenary, etc.), roof design consideration shall 
be given to prevention of arc penetration and susceptibility 
of ignition in materials in the roof assembly. 

4-2.3.3 All floor, wall, and roof openings and penetra- 
lions shall he adequately sealed/protected in order to main- 

lain the fire and smoke integrity of the structure, in addi- 
tion to mechanical considerations (e.g., waterproofing). 
Test assemhlies shall be representative of vehicle construc- 
tion including penetrations. 

4-2.4 Interior Fire Propagation Resistance. Materials 
and finishes installed in the vehicle shall have sufficient 
resistance to fire propagation ill tile interior of the vehicle 
by an internal fire for a period consistent with the safe 
evacuation of a full load of passengers if'am the vehicle. 
The atorementioned materials and finishes shall be evalu- 
ated under  a fire risk assessment for transit vehicles includ- 
ing material characteristics other than fire propagation 
resistance such as smoke emission, ease of ignition, rate of 
heat, and smoke release. Two methods tbr assessing the 
fire risk lot materials and finishes used in a vehicle interior 
are to do a hazard load analysis (Appendix D) or use 
appropriate material properties (Table 4-2.4). The afore- 
mentioned materials and finishes shall include interior 
walls, floor coverings, ceiling, scats, glazing, transparen- 
cies, partitions, elastomer, and nonelectrical insulation. 

Tahle 4-2.4 contains test procedures and minimum per- 
tbrmance requirements for interior materials. 

4-2.5 Electr ical  Insu la t ion .  Control wire and power 
cahle shall he capable of passing the following tests: 

(a) Wires tar control and other low voltage (less than 
100V ac and 150V dc) functions shall meet the require- 
meats of ICEA S-19/NEMA We3, Rubber-Insulated Wire mM 
(;able Jm the Tra~smisvo~l rind Dishibatim~ of Electrical E~ergy, 
(with Amendment  FR-1) paragraph 6.19.6, or of Under- 
writers I,aboralories Standard 44, Ruhber-h>ulated Wires 
and Cables, fi)r thermosetting insulalion and Underwriters 
Lahoratories Standard 83, Tkermopla.stic-h~salated Wire,~, for 
thermoplastic insulation. 

(b) Power cahle shall meet the requirements of IEEE 
Standard 383, StmMard far Type Tests of Clas,s 1E Eleehie 
Cables, Field Sphees, rind Cmmectio~r~ for Nuclear Power Gener- 
ating Slahm~s, Section 2.5, with the additional requirement 
that circuit integrity continue fiw 5 rain after the start of 
the lest. 

4-2.6 Equipment  Arrangement .  Vehicle design shall 
arrange equipment apparatus external to the passenger 
compartnmnt,  where practical, to isolate potential ignition 
sources from conlbustihle material and to control fire and 
smoke propagation. Where il is necessary to install equip- 
meul ill passenger cars, suitable shields or enclosures shall 
be provided to isolate the equipnmnt from the passenger 
c o i n  p a r t l l l e l l [ .  

4-2.6.1 Materials used for underfloor ducting and ple- 
nmns serving the car interior shall be noncombustible. 

4-3 Electrical Fire Safety Requirements. 

4-3.1 General Construction. All motors, motor control, 
current collectors, and auxiliaries shall be of a type and 
constructiou suitable lot use on tixed guideway transit 
vehicles. 

4-3.2 Gap and Creepage. 

4-3.2.1 Electrical Circuit. Electrical circuits and associ- 
ated cabling shall be designed with gap and creepage dis- 
lance between voltage potentials and car body ground con- 
sidering tile environmental  conditions to which the circuits 
and cahling will be suhjected. 
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Table  4-2.4 Test  Procedures  and Min imum Performance  Requirements  for Tes t ing  the Flammabil i ty  and Smoke Emiss ion  
Characterist ics  of  Rail Transi t  Vehic le  Materials 

Funct ion 
of  Test  

Category Material Procedure  Performance  Criteria 

C u s h i o n  I='''''!' ASTM D3675 1, -< 25 

ASTM E662  D,(1.5) -< 100; 11,(4.0) -< 200 

F r a m e  l':'-s AS] 'M E162  1~ ~< 35 

ASTM E662  D,(I .5)  _< 100; I),(4.0) <_ 200 

Sea t i ng  S h r o u d  L:' ASTM E162 1, < 35 

ASTM E662 1),(1.5) -< 100; D,(4.01 -< 200 

FAR 25.853 
U p h o l s t e r y  w-, :LT, (Vert ical)  

F l ame  t i m e  -< 10 s e c ; b u r n  
l e n g t h  -< 6 inch  

l ) j4.01 <- 250 coa t ed  
ASTM E662  l ) j 4 . 01  -< 100 u n c o a t e d  

Wal l  L-' ASTM E162 1, <- 35 

A S I M  E662 D~(I.5) _< 100: l ) j 4 . 0 )  _< 2(t0 

Ce i l i ng  L; : \STM E162 1,_< 35 

ASTM E662 11,(1.51 -< 100:D,(4 .01  -< 200 

Par t i t i lm L+' ASTM E 162 1, -< 35 

ASTM E662 D,(I .5)  <_ 100; l)s(4.0) _< 211/) 

l ' ane l s  Win<lscrecn  L:' ASTM E 162 1, -< 35 

ASTM E662 l ) , (1.5)  _< 1110: 1)~(4.0) _< 200 

I t V A C  due l ing" : '  AS-I'M E162 1 s -< 35 

ASTM E662  D~(4.0) _< 100 

Wind<>w 1':' ASTM E162  1~ -< 100 

ASTM E662  I)~(1.5) _< 100: D,(4.0) _< 200 

Light  d i f fuse r ;  ASTM El f i2  1, _< 100 

A S T M  E662 D,( I .5)  -< 100; 11,(4.0) -< 21)0 

Fl<)oring S t ruc tu r a l "  ASTM E119  Pass 

( ' o v e r i n g  7 ASTM E648  C.R.F. -> 0.5w/cm'-' 

Thcrm, l l l :_  , i  ASTM E162  1, _< 25 

I n s u l a t i o n  ASTM E662  1),(4.0) -< 100 

Acous t ic  I'e':' ASTM E 162 I, -< 25 

ASTM E662  l ) j 4 . 0 )  _< 100 

E la s to lne r s  I ASTM ( ;542  Pass 

E x t e r i o r  shel l  I ~' ASTM E162 l ,  _< 35 Misce l l aneous  

AS'I'M E662 D,(I.51 <- 1110; 11,14.01 -< 200 

C o m p o n e n t  box AS'I 'M E162 1, -< 35 

covers  L; ASTM E662 l),(1.51 -< 100; 11,14.01 -< 200 

,'N'oteh 

1. Materl;tls tested fi~r SUlliwc tlamnlabihtv should not exhibit am flammg ltlllill))g, ,ll' J ] ; l l / ] i |~  dripping, 
2. The surface ttammal/dntv and smoke emission charac'lcrisl]c', oF n malcrial 4~ould he denlonSn'awd to be pernlanem b~ waqmlg, ~1 allproprialc, according 
to FEDEI'I)- lglA, Textile l c s l  Method 5830. 
3. The surfilce flammahiht~ and smoke emission t llm-a~ tenstws of a material shoukl lie <h:m, mslrated lo be pernmnent /ix d D-cle,ming, d appropriate, accord- 
mg to ASTM I)2724. Materials that (';IllllOl I)I." w~ished (if- dr'¢-(lc;tllvd ~,houhl l)e so labeled and should mecl tile applicallle perlormancc cnlcri,t ahcr bcmg 

de;f l ied ;Is let-Oll l l l lel ldcd [Iv Ihe l/l;lllLlt~lt'IUl'el'. 
4. For  d o u b l e  w i n d o w  glazing,  only  the  lllleliOl- glzb'in~ shot l ld  ll/eeI the  nla te l i ; l l  leqllil£'llielllS ~,pecl[]ed hcl'(qll; [h i  + c x t e r i m  need  llOl illCeI Ih()st. ietlklllelll(ql[~,. 
5. ASTM E662 maximmn lest limits tiw smoke eulission (specflk oplical (lensiI~) should he nleasured in either thc flaming or nonllanling mode, depending on which 
I ] lodc ,~enel-;itefi the illl)S[ slnokc. 
6. Structural [Ioorillg as.,,emblies >hould meet tile perh>rmance crileria durln,t~ ,I nonmlal te:,t period determined l/s file n'.tnsil ,lgcnQ. The nominal tOM p e r i o d  should 
not be less Ill;Ill 15 lllilaIIleS ()llI'~ OIIC '~l)L'('Inll'n lleedN [o be teswd./', prop<wtional i'edllcllon Ill;I) be lll;I(l',' ill dillleIlS]OllS ol the 5l)eCilllell InO ', idcd lhat It l121)l-eseIl['~ 
;t II'tlC lesl ot its abililv Io pcdiwm as a barrier against undercar fires PcneU'al,ms (ducts, ctc.) 41oukl be designed agamsl acting as (onduits fin" fire ,rod smoke. 
7. Carpeting should be le,,4cd m accordance wilh ASTM E-648 wifll its, padding, it the padding ts used in adual inslallation. 
8. Arna rests, [1 t~)auled plastic,  a re  reeled as CllShions 
9. Testing b, t~crtbrmed wilhouI up]lolSlcr~. 
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4-3.2.2 Air Gap. The air gap distances between voltage 
potentials (up to 2,000 vohs) aud ground shall comply with 
the tallowing tbrmula: 

Gap ( inches)=  0.195 + (0.0005 x nominal w4tage). 

In selecting air gap distances, special consideration shall 
be given to the presence o[ contaminants  encroaching 
upon the ;tit" gaps. 

4-3.2.3 Creepage Distance. Creepage distance for vohage 
potentials (up to 2,000 volts) to ground in ordinary enclosed 
environments shall comply with the following tbrmula: 

Creepage (inches)= 0.125 + (0.001875 x nominal voltage). 

In other than ordinary enclosed environments,  creepage 
distances shall be modified according to the anticipated 
severity of the environment .  Appropriate creepage dis- 
lances can be selected from Appendix E. 

4-3.3 Propuls ion Motors. Rotary nlotors shall be rated 
and tested pet IEEE Standard 11, StmMard for Rotating 
Electric Machi~e U for Rail a~ld Road Vehu'les. 

Motor leads shall have an insulation suitable tar the 
operating environment  and shall be supported and pro- 
tected to offer the least possible chance of mechanical dam- 
age. Motor leads, where enter ing  the flame, shall be 
securely clamped and shall fit snugly to prevent moisture 
fiom entering the motor case. Drip loops shall be formed 
in motor leads to minimize water runn ing  along the lead 
onto the motor case. The current value used in determin- 
ing the minimum size of motor leads shall be not less than 
50 percent of the maximum load current seen under  the 
most severe normal duty or as determined by root-mean- 
square (RMS) calculation, whichever is greater. 

Other  car-borne propuls ion  configurat ions shall be 
designed and constructed to provide a similar level of rat- 
ing and testing as that for rotary motors. 

4-3.4 Motor Control. Motor conuol  shall be rated and 
tested per I EEE Standard 16. Americat~ Sla,dardfor Electric 
Co,tirol Apparatus for ka~M Tratlsportat~o, Vehu'les. 

Comrol equipment  enclosures shall be arranged and 
installed to provide protect ion against  mois ture  and 
mechanical damage. 

Metal enclosures that surround arcing devices shall be 
lined with insulating material approved by the attthority 
having jurisdiction. Adequate shields or separations shall 
be provided to prevent arcing to adjacent equipment  and 
wiring. 

Exception: Where the arc chutes exle~M through the enclosure 
a~M ve~l the arc to the outside air, h , ing .~ball ~ol be required. 

4-3.5 Propuls ion and Braking System Resistors. Self- 
vent i la ted p ropu l s ion  and b rak ing  resistors shall be 
mounted with air space between resistor elements and 
combustible materials. Heat-resisting harriers of at least 
1/4-in. (6.35-mm) noncombustible insulating lnaterial, or 
sheet metal not less than 0.04-in. (1.02-ram) thickness, shall 
be used extending beyond resistor supports, horizontally, 
to ensure protection from overheated resistors. Forced 
ventilated resistors shall be mounted in ducts, enclosures, 
or compartments of noncombustible material and shall be 
mounted with air space between the resistor enclosure and 
combustible materials. Provisions shall be made to f l ter  the 
air where the operating environment  is severe. 

Power resistor circuits shall incorpora te  protective 
devices tbr the fbllowing fhilures: 

(a) Ventilation airflow, if appropriate. 
(b) Temperature  controls, if appropriate. 
(c) Short circuit in supply wiring, if appropriate. 

Resistor elements shall be electrically insulated from 
resistor fiames, and flames shall be electrically insulated 
flom supports. The insulation shall be removed tiom resis- 
tor leads a minimum of 3 in. (75 ram) back fiom their ter- 
ininals except where such removal introduces potential 
grounding  conditions. Where forced ventilation is pro- 
vided, the resistor leads shall be separated, secured, and 
cleated tbr protection in the event of loss of air circulation 
of the ventilating system. Leads shall be so routed or oth- 
erwise protected from resistor heat. 

The current  value used in determining the minimun~ 
size of resistor leads shall not be less than 110 percent of 
the load current seen by the lead under  the most severe 
duty cycle or as determined by RMS calculation. 

4-3.6 The minimum size of current collector leads shall be 
determined hy adding the maximum auxiliary loads to the 
propulsion motor loads. Tim equivalent regenerative load 
shall be included in the propulsion systeln equipped with 
regenerative capability. For vehicles that have more than one 
current collector, all current-carrying components shall be 
sized tbr continuous operation in the event power collection 
to the vehicle is restricted to a single collector. 

4-3.7 Wiring. 

4-3.7.1 In no case shall wire smaller than the sizes listed 
below be used: 

(a) No. 14 AWG: tar wire that is pulled through con- 
duits or wireways or installed exposed between enclosures, 

(b) No. 92 AWG: for whe used on electronic units, 
cards, and card racks, 

(c) No. 18 AWG: tar all other wire including wire laid 
in (rather than pulled through) wirewavs. 

4-3.7.2 Cable and Wire Sizes. Conductor sizes shall be 
selected on the basis of current-carrying capacity, mechan- 
ical strength, temperature  and flexibility requirements,  
and maximum allowable voltage drops. ( 'onductors shall 
be no smaller than minimum sizes specified in 4-3.7. l. 

Conductors shall be de-rated for grouping and shall be 
de-rated for ambient temperature greater than n-tanulhc- 
turer's design value in accordance with criteria specified by 
the authority having jurisdiction. 

4-3.7.3 Wiring Methods. Conductors of all sizes shall be 
provided with inechanical and environmental  protection 
and shall be installed, with the exception of low-voltage dc 
circuits, in any one or combination of the following ways: 

(a) In raceways: metallic and nonmetallic, rigid or flexible. 
(b) In enclosures boxes, cabinets for apparatus housing. 
(c) Exposed: cleated, tied, or secured by other means. 

Firestops shall be provided in raceways to control spread 
of fire. Wires COlmected to difl'ereut sources of energy shall 
not be cabled together or be run in the same conduit, race- 
way, tubing, junct ion box, or cable unless all such wires are 
insulated for the highest rated vohage in such locations. 
Wires connected to electronic control apparatus shall not 
touch wires connected to a higher voltage source of energy 
than control voltage. 
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Conduits, electrical metallic tubing, nonmetallic ducts or 
tubing, and all wires with their outer casings shall be 
extended into devices and cases where practicable. They 
shall be rigidly secured in place by means of cleats, straps, 
or bushings to prevent vibration or movement and to give 
environmental  protection. They shall be run continuously 
into junct ion boxes or enclosing cases and be securely fas- 
tened to same. Splices outside of junct ion boxes shall not 
be permitted except as specifically approved by the author- 
ity. Connections and terminations shall be made in a man- 
ner to ensure their tightness and integrity. 

Conductors and enclosures of any kind shall be pro- 
tected flom the environment  and from mechanical damage 
including damage from other larger conductors. 

4-3.8 Overload Protection. 

4-3.8.1 Propulsion Line Breaker. A main automatic cir- 
cuit line breaker or line switch and overload relay [br the 
protection of tim power circuits shall be provided. The cir- 
cuit breaker arc chute shall be vented directly to the out- 
side air. 

4-3.8.2 Main Fuse Protection. If cartridge-type fuses are 
used in addition to the automatic circuit breaker, they shall 
be installed in approved boxes or cabinets. If railway-type 
ribbon fuses are used, they shall be in boxes designed spe- 
cifically tot this purpose and shall be equipped with arc 
blow-out aids. Third  rail shoe fuses mounted on the shoe 
beams shall be so mounted as to direct the arc away tiom 
grounded parts. 

4-3.8.3 Auxi l iary  Circuits.  Circuits used fiw purposes 
other than propelling the vehicle shall be connected to the 
main cable at a point between the current  collector and the 
protective device {br the traction motors. Each circuit or 
group of circuits shall be provided with at least one circuit 
breaker or a fused switch or fuse located as near as placti- 
cable to the point of connection of the auxiliary circuit, 
except that such protection shall be permitted to be omit- 
ted in circuits controlling salary devices. 

4-3.9 Battery Installation. The design of battery installa- 
tion and circuitry shall include the tollowing: 

(a) lVlinimal use of organic material, particularly those 
having hygroscopic properties. 

(b) Fire retardant treatment for necessary organic mate- 
rials used. 

(c) Battery chargers designed for protection against 
overcharging. 

(d) Use of smoke and heat detectors, if appropriate. 
(e) Use of an emergency battery cut-off switch, if appro- 

priate. 
(I) Isolation of batter}, compartment  f rorn car- interior 

using noncombustible materials as delined in Section 1-5, if 
appropriate. 

4-4 Ventilation. Vehicles shall have provisions to deacti- 
vate all ventilation systems remotely or automatically. 

4-5 Emergency Egress Facilities. 

4-5.1 Each vehicle shall be provided with emergency exit 
facilities on the sides or in the end(s). Alternate emergency 
exit facilities, as necessary for the type of vehicle, shall be 
approved by the authori(v having jurisdiction. 

4-5.2 A means to allow passengers to evacuate tile vehicle 
safely to a walk surface or other suitable area under  the 
snpervision of authorized employees in case of an emer- 
gency shall be provided. 

4-5.3 Emergency Lighting. Emergency lighting facilities 
shall be provided. The level of illumination of means of 
egress and power sources shall confbrm with NFPA lOl, 
L~fe Sa/ely Code. 

Exception." Emergency lighting facilities shall be arranged to 
maintain the specified degree of illumi~mtion as determined t G' the 
aulhori(~' having jurisdiction m the event of fadare of the ,ormal 
lighti~g. 77~e power jot  the emergen G lighting .wstem shall be 
automatical& obtained J)om the storage batteries Jot a period of 
lime to permit evacuation but in no case for les,s than 1 hr. 

4-6 Protection. 

4-6.1 General.  During normal vehicle operation, protec- 
tive devices shall not introduce new hazards. 

4-6.2 Communications. 

4-6.2.1 Each manually operated vehicle shall be equipped 
with a communication system consisting of the following: 

(a) A public address (PA) system whereby the train, crew 
personnel, and, at the option of the authority, the central 
supervising station can make announcements  to the pas- 
sengers, and 

(b) A radio systenl whereby the train operator can com- 
municate with the central supervising station, and 

(c) An intercommunicat ion system whereby the train 
crew can communicate with one another. 

At the option of the authority, each vehicle shall be 
equipped with a device that can be used by passengers to 
alert the operator of an emergency. 

4-6.2.2 Each AGT system vehicle shall be equipped with a 
communication system consisting of the tollowing: 

(a) A public address (PA) system whereby the central 
supervising station can make announcements  to the pas- 
sengers, and 

(b) A system whereby the passengers can communicate 
with the central supervising station. 

4-6.2.3 Unauthorized opening of doors or emergency 
exit facilities on vehicles shall be communicated to the cen- 
tral supervising station or train operator. 

4-6.3 Portable Fire Extinguishers. Each vehicle or oper- 
ator's cab shall be equipped with an approved portable fire 
extingtfisher (see NFPA 10, Standard/or Portable Fire Extin- 
guishers) except where sufficient wayside extinguishers, 
standpipe systems, or other fire fighting equipment are 
available. 

4-6.4 Lightning Protection. 

4-6.4.1 Each vehicle that is supplied power fi-om the 
overhead electrical contact wire shall be provided with a 
suitable and effective lightning arrester for the protection 
of all electrical circuits. 

4-6.4.2 I.ightning arresters on vehicles shall have an ade- 
quate grounding connection of not less than No. 6 AWG 
and be run in as straight a line as possible to the ground 
and shall be properly protected against mechanical injury. 
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The grounding conductor shall not be run in metal con- 
duit unless such conduit is bonded to the grounding  con- 
ductor at both ends. 

4-6.5 Heater Protection. All heater elements shall i nc o f  
porate protective devices lot the fi)llowing tailures: 

(a) Ventilation airflow, if appropriate. 
(b) Temperature  controls, it appropriate. 
(c) Short circuits and overloads irl supply wiring. 

Heater forced air distribution ducts and plenums shall 
incorporate overtemperature sensors, fnsible links, airflow 
devices, or other means to detect overtemperatnre or lack 
of airflow. 

4-6.6 Testing and Maintenance. 

4-6.6.1 Testing. Qualitication testing shall be performed 
by the equipment manufacturer  ira accordance with I EEE 
Standard 16, Amencm~ Sl(mdard for Electric Cmmol Apparatus 
for ktmd Transportahon Vehicles, and IEEE Standard 11, 
Standard for Ro/ali,g Electric Maehim'n' for Rail a~d Road 
Vehteles, and any additional tests specified by the authority 
having jurisdiction. 

4-6.6.2 Maintenance.  Periodic maintenance shall be pet- 
formed ira accordance with main tenance  mauuals  fnr- 
nished bv the equipment manufacturer. The degree and 
frequency of maintenance shall be based on operat ing 
experience as deterlnined by the authority. 

4-7 Vehicle Support and Guidance System. The vehicle 
support and guidance system (wheels, tires, magnetic or 
pneumatic levitation) shall he capable of safely supporting 
and gniding the vehicle m normal service. Failure of support, 
guidance, or levitation system shall not result in a condition 
that is unsate to passengers. Under loss of guideway clearance 
the system shall be capable of safe operation until such time 
that the faihue is detected by operation or maintenance per- 
sonnel and the vehicle is taken o t r t  of service. 

Chapter 5 Vehicle  Storage and Maintenance 
Areas 

5-1 General.  The tbllowing requirements are directed 
toward lnaintaining adequate five protection in all transit 
vehicle storage and maintenauce areas. Implementation of 
these reqnirements shall be according to the authority hav- 
ing jurisdiction and applicable local codes. 

5-2 Open Areas. 

5-2.1 Water Supply. An adequate, reliable water supply 
shall be available for fire protection inclnding a sufficient 
number  of properly located hydrants in accordance with 
NFPA 24, Sla~Mard,/br lhe l,,~lallalio~ o[ Private Fire Se~,iee 
31am,~ and Their Appurle~mme,~. 

[ 5-2.2 Emergency Access. Where the authority having 
jurisdiction deems it necessary, tire lane areas shall be laid 
out to permit access hy mechanized tire-lighting equip- 
ment. Such access shall include the establishment of clearly 
marked fire lanes and provision of a number  of entrance 
gates into the property as determined by the attthority hav- 
ing jurisdiction. Fire lanes, where provided, shall be at 
least 15 fl (4.(5 in) wide. 

5-2.3 Fire Extinguishers. Fire extinguishers of adequate 
size and rating shall be provided, suitably housed and 
space([ in accordance with NFPA 10, Standard for Portable 
Fire Extinguishers, and as required by the authority having 
jurisdiction. 

5-2.4 Communicat ions.  Provisions shall be made within 
the property to summon the local fire depar tment  and to 
summon employees to assist in immediate tire fighting and 
in removal of vehicles in accordance with provisions con- 
tained ira NFPA 72, Nalimml Fire Alarm Code. 

5-3 Structures. 

5-3.1 Structural Requirements. Structures shall he of 
n(mconlbustihle construction in accordance with NFPA 
220, Standard o~ Types of Baihli~g Constrmlim~. 

5-3.2 Drainage Systems. All drainage systems shall be 
designed to reduce tire and explosion hazards by the use of 
noncombustible piping. Where piping is not enclosed, as 
direct a routing as possible to a sat;e outside location shall 
be provided. 

5-3.2.1 Oil separators, grease, and sand traps shall be 
installed on all ftoor drainage systems that service mainte- 
nance and vehicle storage areas to provide for the extrac- 
tion of oil. grease, sand, and other substances that are 
harmfifl or hazardous to the structure or public drainage 
systems. Separators and grease traps shall be of approved 
design and of sutficient capacity to meet the level of waste 
discharged fiom the areas. The separator storage capacity 
shall be of sutficient size to retain all the sludge between 
cleanings. 

5-3.2.2 Periodic maintenance checks and flushing shall be 
conducted on all drains, oil separators, and grease traps to 
ensure that they are clear of obstructions and pertorm 
their designed function. Any flammable liquids and greases 
shall be removed to an area approved for disposal. 

5-3.3 Floors. The surtace of the grade floor of storage or 
maintenance areas shall be of noncombustible material. 

5-3.4 Roofs. Roof deck coverings shall be tested in accor- 
dance with NFI'A 256, Shmdard Melhod,~ of Fire 7?sls ~ Roof 
Cm,eriJz U. Class A or Class B, and shall be listed. 

5-3.5 Electrical Requirements. 

5-3.5.1 The installation of electric wiring for structure 
light and power and the installation of all electrical devices 
not supplying traction power shall he in accordance with 
NFPA 7(1, Nalimml Elechical ('ode; ANSI C-2, Natimtal Elec- 
trical Sail' U (;ode: and applicahle local codes as called for hy 
tim authority having jurisdiction. 

5-3.5.2 Traction Power. 

5-3.5.2.1 Overhead Conductors. Nonconduct ing mate- 
rial shall be used as a runway on which to mount  overhead 
feed trolley wires. Overhead trolley power installations 
shall have a minimum heighl of 10 ft (3.05 m) for isolation 
of the power lines [i'om shop and storage activity unless an 
enclosed tieed rail system is used with portable cord con- 
nectors that have insulated plugs and similar safety fea- 
tures. Electrical snpply for other than traction power shall 
be ira accordance with NFPA 70, Natio~ml Eleehieal (;ode, 
and ANSI C-2, Natimml Eh'ehual Safel 3' Code. 
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5-3.5.2.2 Power Rail Conductors. Power rails (de or ac 
power supplied to the vehicle for propulsion and odmr 
loads) shall he secured to suitahle insulating supports, 
properly bonded at joints, and properly guarded to pre- 
venl contact with personnel. Electrical supply tot other 
than propulsion and other vehicle power loads shall he in 
accordance with NFPA 70, Nahonal Elechical Code, and 
ANSI (;-2, National Electrical S@,ly Code. 

5-3.5.2.3 Emergency Power Shutoff. All traction power 
conduclors shall have emergency power shulotf devices or 
means i l l  a c c e s s i b l e  [ocati()E1S. 

5-3.6 Maintenance Pit Areas. 

5-3.6.1 The attthority having jurisdiction shall determine 
whether pit areas and associated access areas below floor 
level Ellt|Sl he designed on the basis that flammable liquids 
and vapor will he present at/ times, lea any case, materials 
and equipment shall be of  noncombustible construction. 
(See also 5-3.8.1.) 

5-3.6.2 Walls, tloors, and piers shall he of masonry or 
concrete. 

5-3.6.3 lilts shall have at least two exits. Steps shall be non- 
comhusfihle and constructed with no tiee space underneath. 

5-3.6.4 lilts and suhfloor work areas shall be kept clean. 
Smoking shall be prohihited in pits and suhfloor mainte- 
I l a E l ( e  a l ' c a s .  

5-3.7 Overhead Cranes. All overhead cranes installed in 
the maintenance area shall adhere to lhe standard for 
c|anes and monorails as required hy NFPA 70, Nahrmal 
Eh,ehieal Codr', 

5-3.8 Ventilation. 

5-3.8.1 Underfloor Ventilation. In all pit areas where 
/IEI(ICE'CaI" EnaiEIICE/aEICC CaEI generale titmes of a comhustible 
ElaltErC (e.g. ,  blowdow.ts of transit vehicles), a positive 
mechanical exha/lsl ventilation system shall he provided 
capal)le of ;tiE changes at the rate of l0 per hour or 1 din/ti e 
(1 n¢ rain/3.28 m-') of pit floor area, whichever is greater, dur- 
ing normal opcl-a l ion and shall he designed to discharge to 
the Otllside atmosphere. 

5-3.8.2 Ahovefloor Ventilation. \Vhere a mechanical ven- 
tilating system is employed in shop maintenance areas, the 
venlilaling system shall be inslalled in accordance with 
NFI'A 90A, Slandard /i, the ln.~lalhdion c{/ Air C(mditio~m~g 
and l)'nldahng S>h,m.s. Where blower and exhaust systems 
are installed tin- vapor removal, the systems shall he 
installed in accor(lance wilh NFPA 91, ,Slaliclard/br Kxhausl 
,%~tem~ /m ,4n Coni,eymg ({/Alah'rials. 

5-3.9 Draft Stops. Pernmlmnt dra[l stops in sprinklered 
buildings shall he inslalled in NII'IEC[LEI'CN having a height of 
over 25 fl (7.B m) to lop of roMtrnsses. Draft stops shall bc 
conslructcd of rigidly supp~wlcd noncomlmstihle material. 
The authorilv• having jurisdiction shall be consulted with 
regard to lhe exact location of these draft stops. (See AT.'I)A 
204M, (;u~de /br Smohe and Ileal l'enD~*g.) 

5-4 Fire Protection Suppression Systems. 

5-4.1 Automatic  Suppress ion  Systems. An approved 
aulomatic sprinkler system shall he installed in all areas of 
enclosed structures used fin Sl()l'agc a n d  maintenance of 
transi! vehMes. The sprinkler system shall be of a closed 

head type fi)r ordinary hazard classification and shall be 
installed in accordance with NFPA 13, Standard Jar the 
Installation of Sprinkler S~stems. A sprinkler system water 
flow alarm and supervisory signal service shall be in accor- 
dance with NFPA 72, National Fire Alarm Code. 

5-4.2 Protective S igna l ing  Systems.  Nonspr ink le red  
covered vehicle storage areas shall be equipped with an 
automatic tire detection system. A signal of a fire shall be 
relayed to the supervising station or direcdy to the fire 
department.  The system shall comply witt~ NFPA 72, 
National Fire Alarm Code. 

5-4.3 Standpipe and Hose Systems. Where standpipes 
and connections are required, the complete installation, 
including water supply, shall comply with NFPA 14, Stan- 
dard for the Installation of Slm~dpipe and Ho,~e J~'stems. 

5-4.4 Portable Fire Extinguishers.  

5-4.4.1 General .  Fire ex t ingu ish ing  e qu i pmen t  and 
devices shall be provided in accordance with NFPA 10, 
Sta,dard Jbr Portable Fire Exhnguishers, snbject to the provi- 
sions of 5-4.4.2 through 5-4.4.4. 

5-4.4.2 Offices and Storerooms. Offices and storerooms 
other than those containing flammable liquids and greases 
shall be provided with a sutficient nnmber  of listed extin- 
guishers designed tbr (:lass A tires. The n u m b e r  and 
capacity of such units shall be determined by the attthority 
having jurisdiction. 

5-4.4.3 Hazardous Areas. Areas in which flammable or 
combustihle liquids, greases, or chemicals are used or 
stored shall he provided with approved extinguishers 
designed fi~r Class A-B-C fires. The numher  and capacity of 
such units shall be determined hy the authority having 
jurisdiction. 

5-4.4.4 Where cranes or monorails are installed inside 
structures for hoisting or transporting heavy rail equip- 
ment, fire extinguishers suitable tbr (:lass B and Class C 
[ires shall be located its defined by the authority having 
jurisdiction. 

5-5 Operations and Maintenance. 

5-5.1 Vehic le  Placement.  Transit  vehicles shall be so 
placed and tracks shall he arranged to allow a mininmna 
clearance of 36 in. (914 ram) hetween the sides of adjacent 
transit vehicles. The ahility to evacuate personnel from the 
structure in an emergency shall be a prime consideration 
and shall be in accordance with NFPA 101, k!/}, Safi'ly (;ode. 

5-5.2 Vehicle Maintenance. 

5-5.2.1 Vehicle  Electrical Systems. Vehicle electrical sys- 
tems, inc luding battery circuits, shall be deenergized 
except in those cases in which an energized circuit is nec- 
essary to accomplish the required maintenance. 

5-5.2.2 Batteries. Transit vehicle batteries shall he dis- 
connected or removed during maintenance operations that 
require the de-energizing of all electrical circuits. 

Exeephon: [Vhere the -~,ehMe ,s eqmpped with a balte~ 7 culotd 
,~,,itch thai/>,16 isolates the bolte~ 3' and is/@'sieall 3' located imme- 
dmtely ad/ace,t /o the l)atterr. 

\Vhell moving batteries, including removal and replace- 
ment, precautions shall he taken tb prevent short circuits 
that can resuh in tires or explosions. 
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5-5.2.2.1 Areas wherein batteries are charged shall be well 
vemilated to the outside to ensure that the maximum 
hydrogen/air mixture that might be generated during charg- 
ing is held below the lower explosive limits. In addition, 
where mechanical ventilation systems are required, they shall 
be installed in accordance with NFPA 91, Stamh;rdfor Exhaust 
,Systems for Air Conveying o/Malerials. The battery exhaust ven- 
tilation system shall be provided with electrical power and 
airflow interlocks that will prevent operation of the battery 
charger if the ventilation fan motor is not energized o2" the air 
velocity in the exhaust duct is less than the designed velocity. 
The entire electrical system shall be in accordance with NFPA 
70, National Electrical Code. 

5-5.2.2.2 Batteries shall be charged at a rate (amperage 
and length of charge) that will not produce a dangerous 
concentration of hydrogen or excessive heat. In addition, 
the following satety practices shall be followed: 

(a) Access to battery rooms shall be limited to qualified 
personnel only. 

(b) Smoking shall be prohibited and open flames, sparks, 
arcs, and other sources of ignition shall be kept away flom 
the immediate vicinity of batteries that are being charged. 
Appropriate warning signs shall be prominently displayed. 

(c) Precautions shall be observed while working near 
battery terminals. Wrenches and other hand tools shall be 
used carethlly to avoid short circuits. 

(d) Brushes used to clean batteries shall have neither a 
metal t iame nor wire bristles. 

5-5.3 Paintlng/Cleaning/Paint Removal. 

5-5.3.1 In selecting materials lot cleaning and paint 
removal purposes, nonttammable materials shall be speci- 
fied wherever possible. The use of flammable or combusti- 
ble cleaning agents shall be in accordance with NFPA 30, 
Flammable and Combustible Liquids (;ode. 

5-5.3.2 A location in which painting or cleaning is to be 
done shall be chosen that will provide good general venti- 
lation, ease of clean-up, and convenience. 

5-5.3.3 Where  major  c leaning,  pa in t ing ,  and paint  
removal operations are being conducted, no concurrent 
potentially hazardous operations shall be conducted within 
50 ft (15.2 m) of the area being worked on. For touch-up 
operations, any ignition sources within the areas being 
worked on shall be eliminated; such areas shall be main- 
tained hazard-fiee dur ing the work period. 

5-5.3.4 The use of heat lamps to accelerate the drying of 
painted surfaces shall be prohibited unless used as part of 
an approved drying booth or enclosure in accordance with 
NFPA 33, Standard for Spray Application Using Flammable and 
Combustible Materials. 

5-5.3.5 Where cleaning or paint  removal agents are 
applied through spray nozzles under  pressure, the nozzle 
shall be of the self-closing type so that when the hand of 
the operator is removed the nozzle will automatically close. 

5-5.4 Storage of Painting/Cleaning Liquids. Storage of 
painting/cleaning liquids shall be in accordance with NFPA 
30, Flammable and Combustible Liquids Code. 

5-5.5 Welding. 

5-5.5.1 All welding operations pertbrmed on component  
transit vehicle parts on the transit vehicle shall be in accor- 

dance with NFt'A 51 B, Stamlard /br Fire l'reve;mo;~ in U.se o/ 
Cutting amt Welding Processes. 

5-5.5.2 Welding shall not be done in an area that contains 
fltel or other flammable or combustihle liquids or vapors. 
No other work shall be permitted within a 35-ft (10.7-m) 
radius of the location of any gas shielded arc welding oper- 
ation, unless the welding area is vented and enclosed in an 
approved manner  to prohibit flammable and comhustible 
vapors flom entering the work area. 

5-5.5.3 Welding equipment shall have no electrical compo- 
nents other than flexible lead cables within 18 in. (457 ram) 
of the ttoor. 

5-5.5.4 Only qualified welders, trained in the techniques 
and fitmiliar with the hazards involved, shall he permitted 
to do this work. 

5-5.6 I n d u s t r i a l  T r u c k s .  Industrial trucks shall mean 
tork trucks, tractors, platform lift trucks, and other special- 
ized industrial trucks, and their operation and usage shall 
be in accordance with NFPA 505, Fire Sqfely Stamlard/br 
Powered hMustrml 7)ucks lmludi~;g Type Designations, Area,~ of 
gSe, Mai~tenance, and Operation;; ANSI B56.1, Safety Stan- 
dardjor Low L!fi a~M High Lift Trucks; and as determined by 
the authority having jurisdiction. 

5-5.6.1 Fuel Handling.  The storage and handling of liq- 
uefied petroleum gas (LP-Gas) shall be in accordance wilh 
NFPA 58. Standard for the Storage ,ml Hamllmg o) Liquefied 
Petroleum (;ases. 

5-5.6.2 The storage and handling of liquid tuels (gasoline 
and diesel) shall be in accordance with N FPA 30, Flammable 
and Combustible Liqmds (;ode, and local codes. 

Chapter 6 Emergency Procedures 

6-1 General. The authority, which is respnnsible tot the 
safie and elticiem operation of a fixed gnideway transit sys- 
tem, shall anticipate and plan for emergencies that could 
involve the system. Participating agencies shall he invited to 
assist with 1he preparation of the emergency procedtne plan. 

6-2 Emergencies. 

6-2.1 The following types of emergencies shall be consid- 
ered as requiring the invoking of the emergency proce- 
dure plan: 

(a) Fire or a smoke condition on a train (passenger or 
work) or any other part of the system. 

(b) Fire or a smoke condition adjoining or ac[jacent to 
the system that threatens the system or disrupts service. 

(c) Collision or deraihnent involving one or more cars. 
(d) Loss of electric power resuhing in a stalled train(s) 

and loss of illumination. 
(e) Evacuation of passengers from a train under  adverse 

conditions where they require assistance. 
(t) Panic of passengers. 
(g) Disabled or stalled trains under  adverse conditions. 
(h) Serious flooding condition due to water main break, 

heavy rain, poor drainage, loss of electric power, or failure 
of pumping equipment. 

(i) Structural collapse or imminent  collapse that threat- 
ens system. 
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(j) Seepage of petroleum products or flammable, toxic, 
or irri tating vapors into system. 

(k) Serious vandalism or other  criminal acts, such as a 
bomb tbreat.  

(1) First aid or medical attention required by passengers. 
(m) Extreme weather conditions, such as heavy snow, 

rain, high winds, high heat, low temperatures ,  or sleet and 
ice conditions, causing disruption of service. 

(n) Earthquake. 

6-3 Emergency Procedure Plan. 

6-3.1 The  emergency procedure  plan shall include, but 
not be limited to, the tbllowing: 

(a) Name of plan; name of authority: and elate adopted,  
reviewed, and revised. 

(b) Policy, purpose,  scope, and definitions. 
(c) Participating agencies, top officials, and signatures of 

executives signing for each agency. 
(d) Saiiety dur ing  emergency operations. 
(e) Purpose and operat ion of central supervising station 

and alternate central supervising station. 
(t) Command post and auxiliary command post, and 

their purpose  and operation.  
(g) Conmmnications.  Radio, telephone, and messenger 

service available at central supervising station and com- 
mand post. Also, efficient operat ion of those facilities. 

(h) Fire detection,  fire protect ion,  fire ext inguishing 
equipment,  and exit and fan facilities available in system. 
Details of tim type, amount,  location, and method of utili- 
zation. 

(i) Procedures for fire emergencies. Various types of fire 
emergencies, agency in command, aud procedures to tollow. 

(j) Maps and plans of complex areas of the system, such 
as underwater  tubes and multilevel stations. 

(k) Any addit ional intbrmation and data that the partic- 
ipating agencies desire to have in the plan. 

6-4 Participating Agencies. 

6-4.1 Participating agencies that shall be summoned by 
operators  of a fixed guideway transit system to cooperate 
and assist d e p e n d i n g  on the na ture  of  an emergency  
include: 

(a) Ambulance service. 
(b) Building depar tment .  
(c) Fire depar tment .  
(d) Medical service. 
(e) Police depar tment .  
el) Public works, bridges, streets, sewers. 
(g) Sanitation depar tment .  
(h) Utility companies, gas, electricity, telephone, steam. 
(i) Water  supply. 
(j) Local t ransportat ion companies. 

The  agencies and names will vary depending  on the gov- 
ernmental  structure and laws of the community.  

6-5 Central Supervising Station (CSS). 

6-5.1 The  authority shall operate  a CSS for the operat ion 
and supervision of  the system. 

6-5.2 The CSS shall be manned by trained and qualified 
personnel  and shall have the essential appa ra tus  and 
equipment  to communicate with, supervise, and coordi- 
nate all personnel and trains operat ing in the system. 

6-5.3 The  CSS shall provide the capability to communi- 
cate rapidly with part icipating agencies. Agencies such as 
fire, police, ambulance,  and medical service shall have 
direct telephone lines or designated telephone numbers 
used for emergencies involving the system. 

6-5.4 Equipment shall be available and used tbr recording 
radio and telephone comnmnications during an elnergency. 

6-5.5 CSS personnel shall be thoroughly conversant with 
the emergency procedure  plan and trained to employ it 
etlectively whenever required. 

6-5.6 An alternate site(s) to tunction efficiently dur ing  an 
emergency in the event the CSS is out of service for any 
reason shall be selected and equipped or have equipment  
readily available. 

6-5.7 The CSS shall be located in an area separated from 
other occupancies by a 2-hr fire resistance construction. The 
area shall be used for the CSS and similar activities and shall 
not be jeopardized by a@~ining or adjacent occupancies. 

6-5.8* The CSS shall be protected by fire detection, pro- 
tection, and extinguishing equipment  so that there shall be 
early detection and extinguishment of any fire in the CSS. 

6-6 Liaison. 

6-6.1 An up-to-date listing of all liaison personnel  fi'om 
part icipating agencies shall be maintained by the authority 
and shall be part  of the emergency procedure  plan. 

The listing shall include the full name, title, agency, 
business telephone number(s), and home telephone num- 
ber of the liaison person. An ahernate  person with the 
same information also shall he listed. 

6-6.2 At least once every three months the list shall be 
reviewed and tested to determine the ability to contact the 
liaison without delay. 

6-7 Command Post. 

6-7.1 During an emergency on the system that requires 
invoking the emergency procedure  plan, a coinlnand post 
shall be established by the person in command for the 
supervision and coordination of all personnel,  equipment,  
and resources at the scene of the emergency. 

6-7.2 The emergency procedure  plan shall clearly delin- 
eate the attthority or part icipating agency that is in com- 
mand and responsible for supervision, correction, or alle- 
viation of the emergency. 

6-7.3 The  command post shall be located at a site that is 
convenient for responding personnel,  easily identifiable, 
and suitable for supervising, coordinating, and communi- 
cating with part icipating agencies. 

6-7.4 Participating agencies shall each assign a liaison to 
the commaiM post. 

6-7.5 The  most efliective use shall be made of radio, tele- 
phone,  and messenger service to communicate with partic- 
ipating agencies operat ing at an emergency. 
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6-7.6 To identitS, the command post easily during day or 
night and under  bad weather conditions, designated mmkers 
shall be employed. The emergency procedure plan shall pre- 
scribe the specific identification markers to be used for the 
command post and tot personnel assigned thereto. 

6-8 Auxiliary Command Post. 

6-8.1 When an emergency operat ion requires an auxil- 
iary command post because of the extent of the operation,  
the person in command shall establish an auxiliary com- 
mand post(s) that will fimction as a subordinate control. 

6-8.2 A par t ic ipat ing  agency, when not in command,  
shall, when authorized,  establish an auxiliary command 
post to assist with the supervision and coordination of their 
personnel and equipment.  

6-9 Training, Exercises, Drills, and Critiques. 

6-9.1 The  authori ty and part icipating agency personnel 
shall be trained to function efficiently dur ing  an emer- 
gency. They shall be conversant with all aspects of the 
emergency procedure  plan. 

6-9.2 Exercises and drills shall be conducted at least twice 
pe t  year to prepare  the authori ty and part icipating agency 
persomlel  tor emergencies.  Critiques shall be field after the 
exercises, drills, and actual emergencies. 

6-10 Records.  Written records and telephone and radio 
recordings shall be kept at the CSS, and written records 
shall be kept at the command post and auxiliary command 
post(s) dur ing fire emergencies, exercises, and drills. 

6-11 Removal and Restoring Traction Power, 

6-11.1 During an emergency, the authori ty and partici- 
pating agency personnel  shall he carefully supervised so 
that only the minimmn nmnber  of essential persons oper-  
ate on the trainway. 

6-11.2 The  emergency  p r o c e d u r e  plan shall have a 
clearly defined procedure  tbr removing and res tor ing trac- 
tion power. 

6-11.3 Prior to part icipating agency personnel  operat ing 
on the trainway, the traction power shall be removed. 

6-11.4 When traction power is removed by activation of 
an emergency traction power disconnect sx(dtch, the CSS 
shall be contacted by telephone or radio and given the full 
name, title, agency, and reason lot removal of the traction 
power by the person responsible. 

6-11.5 \Vhen shutdown of traction power is no longer 
required by a part icipating agency, control of such prover 
shall he released to the authority. 

Chapter  7 C o m m u n i c a t i o n s  

7-1 General .  Comprehensive and dependable  commnni-  
cations are essential for a ,~erviceable and efficiently oper-  
ated fixed guideway transit system dur ing emergencies. 

7-2 Central Supervising Station (CSS)/Command Post 
Relationship. 
7-2.1 During normal operations,  t h e C S S s h a l l b e t h e p r i -  
mary control tot the system. 

7-2.2 During emergency operations, the command post 
established at the scene of the emergency shall he respon- 
sible for controlling, supervising, and coordinat ing person- 
nel and equipment  working to correct  or alleviate the 
emergency. The command post and CSS shall cooperate 
and coordinate to have an efficient operation.  The CSS 
shall be responsible tor operat ion of the system except fin 
the immediate emergency area. 

7-3 Radio Communication. 

7-3.1 A fixed guideway transit system shall have at least 
one radio network that is capable of two-way comnmnica- 
tion with personnel on trains, motor vehicles, and all loca- 
tions of the system. 

7-3.2 Wherever necessary fiw dependable and reliable com- 
munications, a separate radio network capable of two-way 
radio communication for fire department personnel to the 
fire department communication center shall be provided. 

7-3.3 A radio network shall comprise base transmitters and 
receivers, antennas, mobile transmitters and receivers, porta- 
ble transmitters and receivers, and ancillary equipment. 

7-4 Telephone. 

7-4.1 The  system shall have a telephone network of fixed 
telephone lines and hand sets capable of communication 
with all stations, structures, offices, power stations and sub- 
stations, control towers, ancillary rooms and spaces, and 
locations along the trainway. 

7-4.2 The location and spacing of telephones along the 
trainway shall be de termined by the authority having juris- 
diction. Telephones along the trainway shall have distinc- 
tive signs and/or  lights for identification. 

7-5 Portable Te lephone  and Lines. For emergency  
operations where the trainway is a considerable distance 
f iom the street  level, or unusual  te r ra in  features are 
present,  or normal radio or telephone communication is 
inadequate or not functioning satis~hctorily, portable tele- 
phones shall be employed.  The  authori ty shall provide 
portable telephones and arrange for their expeditious dis- 
patch to an emergency scene when required. 

7-6 Messenger Service. During emergency operations,  
messenger service shall be utilized to improve, replace, or 
angment  overtaxed or inadequate communication facilities 
when such service is required.  

7-7 Public Address System. 

7-7.1 ,MI stations, as de termined by the authority having 
jurisdiction, shall have a puhlic address system tbr commu- 
nicating with passengers and employees. (For commtmicatiou 
requireme;;l,~ jbr vel;icles, .see 4-6.2.) 

7-7.2 The CSS shall have the capability of using the public 
address system to make annotmcements throughout stations. 

7-7.3 Authority supervisory employees at stations shall 
have the capability of making amlouncements  throughout  
their stations on the puhlic address system. 

7-7.4 l)uring interruptions of train service or delays fin. 
any reason associated with an elnergency, fire, or smoke, 
the passengers and employees shall he kept intormed by 
means of the puhlic address system. 
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7-7.5 At times of emergency, the public address system 
shall be used effectively to conmmnicate to passengers, 
employees, and participating agency personnel. 

7-8 Portable Powered Speakers (Audiohailers). During 
emergency operations, portahle powered speakers shall be 
made available by the atlthority where other forms of con> 
munication are not available. 

Chapter  8 R e f e r e n c e d  P u b l i c a t i o n s  

8-1 The tollowing documents or portions thereof are ref- 
erenced within this standard and shall be considered part 
of the requirements of this document. The edition indi- 
cated for each reference is the current  edition as of the 
date of the NFPA issuance of this document. 

8-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

NFPA 10, Stmzdard for Portable Fire Exti,gzushers, 1994 
edition. 

NFPA 13, Standard for the h~stallatim~ of Sprinkler S~,stems, 
1994 edition. 

NFPA 14, Sta~dard for the h~slallation of Stan@~pe a,d 
Hose S~'stems, 1993 edition. 

NFPA 24, Standard for the htstallalim~ of Private Fire Ser- 
vice Mama a,d Th.eir Appurte~m~ees, 1995 edition. 

NFPA 30, Flammable m~d Combushble Liquids Code, 1993 
edition. 

NFPA 33, Sta~Mard for Spray Applieahm~ Usi**g Flammabh' 
a~M Combustible Matermls, 1995 edition. 

NFPA 51B, Standard for Fire Preveaho, b~ Use oj Cnttb~g 
and Welding Proee,~ses, 1994 edition. 

N FPA 58, Sla,.dard for the Storage a~M Handliug of Lique- 
fied Petroleum Gases, 1995 edition. 

NFPA 70, National Electrical (;ode, 1996 edition. 

NFPA 72, National F~re Alarm Code, 1993 edition. 

NFPA 90A, Sta?Mard,fi)r the h~slallatim~ of Air Con&lionmg 
a~M Ventilalb~g S~slems, 1993 edition. 

NFPA 91, Sta~Mard for Exhaust S3',~temsJbr Air Co~ve3'i~g of 
Materials, 1995 edition. 

NFPA I01, L(fe Safety Code, 1994 edition. 

NFPA 220, Standard o~ Types of Building Cot~struelio~, 
1995 edition. 

NFPA 241, Staadard for 5'qfi'guardmg Co~slruction, Alter- 
alion, a,d Demolilim~ Operation,s. 1993 edition. 

NFPA 251, SlmMard Methods of 7?sis of Fire E ,dnm,ee  oj 
Building (2o~slraelim~ a,d Materia£, 1995 edition. 

NFPA 255, Standard Method of Test of Stffface Bur~b~g 
Charaeteri.~tics c!fl Buildi,g Materials, 1990 edition. 

NFPA 256. Standard Methods 0/ Fire 71,sis of Ro(~f Cover- 
it~ U, 1993 edition. 

NFPA 505, F~re Safi, ly SlmMard for Powered h~dushial 
Trucks Includi~g 7)'pe De.sigmdm~,.~, Areas of Use, Mainte~mnce, 
and Operatm~, 1992 edition. 

NFPA 1963, Standard for Fire Hose Cmmeelions, 1993 
edition. 

8-1.2 Other Publications. 

8-1.2.1 ANSI Publ icat ions .  American National Stan: 
dards Institute, 1430 Broadway, New York, NY 10018. 

ANSI B56.1, Safety SOmdard Jbr Low Lift a,Td High Lift 
Trucks, 1993. 

ANSI C2, Nalioual Eh'ctrical Safi'h' Code, 1993. 

8-1.2.2 ASTM Publications. American Society of Testing 
Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM C542, Standard Spee{fiealio~ Jbr Lock-Strip Gasket,~, 
1994. 

ASTM D2724, StmMard Test Meth.od for Bonded, Fused, and 
Lami~mted Apparel Fabrics, 1987. 

ASTM D3675, Stmtdard Test Method for Surface Flammabil- 
it'¢ of Flexible Cellular Materials Usb~g a Radiant Heat Energy 
Source, 1994. 

ASTM E84, StmMard Test Method ./br Surface Burning 
Characteristics of Budding Materials, 1994. 

ASTM E 119, Rev. B-92, StmMard Test Method for Fire Tests 
of Building Constraetim~ and Materials, 1988. 

ASTM E136, Rev. A-92, Standard Test Method for Behavior 
of Materials in a Vertical Tube Fur~mce at 750°C, 1994. 

ASTM E 162, Standard 7),st Method for Smface Flammability 
of Materials Usi~g a Radiant Heat E~ergy Source, 1994. 

ASTM E648, Sltmdard Test Method for Cr~lieal Radiant Flux 
of Floor-Coverb~g Systems Using a Radim~l Heat E~ergy Source, 
1994. 

ASTM E662-94 Standard 7),st Method,/br Specific Optical 
De~sily of Smoke Ce~Terated by Solid Matermls, 1994. 

8-1.2.3 IEEE Publications.  insti tute of Electrical and 
Electronic Engineers, Inc., 445 Hoes Lane, P.O. Box 1331, 
Piscataway, NJ 08855-1331. 

I EEE Standard 1 i, SlaadardJbr Rotating Electric Macbbz- 
e~y for Rail mzd Road Vehicles, 1980. 

I EEE Standard 16, Ameriemz SlandaM Jbr Electric Control 
Apparatus for LmM Trat~sportatim~ l/ehicles. 

IEEE Standard 383, Slandard for Type 7?sls of CIas.~ 1E 
Eleehic Cables, Field Sphee,~, mM Con~eetim~s Jbr Nuclear Power 
Cem'rating Station,s, 1974. 

8-1.2.4 ICEA Publication.  Insulated Cable Engineers 
Association, P.O. Box P, South Yarmouth, MA 02664. 

ICEA S- 19-198 I/NEMA WC3, Rubber-h~snlated H.'ire and 
Cable for the Tr(msmi~sio~ mM Di~tributimt o/ Eh'ctrical Ellerg3". 

8-1.2.5 Underwriters  Laboratories Inc. Underwriters  
Laboratories Inc., 333 Pfingsten Road. Northbrook, Ik 
60062. 

UL 44, UL Sl(mdard for Sail, O' Rubber-Insulated Wires a~d 
Cables, 1991. 

UL 83, UL SlaTMarcljbr Safer)' Tberm@lastie-h~snlaled Wires 
mtd Cable~, 1991. 

8-1.2.6 U.S. Government Publication. U.S. Government 
Printing Office, Washington, DC 20402. 

Federal Test Method Standard No. 191A - 1978, Textile 
Test Method 5830, July 1978. 
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Appendix A Explanatory Material 

This AH~endix is ,o! a par! of'the reqmrement~ qf thi,s NFPA document 
but is included for infi,'m,lional purposes only. 

A-l-5 Approved. The National Fire Protection Associa- 
tion does not approve, inspect, or certify any installations, 
procedures, equipment,  or materials; nor does it approve 
or evaluate testing laboratories. In determining the accept- 
ability of installations, procedures, equipment, or materi- 
als, the authority having jurisdiction may base acceptance 
on compliance with NFPA or other appropriate standards. 
In the absence of such standards,  said authori ty may 
require evidence of proper installation, procedure, or use. 
The authority having jurisdiction may also refer to the list- 
ings or labeling practices of an organization concerned 
with product evaluations that is in a position to determine 
compliance with appropriate standards ['or the current  
production of listed items. 

A-l-5 Authority Having Jurisdiction. The  phrase  
"authority having jurisdiction" is used in N FPA documents 
in a broad manner,  since jurisdictions and approval agen- 
cies vary, as do their responsibilities. Where public safety is 
primary, the authority having jurisdiction may be a fed- 
eral, state, local, or other regional department  05 individ- 
ual such as a fire cbief; fire marshal: chief of a fire preven- 
tion bureau,  labor depar tment ,  or health depar tment ;  
building official; electrical inspector; or others having stat- 
utory authority. For insurance purposes, an insurance 
inspection department,  rating bureau, or other insurance 
company representative may be the authority having juris- 
diction. In many circumstances, the property owner or his 
or her designated agent assumes the role of the authority 
having jurisdiction; at government  installations, tbe com- 
m a n d i n g  officer or depa r tmen ta l  official may be the 
attthority having jurisdiction. 

A-l-5 Listed. The means |br identifying listed equip- 
ment may vary for each organization concerned with prod- 
uct evaluation, some of which do not recognize equipment  
as listed unless it is also labeled. The "authority having 
jurisdiction" should utilize the system employed by the list- 
mg organization to identify a listed product. 

A-2-2.3.5 Because of the difference in the potential level 
of hazard between various stations (i.e., open stations as 
compared to enclosed stations), alternative methods to fire 
separation might be considered. 

A-2-5.3.4.2 Stairs should be positioned in close proximity 
to, but not necessarily adjacent to, escalators to allow emer- 
gency exiting no matter in which direction the escalator(s) 
is operating. 

A-2-5.4.4 It is intended that escalators be as noncombus- 
tible as possible, realizing that certain components such as 
rollers 05- headrails n|ight not currently be available in non- 
combustible materials. The authority having jurisdiction 
should review each installation proposal for compliance to 
the greatest extent possible. 

A-2-7.1.2 Discrete zone indications are desirable for 
unmanned  stations. 

A-2-7.1.4 Separate zones on the annuncia tor  panel to 
monitor main control valves on standpipe systems should 
be established. 

A-2-7.4.3 It is desirable to h)cate tire depar tment  connec- 
tions near one or more station access points. 

A-3-1.5.3 The placement of blue light stations at the ends 
of station pladbrms should be governed on actual need. 
For instance, an at-grade system that has stations in dedi- 
cated streets and overhead power supply would not need 
BLS at ends of platforms. 

A-3-2.5 The primary hazards presented by the electrified 
third rail in the trainway are electrical shock to employees 
and other personnel in the trainway and tbe heat and 
smoke generated by the cable or third rail due to combus- 
tion resulting from grounding or arcing. 

A-3-3.3 The primary hazards presented by the electritied 
third rail in the trainway are electrical shock to employees 
and other personnel in the trainway and the heat and 
smoke generated by the cable 05 third rail due to combus- 
tion resuhing flom grounding 05 arcing. 

A-3-4.3 The primary hazards presented by the electrified 
third rail in the trainway are electrical shock to employees 
and other personnel in the trainway and tbe heat and 
smoke generated by the cable 05 third rail clue to combus- 
tion resulting from grounding 05 arcing. 

A-6-5.8 Fan units serving train control and communica- 
tions rooms should be protected by fire detection, protec- 
tion, and extinguishing equipment so that there will be 
early detection and extinguishment of any fire invoh, ing 
these units. 

Appendix B Air Quality Criteria in Emergencies 

This Appen&x is ~ot  a part of the n, quireme,t.s of thts NFPA document 
but i~ included for i,formalional pmpo~e,~ only. 

B-1 General.  In this appendix, criteria [br protection of 
passengers and employees dur ing  emergency situations 
are presented for air quality, temperatures, and velocities. 

B-I.1 To a large extent, the quantitative aspects of the 
criteria for emergency situations will be arbitrary because 
there are no universally accepted tolerance limits pertain- 
ing to air quality, temperatures, and velocities. In fact, the 
tolerance limits vary with age, health, weight, sex, and 
acclimatization. Most of the studies on human tolerance to 
adverse situations have dealt with exposure  tests on 
healthy acclimated adults. These individuals can survive in 
environments potentially harmfld to the less physically fit. 
It must be assumed, however, that under  emergency con- 
ditions in subways some of the passengers might be infants, 
aged, or suffering hom respiratory or cardiac ailments. 
The tolerances of these passengers will fbrm the basis upon 
which criteria must be established. Little information is 
available on the physiological tolerance limits of people 
with health impediments, especially for short but intense 
exposures. 

B-2 Air Quality Criteria in Emergencies. During sub- 
way emergencies involving fire or generation of smoke, the 
products of combustion or electrical arcing will produce 
gases and aerosols, some of which are potentially toxic or 
incapacitating. All the aerosols in smoke also tend to limit 
visibilitv. The intended eftiects of all emergency ventilation 
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equipment,  therefore, are to provide, in the event of fire, 
control of smoke migration and an effective means to 
purge smoke and supply fiesb air to passengers and fire 
department  personnel dur ing evacuation and early fire- 
figbting operations. 

B-2.1 Since some emergency situations could conceivably 
occur where all the passengers cannot be provided with 
fiesh air tbr the entire length of an evacuation route, crite- 
ria are required to maintain air quality' for those passen- 
gers. Such a situation would occur, tot example, when 
there is a fire in the middle of a train. Because fresh air 
might come fiom only one direction, passengers in one- 
half of the train could be exposed to air containing some 
combustion products while passengers in the other half 
could receive Desh air. Sufficient fresh air, however, must 
be supplied to passengers downwind of a fire to dilute ade- 
quately any harmful combustion product. 

B-2.1.1 The usual way in which potentially harmful gases 
or aerosols enter a human body is through the respiratory 
tract. The physiological reactions of the person depend on 
the contaminant,  its concentration, and exposure time. and 
will be ditterent for different persons. A person's reaction 
to potentially harmful combustion products is proportional 
to a characteristic of the environment  that is quantified by 
the concentration-time product, C T. 

B-2.1.2 The environmental  air control engineer,  how- 
ever, will not know dur ing design how much of the smoke 
and combustion products will be made airborne, nor will 
he/she know tim exposure time of passengers in the smoke. 
These quantities depend on the nature of the emergency, 
the construction materials, and the subway's overall emer- 
gency policies. Nevertheless, emergency fans must be sized, 
and some guidance is provided by approximat ing the 
concentration-time product, C-I-, for different airflow rates. 
(See Subway EnviromJ~ental Design Handbook, Vol. 1, Principles 
and Applications.) 

B-2.2 Emergency Air Temperature Criteria. It is antici- 
pated that the 140°F (60°C) air temperature will place a 
physiological burden on a few of the passengers, but the 
exposure also is anticipated to be brief and to produce no 
lasting harmfi~l effects. Passengers should not be exposed 
to maximum air temperatures exceeding 140°F (60°C) dur- 
ing emergencies. The heat released fi-om a fire depends on 
the type and amount  of material burn ing  as well as the rate 
at which it burns. In a subway, materials capable of sup- 
porting combustion are plastics, oil, wood, paper, card- 
board, and bituminous products. 

B-2.2.1 When the severity of subway fires is studied with 
respect to human environmental  criteria, the air tempera- 
ture in the absence of toxic smoke is found to be a limiting 
criterion for human survival. 

B-2.3 Emergency Air .Velocity Criteria. Venti la t ion 
equipment  in a subway emergency must sweep out heated 
air, remove smoke of any fire, and remove fumes from any 
electric arcs. In essentially all emergency cases, protection 
of the passengers and employees is enhanced  by the 
prompt activation of emergency ventilation procedures as 
planned in advance. 

B-2.3.1 When emergency ventilation air is needed in 
evacuation routes, it might be necessary to expose passen- 
gers to air velocities higher than those permitted by nor- 

real nuisance considerations. The only' upper limit to the 
ventilation rate occurs when the air velocity becomes great 
enough to create a hazard to persons walking in that 
airstream. According to the descriptions of the effects of 
various air velocities given in the Beaufort scale, passen- 
gers under  emergency conditions can tolerate as much as 
2200 tpm (11.2 m/secy. 

B-2.3.2 The ininimum air velocity within tbe tunnel sec- 
tion experiencing the fire emergency should be sufficient 
to mitigate back layering of the smoke, i.e., a flow of smoke 
in the tippet cross section of the tunnel opposite in direc- 
tion to the torced ventilation air. 

B-2.4 Emergency Ventilation Fans. In some instances it 
might be desirable to locate remote control operation of 
the fans at a surface location accessible to authorized fire 
and emergency personnel. 

B-2.4.1 In response to an emergency situation resulting 
fiom fire or generation of smoke, the ventilation equip- 
ment can be used to: 

(1) Move combustion and decomposition products and 
heat in a preferred direction; 

(2) Lessen the airborne concentration of combustion 
and decomposition products; and 

(3) Lessen the heat buildup and air temperatures in 
the subway. A consensus on definitive design guidelines for 
subway emergencies is unavailable because of the present 
level of the state of the art. Ventilation system uses in sub- 
way emergencies vary depending on how each operating 
transit agency responds to all elements involved in combat- 
ing an emergency. Each subway system must integrate all 
the elements that respond to emergencies to form an over- 
all policy. The qualitative relationships discussed herein 
will assist subway operators in taking preventive and c o l  
rective actions to guard against fires and other related 
emergencies. 

B-2.4.2 Increasing the airflow rate in the tunnel  will 
decrease the airborne concentration of potentially, harmfill 
chemical compounds (referred to hereinafter by the gen- 
eral term "'smoke"). The decrease in concentration will be 
beneficial to those exposed to the compounds. However, a 
situation can arise in which the smoke source is completely 
removed from the passengers, and actuating any fans 
would draw the smoke to the evacuation routes. Under 
these conditions the fans should not be activated until it is 
satie to do so. To make decisions under  these circumstances 
requires a rapid and thorough communication system so 
that the responsible personnel can make judgments  based 
on intormation available consistent with established emer- 
gency policies. 

B-2.4.3 The effectiveness of an emergency ventilation sys- 
tem in providing a sufficient quantity of noncontaminated 
air and in minimizing the hazard of smoke back layering in 
an evacuation pathway is a function of the fire load. The 
fire load in a trainway results fiom the burn ing  rate of a 
train, which in turn is a function of the combustible load in 
Btu of the vehicle. 

Combustible load of a vehicle is defined as the total 
amount  of Btu emitted by its total combustion, The load 
for a vehicle is determined by multiplying the aggregate 
weight in pounds of similar materials by its heat content in 
Btu/lb and taking the sum of the loads of the different 
materials. 
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The heat content of the materials should be as deter- 
mined in accordance with NFPA 259, Sla~Mard Tesl Method 

for Potential Heat of Buildi~.g Materials. 
Available test data on combustibility of material utilized 

in transit vehicles is either incomplete or not directly appli- 
cable to the situation of a train fire in an underground  
confined trainway. Once a fire has penetrated to the inte- 
rior (passenger compartment) of a vehicle, its combustibil- 
ity load becomes a significant factor in the rate of propaga- 
tion of the fire to other vehicles of the train. 

Practical design considerations of emergency ventilation 
systems, including constraints of limiting emergency air 
velocity criteria (see B-2.3), are such that high vehicle con> 
bustible loads could negate the capability of the emergency 
ventilation system to achieve its desired objectives. 

Consequently, the combustible load of a vehicle above 
the floor of the car (including ttoor covering and adhesion 
material) should not exceed 45,000 Btu/ft 2 (0.511 x lif o J/na'-') 
of gross floor area. The figure of 45,000 Btu/fi e (0.511 x 
10"' J/re'-') has been derived as one that is readily obtainable 
based on a comparison of available data for seven different 
inakes, sizes, and types of rapid-transit vehicles. Values of 
30,000 Btu/ft 2 (0.341 x 109J/m ~) can be achieved if deemed 
desirable. Values as high as 135,000 Bm/ft 2 (1.533 x 
10" J/m e) exist. 

B-2.5 Smoke Generation and Wiring Insulation. 

B-2.5.1 Electrical shorts have probably been the most 
common cause of smoke in subways. Electrical shorts can 
result in an application of intense heat to combustible or 
decomposable materials located adjacent to electrical con- 
ductors. Due to electrical short circuits smoke comes fiom 
the burn ing  of insulation and oily substances accumulated 
in tim insulation, or frolYl the vaporizing or finning from 
the conductor itself. 

B-2.5.2 The effects of smoke are reduced if: 

(a) The amomd of smoke generated is reduced. This can be 
accomplished by design, maintenance, or both to minimize 
the quantity of material that might produce smoke. Main- 
tenance should include clearing ot combustible deposits of 
potential smoke sources fiom underneath the train. Mate- 
rials used in a subway system should be selected tbr mini- 
mum smoke production. The smoke-producing material 
might be isolated (for example, by enclosing wiring in con- 
duit). The smoke prodnced by short circuits might be 
reduced by de-energizing the circuit. M1 aspects of subway 
design, including maintenance procedures, should i nc o f  
porate the philosophy of reducing sources of smoke. 

(b) The passer,gets' exposure time is reduced. The passen- 
gers' exposure time can be reduced by limiting the length 
of time that the smoke is generated, or by evacuation pro- 
cedures that enable the passengers to get away fiom the 
smoke quickly. 

B-2.5.3 The amount  o f  material available tbr smoke gen- 
eration and the evacuation procedures to be used involve 
considerat ion of numerous  design features, while the 
amount  of air flowing through the tunnels  is directly 
related to the fan capacity installed. 

B-2.5.3.1 The decomposition rate of materials that can- 
not support combustion depends on the rate and quantity 
of heat externally applied to the materials and nut on the 
airflow to the materials. Potential smoke evolution fiom 

these materials can be limited by material selection, con- 
trol, and correction of electrical shorts, and by minimizing 
the accumulat ion of oily substances in the materials. 
Increased airflow is desirable to dilute whatever smoke is 
generated. 

B-2.5.3.2 All insulations should be resistant to moisture as 
demonstrated by an essentially fiat response of a plot of 
power fiactor vs. time when tested by immersion of a No. 14 
AWG wire with 47 mils of insulation in 194°F (90°C) con- 
tinnously for six months while energized with 600 volts dc 
continuous with the power factor measured every month at 
80 vohs nail. Other physical and electrical properties of the 
insulations sbould conform to those given for the type of 
insulation in ICEA S-19-81/NEMA WC3, Rubber-h~sulated 
Wire a,d Cable for the Tra~lsmission a~d Distribution of Electri- 
cal Energy, fin- rubber insulated wire and cable and to ICEA 
S-66-524/NEMA WC7, Cro,~s-Lir~ked-Thermoselti~g-Pol~,ethyl- 
e~e-lnsulaled Wire and Cable for the Tra~smission and Distribu- 
lion of Electrical Energy, for crosslinked polyethylene wire 
and cable or ICEA S-68-516/NEMA WCS, El@le~le-Prolayl- 
e~.e-l?ubber-lnsulated lYne and Cable./br the Tra,smi.~sio~t a~M 
Distributio~ o/ Electrical E~ergy, for ethyleiae-propylene- 
rubber-insulated wire and cable. 

B-2.5.4 Insulation and jacketing materials yielding lowest 
amounts of toxic or corrosive products during combustion 
are preferred; however, the electrical integrity of the wire 
and cable systems and the nonfire propagating properties 
in a fire of the constructions of wire and cable systems 
should be given a high priority when selecting materials. 

A p p e n d i x  C E m e r g e n c y  Egress  

This Appemtix i~" ~ol a part oj lhe requm'menls of llu,s NFIL4 docume~lt 
hut ~.~ included fo r  mformahonal purpose, 0,vly. 

C-1 Transit station dimensions are determined as a fimc- 
lion of the length of trains emph)yed in a transit systeln. 
Thus the areas ot" station platforms in light density outlying 
stations will be equal to those of heavy density downtown 
central business district transit stations. Consequently,  
occupancy loads in rapid transit stations, based on the 
emergency condition requiring evacuation of that station 
to a point of satiety, are a function o[" the train-carrying 
capacities rather than plattorm areas categorized as a 
"place of assembly." The tunnel can be considered as an 
auxiliary exit flom the station under  certain fire scenarios. 

C-I.1 Calculating Occupant Load Exit Capacity. The 
occupant load, as used in this section, is tim basis on which 
most new or expanding transit systems are designed. The 
methodology fin determining passenger use of transit sys- 
tems varies considerably between specific systems, but a study 
usually will permit a determination of "peak hour loads." 
Most systems also will determine "peak tmur" reversal from 
morning to afternoon to retlect comnmter loads. 

The basis on which the occupant load data is determined 
should be considered carefully in establishing the need tbr 
emergency egress. In new transit systems a survey of actual 
usage should be made within two years, of completion of 
the project to veriR, design predictions. In operating sys- 
tems, predicted passenger loads should be established to 
determine the need for expansion of the system or signifi- 

1995 Editton 



APPEND1X C 1 3 0 - 2 7  

cant operating changes. Verification by survey should be 
made following any extension or significant operat ing 
change or at a maximum of 5-year intervals. 

The basis for calculating occupant loads should be the  
peak hour patronage tigures as commonly projected for 
design of new transit systems or as established by' survey 
tor operating systems. 

For new transit systems the projected peak hour passen- 
ger figures can be converted to the peak 15-minute loads 
by dividing by 4 and multiplying by l l/e. The I l/e is a dis- 
tribntion curve correction and can be varied tot a particu- 
lar system ifsu|ficient data is available for verification. Both 
link loads (numher of passengers traveling between two 
stations over a given period) and entraining loads (numher 
of passengers entering a station to board trains dur ing a 
given period) are converted in this manner.  

For existing transit systems, where actual patronage data 
are available, statistica[ methods can he used to calculate 
occupant load data. The use of statistical methods for cal- 
culation of"calculated train loads" and "calculated entrain- 
ing loads" will provide a more accurate indication of exit- 
ing needs. 

The station occupant load is composed of two parts: the 
entraining load and the calculated train load. The entrain- 
ing load as used tot exit calculations is calculated t iom 
peak 15-minute entraining loads by dividing by 15 minutes 
and nmltiplying by 12 minutes or two times the headway, 
whichever is greater. 

Where trains arrive at a platlorm from only one direc- 
tion, the "calculated train load" as used fin exit calculations 
is calculated tiom the peak 15-minute link load by dividing 
the number  of trains arriving at the station during 15 min- 
utes based on headways and muhiplying by two to allow ti)r 
one missed headway. The maximnm for the "calculated 
train load" should be the most passengers capable of occu- 
pying a train. 

\,*,:here trains arrive at a platform tiom more than one 
direction, the entraining load and calculated train load tot 
the peak direction are computed as described above. In the 
oil-peak direction, the entraining load and calculated train 
load are computed ti-om the peak 15-rain entraining load 
and the peak 15-rain link load, respectively, by dividing by 
the number  of trains arriving at the station dur ing 15 rain 
hased on headway. 

The total exit time is the sum of the walking travel time 
tor the longest exit rotlte plus the waiting times at the var- 
ions circulation elements. 

The walking travel time is calculated using station geom- 
etry data and the travel speeds indicated in 2-5.3.4. The 
exit route is broken down into sequential horizontal and 
vertical segments and tabulated. The travel distance tor 
each segment is then divided by the appropriate travel 
speed to determine the time needed to traverse each seg- 
ment. The walking travel time is the sum of the times tot 
each segment. 

The ttow time (the time for the last person to pass 
through the particular element) tor each of the various cir- 
culation elements (e.g., platform exits, fare harriers, con- 
course exits) is calculated using the capacities and condi- 
tions specified in 2-5.3, 2-5.4, and 2-5.5 along with the 
occupant load calculated as described above. Care must be 
taken to be sure that the most restrictive elements are 
included in tim calculations. 

For instance, i ra  nominal 3-ft (1-my wide door provides 
access to a 44-in. (l.22-m) wide stair, and the cleat width of 
the door opening, with the door in the tully open position, 
is usually about 32 in. (0.91 my, this door would he consid- 
ered to provide 1 unit of exit width. The stair, with code- 
complying handrails, would be considered to provide 2 
units of exit width. Using the capacities specified in 2-5.3.4, 
the door has a capacity of 50 ppm per lane (unit) of exit 
width. The stair has a capacity of 35 ppm per lane (unit) in 
the up direction or 40 ppm pet lane (unit) in the down 
direction. So the capacity, of this stair is either 70 ppm or 
80 ppm. depending on direction of travel. In this case the 
door is more restrictive than either stair condition, mean- 
ing that the door should be used in the capacity, calcula- 
tions. If the door were wider, fin example enough to pro- 
vide 2 units of exit width, the capacity of the door would be 
100 ppm. The stair capacity would then be more restric- 
tive, meaning that the stair capacity should he used. 

Where exit paths divide, i.e., where a choice of exit paths 
is presented, it is presumed (as it is in the model codes) 
that the passengers will divide into groups roughly in pro- 
portion to the exit capacity provided by the various paths 
at the decision point. It also is presumed that passengers, 
once having made a decision (selecting an exit path), will 
stay on that path until another decision point is reached or 
egress is achieved. 

The waiting time at each of the various circulation ele- 
ments is calculated, for the platform exits, by subtracting 
the walking travel time on the platform flom the platform 
exits flow time, and for each of the remaining circulation 
elements, by subtracting the maximum of all previous ele- 
ment flow times. 

The symbols used in the sample calculations that follow 
represent the walking times, flow times, and waiting times 
where: 

T = Total walking travel time for the longest exit route. 
f 1 - Walking travel time on the platform. 
TX = Walking travel time for the Xth segment of the exit 
route. 
W 1 = Platform exits flow time. 
W,, = Fare barrier flow time. 
D,':~ = Concourse exits flow time. 
WN = Flow time for any additional circulation element. 
Wp = W I - "1" 1 = Waiting time at platfbrm exits. 
W f  - W ,  - W l - Waiting time at fare barriers. 
Wc = \¥:~ - MAX(W 1 or W e) = Waiting time at concourse 
exits. 
Wn - WN = MAX(W:~. W=,, or WI) = Waiting time at any 
additional circulation element. 

NOTE: The waiting time at any circulation element can- 
not be less than zero. 

C-1.2  C e n t e r  P la t form Stat ion S a m p l e  Ca lcu la t ion .  T h e  
sample center pladbrm station is an elevated station with 
the platform above the concourse, which is at grade. T h e  
platform is 600 ft (183 m) long to accommodate the train 
length. The vertical distance fiom the platform to the con- 
course is 30 ft (9 my. 

The station has one paid area separated fiom the out- 
side by' a fare array containing 4 electronic fare gates and 
one 48-in. (1.22-m) handicapped/service gate. In addition, 
two 72-in. (1.83-m) wide emergency exits are provided. Six 
open wells communicate b e t w e e n  the platform and the 
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Figure C-1.2 Center platform station. 

concourse. Each well contains one stair or one escalator. 
Station ancillary spaces are located at the concourse level. 

Elevators (although not shown on Figure C-1.2) are pro- 
vided for use by the handicapped or service personnel. 
Open exnergency stairs are provided at each end of the 
platform. They discharge directly to grade through grill 
doors with panic hardware. 

Escalators are nominal 48 in. (1.22 m) wide. Stairs regu- 
larly used by patrons are 72 in. (1.83 m) wide; emergency 
stairs are 48 in. (1.22 m) wide. Gates to emergency stairs 
are 48 in. (1.22 m) wide. 

The station occupant load is 2498 persons. 
Ira Test No. 1 of Table C-1.2, the time to clear the plat- 

form is found to be 3.469 minutes. This meets the require- 
ment of 2-5.3.2. 

In Test No. 2 of Table C-1.2, the time to reach a point 
outside any enclosing structure is found to be 4.289 min- 
utes. This meets the requirement of 2-5.3.3. 

Were the concourse of this station considered to meet 
the point of safety definition by the authority having juris- 
diction, the calcu'lation fox Test No. 2 would be modified. 
The time to reach a point ofsafety would include the walk- 
ing travel time from the remote point on the platform to 
the concourse only, plus the waiting time at the platfbrm 
exits. The area of the concourse would have to be large 
enough to accommodate the concourse occupant load cal- 
culated in Test No. 2. 

C-1.3 Side  Platform Station Sample  Calculat ion.  The san> 
pie side platform station is a subway station with a concourse 

above the platform level but below grade. The platform is 
600 ft (183 m) long to accommodate the train length. The 
vertical distance fiom grade to concourse is 26 ft (8 m). The 
concourse is 18 ft (5.5 m) above the platform. 

The station has two entrances normally used by patrons, 
each containing one escalator and one stair. The entrances 
are covered at grade level to a point 10 ft (3 m) beyond the 
top of tile stairs. 

The concourse is divided into two flee areas and one 
paid area separated by fare arrays. Each tare array contains 
12 Pare gates of the turnstyle type and one swinging service 
gate, 48 in. (1.22 in) wide, equipped with panic hardware 
for use by the handicapped and service personnel. Three 
open wells, containing two stairs and one escalator, com- 
municate between each plattorm and the concourse. 

Elevators are provided from grade level to concourse 
and from the concourse to each platform tot use by the 
handicapped  and service personnel .  Station ancillary 
spaces are located at concourse level. 

Enclosed emergency stairs, d ischarging directly to 
grade, are provided at both ends of each platform. Escala- 
tors are nominal 48 in. (1.22 m) wide. Stairs regularly used 
by patrons are 72 in. (1.83 m) wide. Emergency stairs are 
48 in. (1.22 m) wide. Doors to emergency stairs are 48 in. 
(1.22 m) wide. 

The station occupant load is 1600 persons, 228 on the 
outbound platform and 1372 on the inbound plattbrm. 

The sample calculation shown is one of several that need 
to be done to properly analyze this type of station. The 
sample calculation shows the effect of discounting one of 
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APPENDIX C 1 3 0 - 2 9  

Table C-1.2 NFPA 130 Exit ing  Analys is  
Station: Sample  Center  Date: Apr  1, 87 By: 

Exit Lanes and Capacity Provided  
DRF 

No.  No.  Capacity/ 
Element  Direct ion  U n i t s  Lanes Lane = PPM 

PI~ATFORM T O  C O N C O U R S E  

Stairs - - U p  0 3 35 = 0 
- -  Down 4 3 40 = 480 

Escalator - - U p  0 2 35 = 0 
- - l ) o w n *  1 2 40 = 80 

Emer.  Sta - - U p  0 2 35 = 0 
- - D o w n  2 2 40 = 160 

Escalator Test: 11.1 lC~ (Not > 50~)  Total  7211 
*One  escalator d iscounted  per  2-5.4.1.1 

T t t R O U ( ; t l  FARE BARRIERS 

Turns t i les  0 1 25 = 0 
Fare Gates 4 1 50 = 200 
Service Gates 1 2 50 = 100 
Emergency  

(;ates 2 3 50 = 300 

Total 600 

FARE BARR1ERS T O  SAFE AREA **FARE BARRIERS 
DISCHARGE f ( )  OUTSIDE**  

Smirs - - U p  
- -Down  

Escalator - -  U p 
- -  B O W  11 

Erect. Sta - - U p  
- - D o w n  

Escalator Tcst: 0 .00~ (Not > 
50~ ) 

0 3 35 = 0 
0 0 40 = (1 
0 2 35 = 0 
0 0 40 = 0 
0 0 35 = 0 
0 0 40 0 

Total  0 

WALKING TIME FOR L ONGE S T  EXIT R O U T E  
PLATFORM T O  SAFE AREA 

On  Platform TI  
Platlorm to Concourse  T2 
On  Concourse  T3 
Concourse  to Grade  "I"4 
On ( ; fade  to SaD Area "1"5 

Feet /FPM Min. 

136 200 0.680 
30 60 0.5O0 
54 200 0.270 

0 50 0.0o0 
10 200 0.500 

1.500 Total  walking t ime T = T1 + F2 +1"3 + T4 + T5 = 

Table C-1.2 NFPA 130 Exit ing Analys i s  
Station: Sample  Center  Date: Apr 1, 87 (cont inued)  

Test  #1  

Evacuate PLATFORM O C C U P A N T  LOAD(S) fl'om Plattorm(s) in 
4 minu tes  or  less. 
W1 (time to clear plat tbrm) = P I A T F O R M  O C C U P A N T  LOAD/ 

PLATFORM EXIT CAPACFI'Y 
W1 = 2498/ 720 = 3.469 minutes  

Test # 2  

Evacuate P1A'I 'FORM O C C U P A N T  LOAD fl'om mos! remote  
point  on platform to a point  of  safety in 6 minutes  or less. 

Wait ing T ime  at Platform Exits, W p [  = WI - T1] 
Wp = [WI - TI ]  
\Vp - 3.469 - 0.680 = 2.789 minutes  

Concol.n-se ( )ccupant  Load = Platform Occupan t  Load 
- (WI x Emergency  Stair Capacity) 

Concourse  Occupan t  Load = 2498 - 555 
Concourse  Occupan t  Load - 1943 Persons 

Wait ing T ime  at Fare B a m e r s ,  WF [ = W2 - W1] 
W2 - Concourse  Occupan t  Load / Fare Barr ier  Exit Capacity 
W2 - 1943/ 600 = 3.238 minutes  
Wf  = W2 - WI 
Wf  - 3.238 3.469 = 0.000 minutes  

Waiting Time at Concourse Exits, Wc [ - W3 - MAX (W2 or W1)] 
W3 = Concourse  Occupan t  Load / Concourse  Exit Capacity 
W3 = 1943/ 0 - 0.000 minutes  
We = W3 - Max (W2 or WI)  
Wc = 0.000 - 3.469 = 0.000 minutes  

Total  E ' x i t T i m e [  = T + WP + Wf + Wc] 
Total  = 1.500+ 2 .789+  0 .000+  0.000 
Total  = 4.289 minu tes  

t h e  e s c a l a t o r s  f l o m  c o n c o u r s e  to g r a d e .  T h e  ex i t  c a p a c i t y  
f l ' om p l a t f o r m  to c o n c o u r s e  m e e t s  t h e  c r i t e r i a  o f  2 -5 .3 .2  in 
T e s t  No.  1 o f  T a b l e  C-1 .3 ,  w h e r e  t h e  t i m e  to c l e a r  t h e  p la t -  
f o r m  is [ b u n d  to be  3 .267  m i n u t e s  for  t h e  i n b o u n d  p la t -  
f o r m  a n d  0 .543  m i n u t e s  for  t h e  o u t b o u n d  p l a t f o r m .  

I n  T e s t  No.  2 o f  T a b l e  C-1 .3 ,  h o w e v e r ,  t h e  to ta l  ex i t  t i m e  
( t he  m a x i m u m  fi)r t h e  two p a t h s  e x a m i n e d )  is f o u n d  to be  
6 .591 m i n u t e s .  T h i s  d o e s  n o t  m e e t  t h e  c r i t e r i a  o f  9 -5 .3 .3 .  
A d d i t i o n a l  ex i t  c a p a c i t y  is n e e d e d  f l o m  c o n c o u r s e  to g r a d e .  

A d d i t i o n a l  c a l c u l a t i o n s  m u s t  a lso  be  m a d e  to e x a m i n e t h e  
r e s u l t s  o f  d i s c o u n t i n g  an. e s c a l a t o r  b e t w e e n  p l a t f o r m  a n d  
c o n c o u r s e  ( r a t h e r  t h a n  a n  e s c a l a t o r  b e t w e e n  c o n c o u r s e  a n d  
g r a d e )  to ve r i fy  t h a t  t h e  i n b o u n d  p l a t f o r m  c a n  still be  
c l e a r e d  in 4 ra in  o r  less  u n d e r  th i s  c o n d i t i o n .  

C - 1 . 4  M u l t i l e v e l  P l a t f o r m  S t a t i o n s .  T h e  p r o c e d u r e s  for  
c a l c u l a t i n g  e x i t i n g  t i m e s  fi)r s u c h  s t a t i o n s  is s i m i l a r  to t h e  
p r i o r  s a m p l e  c a l c u l a t i o n s  (C-1 .9  a n d  C-1 .3) .  T h e  c h a n g e s  
in t h e  e x i t i n g  c a l c u l a t i o n s  a r e  p r i m a r i l y  a f u n c t i o n  o f  t h e  
c o n c u r r e n t  o c c u p a n c y  l o a d  d e t e r m i n a t i o n s  for  t h e  two  
p l a t f o r m  levels .  

T h e  s t e p - b y - s t e p  p r o c e d u r e  r e l a t i n g  to t h e  o c c u p a n c y  
l oad  c a l c u l a t i o n s  g e n e r a l l y  is r e c o m m e n d e d  as [bl lows: 

(a) C a l c u l a t e  t h e  o c c u p a n c y  l o a d  for  e a c h  p l a t t o r m  level  
as p e r  t h e  a p p r o p r i a t e  e x a m p l e s  in C -1 .2  a n d  C-1 .3  fo r  t h e  
s a m e  a s s u m e d  t ime( s )  o f  day .  

(b) I f  t h e  f i re  is o n  t h e  u p p e r  level  p l a t f o r m  (for  a n  
u n d e r g r o u n d  s t a t i on ) ,  a n  a s s n m p t i o n  c a n  be  m a d e  as to 
t h e  p e r c e n t a g e  o f  o c c u p a n t s  w h o  m i g h t  be  e x p e c t e d  to 
e v a c u a t e  t h e  l o w e r  level  t h r o u g h  t h e  n o r m a l  e g r e s s  r o u t e s  
v e r s u s  t h o s e  w h o  i n i g h t  be  e x p e c t e d  to ex i t  v ia  e m e r g e n c y  
s ta i r s .  T h e s e  a s s u m p t i o n s  will be  u n i q u e  for  e a c h  s y s t e m  as 
a f u n c t i o n  o f  v a r i o u s  p a r a m e t e r s ,  i n c l u d i n g  phys i ca l  c o n f i g u -  
r a t i on  o f  s ta t ions ,  m e a n s  o f  eg re s s ,  a n d  loca t ion  o f  e m e r g e n c y  
exi ts ;  c o m m u n i c a t i o n s  facilities to a d v i s e  p a s s e n g e r s ,  b o t h  
ve rba l  a n d  s ign ing ;  level o f  t r an s i t  p e r s o n n e l  m a n n i n g  in sta- 
t ions;  a n d  t r ans i t  p e r s o n n e l  e m e r g e n c y  p r o c e d u r e  r e s p o n s i -  
bilities e s t a b l i s h e d  for  t he  t r an s i t  o p e r a t i n g  a u t h o r i t y .  

(c) T h e  u p p e r - l e v e l  o c c u p a n t  l o a d  is i n c r e a s e d  by  t h e  
p e o p l e  e v a c u a t i n g  f i o m  t h e  l o w e r  level  t h r o u g h  t h e  n o r m a l  
e g r e s s  r o u t e s  p e r  t h e  a b o v e .  
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Figure C-1.3 Side platform station. 

(d) For a fire on the lower level, appropriate assump- 
tions relative to distribution of the occupancy loads to the 
available means of egress are calculated in a titshion similar 
to the procedures described above. 

The remainder  of the exiting calculations essentially are 
unchanged flom the other sample calculations in C-1.2 
and C-1.3. 

C-2 E s c a l a t o r s .  

ANSI/ASME A17.1, Safety' Code ./br Elevators a~d Escala- 
tors, which governs the design of escalators, is generally 
recognized as one of the strictest consensus standards. 
However, considering the critical operational nature of the 
escalators in rapid-transit stations, specially designed units 
with additional safety fieatures should be provided. 

The number  of flat steps at the upper  landings should 
be increased in proportion Io the vertical rise of the escala- 
tor. For a rise up to 20 fi (6.1 m), use the manufacturers'  
standard mnnber  of fiat steps. From 20-ft (6. l-m) to 60-ft 
(18.3-m) rise, use three fiat steps, and over 60-ft (18.3-m) 
rise, use four flat steps. 

A remote monitoring panel should be provided in the 
station that displays the following tbr each escalator: direc- 
tion of travel, operating speed (if more than one), out of 
service, and a flashing light that indicates the escalator 
stopped because of activation of a safety device. 

A remote stopping device should only be provided if the 
entire escalator is visible f i om the remote location or stop 
is delayed until it is preceded by an appropriate warning. 
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A P P E N D I X  C 1 3 0 - 3 1  

T a b l e  C-1 .3  N F P A  130  E x i t i n g  A n a l y s i s  
Stat ion:  S a m p l e  C e n t e r  Date:  A p r  1, 87 By: D R F  

E x i t  L a n e s  a n d  C a p a c i t y  P r o v i d e d  

E l e m e n t  Direc t ion  No.  No.  Capaci ty /  = PPM 
Uni t s  Lanes  Lane  

I N B O U N D  P D V I ' F O R M  T O  C O N C O U R S E  

Sta i r s  - - U p  2 3 35 - 210  
- - D m v n  0 0 40  = 0 

E s c a l a t o r  - - U p  1 2 35 = 70 
- - D o w n *  0 0 40  - {1 

E m e r .  Sta  - - U p  2 2 35 - 140 
- - D o v c n  0 0 40  = 0 

T o t a l  4211 
T H R O U G H  F A R E  B A R R I E R S  

T u r n s t i l e s  12 1 25 - 300  

F a r e  ( ; a t e s  0 1 50 = 0 
S e r v i c e  G a t e s  0 (1 50 = 0 
E m e r g e n c y  ( ; a l e s  1 2 50 - 100 

T o t a l  400  
F A R E  B A R R I E R S  T O  S A F E  A R E A  

Sta i r s  - - U p  1 3 35 = 105 
- -  D o w n  0 0 41) = 0 

E s c a l a t o r  - - U p *  0 2 35 = 0 

- - D o w n  0 0 40  - 0 
E iner .  Sla  - - U p  0 0 35 = 0 

- - D o w n  1) 0 40 = 0 

g ( ) l l e  e s c a l a l o r  lest:  p e r  2 -5A.1 .1  T o t a l  105 

W A L K 1 N ( ;  T I M E  F O R  L O N { ; E S T  E X I T  
R O U T E  

I N B O U N D  P L A T F O R M  
Feet  / F P M  Min .  

O n  l}lat tbrm "1"1 165 200  0 .825  
P l a t f o r m  to C o n c o u r s e  "I'2 18 50  0 .360  
O n  (]{}nCOlll-Se T 3  115 200  0 .575  
C o n c o u r s e  to G r a d e  T 4  26 50 0 .520  

O n  G r a d e  to Safe" A r e a  "1"5 10 200  0 .500  

T o t a l  w a l k i n g  t i m e T  = T1 + T 2  + T 3  + T 4  + T 5  2 .330  

E l e m e n t  Direc t ion  No.  No.  Capaci ty /  = PPM 
Uni t s  Lanes  Lane  

( ) U T B ( ) U N D  I ' L A T F O R M  T ( )  C O N C O U R S E  
Sta i r s  - - U p  2 3 35 = 210  

D o w n  0 0 40  = 0 

E s c a l a t o r  U p  1 2 35 = 70 
- -  D o w n  0 0 411 - 0 

E m e r .  Sta  - - U p  2 2 35 = 140 
- - [ ) m ~ n  0 0 4 0  = 0 

420  
" I ' H R { ) U ( ; H  FAR1: B A R R I E R S  

T u r n s t i l e s  12 1 25 = 300  
F a r e  ( ; a t e s  0 1 50  = 0 

S e r v i c e  G a t e s  0 0 50  = 0 
E m e r g e n c y  ( ; a l e s  1 2 50 = 100 

400  
F A R E  B A R R I E R S  T(}  S A F E  A R E A  

Sta i r s  - - U p  1 ?, 2{,5 - 11)5 

- -  l'}own 0 0 40 - 0 
Esca l a to r  U p  1 2 35 = 70 

- - l ) o w n  0 0 40  -- 0 

E m e r .  Sta  - - U p  0 0 35 - 0 
- -D{}wn 0 0 40 = 0 

175 
O U T B O U N I )  P L A T F O R M  

Feel  / F P M  Mn'L 
O n  p l a t f o r m  " I l  60 200  0 .300  

Plat f i}rm to c o n c o u r s e  T 2  18 50 0 .360  

O n  c o n c o u r s e  "I'3 1311 200 0 .650  
COllCOtlrsc to g r a d e  T 4  26  50 0 .520  
O n  g r a d e  to sall. a r e a  "1"5 I0  200  0 .050  

T o t a l  w a l k i n g  l i m e  T = T1 + "1"2 + 1"3 + "1"4 + 1"5 1.880 

T a b l e  C-1.3  N F P A  130  E x i t i n g  A n a l y s i s  
Stat ion:  S a m p l e  C e n t e r  Date:  A p r  1, 87  ( c o n t i n u e d )  

T e s t  # 1  

E v a c u a t e  P I ~ V I ' F O R M  O C C U P A N T  L O A D ( S )  f i -om P l a t t o r m ( s )  in  

4 m i n u t e s  o r  less .  
W1  ( t i m e  to c l e a r  p l a t f o r m )  = P L A T F O R M  O C C U P A N T  L O A D /  

P L A T F O R M  E X I T  C A P A C I T Y  

I n b o u n d  P l a t f o r m  
W1 = 1 3 7 2 /  4 2 0  = 3 . 2 6 7  m i n u t e s  

O u t b o u n d  P l a t f o r m  
W1 = 2 2 8 /  4 2 0  = 0 . 5 4 3  m i n u t e s  

T e s t  # 2  

E v a c u a t e  I ' L A T F O R M  O C C U P A N ' I "  L O A D  It-ore m o s l  r e m o t e  

p o i n t  o n  p l a t f i ) r m  to  a p o i n t  o f  sat;ety in  6 m i n u t e s  o r  less .  

I N B O U N D  P 1 - X I ' F ( ) R M  

W a i t i n g  T i m e  at  P l a t f o r m  E x i t s ,  W p  [ =  W1 - T 1 ]  

W p  = [W1 - T I ]  
W p  = 3 . 2 6 7  - 0 . 8 2 5  = 2 . 4 4 2  l n i n u t e s  

C o n c o u r s e  O c c u p a n t  L o a d  = P l a t f o r n l  O c c u p a n t  L o a d  
- (W1 x E m e r g e n c y  S t a i r  C a p a c i t y )  

C o n c o u r s e  O c c u p a n t  L o a d  = 1 3 7 2  - 4 5 7  
C o n c o u r s e  O c c u p a n t  L o a d  = 9 1 5  P e r s o n s  

T o t a l  C o n c o u r s e  O c c u p a n t  L o a d  = ( ] o n c o u r s e  L o a d  ( i n b o u n d )  

+ C o n c o u r s e  L o a d  ( O u t b o u n d )  = 9 1 5  + 152 - 1 0 6 7  

W a i l i n g  T i m e  at  F a r e  B a r r i e r s ,  W f [ =  W 2  - \,V1] 
W 2  = C o n c o u r s e  O c c u p a n t  L o a d  / F a r e  B a r r i e r  E x i t  C a p a c i t y  
W 2  = 5 3 4 /  4 0 0  - 1 .335  n m m t e s  

W f  = W 2  - W1  
W f  1 . 3 3 5 -  3 . 2 6 7  = 0 . 0 0 0  m i n u t e s  

W a i t i n g  T i l n e  at C o n c o u r s e  Exits ,  \Vc  [ =  W 3  - M + ~  ( W 2  o r  W 1 ) ]  
W 3  = 5 3 4 /  105 = 5 . 0 8 6  l n i n u t e s  

W c  - W 3  - M a x  ( W 2  o r  W 1 )  
W c  - 5 . 0 8 6  - 3 . 2 6 7  = 1 . 8 1 9  m i n u t e s  

O U T B ( ) U N D  P L A T F O R M  

W a i t i n g  T i m e  a t  P l a t t o r m  Ex i t s ,  W p  [ =  W1 - T I ]  

W p  - [W]  - q q ]  
W p  = 0 . 5 4 3  - 0 . 3 0 0  = 0 . 2 4 3  m i r m t e s  

( ~ o n c o u l ' s e  O c c u p a n t  L o a d  = P l a t f o r m  O c c u p a n t  L o a d  

- (W1 x E m e r g e n c y  S t a i r  C a p a c i t y )  
C o n c o u r s e  O c c u p : m t  l+oad - 2 2 8  - 76  
C o n c o u r s e  O c c u p a n t  l , o a d  = 152 P e r s o n s  

W a i t i n g  T i m e  at  F a r e  B a r r i e r s ,  W f [ =  W 2  - W l l  
W 2  = C o n c o u r s e  O c c u p a n t  L o a d  / F a r e  B a r r i e r  Ex i t  C a p a c i t y  

W 2  = 5 3 4 /  4 0 0  = 1 .335  m i n u t e s  

W f  W 2  - W I  
W f  1 . 3 3 5 -  0 . 5 4 3  = 0 . 7 9 2  m i n u t e s  

W a i t i n g  " l ' inm at C o n c o u r s e  Exits ,  W c  [ =  W 3  - M A X  ( W 2  o r  W1) ]  
W 3  = C o n c o u r s e  O c c u p a n t  L o a d  / C o n c o u r s e  E x i t  C a p a c i t y  
W 3  = 5 3 4 /  175 - 3 .051  m i n u t e s  

W c  = W 3  - M a x  ( W 2  or  W I )  
W c  - 3 .051  - 1 .335  = 1 .716  m i n u t e s  
T o t a l  E x i t  T i m e  [ =  T + W p  + W f  + W e ]  

T o t a l  - 2 . 3 3 0  + 2 . 4 4 2  + 0 . 0 0 0  + 1 .819  

T o t a l  = 6 .591  m i n u t e s  
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130-32 FIXED ( ;UI I )EWAY T R A N S I T  SYSTEMS 

A p p e n d i x  D S u g g e s t e d  T e s t  P r o c e d u r e s  for  F i r e  

R i s k  A s s e s s m e n t  

This Appemlix is not a part of the reqmreme~lts oj tkis NFPA document 
but is included file i~formatio~al purposes only. 

T h e  two most impor tan t  features in fire satiety design of  
a transit  vehicle are to provide  sufficient t ime tar  evacua- 
tion in the event  of  a fire be tbre  the vehicle c o m p a r t m e n t  
becomes  untenable  and to p reven t  a se l f -propagat ing fire. 

Model ing  has the capability of  p rov id ing  an evaluat ion 
of  a fire system. A mode l  can predic t  what eft-eel the use of  
var ious combinat ions  of  materials  will have in p reven t ing  
fnlly deve loped  fires in a specific situation. 

Hazard  load calculations p rov ide  a way to examine  the 
potent ial  fire hazard  of  materials  used in a transit  vehicle 
interior.  Using the example  in Table  D- l ,  the selection of  
the seating materials  can seriously affect the " load ing"  in a 
vehicle. A se l f -propagat ing fire depends  on the size of  the 
initiating fire; therefbre ,  the heat  flux or  expos ing  fire used 
to evaluate  materials  at their  location in the fire system is 
impor tan t .  Haza rd  load values are nseflfl in d e t e r m i n i n g  if 
a se l f -propagat ing fire is possible. T h e  hazard  load analysis 
is a m e t h o d  for c o m p a r i n g  release rate informat ion  used to 
d e t e r m i n e  the level of  safety selected. T h e  release rate 
in tormat ion  in Table  D-I is based on the 3-min release 
d e t e r m i n e d  at the exposure  ident i f ied in Table  D-I .  

T h e  data in Table  D-1 is based on tests of  materials con- 
duc ted  in accordance  with NFPA 263, Slmtdard Method of 
Test./be Heat and Visible Smoke Release Rates for Materials and 
Products. T h e  exposure  in the NFPA 263 test p r o c e d u r e  
can be varied d e p e n d i n g  on the location of  the materials  
within the fire compar tmen t .  For  example ,  materials  at the 
ceil ing will be exposed  to a grea te r  heat  flux than materials  
located at the floor level. For a more  comple te  explana t ion  
of  the hazard  load concept ,  in format ion  is available in a 
publ ica t ion  ent i t led ,  Transit Vehicle Atalerial Specification 
Using Release Rate Tests for Flammabilits amt Smoke, October  
1976, Edwin E. Smith,  p r e p a r e d  f o r t h e  Trans i t  Develop-  
ment  Corpora t ion ,  Washington,  DC. 

To  de t e rmine  the hazard  load in Tables  D-2 and D-3: 

(1) T h e  3-rain release rate value for each item in Table  
D-1 is muhip l ied  by its exposed  surface area. 

(2) T h e  B T U  and  s m o k e  va lues  tbr  all i tems a re  
totaled. 

(3) T h e  total value is d iv ided by the vo lmne  of  the vehi- 
cle to conver t  to BTU per  ft ~. 

HAZARD LOAD C A I . C U L A T I O N S  

In te r io r  Volume of  a Rail Transi t  Vehicle Is 4095 ft :~ 
(115.9 m :~) 

Exposed Surface Areas: 

Seating: 

Padded  (bottom and back) = 365 ft e (33.9 m 'e) 

Hard  back (seat backs) = 133 fie 112.4 m e) 

Windows: 

(65 f l x  7 It) x 4()9~ x 2 = 365 fi'-' (33.9 m=') 

Lower  walls: 

(65 f t x  7 ft) x 60% x 2 = 546 It" (50.7 m e) 

Light f ixture covers: 

(65 it x 0.83 It) x 2 = 108 i t" (10 m") 

Floor: 

(65 f l x  9 It) = 585 ft z (54.3 m") 

Ceiling: 

(65 ft x 9 fi) = 585 fie (54.3 m") 

Based on ex t remes  of  materials  in Table  D-l ,  examples  
of  the hazard  load calculations tbr the "best" and "worst" 
material  combinat ions  t i o m  available samples are shown in 
Tab les  D-2 and  D-3, which i l lus t ra te  the  " h e a t "  and  
" smoke"  hazard  load. T h r e e - m i n u t e  release rate values for 
materials  to be used in transit  vehicle interiors,  when tested 
in accordance  with NFPA 263, Standard Method of Test for 
Heat a~M l/isible Smoke Release Rates for Materials a~d Prod- 
ucts, should be substi tuted for those shown in Table  D-1 
and the actual surface area of  each material  also used. 

Table D-1 Release Rate Data 

"Best" "Worst" 
3-minute Release 3-minute Release 

Area Heat Smoke Heat Smoke 
(ft 2) (btu/ft 2) (part.*/ft 2) (Btu/ft 2) (part.*/ft 2) 

Seating at 1.0 W/cm'-' 
Padded 365 90 2,100 2,400 10,140 
Hardback 133 150 330 300 2,500 

Windows at 1.5 W/cm'-' 365 60 165 1,500 600 
Lower walls 

at 1.5 W/cm=' 546 150 330 300 2,500 
l ight  fixture 

covers at 1.5 W/cm'-' 1118 85 275 860 2110 
Floor at 1.0 W/cm=' 585 0 0 75 90 
Ceiling at 3.5 W/cm'-' 585 0"* 0"* 1,150 30 

*A "par t ic le"  o[ sm~)ke is def ined in t e rms  o [ ~  transmission of  the smoke  one  particle in one  cubtc foot of  air  will r educe  c7~ transmission by 10cTe when  viewed 
t h rou gh  a light pa th  ot 1 foot. 
**Asstuned noncombust ib le  a l u n l m u m  panels.  
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Table D-2 Hazard Load Calculations 
"Best" Loading 

Heat Hazard Load Smoke Hazard Load 

Sea t i ng  
P a d d e d  
H a r d b a c k  

W i n d o w s  
1,ower walls  
L igh t  f i x tu r e  cove r s  
F loor  
Ce i l i ng  

365 sq f i x  90 Btu/sq  fl = 32 ,850 Btu 
133 sq ft x 150 Btu/sq  ft = 19,950 Btu  
365 sq f t x  60 Btu / sq  ft = 21 ,900 Btu 
5 4 6 s q f i x  t 50  Btu/sq  ft = 81 ,900 Btu 
108 sq fl x 85 Btu /sq  ft = 9 ,180 Btu  
585 sq ft x 0 Btu/sq  ft = 0 B m  
585 sq ft x 0 Btu /sq  ft - 0 Btu 

365 sq ti~ x 2 ,100 "Par t . " / sq  ft - 766 ,500  "Pa r t . "  
133 sq ft x 330 "Par t . 'Tsq  ft = 43 ,890  ' T a r t . "  
365 sq f i x  165 "Par t . " / sq  fi = 60 ,225 "Pa r t . "  
546 sq ft x 330 " 'Part ." /sq ft = 180,180 "Par t . "  
108 sq ft x 275 ' T a r t . " / s q  ft = 29 ,700 "Par t . "  
585 sq f t x  0 "Pa r t . " / sq  fl - 0 "Pa r t . "  
585 sq f l x  0 "Par t . " / sq  ft = 0 "Par t . "  

To ta l  = 165,780 B m  To ta l  - 1 ,080,495 "Pa r t . "  
D iv ided  by Cat- V o l u m e  = 4 ,095 fi:~ = 40 Btu/ft  :~* 264 "Particles"/ft 3 

(65 ft x 9  f t x  7 It) 

*Based on the October, 1976, Phase 1 Report to the Transil Development Corporation refiercnced earlier, "tteat Hazard Load values of 80 Btu/fi; appear to 
be the maximum allowable loading to ensure that a selt-propogatmg fire will not oCCtlF with an initiating fire consisting of the equivalent of 1 Ib of newsprint 
or 8 oz of lighter fluid." 

Table D-3 Hazard Load Calculations 
"Worst" Loading 

Heat Hazard Load Smoke Hazard Load 

Sea t i ng  
P a d d e d  
t t a r d b a c k  

W i n d o w s  
L o w e r  walls  
L igh t  f i x tu r e  cove r s  
F loor  
C e i l i n g  

365 sq ft x 2 ,400 Btu /sq  fl - 876 ,000  Btu 
133 sq fi x 300 Btu / sq  ft = 39 ,900  Btu 
365 sq ft x 1,500 Btu /sq  ft - 547 ,500  Btu 
546 sq ft x 300 Btu /sq  ft - 163,800 Btu  
108 sq f l x  860 Bm/sq  ft = 92,801) Btu 
585 sq f l x  75 Btu/sq  fl = 43 ,875  Btu 
585 sq f t x  1,150 B m / s q  ft = 672 ,750  Btu 

365 sq f i x  10,140 "Par t . " / sq  ft = 3 ,701 ,100  "Par t . "  
133 sq ft x 2 ,500 "Par t . " / sq  ft = 322 ,500  "Par t . "  
365 sq f i x  600  "Part."/sq ft = 219 ,000  "Par t . "  
546 sq f i x  2 ,500 " P a r t . ' / s q  ft = 1,365,000 "Par t . "  
108 sq ft x 220 "Par t . " / sq  fl = 23 ,760 " 'Part ." 
585 sq f l x  90 " P a r t . ' / s q  ft = 52 ,650  "Par t . "  
585 sq f l x  30 "Pa r t . " / sq  fl = 17,550 "Pa r t . "  

To ta l  - 2 ,436 ,705  Btu To ta l  = 5 ,711 ,560  "Part." 
Div ided  by C a r  V o l u m e  = 4 ,095  tP = 595 Btu/tF ~ 1395 "Particles'Tft :~ 

A p p e n d i x  E C r e e p a g e  D i s t a n c e  

Tki.~ ,4ppe~ld~x ts not a part of the requireme'~ts of tk~s NFPA document 
but ts im'luded Jbr mformaliomd purposes otdy. 

Table E-1 Minimum Creepage Distance for Transit Vehicles 

Class 

App l i ca t i on  

N o m i n a l  
Vo l t age  

Sur face  

O r d i n a r y  
(Enc losed  

Low E n v i r o n m e n t  U n d e r f l o o r  H i g h l y  E x p o s e d  
E n e r g y  wi th  B r e a t h i n g )  E x p o s e d  E n v i r o n m e n t  (No E x t e r n a l  Pro tec t ion)  

C o n t r o l  & Power  
E lec t ron ic  & Devices  M o u n t e d  Power  Resis tors .  T h r e e  Rail Shoe  B e a m s  a n d  

P ro tec t ed  in C o n t r o l  ( , r o u p  O p e n  Di sconnec t  C u r r e n t  Co l l ec t ion  
Elect r ica l  Enc lo su re s  Devices  M o u n t e d  Devices  (Shor t  C i r cu i t  
Devices  (Shor t  C i r cu i t  O u t s i d e  P ro tec t ive  Un l in f i t ed  by O n b o a r d  

(1/2 a m p  Max)  Limits)  E n c l o s u r e s  Devices)  

38 

230 

600 

H o r i z o n t a l  l/l 6 in. l/s in. 3/4 in. 
Ver t i ca l  I/m in. t/8 in. 1/,2 ill. 

H o r i z o n t a l  :~/s in. 5/s in. 3 in. 
Ver t ica l  3/8 in. ~'/8 in. 2 in. 

H o r i z o n t a l  3/4 in. 11/4 in. 7 in. 
Ver t ica l  3/4 in. 11/4 in. 5 in. 

N/A 
N/A 

4 in. 
21/4 in. 

10 in. 
6 in. 
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A p p e n d i x  F R e f e r e n c e d  P u b l i c a t i o n s  

F-1 T h e  t o l l o w i n g  d o c u m e n t s  o r  p o r t i o n s  t h e r e o f  a r e  ref-  
e r e n c e d  w i t h i n  th i s  s t a n d a r d  for  i n t o r m a t i o n a l  p u r p o s e s  
o n l y  a n d  t h u s  a r e  n o t  c o n s i d e r e d  p a r t  o f  t h e  r e q u i r e l n e n t s  
o f  th i s  d o c u m e n t .  T h e  e d i t i o n  i n d i c a t e d  for  e a c h  r e f e r e n c e  
is t h e  c u r r e n t  e d i t i o n  as o f  t h e  d a t e  o f  t h e  N F P A  i s s u a n c e  
o f  th i s  d o c u m e n t .  

F - I . 1  N F P A  P u b l i c a t i o n s .  N a t i o n a l  F i r e  P r o t e c t i o n  Asso -  
c i a t i on ,  1 B a t t e r y m a r c h  P a r k ,  P .O.  B o x  9101 ,  Q u i n c y ,  M A  
0 2 2 6 9 - 9 1 0 1 .  

N F P A  80,  Sla~dard./br Fire Doors and Fire Wit~dows, 1995 
e d i t i o n .  

N F P A  2 0 4 M ,  guMe for Smoke a~d Heat I/e~ting, 1991 
e d i t i o n .  

N F P A  259 ,  Sta~dard Test Method jor Pote~tial Heat of 
Building Materials, 1993 e d i t i o n .  

N F P A  263 ,  Staadard Method of Te,~t for Heat and Visible 
Smoke Release Rates for Matermls a~ld Products, 1994  e d i t i o n .  

F-1.2 O t h e r  P u b l i c a t i o n s .  

F-1 .2 .1  A N S I  P u b l i c a t i o n .  A m e r i c a n  N a t i o n a l  S t a n d a r d s  
I n s t i t u t e ,  1430  B r o a d w a y ,  N e w  York ,  NY 10018 .  

A N S I / A S M E  A17 .1 ,  Safe(~: Code for Elevators and Escala- 
tors, 1993.  

F -1 .2 .2  A S T M  P u b l i c a t i o n s .  A m e r i c a n  Soc ie ty  o f  T e s t i n g  
a n d  M a t e r i a l s ,  1916  R a c e  S t r ee t ,  P h i l a d e l p h i a ,  PA 19103 .  

A S T M  D 2 7 2 4 ,  Standard Test Methods for BooMed, Fused, 
and Laminated Apparel Fabrics, 1987.  

A S T M  E 6 2 2 ,  Standard 7"est Method jbr Specific Ophcal Den- 
stty of Smoke get~erated by Solid Materials, 1994.  

A S T M  E 6 4 8 ,  Standard Test Melhodjbr Crilical Radiator Flux 
of Floor-Covering Systems Usmg a Radmn.t Heat £~ergy Source, 
1994.  

F - 1 . 2 . 3  I C E A  P u b l i c a t i o n s .  I n s u l a t e d  C a b l e  E n g i n e e r s  
A s s o c i a t i o n ,  P.O. Bo x  P, S o u t h  Y a r l n o u t h ,  MA 0 2 6 6 4 .  

I C E A  S - 1 9 - 8 1 / N E M A  W C 3 ,  Rubber-D~sula/ed I.Vire and 
Cable jbr the Transmissio~ a~M Distribution of Electrical Energy. 

I C E A  S-66-524/NEIVlA W C 7 ,  Cross-Linked-Thermosetting- 
Polyelhyh'l~e-hzsulaled Wire a~d Cable for the Tra~smission a~d 
Dis/ribatim~ of Electrical Energy. 

I C E A  S - 6 8 - 5 1 6 / N E M A  W C 8 ,  Ethylene-Propyleae-Rubber- 
ln.~ulated Wire and Cable./br the Tra~smissior~ mid Distribatio~ 
of Electrical Energy. 

F-1 .2 .4  O t h e r  P u b l i c a t i o n s .  

S m i t h ,  E d w i n  E., Transit Vehicle Malerial Specifieatiol~ 
Usit~g Release Rate Tests for Hammabihly (rod Smoke, T r a n s i t  
D e v e l o p m e n t  C o r p o r a t i o n ,  W a s h i n g t o n ,  DC,  Oct .  1976.  

Subzoay Envirom~w~dal Design Handbook, Vol. 1, P r inc ip les  
a n d  App l i ca t i ons ,  2 n d  ed. ,  1976,  Assoc ia t ed  E n g i n e e r s  A j o i n t  
v e n t u r e :  P a r s o n s  B r i n c k e r h o f f  Q u a d e  & D o u g l a s ,  l nc . ;  
1)elenw, C a t h e r  a n d  C o m p a n y ;  Ka i se r  E n g i n e e r s  u n d e r  t h e  
d i r ec t i on  o f  T r a n s i l  D e v e l o p m e n t  C o r p o r a t i o n ,  Inc.  

I n d e x  
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Aboveground tanks, atmospheric . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-9.8.3 
Access 

Elevated trainways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4.5 
Emergency ,  blue light stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1.5.3 
Surface trainways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3.5 
Vehicle s torage and  ma in t enance  areas  . . . . . . . . . . . . . . . . . . . . .  5-2.2 

Agencies, participating . . . . . . . . . . . . . . . . . . . .  ~ee Participating agencies 
Air gap, electrical circuits . . . . . . . . . . . . . . . . . . . . . . . . .  4-3.2.1 to 4-3.2.2 
Air quality criteria in emergencies . . . . . . . . . .  App. B: see also Fans, 

Emergency  ventilation 
Air temperature criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-2.2 

Stations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-3.2 
U n d e r g r o u n d  trainways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2.2.2 

Air velocity criteria, emergency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  B-2.3 
Alarms, fire 

Stations . . . . . . . . . . . . . . . . . . . . . . . . .  2-7.1.1 to 2-7.1.3, 2-7.2.1, 2-7.2.3 
Vehicle s torage and  ma in tenance  arcas . . . . . . . . . . .  5-4.1 to 5-4.2 

Alternate central supervising station . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-5.6 
Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I-5 
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Slations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-2.3.2 

Protective s ignal ing systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-7.1.5 
Ventilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-3.5 

Underwa te r  line sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2.1.7 
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S t a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -3 .4 ,  2 - 4 . 1 . 6  to  2 - 4 . 1 . 8  
U n d e r g r o u n d  s y s t e m s  . . . . .  3 - 2 , 2 . 4 ,  3 - 2 . 3 . 7  to  2 - 3 . 9 ,  B - 2 . 1 . 2 ,  

B - 2 . 4 ,  B - 2 . 5 . 3  

W i r i n g  . . . . . . . . . . . . . . . . . . . . . . .  2 - 4 . 1 . 4 ,  2 - 4 . 1 . 6  to 2 - 4 . 1 . 8 ,  3 - 2 . 3 . 5  

Train control a n d  o m n n u n i c a t i o n s  r o o m s  . . . . . . . . . . . . . . .  A - 6 - 5 . 8  
Fire alarms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,~ee A l a r m s ,  f i r e  

Fire doors 
S t a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 - 2 . 3 . 3 ,  2 - 2 . 3 . 6  

U n d e r g r o u n d  t r a i n w a y s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 - 2 . 4 . 3  
Fire drills, emergency procedures plan . . . . . . . . . . . . . . . . . . . . . . . . . .  6 -9  
Fire emergency (definition) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-5 
Fire extinguishers, portable 

( ) f f i c e s  a n d  s t o r e r o o m s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 - 4 . 4 . 2  
S t a t i o n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 -7 .5  
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