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N O T I C E  

All questions or other communica t ions  relat ing to this document  should be sent only to NFPA Head-  
quarters,  addressed to the a t tent ion of the Commi t t ee  responsible for the document .  

For in tbrmat ion on the procedures for request ing Technical Commit tees  to issue Formal Interpreta t ions ,  
proposing Tentative Inter im Amendments ,  proposing amendments  for Commit tee  consideration, and appeals 
on matters  relat ing to the content of the document ,  write to the Secretary, Standards  Council ,  Nat ional  Fire 
Prntection Association, 1 Bat terymarch Park, RO. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Commi t t ee  Projects shall not be considered the official position 9 f NFPA or any of its Commi t t ees  and 
shall not be considered to be, nor be relied upon as, a Formal Interpretat ion.  

Users of this document  should consult  applicable Federal, State and local laws and regulations.  NFPA 
does not, by the publicat ion of this document ,  intend to urge action which is not in compliance with appli- 
cable laws and this document  may not be construed as doing so. 

Pol icy  Adop ted  by  N F P A  Board of  Directors  on D e c e m b e r  3, 1982 

The  Board of Directors reaffirms that  the Nat ional  Fire Protection Association recognizes that the tox- 
icity of the products  of combust ion is an impor tan t  factor in the loss of life from fire. NFPA has dealt  with 
that subject in its technical commit tee  documents  for many  years. 

There  is a concern that the growing use of synthetic mater ia ls  may produce more or addi t ional  toxic 
products  of combust ion in a fire environment .  The  Board has, therefore, asked all NFPA technical commit-  
tees to review the documents  for which they are responsible to be sure that the documents  respond to this 
current  concern. To assist the commit tees  in mee t ing  this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical commit tees  on questions relat ing to assessing the hazards  
of the products  of combustion.  

L i c e n s i n g  P r o v i s i o n  - -  This  document  is copyrighted by the National  Fire Protect ion Association 
(NFPA). 

1. A d o p t i o n  by  Reference - -  Public  authorit ies 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 adopt ing  author i ty  must  be noted separately. Those using this method are requested to notit} 
the NFPA (Attention: Secretary, Standards Council)  in wri t ing of such use. The  term "adopt ion  by reference" 
means  the ci t ing of title and publ ishing informat ion only. 

2. A d o p t i o n  by  T r a n s c r i p t i o n  - -  A. Public authori t ies  with l awmaking  or ru le -making  powers only, 
upon wri t ten 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 addit ions,  if any, noted 
separately, in laws, ordinances,  regulations,  adminis t ra t ive  orders or s imilar  ins t ruments  having  the force of 
law, provided that: (1) due notice of NFPA's copyright  is contained in each law and in each copy thereot:, 
and, (2) that such print ing and republication is limited to numbers  sufficient to satist) the jurisdiction's  lawmak- 
ing or ru lemaking  process. B. Once  this NFPA Code or Standard  has been adopted into law, all pr int ings 
of this document  by public authori t ies  with l awmaking  or ru lemaking  powers or any other persons desir ing 
to reproduce this document  or its contents as adopted by the jur isdict 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 addit ions,  if any, noted 
separately provided that clue notice of NFPA's copyright 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 cont inue the work of NFPA and its w)luntecrs in cont inual ly  upda t ing  and revising 
NFPA standards. Under  certain circumstances, public authoriti~:s with lawmaking  or ru lemaking  powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of  License.  G r a n t  - -  The  terms and condit ions set tbrth above do not extend to the index 
to this document .  

(For further explanation,  see the Policy Concern ing  the Adoption, Pr in t ing  and Publ icat ion of NFPA 
Documents  which is available upon request trom the NFPA.) 

Statement  on N F P A  Procedures  

This  material  has been developed t inder the published procedures of the National  Fire Protection Associa- 
tion, which are designed to assure the appoin tment  of technically competent  Commit tees  having balanced 
representation. While  these procedures assure the highest degree of care, nei ther  the National  Fire Protection 
Association, its members,  nor  those par t ic ipat ing in its activities accepts any liability result ing t>om com- 
phance or noncompliance with the provisions given herein, for any restrictions imposed on mater ia ls  or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or authori ty  to police or enforce compliance with the contents of this document  
and any certification of products s tat ing compliance with requi rements  of this document  is made  at the peril 
of the certifier. 
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NFPA 130 

Standard for 

Fixed Guideway Transit Systems 

1993 Edition 
~.~ 

This edition of NFPA 130, Sta?Mardfor Fixed Gz6dewa~ Tramit Systems, was prepared by 
the Technical Committee on Fixed Guideway Transit  Systems and acted on by the 
National Fire Protection Association, Inc. at its Annual  Meeting held May 24-27, 1993, 
in Orlando, FL. It was issued by the Standards Council on July 23, 19{)3, with an ett~ec- 
tire date of August 20, 1993, and supersedes all previous editions. 

The 1993 edition of this document has been approved by the American National 
Standards Institute. 

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 t iom the previous edition. 

Origin and Development of NFPA 130 

Tile Fixed Guideway Transit  Systems Committee was formed in 1975 and immedi- 
ately began work on the development of NFPA 130. One of the primary concerns of the 
Committee in the preparation of this document centered oil the potential for entrap- 
ment and injury of large numbers of people who routinely utilize these mass transpor- 
tation tacilities. 

During the preparation of this document, several significant 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 
NFPA 130, Sla,Mard.for Fixed Guidewa), Tra~sit S~,stems. This was adopted bv the Associa- 
tion in 1983. The 1983 edition was partially revised in 1986 to cont:brm with the NFPA 
Mammal ~!/ Slyle and incorporated revisions including a new Chapter 8; new Appendix F, 
"Creepage Distance"; additional minor revisions to the first fbur chapters and Appendi- 
ces 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 for AGT Systems into the standard. Table 1 from Appendix D was 
moved into Chapter 4, "Vehicles," and new vehicle risk assessment material was added 
to Appendix 1). 

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



1 3 0 - 2  F1XED~,~U,1DEWAY TRANSI'F SYSTEMS'. 

T e c h n i c a l  C o m m i t t e e c o n .  F ! 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  

Frank J. Cihak, Chair 

American Public Transit  Assn., DC 
Rep. Transi t  Development  Corp.,  Inc. 

Will iam R. Segar, Secretary 

AEG Westinghouse Transpor ta t ion Systems Inc., PA 

Robert  L. Aaron, Los Angeles City Fire Dept., CA 
Bruce D. Anson, Rohm & Haas Co., PA 
Melba Bayne, Washington Metropolitan Area Transit 
Authority, DC 
John  F. Bender,  Office of  State Fire Marshal, MD 

Rep. Fire Marshals Assn. of  North America 
Carmen J. Bianco, New York City Transit Authority, NY 
David M. Casselman, Lea & Elliott Inc., TX 
Ghislain M. Coti~, Montreal Urban Conmmnitv Transit 
Corp. (STCUM), Canada 
Norman H. Danziger, Parsons Brinckerhoff Quade & 
Douglas, Inc., NY 
Donald A. Diehl, Alison Control, Inc., NJ 

Rep. Nafl Fire Protection Assn./Rail Transportation 
Systems 
Lawrence M. Engleman, Mass Transit Administration, MD 
Edward K. Farrelly, The Port Authority of  NY & N J, NJ 
David R. Fiedler, RolfJensen & Assoc., Inc., TX 

Richard G. Gewain, Httghes Assoc., Inc., MD 
James  P. Gourley, Nat'l Railroad Passenger Corp., PA 
Paul A. Hargrove, Seattle Fire Dept., WA 
William T. Hathaway, U.S. Dept. of  Transportation, MA 
James R. Hoover, Du Pont PPD/SPD, DE 

Rep. Society of the Plastics Industry, Inc. 
Jack Lasky, Okonite Co., NJ 

Rep. Nat'l Electrical Manutacturers Assn. 
Harold  A. Locke, Locke MacKinnon Domingo Gibson & 
Assoc. Ltd, Canada 
Lorne L. MacMonagle, General Electric Co., PA 
Harry  E. Newell, Cerberus Pyrotronics, NJ 
Frank E. O'Dowd, Chicago Transit Authority, 1I.. 
Larry M. Romine,  Schirmer Engineering Corp., TX 
Richard B. Schiehl, Los Angeles Cnty Fire Dept., CA 
John  J. Troy, FPC Sierra Inc., CA 
Ralph S. Weule, Bay Area Rapid Transit Dist., CA 

Alternates 

A. J. Bartosic, Rohm & Haas Co., PA 
(AIt. to B. D. Anson) 

Arthur  G. Bendelius,  Parsons Brinckerhnff Quade & 
Douglas, Inc., NY 

(Alt. to N. H. Danziger) 
William R. Cioceio, AEG Westinghouse Transportation 
Systems, Inc., I'A 

(Ah. to W. R. Segar) 
Michael J. Conlon, Mass Transit Administration, MD 

(Air. to L. M. Engleman) 
Walter A. Damon, Schirmer Engineering Corp., IL 

(Alt. to L. M. Romine) 
Charles P. Elms, Lea & Elliott Inc., VA 

(?dr. to D. M. Casselman) 
Vincent Gallo, The Port Authority of  NY & N J, NJ 

(Alt. to E. K. Farrclly) 
Salvatore A. Gilardi, New York City Transit.,'A~thority NY 

ONt. to C. J. Bianco) 

Richard D. Gottwald, Society of  !he Plastics 1 ndustry, Inc., DC 
(Alt. to J. R. Hoover) 

Edward M. Gregerman,  American Public Transit Assn., DC 
(Alt. to F. J. Cihak) 

Jonathan A. Hall, Los Angeles City Fire Dept., CA 
(Alt. to R. L. Aaron) 

Joseph  F. Krempasky, Washington Metropolitan Area 
Transit Authority, DC 

(Alt. to M. Bayne) 
Robert Malanga, RolfJensen & Assoc., Inc., NJ 

(Air. to D. R. Fiedler) 
Frederick L. Mead, Chicago Transit Authority, IL 

(Air. to F. E. O'Dowd) 
Pierre Sigouin, Montreal Urban Community Transit Corp. 
(STCUM), Canada 

(Alt. to G. M. Cot(:) 
James M. Surless, The Long Island Rail Road, NY 

(Alt. to D. A. Diehl) 

Richard  Ortisi-Best ,  NFPA Staff Liaison 

This hsl represe~lts the memhership at the hme the Commdtee was halloted o*l the text o[ thz~ edition Since that hme, cha*~ge~ 
in the member.~hlp may h~tz,e occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the Associa- 
tfim or any document developed bv the Committee on which the member serves. 

Committee Scope: This Committee shall have primary responsibility for fire protection requirements for 
underground, surface, and elevated fixed guideway transit systems including trainways, vehicles, transit sta- 
lions, and vehicle maintenance and slorage maintenance areas and tor life sati:ty ti'om fire in transit stations, 
tramways, vehicles, and outdoor vehicle inainlenance and storage areas. Transit stations shall pertain to sta- 
tions accommodating only passengers and employees of the fixed guideway tral~lslt systems and incidental 
occupancies in the stations. 

1993 Edition 
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1 3 0 - 4  FIXED GU1DEWAY T R A N S I T  SYSTEMS 

NFPA 130 

Standard for 

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  

1993 Edition 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Information on ref;erenced, publications can be found in 
Chapter 8 and Appendix F. 

Chapter 1 General 

1-1 Scope. 

1-1.1 This  s tandard  covers fire protec t ion  r equ i r emen t s  
tor  u n d e r g r o u n d ,  surface, and e levated fixed guideway 
transit  systems inc lud ing  trainways, vehicles, t ransit  sta- 
tions, vehicle ma in tenance  and s torage areas; and for life 
safety f rom fire in transit  stations, trainways, vehicles, and 
ou tdoo r  vehicle ma in tenance  and s torage areas. Trans i t  
stations shall per ta in  to stations accommoda t i ng  only pas- 
sengers  and employees  of  the fixed guideway transit  sys- 
tems and incidental  occupancies  in the stations. This  stan- 
da rd  establishes m i n i m u m  requ i r emen t s  for each of  the 
ident i f ied subsystems. 

1-1.2 This  s tandard  does not  cover  r equ i r emen t s  tor the 
following: 

(a) Conven t iona l  f re ight  or  passenger  rai l road systems 
inc luding  those that  p rov ide  c o m m u t e r  services. 

(b) Buses and trolley coaches. 

(c) Any o the r  system of  t ranspor ta t ion  not  inc luded in 
the defini t ion o f  fixed guideway transit  system. 

1-1.2.1 To  the ex ten t  where  a system, inc luding  those 
listed in 1-1.2(a) t h rough  (c), in t roduces  hazards  of  a simi- 
lar na tu re  to those addressed  herein,  this s tandard  may he 
used as a guide.  

1-1.3 No th ing  in this s tandard  is in t ended  to p reven t  or  
d iscourage  the use of  new methods ,  materials,  or  devices, 
p rov ided  that  sufficient technical  data are  submit ted  to the 
author i ty  having  jur i sd ic t ion  to demons t r a t e  that  the new 
method ,  material ,  or  device is equiva len t  to or  super io r  to 
the r equ i r emen t s  of  this s tandard  with respect  to fire resis- 
tance and safety'. 

1-2 Purpose .  T h e  purpose  of  this s tandard  is to establish 
m i n i m u m  r e q u i r e m e n t s  that  will p r o v i d e  a r easonab le  
deg ree  of  safety f rom fire and its re la ted hazards.  

1-3 Characteristics of Fire Safety, Fire safety on a fixed 
guideway transit  system is achieved t h rough  a composi te  of  
facility des ign,  o p e r a t i n g  e q u i p m e n t ,  ha rdware ,  p roce-  
dures,  and software subsystems that  are in tegra ted  to pro-  
vide r equ i r emen t s  for the protec t ion  of  life and p rope r ty  
f i o m  the effects of  fire. T h e  level o f  fire safety des i red for 
the  whole  system shall be ach ieved  by in t eg ra t ing  the 
r equ i r ed  levels for each subsystem. 

1-4 Application. 

1-4.1 This  s tandard  shall apply to new fixed guideway 
transit  systems and to extensions of  exist ing systems. 

1-4.2 T h a t  por t ion  of  the s tandard  deal ing  with emer -  
gency p rocedure s  shall apply to new and exist ing systems. 

1-4.3 T h e  s tandard  also shall be used for purchases  of  
new rol l ing stock and re t rof i t t ing of  exist ing e q u i p m e n t  or  
tacilities except  in those instances where  colnpl iance with 
the s tandard  will make  the i l n p r o v e m e n t  or  expans ion  
incompat ib le  with the exist ing system. 

1-5 Definitions. 

Alternate Central Supervising Station. A p r e a r r a n g e d  
location that  is equ ipped ,  or  can quickly be equ ipped ,  to 
tunct ion as the Centra l  Superv is ing  Station in the even t  the 
Centra l  Supervis ing  Station is inopera t ive  or  un tenable  for 
any reason.  

Approved. Acceptable to the "author i ty  having jur is-  
diction.'" 

NOTE: The National Fire l'rotection Association does not 
approve, inspect or certify any installations, procedures, 
equipment, or materials nor does it approve or evaluate 
testing laboratories. In detcrmining the acceptability of 
installations or procedures, equipment or materials, the 
authority having jurisdiction may base acceptance on con> 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure or use. The author- 
ity having jurisdiction may also refier to the listings or label- 
ing practices of an organization concerned with product 
evaluations which is in a position to determine compliance 
with appropriate standards tbr the current production of 
listed items. 

Ancillary Area/Ancillary Space. The  nonpublic areas or  
spaces of  the stations usually, used to house or  contain operat- 
ing, maintenance, or  support  equipment  and fimctions. 

Authority. T h e  agency legally established and autho-  
rized to opera te  a fixed guideway transit  system. 

Authority Having Jurisdiction. T h e  "author i ty  having 
j u r i s d i c t i o n "  is the  o r g a n i z a t i o n ,  office o r  i nd iv idua l  
responsible  for " app rov ing"  equ ipmen t ,  an installation or  a 
procedure•  

NOTE: The phrase "authority having jurisdiction" is used 
in NFPA documents in a broad manner since,jurisdictions 
and "approval" agencies vary as do their responsibilities. 
Where public safmv is primar~e, the "authority having juris- 
diction" may b c a  federal, state, local or other regional 
deparnnent or individual such as a fire chief, fire marshal, 
chief" of a fire prevention bureau, labor department, health 
deparnnent, building official, elccn-ical inspeoor, or others 
having statutory authority. For insurance purposes, an 
insurance inspection department, rating bureau, or other 
insurance company represenlative may be the "authority 
having jurisdiction." In many circumstances the property 
owner or his designated agent assumes the role of" thc 
"authority having jurisdiction"; at government installations, 
the commanding ofticer or departmental official may be the 
"authority having jurisdiction." 

Automated Fixed Guideway Transit Systems. A fixed 
guideway transit  system that opera tes  fully au tomated 'd r iv -  
erless vehicles a long an exclusive right-of=way. 
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Building. Any s t ruc ture  or  g roup  of  s t ructures  in 
which fixed guideway transit vehicles are stored or main- 
tained, including those in which inspection and service func- 
tions are performed, and other ancillary structures, such as 
substations and air conditioning or ventilation facilities. 

Central Supervising Station. The  opera t ions  center  
where the authori ty controls and coordinates the system- 
wide movement  of passengers and trains from which com- 
munication is maintained with supervisory and opera t ing  
personnel  of the authority, and with part icipating agencies 
when required.  

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

Communications.  Radio, te lephone,  and messenger  
services th roughout  the system and particularly at the cen- 
tral supervising station and command post. 

Elevated Structure.  All s t r u c t u r e s  not  o the rwi se  
defined as surface or unde rg round  structures. 

Emergency Procedures Plan. A plan developed by the 
authority with the cooperat ion of all part icipating agencies 
detail ing specific actions required by all those who will 
respond dur ing  an emergency. 

I Enclosed Station. A station or  por t ion thereof  that  
does not meet the definition of an open station. 

Engineering Analysis (Fire Hazard/Fire Risk Assess- 
ment). An analysis that evaluates all the various factors 
that affect the fire safety of the system or component .  A 
written repor t  of the analysis shall be submitted to the 
authori ty indicating the fire protection method(s) recom- 
mended  that will provide a level of  fire safety commensu- 
rate with this s tandard.  

Fire Emergency. The existence of, or threat  of, fire 
and/or  the development  of smoke or fumes that calls for 
immediate action to correct or alleviate the condition or 
situation. 

Fixed Guideway Transit System (The System). An 
electrified t ransportat ion system, utilizing a fixed guide- 
way, operat ing on right-of-way for the mass movement  of 
passengers within a metropoli tan area and consisting of its 
fixed guideways, transit  vehicles and other  rolling stock; 
power system; buildings; maintenance facilities; stations; 
transit  vehicle yard; and o ther  stat ionary and movable 
apparatus,  equipment,  appurtenances ,  and structures. 

Fixed Guideway Transit Vehicle (The Vehicle). An 
electrically propel led passenger-carrying vehicle character- 
ized by high acceleration and braking rates for frequent 
starts and stops and fast passenger loading and unloading. 

Guideway. That  port ion of the transit line included 
within right-of-way fences, outside lines of curbs or shoulders, 
underground tunnels, cut or fill slopes, ditches, channels, 
and waterways, and including all appertaining structures. 

Incidental Occupancies in Stations. Refers to the use 
of the station by others who are nei ther  transit  system 
employees nor passengers. 

Labeled.  Equipment  or materials to which has been 
attached a label, symbol or other  identifying mark of  an 

organization acceptable to the "authori ty having jurisdic- 
tion" and concerned with product  evaluation, that main- 
tains periodic inspection of product ion of labeled equip- 
ment  or materials and by whose labeling the manufacturer  
indicates compliance with appropr ia te  s tandards or  perfor-  
mance in a specified manner .  

Listed. Equipment  or materials included in a list pub- 
lished by an organization acceptable to the "authori ty hav- 
ing jurisdict ion" and concerned with product  evaluation, 
that maintains periodic inspection of product ion of  listed 
equipment  or materials and whose listing states ei ther that 
the equipment  or material meets appropr ia te  s tandards or 
has been tested and found suitable for use in a specified 
manlier.  

NOTE: The means for identifying listed equipment may 
vary for each oi'~nization concerned with product evalua- 
tion, 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 listing organiza- 
tion to identify a listed product. 

Noncombustible. 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, 
Standard Test Method for Behavior of Materials in a Vertical 
Tube Furnace at 750°C, and conforming to the criteria con- 
tained in Section 7 of  the referenced s tandard shall be con- 
sidered as noncombustible. 

Open  Station. A station that is constructed in such a 
manner  that it is open to the atmosphere,  and smoke and 
heat  are allowed to disperse directly into the atmosphere.  

Participating Agency. A public, quasipublic, or private 
agency that has agreed to cooperate with and assist the 
authori ty dur ing  an emergency. 

Person in Command. A person  des igna ted  by the 
authori ty or a responsible fire or police representat ive on 
the scene of an emergency fully responsible at the com- 
mand post. 

Point of  Safety. An enclosed fire exit that leads to a 
publ ic  way or  safe locat ion outs ide  the s t ruc ture ,  or  
at-grade point beyond any enclosing structure, or  o ther  
area that affords adequate protection for passengers. 

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

Power Substation. Location of electric equipment  that 
does not generate electricity but  receives and converts or 
transforms generated energy to usable electric energy. 

Replace- in-Kind.  To furnish with new parts or equip- 
ment, as appl ied to vehicles' and facilities, of the same type 
but  not necessarily of identical design. 

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

Station. A place designated for the purpose  of loading 
and unloading passengers, including pat ron service areas 
and ancillary spaces associated with the same structure. 
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Station Platform. The area of a station used primarily 
for loading and unloading transit vehicle passengers. 

Surface Structure. An)' at-grade or unroofed structure 
other than an elevated or underg round  structure. 

System. See definition of Fixed Guideway 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 Stations 

2-1 General. 

2-1.1 This chapter shall apply to all stations whether they 
are entirely or in any part below, at, or above grade. 

2-1.2 Occupancy. 

2-1.2.1 The primary purpose of a station is ibr the use of 
the transit passengers who normally stay in a station struc- 
ture for a period of time no longer than that necessary to 
wait for and enter a departing transit vehicle or to exit 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 station 
structures. 

2-2 Construction Material. 

2-2.1 General.  Building construction for all new rapid 
transit stations shall be not less than Type I or Type II or 
combinations of Type 1 and Type 11 approved noncombus- 
tible construction as defined in NFPA 220, Standard on 
Types of Building Constractio~h as determined by an engi- 
neering analysis of potential fire exposure hazards to the 
s t r u c t u r e .  

2-2.2 Safeguards During Construction. Dur ing  the 
course of construction or major modification of any struc- 
ture. provisions of NFPA 241 Standar(t:',for Safeguarding 
Co nstruchon, Alteration, and De mohtm~ Operatmns, shall 
apply. 

2-2.3 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. 

2-2.4 Ancillary Spaces. In all stations fire resistance rat- 
ings of separations between occupancies shall be estab- 
lished as required by the local building code in accordance 
with NFPA 251, Standard Methods of Fhe Tests of Building 
Constructio~l ahd Materials. 

Exception No. 1: All power .~ubstations shall have a fire sepa'ra- 
lion of at least 3 hour~ from all other occupancies. 

Exception No. 2: Electrical control rooms, auxiliary electrical 
rooms, and associated battery rooms shall have afire separatio'a of 
at least 2 hours from all ot,~er occupancies. 

Exception No. 3: Trash rooms shall have a fire separation of at 
least 2 hoar,~ from all other occupancies. 

Exception No. 4: Train conhvl rooms and associated battery 
rooms shall have afire separatzon of at least 2 hours from all other 
occupancies. 

Exception No. 5: All public areas shall have afire separation of 
at least 2 hours from nonpablic areas. 

2-2.4.1 Doors and other openings through the separa- 
tions identified in 2-2.4, including Exceptions 2 through 5, 
shall be protected by fire door assemblies having a protec- 
tion rating of 1 I/2 hours. 

Exception No. 1 identified in 2-2.4 shall be protected by 
fire door assemblies having a protection rating of 3 hours. 

2-2.4.2 Agents '  or in format ion  booths shall be con- 
structed of approved noncombustible materials. 

2-2.4.3" MI station public areas shall have a fire separa- 
tion of at least 3 hours from all nontransit  occupancies. 
The fire separation for stations may be modified based on 
an engineering analysis of potential fire exposure hazards. 

2-2.4.4 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 
appropr ia te  rat ing for the location in which they are 
installed. Where a fire door is required to be open, it shall 
be automatic closing, activated by listed smoke detector or, 
where a separate smoke barrier is provided, the operation 
may be by fusible links. (See NFPA 80, Standard for Fire 
Doors and Fire Windows.) 

2-2.4.5 Automatic Sprinkler System Requirements. (See 
2-6.3.) 

2-3 Ventilation. 

2-3.1 General. In enclosed stations, provisions shall be 
made for emergency ventilation for the protection of pas- 
sengers and employees from fire or generation of smoke. 
(See Appendix B.) 

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

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

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

(c) To limit the air temperature in a path of egress away 
from a train fire 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, and all related components exposed to the ventila- 
tion airflow shall be designed to operate in an ambient 
atmosphere of 482°F (250°C) for a period of at least 1 hour. 
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2-3.4.2 Local fan motor  starters and related opera t ing  
control devices shall be located away from the direct air 
stream of  the fans to the greatest extent  practical. 

2-3.~L3 Fans required for emergency operat ion shall be 
capable of  satisfying emergency  air velocity cr i ter ia  in 
ei ther supply or  exhaust  modes. 

2-3.4.4 Discharge/out le t  openings  for emergency  fans 
shall be posit ioned a sufficient distance from supply air 
intake openings to prevent  recirculation. I f  this is not pos- 
sible due to area constraints, then intake openings shall be 
protected by other  approved  means or devices to prevent  
smoke from reenter ing the system. 

2-3.4.5 Opera t ion  and fail-safe verification of  p r o p e r  
operat ion of  emergency fans shall be effected from a cen- 
tral supervising station with indication provided for all 
modes of operat ion for 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 for emergency 
ventilation. 

2-3.4.7 Local controls  shall permi t  over r id ing  remote  
central supervising control. Local control shall be capable 
of operat ing the fans in all modes in the event the remote  
controls become inoperable.  

2-3.5 Anci l la ry  Spaces. Storage battery or similar ancil- 
lary rooms in which hydrogen  gas or o ther  hazardous 
gases may be re leased,  and  mechanica l  vent i la t ion  is 
required,  shall be ventilated in accordance with NFPA 91, 
Standard for Exhaust Systems for Air Conveying of Materials. 

2-4 Wir ing  Requirements .  (See B-2.5.) 

2-4.1 All wiring materials and installations within stations 
other  than for traction power shall conform to require- 
ments of NFPA 70, National Electrical Code ®, and, in addi- 
tion, shall satisfy the following requirements:  

2-4.1.1 Materials manufactured for use as conduits, race- 
ways, ducts, boxes, cabinets, equipment  enclosures, and 
their  surface finish materials shall be capable of being sub- 
jected to temperatures  up to 932°F (500°C) for 1 hour  and 
shall not suppor t  combustion under  the same tempera ture  
condition. Other  materials when encased in concrete shall 
be acceptable. 

2-4.1.2 All conductors shall be insulated. Ground wires 
shall be permit ted  to be bare. All thicknesses of insulation 
and all thicknesses of jackets shall conform to NFPA 70, 
National Electrical Code. 

2-4.1.3 All insulations shall conform to Article 310 of  
NFPA 70, National Electrical Code, and be moisture and heat  
resistant types carrying tempera ture  ratings corresponding 
to the conditions of  application and in no case lower than 
194°F (90°C). 

2-4.1.4 Wire and cable constructions in tended for use in 
operat ing vital t r a i n  signal circuits and power circuits to 
emergency fans, lights, etc., shall pass the flame propagat-  
ing criteria of the IEEE s tandard 383, Standard for Type 
Tests of Class 1E Electric Cables, Field Splices, and Connections 
for Nuclear Power Generating Stations. NEC-type listed cables 
suitable for use in plenums shall be permit ted  to be used in 
train signal circuits. 

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

2-4.1.6 Overcur ren t  elements that (1) are designed to 
protect  conductors serving emergency equipment  motors 
(fans, dampers ,  pumps,  etc.), emergency  lighting, and 
communicat ions equipment ,  and (2) th~/t,,are located in 
spaces other  than the main electrical distribution system 
equipment  rooms shall not depend  on thermal  propert ies  
for operation.  

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

2-4.1.8 Conductors for emergency fans, emergency light- 
ing, communications, etc., shall be protected from physical 
damage by transit vehicles or other  normal  transit  system 
operations and from fires in the transit system by suitable 
embedment  or encasement,  or by rout ing such conductors 
external  to the interior  unde rg round  port ions of the tran- 
sit system facilities. 

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

2-5.1 General .  To provide minimum criteria for design 
of egress facilities, a station shall comply with the provi- 
sions of NFPA 101 ®, Life Safety Code ®, Chapters 8 and 9, 
"New and Existing Assembly Occupancies ,"  except  as 
herein modified. 

2-5.2 Occupant Load. (See Appendix C.) 

2-5.2.1 The  occupant  load for a transit  station shall be 
de te rmined  based on the emergency condition requir ing 
evacuation of that station to a point  of safety. The  occupant  
load shall be based on the "Calculated Train  Load" of 
trains simultaneously enter ing the station on all tracks in 
normal  traffic direction dur ing  the peak 15-minute per iod 
plus the simultaneous entraining load awaiting a train. As 
a basis for computing the detraining load dur ing an emer-  
gency, not more than one train will unload at any one track 
to a platform dur ing  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 would 
include such areas as civic centers, sports complexes, and 
convention centers. Considerat ion of control of access to 
platform may be necessary to provide the appropr ia te  level 
of  safety. 

2-5.2.3 At multiplatform stations each platform shall be 
considered separately and the arrival of trains from all nor- 
mal traffic directions plus entraining loads shall be consid- 
ered. At concourses, mezzanines, or multilevel stations, 
simultaneous loads shall be considered for all exit lanes 
passing through that area. 
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2-5.3 Number and Capacity of Exits. 

2-5.3.1 Exit capacities shall be calculated on the basis of 
22-in. (558.8-mm) wide exit lanes. Width shall be measured 
in the clear at the narrowest point except that individual 
handrails shall be permitted to project 31/2 in. (88.9 ram) into 
the required width. Fractional lanes shall not be counted in 
measuring exit capacities except that 12 in. (304.8 mm) 
added to 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 defined in 2-5.2 from the station 
platforms in four minutes or less. The maximum travel 
distance to an exit from any point on the platform shall not 
exceed 300 ft (91.4 m). 

2-5.3.3 The station also shall be designed to permit evac- 
uation f rom the most remote point on the platform to a 
point of safety in six minutes or less. In at-grade or ele- 
vated structures so designed that the station platform is 
open to the elements and, where the concourse is below or 
protected from the platform by distance or materials as 
determined by an appropriate engineering analysis, that 
concourse may be defined as a point of safety. 

2-5.3.4 The capacity in persons per minute (ppm), pas- 
senger travel speeds in teet per minute (fpm), and require- 
ments for exit lanes shall be as follows: 

2-5.3.4.1 Platforms, Corridors, and Ramps of 4 Percent 
Slope or Less. Exit corridors and ramps shall be a mini- 
mum of 5 ft 8 in. (1.73 m) wide. In computing the number  
of exit lanes available, 1 ft 0 in. (304.8 mm) shall be 
deducted at each side wall and 1 ft 6 in. (457.2 ram) at 
platform edges. 

Per Exit Lane 
Capacity --  50 ppm 
Travel Speed --  200 fpm (61 m/m) 

2-5.3.4.2* Stairs, Stopped Escalators, and Ramps of Over 
4 Percent Slope. Exit stairs shall be a minimum of 44 in. 
(1.12 m) wide. Stopped escalators may be considered as 
emergency exits of two-lane capacity provided they are of 
standard 48 in. (1.22 m) width, of 1 l/e-lane capacity pro- 
vided they are of standard 32 in. (813 ram) width, and of 
one-lane capacity if less than 32 in, (813 ram) width. Exit 
ramps shall be a minimum of 6 ft 0 in. (1.83 m) wide. 

Escalators shall not account for more than half of the 
units of exit at any one level, a.~."[ 

Per Exit Lane "up" direction 
Capacity --  35 ppm 
TravelSpeed --  50 fpm I (15.24 m/m) I 

Per Exit Lane "down" direction 
Capacity --  40 ppm 
Travel Speed --  60 fpm I (18.3 m/m) ~ 

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

Per Exit Lane 
Capacity --  50 ppm 

J Indicates vertical component of travel speed. 

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

Per Gate 
Capacity --  50 ppm 

A turnstile-type fare collection gate is one that consists of 
a min imum 18 in. (457.2 mm) aisle and maximum 36 in. 
(914.4 ram) height of the turnstile bar. When deactivated 
the turnstile bar shall free wheel in the exit direction. 

Per Gate 
Capacity --  25 ppm 

2-5.3.5 Emergency exit gates shall be in accordance with 
NFPA 101, Life Safety Code. Gate-type exits shall be pro- 
vided for at least 50 percent of the required emergency 
exit capacity unless fare 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 fiom each station platform and shall be 
remote from 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 may be~ left in 
operating mode. Escalators runn ing  reverse to exiting shall 
be capable of being stopped remotely, manually, or auto- 
matically. (See C-2.) 

2-5.4.1.I Because of the possibility of maintenance or 
malfunction, one escalator at each station shall be consid- 
ered as being out of 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 outdoor environ- 
ment, the landing and floor plates shall have a nonslip sur- 
face and, if they also are exposed to freezing 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 event of emergency: 

2-5.5.1 The fare gates or turnstiles shall assume an emer- 
gency exit mode in the event of loss of power to the fare 
gates or turnstiles or upon actuation of a manual  or remote 
control. 

2-5.5.2 Fare col lect ion gates or tu rns t i l es  shall be 
designed so that their failure to operate properly will not 
prohibit movement of passengers in the direction of the 
emergency egress. 

2-5.6 Emergency Lighting. 

2-5.6.1 Stations shall be provided with a system of emer- 
gency lighting in accordance with NFPA 101, Life.Safety 
Code, except as otherwise noted herein. 
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2-5.6.2 Emergency lighting systems shall be installed and 
maintained in accordance with NFPA 70, National Electrical 
Code. 

2-8.6.3 Exit lights, essential signs, and emergency 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- 
tures, exit lights, and signs shall be separately wired fi'om 
emergency distribution panels. 

2-5.6.4 Emergency lighting for stairs and escalators shall 
be designed to emphasize i l lumination on the top and bot- 
tom steps or landings. All escalators steps' newell and comb 
lighting shall be on emergency power circuits. 

2-6 Fire Protection. 

2-6.1 Protective Signaling Systems. 

2-6.1.1 Stations equipped with fire alarm devices shall be 
protected by a propr ie tary  system as defined in NFPA 72, 
National Fire Alarm Code. 

2-6.1.2" Each station having alarm detector  devices shall 
be provided with a fire alarm annunciator  panel at a suit- 
able location accessible to the authori ty having jurisdiction. 
Annunciator  panels shall announce 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. 

2-6.1.3 All fire alarm, smoke detection, valve switches, 
and water flow indicator signals, when activated, shall be 
s imultaneous with the local station and to the central  
supervising station. 

2-6.1.4" Separate zones shall be established on local sta- 
tion annunciator  panels to monitor  water flow on sprinkler 
systems and supervise main control valves. 

2-6.1.5 Automatic fire detection shall be provided in all 
ancillary spaces by the installation of listed combination 
fixed tempera ture  and rate of rise heat detectors or listed 
smoke detectors  except  where  p ro tec ted  by automat ic  
sprinklers. 

2-6.2 Emergency Communication. 

2-6.2.1 A public address  (PA) system and emergency  
voice alarm repor t ing  devices (such as emergency tele- 
phone) conforming to NFPA 72, National Fire Alarm Code, 
or local (interior) fire alarm pull boxes shall be required in 
transit stations. 

2-6.2.2 The  central supervising station and each passen- 
ger station shall be equipped with suitable devices so that 
appropr ia te  announcements  can be made over the PA sys- 
tem regarding  fire alarms, including provisions for gMng  
necessary information and directions to the public upon 
receipt of any manual  or automatic fire alarm signal. These 
devices shall be located at suitable locations at each facility. 

2-6.2.3 Emergency  a la rm r e p o r t i n g  devices shall be 
located on passenger platforms and throughout  the pas- 
senger station such that the travel distance fiom any point 
in the public area shall not exceed 300 ft (91.4 m) unless 
otherwise approved by the authori ty having jurisdiction. 

Such emergency devices shall be distinctive in color and 
their location plainly indicated by appropr ia te  signs. 

2-6.3 Automatic Sprinkler Systems. 

2-6.3.1 An automatic sprinkler protection system shall be 
provided in areas of transit stations used for 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 stations remotely located 
from public spaces. 

2-6.3.2 Installation of sprinkler systems shall comply with 
NFPA 13, StmMard for the Installation of Sprinkler Systems, or 
applicable local codes as called for. 

2-6.3.3 A sprinkler system water flow alarm and supervi- 
sory signal service shall be installed. 

2-6.3.4 Other  approved fire suppression systems may be 
substituted for automatic sprinkler  systems in the areas 
listed in 2-6.3.1 with the approval  of the authori ty having 
,jurisdiction. o 

2-6.4 Standpipe and Hose Systems. 

2-6.4.1 Each u n d e r g r o u n d  t r ans i t  s ta t ion  shal l  be 
equipped with a s tandpipe system of either Class I or Class 
I I I  type, as defined in NFPA 14, Standard for the Installation 
of Standpipe and Hose Systems, class of  service to be deter-  
mined by the authori ty having jurisdiction. (See A-2-6.4.3.) 

2-6.4.2 The authori ty having jur isdict ion shall be con- 
suited as to location, spacing, and number  of s tandpipe 
hose outlets and valves and shall determine the need for 
provision and type of  hose. 

2-6.4.3" 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 vehicular access and within oper-  
ating distance of fire hydrants  as de termined by the local 
authori ty having jurisdiction. In addit ion to the usual iden- 
tification requ i red  on fire d e p a r t m e n t  connect ions for 
s tandpipes,  there  shall also be appropr i a t e  wording to 
identify the fire depar tment  connection as part  of the tran- 
sit station system in o rde r  to avoid confusion with any 
nearby fire depar tment  connection for other buildings. 

2-6.4.4 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 sys- 
tem, so that supplying water through any fire department  
connection will furnish water throughout the entire system. 

2-6.5 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 .  Th i s  c h a p t e r  c o n s i d e r s  all t r a inways  
whether they are entirely or in any par t  below, at, or above 
grade. 
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3-1.2 Occupancy.  It is anticipated that passengers will 
enter  the trainways only 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 emergency situation. 

3-1.3 Warning Signs. Warning signs shall be posted on 
entrances to the trainway (e.g., station platforms, portals), 
on fences or barr iers  adjacent  to the trainway, and at such 
other  places where nontransi t  authori ty employees might 
trespass. The  warning signs shall clearly state the hazard 
(e.g., D A N G E R - - H I G H  VOLTAGE--750  VOLTS) with 
letter sizes and colors in conformance with NFPA 70, 
National Electrical Code, and OSHA requirements.  

3-1.4 An emergency telephone (ETEL) shall be provided 
along the trainway at each blue light station and at other  
locations deemed necessary by the authori ty having juris-  
diction. 

3-1.5 Blue Light Station. 

3-1.5.1 A location along the trainway, indicated by a blue 
light, where emergency service or authorized personnel  
may communicate with the Central  Supervising Stations 
and disconnect traction power. 

Trac t ion  power  disconnect  devices shall allow quick 
removal of power from 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, information 
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 fol- 
lowing locations: 

(a) Ends of station platforms. 

(b) Crosspassages (see 3-2.4.3). 

(c) Emergency access points. 

(d) Tract ion power substations. 

3-2 Underground (Subways). 

3-2.1 Construction Materials. 

3-2.1.1 Where line sections are to be constructed by the 
cut-and-cover methods,  per imeter  ~;~ills and related con- 
struction shall be not less than Type  I or Type II  or com- 
binations of Type I or Type II  approved  noncombustible 
construction as defined in NFPA 220, Standard on Types of 
Building Construction, as de t e rmined  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, unprotec ted  steel liners, 
reinforced concrete, shotcrete, or  equivalent shall be used. 

Exception: Rock tunnels shall be permitted to utilize steel bents 
with concrete liner if lining is required. [ i 

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

3-2.1.4 Underwater Tubes. Underwater  tubes shall be 
not less than Type  II  (000) approved noncombustible con- 
struction as defined in NFPA 220, Standard on Types of 
Building Construction, as applicable. 

3-2.1.5 Noncombustible rail ties shall be used in under-  
g round  locations except at switch or crossover locations, 
where fire re ta rdant  pressure- t reated ties shall be permit-  
ted to be used. 

3-2.1.6 Structures such as remote  vertical exit shafts and 
ventilation structures shall be not less than Type I (332) 
approved  noncombustible construction as defined in NFPA 
220, Standard on Types of Building Construction. 

3-2.1.7 Ancillary areas shall be separated from trackway 
areas within underwater  line sections by minimum 3-hour 
fire resistive construction. Ancillary areas shall be sepa- 
ra ted from trackway areas within unde rg round  line sec- 
tions by minimum 2-hour fire resistive construction. 

3-2.2 Ventilat ion.  (See Section 2-3 and Appendix B.) 

3-2.2.1 Provisions shall be made for emergency ventila- 
tion for the pro tec t ion  of  passengers ,  employees,  and  
emergency personnel  from fire and generat ion of smoke. 

3-2.2.2 In u n d e r g r o u n d  and underwater  line sections, 
the design objectives of the emergency ventilation system 
shall be: 

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

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

(c) To limit the air t empera ture  in a path of egress away 
from a train fire to 140°F (60°C) or less. 

3-2.2.3 The design heat release rate produced by a train 
fire shall be used to design the emergency ventilation system. 

3-2.2.4 Fans shall be single- or  mul t i -speed,  may be 
reversible, and shall be both locally and remotely con- 
trolled. They shall be connected to two power feeders from 
separate sources. Power feeders from a utility furnishing 
power for fans shall be isolated from each other  and shall 
originate from separate and distinct utility sources to the 
extent  possible. Fans shall otherwise be as described 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 Section 2-4.) 

3-2.3.1 All wiring materials and installations within train- 
ways, o ther  than for tract ion power,  shall conform to 
requirements  of NFPA 70, National Electrical Code, and, in 
addition, shall satisfy the following requirements:  

3-2.3.2 Materials manufactured for use as conduits, race- 
ways, ducts, boxes, cabinets, equipment  enclosures, and 
their surface finish materials shall be capable of being sub- 
jected to temperatures  up to 932°F (500°C) for 1 hour  and 
shall not suppor t  combustion under  the same tempera ture  
condition. Other  materials, when encased in concrete or 
suitably protected,  shall be acceptable. 

3-2.3.3 All conductors shall be insulated. Ground wires 
shall be permit ted to be bare. All thicknesses of insulation 
and all thicknesses of jackets shall conform to NFPA 70, 
National Electrical Code. 
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3-2.3.4 All insulations shall conform to Article 310 of 
NFPA 70, National Electrical Code, and be moisture and heat 
resistant types carrying temperature ratings corresponding 
to the conditions of application and in no case lower than 
194°F (90°C). 

3-2.3.5 Wire and cable constructions intended for use in 
operating vital train circuits and power circuits to emer- 
gency fans, lights, etc., shall pass the flame propagating 
criteria of the IEEE standard 383, StandardJbr T~pe Test,~ of 
Class 1E Electric Cables, Field Splices, and Co~mections for 
Nuclear Power Cenerati,lg Stations. 

3-2.3.6 All conductors, except radio antennas, shall be 
enclosed in their entirety in armor sheaths, conduits, or 
enclosed raceways, boxes, and cabinets. Conductors in con- 
duits or raceways shall be permitted to be embedded in 
concrete or run in protected electrical duct banks, but shall 
not be installed exposed or surface mounted in air ple- 
nums that may carry air at the elevated temperatures  
accompanying fire-emergency conditions. (NOTE: The 
trainway, although used for ventilation, shall not be consid- 
ered as an air p lenum for purposes of mount ing electrical 
appurtenances.) 

3-2.3.7 Overcurrent  elements that (1) are designed to 
protect conductors serving emergency equipment  motors 
(fans, dampers,  pumps,  etc.), emergency lighting, and 
communications equipment,  and (2) that are located in 
spaces other than the main electrical distribution system 
equipment  rooms shall not depend on thermal properties 
for operation. 

3-2.3.8 The power supply for fans essential for emer- 
gency ventilation service shall consist of two electrical fieed- 
ers. Each feeder shall originate t iom a different source 
(substation) and shall be separated physically to the extent 
possible. 

3-2.3.9 Conductors for emergency fans, emergency light- 
ing, communications, etc., shall be protected from physical 
damage by transit vehicles or other normal transit system 
operations and fi~om fires in the transit system by suitable 
embedment  or encasement, or by routing such conductors 
external to the interior underground  portions of the tran- 
sit system facilities. 

3-2.4 Emergency Exit Details. 

3-2.4.1 Emergency exits shall be provided from tunnels 
to a point of safety. 

3-2.4.2 Emergency  exit stairways shall be provided  
throughout  the tunnels, spaced so that the distance to an 
emergency exit shall not be greater than 1,250 ft (381 m) 
unless otherwise approved by the authority having jurisdic- 
tion. The stairway shall be designed in accordance with 
NFPA 101, Life Safety Code, Class A designation. The stair- 
way shall be enclosed and shall lead directly to the out- 
doors or to a safe refuge area. 

3-2.4.3 Where trainways in tunnels are divided by mini- 
mum 2-hour rated firewalls or trainways are in twin bores, 
such an arrangement  shall be deemed to afford adequate 
protection for the passenger via crosspassageways between 
the trainways and shall be permitted, therefore, to be uti- 
lized in lieu of emergency exit stairways to the surface. In 
this situation, or in the event that a ventilation system fails 

to provide a sufficient amount  of noncontaminated air to 
the passengers in a path of egress, the following shall 
apply: 

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

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

(c) A noncontaminated environment  shall be provided 
in that portion of the trainway not involved in an emer- 
gency and which is being used for 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 
passengers in the uncontaminated trainway, for protecting 
passengers fiom oncoming traffic, and for 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 of crosspassage- 
way closures, and shall be equipped with hardware in 
accordance with NFPA 101, Life Safet~ Code. The force 
required to open the doors fully shall be as low as possible, 
not exceeding 50 lb (222 N) applied to 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 ficom the side of egress. 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 hold- 
open device that shall automatically latch the door in the 
open position to preclude accidental closure. Hatches shall 
be capable of being opened ti-om tile outside by authorized 
personnel. 

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

3-2.4.7 Lighting. (See 2-5.6.) 

3-2.4.7.1 Emergency tunnel  lighting illumination levels 
shall not be less than 0.25 foot-candles (2.69 Ix). 

3-2.5 Traction Power. This section describes life safety 
and fire protection criteria for the traction power sub- 
system installed in the subway trainway. The life safety and 
fire protection requirements for the traction power substa- 
tions, tie breaker stations, and power distribution and con- 
trol cabling are described in other parts of this standard. 

Specifically, t raction power as used in this section 
includes the wayside pothedd, cable between pothead and 
contact (third) rail or overhead wire, contact rail supports, 
and special warning and identification devices, 2 as well as 
electrical appurtenances associated with overhead trolley 
systems. 

2 The primary hazards presented by the electrified third rail in the 
traimvay are electrical shock to employees and other personnel in the 
trainway and the heat and smoke generated by the cable or third rail 
due to combustion resulting from grounding or arcing. 
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3-2.5.1 Traction Power Contact Rail. To provide safety 
isolation from the contact rail, the following practices shall 
be implemented:  

3-2.5.1.1 Traction Power Conductor Rail Protection. 
Power rail conductor  (DC 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. Cover- 
boards, where used, shall be capable of visible deflection. 

Coverboard or  protective material  shall have a flame 
spread rat ing of  not more than 25 when tested in accor- 
dance with NFPA 255 (ASTM E 84), Standard Method of Test 
of Surface Burning Characteristics of Building Materials. insu-  
lating material  for cable connecting power to the rail shall 
meet the requirements  of IEEE s tandard 383, Standard for 
Type Tests of Class IE Electric Cables, Field Splices and Connec- 
tions for Nuclear Power Generating 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 safe area. System egress 
points shall be i l luminated. 

3-2.7 Protection. 

3-2.7.1 Automatic  Fire Detection.  Hea t  and  smoke 
detectors shall be installed at traction power substations 
and shall be connected to the Central  Supervising Station. 
Signals received from such devices shall be readily identifi- 
able as to origin of signals. 

3-2.7.2 Standpipe and Hose  Systems. Standpipes  for 
Class I or Class I I I  service, as described in NFPA 14, Stan- 
dard for the Installation of Standpipe and Hose Systems, shall be 
installed in all subway tunnels.  Due to the nature  and 
length of  subway tunnels, s tandpipe shall be permit ted to 
be of  the dry type. 

3-2.7.2.1 Tunnel  s tandpipe lines shall be of  a minimum 
size of  4 in. (101.6 mm) diameter  or sized by hydraulic cal- 
culations, and shall be increased in diameter  as length of 
pipe increases in o rde r  to deliver the rate of  water flow at 
proper pressure, as specified by the authori ty having juris-  
diction. 

3-2.7.2.2 Identification numbers  and letters conforming 
to the sectional identification numbers  and letters of the 
subway track system shall be provided at each surface fire 
depar tment  connection and a t  each hose valve on stand- 
pipe lines. Such identifying numbers  ~ii*'d letters shall be on 
conspicuous,  durab le ,  and  legible signs affixed to, or  
immediately adjacent to, g round  level fire depar tment  con- 
nections. In tunnels, the identifying signs shall be affixed to 
tunnel walls a t  each hose outlet valve, or painted directly 
on standpipe in white letters next to each hose outlet valve. 

Exposed tunnel s tandpipe lines and identification signs 
shall be painted as required by the local authori ty having 
jurisdiction. 

3-2.7.3 Standpipe Installations in Tunnels under 
Construction. 

3-2.7.3.I A s tandpipe system, ei ther temporary  or per- 
manent  in nature, shall be installed in tunnels under  con- 

struction, before the tunnel has exceeded a length of 200 ft 
(61 m) beyond any access shaft, and shall be extended as tun- 
nel work progresses. 

3-2.7.3.2 Permanent  standpipes shall conform to NFPA 
14, Standard for the Installation of Standpipe and Hose Systems, 
as outl ined in 3-2.7.2. 

3-2.7.3.3 Tempora ry  standpipes,  which may be used by 
contractors to furnish water for construction purposes,  
shall be equipped with hose outlets and valves with 21/2 in. 
(63.5 mm) hose thread conforming to NFPA 1963, Stan- 
dard for Fire Hose Connections, and may have suitable reduc- 
ers or  adapters  a t tached for connection of contractor 's  
hose. Such reducers or adapters  shall be readily removable 
by use of fire fighter 's hose spanner  wrenches. 

3-2.7.3.4 Permanent  standpipes or  temporary  standpipes 
installed in tunnels dur ing  construction shall be provided 
with risers to the ground  surface level. Such risers shall be 
equ ipped  with a p p r o v e d  fire d e p a r t m e n t  connections,  
which shall be identified with appropr ia te  signs as outl ined 
in 3-2.7.2.2 of this s tandard and shall be readily accessible 
for fire depa r tmen t  use, and protected from accidental 
damage. There  shall be a check valve and ball dr ip or 
valved drain in riser near connection to standpipe.  

3-2.7.3.5 Permanent  or t emporary  standpipes installed 
dur ing  construction phase shall be securely and adequately 
supported and shall be of sufficient strength to withstand the 
pressure and thrust forces to which they may be subjected. 

3-2.7.3.6 Tempora ry  standpipes shall remain in service 
until the pe rmanen t  s tandpipe installation is complete. 

3-2.7.4 Portable Fire Extinguishers. Portable fire extin- 
guishers shall be provided in such numbers,  sizes, and 
types, and at such locations in tunnels as de termined b)~ 
the authori ty having jurisdiction. 

3-2.8 Flammable and Combustible Liquids Intrusion. 
This subsection deals with the prevent ion of accidental 
intrusion of  f lammable and combustible liquids due to 
spills. 

3-2.8.1 Vent or fan shafts utilized for ventilation of sub- 
way tunnels shall not terminate at grade on any vehicle 
roadway. 

3-2.8.2 Vent and fan shafts shall be permit ted  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, 
or 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 ram) in height. 

3-2.8.3 Aboveground Atmospheric Storage Tanks. Above- 
ground  atmospheric  storage tanks storing, handling,  or 
processing Class I flammable liquid or Class II or Class I I I  
combustible liquids and related piping shal ! not be located 
over or within 25 ft (7.6 m) of a subsurface structure mea- 
sured horizontally from the outside wall of such subsurface 
structure unless provided with an approved leak detection 
monitoring system. 

3-2.8.4 Underground Storage Tanks. U n d e r g r o u n d  
storage tanks for Class I flammable or Class II or Class I I I  
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combustible liquids and related piping shall not be permit-  
ted directly over a subsurface structure or within 25 ft 
(7.6 m) measured horizontally from the outside wall of  
such subsurface structure. (See 3-2.8.6 for tanks in or under 
existi~g buildings.) 

3-2.8.4.1 Underg round  storage tanks and related piping 
for Class I flammable or Class II or Class I I I  combustible 
liquids located in the area between 25 ft (7.6 in) and 100 ft 
(30.5 m) (measured horizontally) from the outside wall of 
the subsurface structure and within that same area, such 
tanks and related piping within 2 ft (0.61 m) (measured 
vertically) below the lowest point  of  subsurface structure 
excavation, shall be constructed and installed by one of the 
following methods: 

3-2.8.4.2 Tanks  shall be of  double  wall construct ion.  
Tanks shall be equipped with an approved automatic leak 
detection and monitor ing system. Tanks shall be provided 
with an approved  corrosion protection system. Installation, 
maintenance, and inspection shall conform to the require- 
ments specified by the authori ty having jurisdiction. 

3-2.8.4.3 Tanks may be installed in a cast-in-place rein- 
forced concrete vault large enough to hold and retain the 
entire contents of the tank. The  storage tank shall be com- 
pletely encompassed by not less than 24 in. (610 mm) of 
well-tamped noncorrosive inert  material  within the vault. 
An approved  method for moni tor ing of, or testing for, 
product  and enclosure leakage shall be incorporated into 
the enclosure design. The  vault lid shall be designed and 
constructed to withstand anticipated surface loadings and 
shall not be less than 6 in. (152.4 ram) of reinforced con- 
crete. Vault, tank, and piping shall be protected from 
corrosion. 

3-2.8.4.4 All tanks, vaults, and appur tenances  used to 
store Class I f lammable and Class II and I I I  combustible 
liquids shall be compatible with the materials stored and 
shall conform to the provisions of NFPA 30, Flammable and 
Combustible Liquids Code. 

3-2.8.5 Service  Stat ions.  Service stat ions d i spens ing  
Class I flammable liquids and Class II and I I I  combustible 
liquids, and located in the area within 100 ft (30.5 m) (mea- 
sured horizontally) from the outside wall of the subsurface 
structure, shall be required to comply with the following: 

3-2.8.5.1 The  surface a r o u n d  p u m p  islands shall be 
graded or dra ined in a manner  to divert  possible spills 
away from the subway vent gratings or entrances or exits. 

3-2.8.5.2 A p p r o p r i a t e  cont inuous  drains  across drive- 
ways, ramps, or curbs of at least 6 in. (152.4 mm) in height 
shall separate service station propert ies  from 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 I I  and 11I combustible liquids to a sub- 
surface fixed guideway transit  s tructure shall be permit ted.  

3-2.8.5.4 Dispensing pumps for Class I flammable liquids 
and Class II and I I I  combust ible  liquids shall not  be 
located less than 25 ft (7.6 m) from the face of  such pump 
to the nearest  side of  a subway grat ing or entrance or exit 
from a subway. 

3-2.8.6 Existing Storage Tanks in or under Buildings.  
Existing storage tanks for Class I f lammable liquids and 
Class l I  and I I I  combustible liquids located in or  under  
buildings, and located directly above a subsurface transit  
structure, or within 25 ft (7.6 m) (measured horizontally) 
from the outside wall of the subsurface transit  structure, 
shall be removed and relocated outside the prohib i ted  
area. 

3-2.8.6.1 Where it is not possible to remove and relocate 
tanks for Class I flammable and Class l I  combustible liq- 
uids due to limited space, such u n d e r g r o u n d  tanks shall be 
abandoned  in accordance with provisions of Appendix  C of 
NFPA 30, Flammable and Combustible Liquids Code. 

3-2.8.7 Where  it is not possible to remove and relocate 
tanks for Class I I I  combustible liquids located in buildings, 
such tanks shall lSe'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, 
Flammable and Combustible Liquids Code. 

3-2.8.7.1 Where  it is not possible t o r e m o v e  and relocate 
tanks for Class I I I  combustible liquids located under a build- 
ing, such tanks shall be UL-listed double wall or  installed in 
a cast-in-place reinforced concrete vault and shall be pro- 
vided with an approved  leak detection system. Otherwise, 
it shall be abandoned  in accordance with provisions of 
Appendix  C of NFPA 30, Flammable and Combustible Liquids 
Code. 

3-3 Surface. 

3-3.1 Gene ra l .  Appl ies  to any a t -g rade  or  un roo fed  
structure other  than elevated structures. 

3-3.2 Construct ion Materials.  Const ruc t ion  mater ia ls  
shall be not less than Type  II  (000) approved  noncombus- 
tible material  as defined in NFPA 220, Standard on Types of 
Building Construction, as de t e rmined  by an engineer ing  
analysis of  potential fire exposure  hazards to the structure. 

3-3.3 Trac t ion  Power. This section describes life safety 
and fire protect ion criteria for the traction power sub- 
system installed in the trainway. The  life safety and fire 
protection requirements  for the traction power substations, 
tie breaker  stations, and power distribution and control 
cabling are described in other  parts of this s tandard.  

Specifically,  t rac t ion power  as used  in this sect ion 
includes the wayside pothead,  cable between pothead and 
contact (third) rail or  overhead wire, contact rail supports,  
and special warning and identification devices, a 

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

:~ The primary hazards presented by the electrified 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 or third rail 
due to combustion resulting from grounding or arcing. 
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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 Information shall be provided on the gates or 
adjacent thereto that clearly identifies 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 safe area. System egress 
points shall be illuminated. 

3-4 Elevated. 

3-4.1 General.  Elevated structures are all structures not 
previously herein otherwise defined as surface or under-  
ground structures. 

3-4,2 Construction Materials. 

3-4.2.1 All structures necessary fbr line way support shall 
be of not less than Type I or Type II (000) or combinations 
of Type I or Type II 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 Tract ion Power. This section describes life safety 
and fire protection criteria for the traction power sub- 
system installed in the trainway. The life safety and fire 
protection requirements for the traction power substations, 
tie breaker stations, and power distribution and control 
cabling are described in other parts of this standard. 

Specifically, t ract ion power as used in this section 
includes the wayside pothead, cable between pothead and 
contact (third) rail or overhead wire, contact rail supports 
walkways, and special warning and identification devices? 

3-4.4 Electric Wire and Cable Requirements. M1 wiring 
materials and installations other than for traction power 
shall conform to the requirements of NFPA 70, Natio,ml 
Electrical Code. 

3-4.5 Emergency Access. Access to the trainway shall be 
from stations or by mobile ladder equipment  from road- 
ways adjacent 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 from the ground 
level outside the trackway. 

4 The primary hazards presented by the electrified 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 or third rail 
due to combustion resulting from grounding or arcing. 

3-4.6 Egress for Passengers. The transit system shall 
incorporate a walk surface or other suitable means 1or pas- 
sengers to evacuate a train at any point along the trainway 
so that they can either proceed to the nearest station or 
wait for an evacuation train to arrive. System egress points 
shall be illuminated. 

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 conlorm with the requirements  set 
forth in this chapter. 

4-1.2 Retrofit. When existing fixed guideway transit  
vehicles are to be 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 imum 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 may not accurately predict the behavior of materi- 
als under  hostile fire conditions. Therefore, the use of tests 
that evaluate materials in subassemblies and full-scale con- 
figurations is encouraged where such tests are more repre- 
sentative of the fire source heat flux levels and surface area 
to volume ratios. 

4-2.3 Structural Fire Resistivity. Portions of the vehicle 
body separating major ignition, energy, or fuel loading 
sources from the passenger compartment  shall have suffi- 
cient resistance to fire penetration to the interior of the 
vehicle by an external fire for a period consistent with the 
safe evacuation of a full load of passengers from the vehi- 
cle in the worst-case situation. 

4-2.3.1 

(a) Where the floor is separating the major ignition, 
energy, or fuel loading sources from the passenger com- 
partment,  the floor assembly shall, at the end of 15 min- 
utes, when subjected to the fire exposure as defined in 
NFPA 251 (ASTM E 119), Standard Methods of Fire Tests 
of Building Comtructio~z and Materials, meet the following 
criteria: 

1. Resist temperature rise of 250°F (139°C) average 
and 325°F (181°C) single point temperature rise on the 
unexposed surface of the specimen. 

2. Resist flaming ignition of cotton waste on the 
unexposed surface of the specimen. 

3. This floor shall be tested with a representative 
loading consistent with the vehicle design. 

4. As a minimum, the size of the exposed portion of 
the floor assembly shall be 10 ft (3.1 m) long by the normal 
vehicle floor width wide. The assembly shall be configured 
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to have at least one representat ive floor jo int  and one of 
each type of  typical floor penetrat ion (e.g., air duct, wiring 
conduit,  etc.). 

(b) Tests for portions of the vehicle body, other  than the 
floor, may use the test criteria defined for floors or  criteria 
appropr ia te  to the physical locations and magni tude of the 
major ignition, energy, or fuel loading sources and shall 
have sufficient resistance to fire penetra t ion to the interior  
of  the vehicle by an external  fire for a per iod consistent 
with the safe evacuation of a full load of  passengers from 
the vehicle in the 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 penetra t ion and susceptibility 
of ignition in materials in the roof  assembly. 

4-2.3.3 All floor, wall, and roof  openings and penetra-  
tions shall be adequately sealed/protected in o rder  to main- 
tain the fire and smoke integrity of  the structure, in addi- 
tion to mechanical  considerat ions (e.g., waterproofing).  
Test assemblies shall be representat ive of vehicle construc- 
tion including penetrat ions.  

4-2.4 Interior Fire Propagation Resistance. Materials 
and finishes installed in the vehicle shall have sufficient 
resistance to fire propagat ion in the interior  of the vehicle 
by an internal fire for a per iod consistent with the safe 
evacuation of  a full load of  passengers from the vehicle. 
The  aforement ioned materials and finishes shall be evalu- 
ated under  a fire risk assessment for transit vehicles includ- 
ing material  characteristics o ther  than fire propagat ion  
resistance such as smoke emission, ease of ignition, rate of  
heat, and smoke release. Two methods for assessing the 
fire risk for materials and finishes used in a vehicle interior  
are to do a hazard  load analysis (Appendix D) or  use 
appropr ia te  material  propert ies  (Table 4-2.4). The afore- 
ment ioned materials and finishes include interior  walls, 
floor coverings, ceiling, seats, glazing, transparencies,  par- 
titions, elastomer, and nonelectrical insulation. 

Table 4-2.4 contains test procedures  and min imum per- 
formance requirements  for interior  materials. 

4-2.4.1 Electrical Insulation. Control  wire and power 
cable shall be capable of passing the following tests: 

(a) Wires for control and other  low voltage (less than 
100V ac and 150V dc) functions shall meet the require- 
ments of ICEA S-19/NEMA WC3, Rubber-Insulated Wire and 
Cable for the Transmission and Distribution of Electrical Energy, 
(with Amendment  FR-1) pa ragraph  6.19.6, or of Under-  
writers Laboratories  S tandard  44, Rubber-Insulated Wires 
and Cables, for thermoset t ing insulation and Underwriters  
Laboratories Standard  83, Thermoplastic-Insulated Wires, for 
thermoplastic insulation. 

(b) Power cable shall meet the requirements  of IEEE 
standard 383, Standard for Type Tests of Class 1E Electric 
Cables, Field Splices, and Connections for Nuclear Power Gener- 
ating Stations, Section 2.5, with the addit ional requirement  
that circuit integrity continue for 5 minutes after the start 
of the test. 

4-2.5 Equipment Arrangement.  Vehicle des ign shall 
a r range equipment  apparatus  external  to the passenger 
compartment ,  where practical, to isolate potential ignition 
sources from combustible material and to control fire and 

smoke propagat ion.  Where  it is necessary to install equip- 
ment  in passenger cars, suitable shields or enclosures shall 
be provided to isolate the equipment  f iom the passenger 
compartment .  

4-2.5.1 Materials used for underf loor  ducting and ple- 
nums, 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 
construction suitable for use on fixed guideway transit  
vehicles. 

4-3.2 Gap and Creepage. 

4-3.2.1 Electr ical  Circuit .  Electrical circuits and associ- 
ated cabling shall*be designed with gap and creepage dis- 
tance between voltage potentials and car body ground con- 
sidering the environmental  conditions to which the circuits 
and cabling will be subjected. 

4-3.2.2 Air Gap. The air gap distances between voltage 
potentials (up to 2,000 volts) and ground  shall comply with 
the following formula: 

Gap (inches) = 0.125 + (0.0005 x nominal voltage). 
In selecting air gap distances, special consideration shall 

be given to the presence of contaminants  encroaching 
upon the air gaps. 

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

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

In other  than ordinary  enclosed environments,  creepage 
distances shall be modified according to the anticipated 
severity of  the environment .  Appropr ia t e  creepage dis- 
tances may be selected from Appendix  E. 

4-3.3 Propulsion Motors. Rotary motors shall be rated 
and tested per  IEEE No. 11-80, Standard for Rotating Elec- 
tric Machine U for Rail and Road Vehicles. 

Motor leads shall have an insulation suitable for the 
operat ing environment  and shall be so suppor ted  and pro- 
tected as to offer the least possible chance of  mechanical 
damage. Motor leads where enter ing the frame shall be 
securely clamped and shall fit snugly to prevent  moisture 
from enter ing the motor  case. Drip loops shall be formed 
in motor  leads to minimize water running  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 de te rmined  by root-mean- 
square (RMS) calculation, Whichever is greater.  

O the r  ca r -borne  p ropu l s ion  conf igura t 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 control shall be rated and 
tested per  IEEE No. 16, American Standard for Electric Con- 
trol Apparatus for Land Transportation Vehicles. 

Control equipment  enclosures shall be so ar ranged and 
installed as to provide protect ion against moisture and 
mechanical damage. 
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Table 4-2.4 Recommendations for Testing the Flammability and Smoke Emission Characteristics of Rail Transit Vehicle Materials 

Function 
of Test 

Category Material Procedure Performance Criteria 

C u s h i o n  1'2's'9 ASTM D-3675  1~ - 25 

A S T M E - 6 6 2  D~(1.5) -< 100; D~(4.0) -< 200 

F r a m e  l'5's ASTM E-162 1~ -< 35 

A S T M E - 6 6 2  D~(I.5) -< 100; D~(4.0) -< 200 

S e a t i n g  S h r o t t d  I''~ ASTM E-162 1~ -< 35 

A S T M E - 6 6 2  D~(1.5) --- 100; Ds(4.0 ) -< 200 

FAR 25.853 
U p h o l s t e r y  w-'':~'5 (Vert ical )  

F l a m e  t i m e  -< 10 sec; b u r n  
l e n g t h  -< 6 inch  

D~(4.0) -< 250 c o a t e d  
A S T M  E-662 Ds(4,0 ) -< 100 u n c o a t e d  

Wal l  1'~ A S T M  E-162 I s -< 35 

ASTM E-662 D~(1.5) _< 100; Ds(4.0 ) -< 200 

C e i l i n g  1"5 ASTM E-162 Is-< 35 

ASTM E-662 Ds(1.5 ) -< 100; Ds(4.0 ) -< 200 

Pa r t i t i on  ~'5 ASTM E-162 1~ -< 35 

A S T M  E-662 D,(1.5) -< 100; D~(4.0) -< 200 

Pane l s  W i n d s c r e e n  1'5 A S T M  E- 162 1 ~ -< 35 

A S T M  E-662 Ds(1.5) _< 100; D~(4.0) -< 200 

H V A C  d u c t i n g  1'5 ASTM E-162 1 s -< 35 

ASTM E-662 D~(4.0) -< 100 

W i n d o w  4'5 ASTM E-162 1~ -< 100 

ASTM E-662 D~(1.5) _< 100: D~(4.0) -< 200 

L i g h t  d i f fu se r  5 ASTM E-162 I s -< 100 

ASTM E-662 D~(I.5) -< 100; D~(4.0) -<- 200 

F l o o r i n g  S t r u c t u r a l  6 ASTM E- 119 Pass 

C o v e r i n g  7 ASTM E-648 C.R.F. -> 0 .5w/cm ~ 

T h e r m a l  1'~'5 ASTM E-162 1, -< 25 

I n s u l a t i o n  ASTM E-662 Ds(4.0) -< 100 

Acous t i c  ~'%~ ASTM E-162 I s -< 25 

ASTM E-662 Ds(4.0) -< 100 

E l a s t o m e r s  ~ ASTM C-542 Pass 

M i s c e l l a n e o u s  E x t e r i o r  shel l  l's ASTM E-162 1 s -< 35 

A S T M  E-662 Ds(1.5) -< 100; Ds(4.0 ) -< 200 

C o m p o n e n t  box  A S T M  E-162 1~ -< 35 

COVe<ffS q'5 ASTM E-662 D,(1.5) -< 100 :Ds (4 .0  ) -< 200 

Notes 
1. Materials tested for surface flammability should not exhibit any flaming running, or flaming dripping. 
2. The sur(ace flammability and smoke emission characteristics of a material should be demonstrated to be permanent  by washing, if appropriate,  according 
to FEDSTD-191A, Textile Test Method 5830. 
3. The surface flammability and smoke emission characteristics of a material should be demonstrated to be permanent  by dry-cleaning, if appropriate,  accord- 
ing to ASTM D-2724. Materials that cannot be washed or dry-cleaned should be so labeled and should meet the applicable pertormance criteria afie~ being 
cleaned as recommended by the manufacturer. 
4. For double window glazing, only the interior glazing should meet the material requirements specified herein: the exterior need not meet those requirements. 
5. ASTM E-662 maximum test limits for smoke emission (specific optical density) should be measured in either the flaming or nonflaming mode, depending on which 
mode generates the most smoke. 
6. Structural flooring assemblies should meet the performance criteria during a nominal test period determined by the transit agency. The nominal test period should 
not be less than 15 minutes. Only one specimen needs to be tested. A proportional reduction may be made in dimensions of the specimen provided that it represents 
a true test of its ability to perform as a barrier against undercar fires. Penetrations (ducts, etc.) should be designed againsl acting as conduits for fire and smoke. 
7. Carpeting should be tested in accordance with ASTM E-648 with its padding, if the padding is used in actual installation. 
8. Arm rests, if foamed plastic, are tested as cushions. 
9. Testing is performed without upholstery. 
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Metal enclosures that surround arcing devices shall be 
lined with insulating material approved by the authority 
having jurisdiction, with the exception that lining will not 
be required when the arc chutes extend through the enclo- 
sure and vent the arc to the outside air. Adequate shields 
or separations shall be provided to prevent arcing to adja- 
cent equipment  and wiring. 

4-3.5 Propulsion 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 barriers of at least 
1/4 in. (6.35 ram) noncombustible insulating material, or 
sheet metal not less than 0.04 in. (1.02 nlm) thickness, shall 
be used extending beyond resistor supports, horizontally, 
to ensure protection from overheated resistors. Forced 
vent i la ted 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 filter the 
air where the operating environment  is severe. 

Power resistor circuits should incorporate protective 
devices far the following failures: 

(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 frames, and frames shall be electrically insulated 
from supports. The insulation shall be removed from resis- 
tor leads a min imum of 3 in. (75 ram) back from their ter- 
minals except where such removal introduces potential 
grounding conditions. When forced ventilation is provided 
the resistor leads shall be separated, secured, and cleated 
for protection in the event of loss of air circulation of the 
ventilating system. Leads shall be so routed or otherwise 
protected fiom resistor heat. 

The current  value used in determining the min imum 
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 min imum size of current  collector leads shall 
be determined by adding the maximum auxiliary loads to 
the propulsion motor loads. The equivalent regenerative 
load must be included in the propulsion system equipped 
with regenerative capability. For vehicles that have more 
than one current collector, all current-carrying components 
shall be sized fox 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; for wire that is pulled through con- 
duits or wireways or installed exposed between enclosures, 

(b) No. 22 AWG; tbr wire used on electronic units, 
cards, and card racks, 

(c) No. 18 AWG; for all other wire including wire laid in 
(rather than pulled through) wireways. 

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. Conductors shall 
be no smaller than min imum sizes specified in 4-3.7.1. 

Conductors shall be de-rated for grouping and shall be 
de-rated fbr ambient temperature greater than manufac- 
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 mechanical 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 coflnected to different 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 voltage in such locations. 
Wires connected to electronic control apparatus shall not 
touch wires connected to a higher vdltage source of energy 
than control voltage. 

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- 
her to ensure their tightness and integrity. 

Conductors and enclosures of any kind shall be pro- 
tected from 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 xnain automatic cir- 
cuit line breaker or line switch and overload relay fbr the 
protection of the 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 fllses are used, they shall be in boxes designed espe- 
cially fbr this purpose and shall be equipped with arc blow- 
out aids. Third rail shoe fuses mounted on the shoe beams 
shall be so moun t e d  as to direct the arc away from 
grounded parts. 

4-3.8.3 Auxil iary Circuits. Circuits used for purposes 
other than propelling the vehicle shall be connected to the 
main cable at a point between the current  collector and the 
protective device for 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 practi- 
cable to the point of connection of the auxiliary circuit, 
except that such protection may be omitted in circuits con- 
trolling safety devices. 
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4-3.9 Battery Installation. The design of battery installa- 
tion and circuitry shall include the following: 

(a) Minimal use of organic material, particularly those 
having hygroscopic propert ies.  

(b) Fire re ta rdant  t reatment  for necessary organic mate- 
rials used. 

(c) Battery chargers  des igned for protec t ion  against  
overcharging. 

(d) Use of smoke and heat detectors, if appropria te .  

(e) Use of  an emergency battery cut-off switch, if 
appropr ia te .  

(f) Isolation of  battery compar tment  fi-om car interior  
using noncombustible materials as defined in Section 1-5, if 
appropria te .  

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 
t~tcilities on the sides or in the end(s). Alternate emergency 
exit facilities, as necessary for the type of vehicle, may be 
approved by the authori ty having jurisdiction, 

4-5.2 A means to allow passengers to evacuate the vehicle 
safely to a walk surface or other  suitable area under  the 
supervision 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 illunfination of means of 
egress and power sources shall conform with NFPA 101, 
Life Safety Code. 

Exception: Emergency lighting facilities shall be arranged to 
maintain the specified degree of illumination as determined by the 
authority having jurisdiction in the event of failure of the normal 
lighting. The power for the emergency lighting ,system shall be 
automatically obtai~ned from the storage batteries for a period of 
time to permit evacuation but in no case for less than 1 hour, 

4-6 Protection. 

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

4-6.2 Communications. 

(a) Each manually opera ted  v e h i d ~ s h a l l  be equipped 
with a communicat ion system consisting of  the following: 

1. 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 
passengers, and 

2. A radio system whereby the train opera tor  can 
communicate with the central supervising station, and 

3. 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 opera tor  of an emergency. 

(b) Each AGT system vehicle shall be equipped with a 
communication system consisting of the following: 

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

2. A system whereby the passengers can communi- 
cate with the central supervising station. 

4-6.2.1 Unauthor ized  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 opera- 
tor's cab shall be equipped with an approved portable fire 
extinguisher (see NFPA 10, Standard for Portable Fire Extin- 
guishers) except where sufficient wayside extinguishers, stand- 
pipe systems, or other fire fighting equipment are available. 

4-6.4 Lightning Protection. 

4-6.4.1 Each vehicle that is suppl ied  power  from the 
overhead electrical contact wire shall be provided with a 
suitable and effective l ightning a t tes te r  for the protection 
of all electrical circuits. 

4-6.4.2 Lightning 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 proper ly  protected against mechanical injury. 
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 incor- 
porate protective devices for the following failures: 

(a) Ventilation airflow, if appropria te .  

(b) Tempera tu re  controls, if appropr ia te .  

(c) Short  circuits and overloads in supply wiring. 

Heater  forced air distribution ducts and plenums shall 
incorporate  over tempera ture  sensors, fusible links, airflow 
devices, or  other  means to detect over tempera ture  or lack 
of airflow. 

4-6.6 Testing and Maintenance. 

4-6.6.1 Testing.  Qualification testing shall be performed 
by the equipment manufacturer in accordance with IEEE No. 
16, American Standard for Electric Control Apparatus for Land 
Transportation Vehicles, /rod IEEE No. 11-80, Standard for 
Rotating Elect~4c Machine U for Rail and Road Vehicles, and any 
additional tests specified by the authority having jurisdiction. 

4-6.6.2 Maintenance.  Periodic maintenance shall be per- 
formed in accordance  with main tenance  manuals  fur- 
nished by the equipment  manufacturer .  The  degree and 
frequency of maintenance shall be based on opera t ing  
experience as de termined by the authority. 

4-7 Vehicle Suppor t  and Guidance System. The vehicle 
support  and guidance system (wheels, tires, magnetic or 
pneumatic levitation) shall be capable of safely supporting 
and guiding the vehicle in normal service. Failure of support, 
guidance, or levitation system shall not result in a condition 
that is unsafe to passengers. Under  loss ofguideway clearance 
the system shall be capable of safe operation until such time 
that the failure is detected by operation or maintenance per- 
sonnel and the vehicle is taken out of service. 
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Chapter 5 Vehicle Storage and Maintenance Areas 

5-1 General .  The following requirements are directed 
toward maintaining adequate fire protection in all transit 
vehicle storage and maintenance areas. Implementat ion of 
these requirements 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 including a sufficient 
number  of properly located hydrants in accordance with 
NFPA 24, Standard for the I nstaUation of Private Fire Service 
Mains and Their Appurtenances. 

5-2.2 Accessibility. Where the authority having jurisdic- 
tion deems it necessary, fire lane areas shall be laid out to 
permit access by mechanized fire fighting equipment. 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 authority having .jurisdiction. 
Fire lanes, where provided, shall be at least L 5 ft (4.6 m) wide. 

5-2.3 Fire Extinguishers.  Fire extinguishers of adequate 
size and rating shall be provided, suitably housed and spaced 
in accordance with NFPA 10, Standard for Portable Fire Exthl- 
guishers, 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 department  and to 
summon employees to assist in immediate fire fighting and 
in removal of vehicles in accordance with provisions con- 
tained in NFPA 72, National Fire Alarm Code. 

5-3 Structures. 

5-3.1 Structural Requirements. Structures shall be of 
noncombustible construction in accordance with NFPA 
220, Standard on Types of Building Construction. 

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

5-3.2.1 OiL separators, grease, and sand traps shall be 
installed on aLl floor drainage systems that service mainte- 
nance and vehicle storage areas to provide for the extraction 
of oil, grease, sand, and other substances that are harmful or 
hazardous to the structure or public drainage systems. Sepa- 
rators and grease traps shall be of approved design and of 
sufficient capacity to meet the level of waste discharged fiom 
the areas. The separator storage capacity shall be of sufficient 
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 perform 
their designed function. Any flammabLe liquids and greases 
shall be removed to an area approved for disposal. 

5-3.3 Floors. The surface 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 NFPA 256, Standard Methods of Fire Tests of Roof 
Coverings, Class A or 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 be in accordance with 
NFPA 70, National Electrical Code; ANSI C-2, National Elec- 
trical Safety Code; and applicable local codes as called for by 
the authority having jurisdiction. 

5-3.5.2 Traction Power. 

(a) Overhead Conductors. Nonconducting material shall 
be used as a runway on which to mount  overhead feed 
trolley wires. Overhead trolley power. !nstallations shall 
have a min imum height of l0 ft (3.05 m) for isolation of the 
power lines from shop and storage activity unless an 
enclosed feed rail system is used with portable cord con- 
nectors that h~\,~ insulated plugs and similar safety fea- 
tures. Electrical supply for other than traction power shall 
be in accordance with NFPA 70, National Electrical Code, 
and ANSI C-2, National Electrical Safety Code. 

(b) Power Rail Conductors. Power rails (DC or AC power 
supplied to the vehicle for propulsion and other loads) 
shall be secured to suitabLe insulating supports, properly 
bonded at joints, and properly guarded to prevent contact 
with personnel. Electrical supply for other than propulsion 
and other vehicle power loads shall be in accordance with 
NFPA 70, National Electrical Code, and ANSI C-2, National 
Electrical Safety Code. 

(c) Emergency Power Shutoff. All traction power conduc- 
tors shall have emergency power shutoff devices or means 
in accessible locations. 

5-3.6 Maintenance Pit Areas. 

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

5-3.6.2 Walls, floors, and piers shall be of masonry or 
c o n c r e t e .  

5-3.6.3 Pits shall have at least two exits. Steps shall be non- 
combustible and constructed with no free space underneath. 

5-3.6.4 Pits and subfloor work areas shall be kept clean. 
Smoking shall be prohibited in pits and subfloor mainte- 
nance areas. 

5-3.7 Overhead Cranes. AlL overhead cranes installed in 
the maintenance area shall adhere to the standard for 
cranes and monorails as required by NFPA 70, National 
Electrical Code. 

5-3.8 Ventilation. 

5-3.8.1 Underfloor Ventilation. In all pit areas where 
undercar  maintenance may generate fumes of a combusti- 
ble nature (e.g., blowdowns of transit vehicles), a positive 
mechanical exhaust ventilation system shall be provided 
capable of air changes at the rate of L0 per hour or 1 cfm/ft z 
(1 m '~ rain./3.28 m 2) of pitfloor area, w-hichever is greater, 
during normal operation and shall be designed to discharge 
to the outside atmosphere. 
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5-3.8.2 Abovefloor Ventilation. When a mechanical ven- 
tilating system is employed in shop maintenance areas, the 
ventilating system shall be installed in accordance with 
NFPA 90A, Standard for the Installation of Air Conditioning 
and Ventilating Systems. When blower and exhaust  systems 
are  instal led for vapor  removal ,  the systems shall be 
installed in accordance with NFPA 91, Standard for Exhaust 
Systems for Air Conveying of Materials. 

5-3.9 Draft Stops. Permanent  draft stops in spr inklered 
buildings shall be installed in structures having a height of 
over 25 ft (7.6 m) to top of roof  trusses, Draft stops shall be 
constructed of  rigidly suppor ted  noncombustible material. 
The authori ty having jurisdict ion shall be consulted with 
regard  to the exact location of these draft stops. (See NFPA 
204M, Guide for Smoke and Heat Venting.) 

5-4 Fire Protection Suppression Systems. 

5-4.1 Automatic Suppression Systems. An a p p r o v e d  
automatic sprinkler  system shall be installed in all areas of 
enclosed structures used for storage and maintenance of 
transit  vehicles. The  sprinkler  system shall be of a closed 
head type for ordinary  hazard classification and shall be 
installed in accordance with NFPA 13, Standard for the 
Installation of Sprinkler Systems. 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 Signaling Systems. N o n s p r i n k l e r e d  
covered vehicle storage areas shall be equipped with an 
automatic fire detection system. A signal of a fire shall be 
relayed to the supervising station or directly to the fire 
depar tment .  The  system shall comply with NFPA 72, 
National Fire Alarm Code. 

5-4.3 Standpipe and Hose Systems. When s tandpipes  
and connections are required,  the complete installation, 
including water supply, shall comply with NFPA 14, Stan- 
dard for the Installation of Standpipe and Hose Systems. 

5-4.4 Portable Fire Extinguishers. 

5-4.4.1 General.  Fire extinguishing equipment and devices 
shall be provided in accordance with NFPA 10, Standard for 
Portable Fire Extinguishers, subject to the provisions below. 

5-4.4.2 Offices and Storerooms. Offices and storerooms 
other  than those containing flammable liquids and greases 
shall be provided with a sufficient number  of listed extin- 
guishers  des igned  for Class A fires. The  number  and 
capacity of such units shall be de termined by the authori ty 
having jurisdiction.  

5-4.4.3 Hazardous Areas. Areas in which flammable or 
combustible liquids, greases, or chemicals are used or stored 
shall be provided with approved extinguishers designed for 
Class A-B-C fires. The  number  and capacity of such units 
shall be determined by the authority having jurisdiction. 

5-4.4.4 Where  cranes or monorails  are installed inside 
structures for hoisting or transporting heavy rail equipment, 
fire extinguishers suitable for Class B and C fires shall be 
located as defined by the authority having jurisdiction. 

5-5 Operations and Maintenance. 

5-5.1 Vehicle Placement. Trans i t  vehicles shall be so 
placed and tracks shall be ar ranged to allow a minimum 
clearance of 36 in. (914 mm) between the sides of adjacent 

transit  vehicles. The  ability to evacuate personnel  from the 
structure in an emergency shall be a pr ime consideration 
and shall be in accordance with NFPA 101, Life Safety Code. 

5-5.2 Vehicle Maintenance. 

5-5.2.1 Vehicle Electrical Systems. Vehicle electrical sys- 
tems, inc lud ing  ba t te ry  circuits,  shall be deene rg i zed  
except in those cases in which an energized circuit is nec- 
essary to accomplish the required maintenance. 

5-5.2.2 Batteries.  'Transi t  vehicle batteries shall be dis- 
connected or removed dur ing  maintenance operations that 
require  the de-energizing of all electrical circuits. 

Exception: Batteries need not be disconnected or removed when 
the vehicle is equipped with a battery, cutout switch that fully iso- 
lates the batte U and is physically located immediately adjacent to 
the batteTy. 

When moving batteries, including removal and replace- 
ment, precautions shall be taken to prevent  short circuits 
that can result in fires or explosions. 

5-5.2.2.1 Areas wherein batteries are charged shall be 
well ventilated to the outside to ensure that the maximum 
hydrogen/air  mixture that may be generated dur ing 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, Standard for 
Exhaust Systems for Air Conveying of Materials. The battery 
exhaust  ventilation system shall be provided with electrical 
power and airflow interlocks that will prevent  operat ion of 
the battery charger  if the ventilation fan motor  is not ener- 
gized or 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 safety 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 from 
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 carefully to avoid short  circuits. 

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

5-5.3 Painting/Cleaning/Paint Removal. 

5-5.3.1 In selecting mater ia ls  for c leaning and pa in t  
removal purposes,  nonflammable 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 Code. 

5-5.3.2 A location in which paint ing 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 W h e r e  ma jo r  c lean ing ,  pa in t ing ,  and  "paint  
removal operations are being conducted,  no concurrent  
potentially hazardous operations shall be conducted within 
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50 ft (15.2 m) of  the area being worked on. For touch-up 
operat ions any ignit ion sources within the areas being 
worked shall be eliminated; such areas shall be maintained 
hazard-free dur ing  the work period. 

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

5-5.3.5 Where  c leaning or pa in t  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 opera tor  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 operat ions per formed on component  
transit vehicle parts on the transit vehicle shall be in accor- 
dance with N F PA 51 B, Sta nda rd for Fire Prevention in Use of 
Cutting a~d Welding Processes. 

5-5.5.2 Welding shall not be done in an area that contains 
fuel or other  flammable or combustible liquids or vapors. 
No other  work shall be permit ted 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 prohibi t  flammable and combustible 
vapors from enter ing the work area. 

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

5-5.5.4 Only qualified welders, t rained in the techniques 
and familiar with the hazards involved, shall be permit ted 
to do this work. 

5-5.6 Industrial Trucks, Indust r ia l  trucks shall mean 
fork trucks, tractors, platform lift trucks, and other  special- 
ized industrial  trucks, and their operat ion and usage shall 
be in accordance with NFPA 505, Fire Safety Standard for 
Powered hzdustrial Trucks h~cluding 7~pe Designations, Areas of 
Use, Mai~tenance, and Operation; ANSI B56.1, Safety Stan- 
dard for Low Lift and High Lift Traeks; and as de termined by 
the authori ty having jurisdiction. 

5-5.6.1 Fuel  Handl ing .  The  storage and handl ing of liq- 
uefied petroleum gas (LP-Gas) shall be in accordance with 
NFPA 58, Standard for the Storage and Handling of Liquefied 
Petroleum Gases. 

5-5.6.2 The  storage and handl ing of liquid fuels (gasoline 
and diesel) shall be in accordance with NFPA 30, Flammable 
a*~d Combustible Liquids Code, and local codes. 

Chapter 6 Emergency Procedures 

6-1 General .  The  authority, which is responsible fbr the 
safe and efficient operat ion of a fixed guideway transit sys- 
tem, shall anticipate and plan for emergencies that may 
involve the system. Participating agencies shall be invited 
and should assist with the prepara t ion  of the emergency 
procedure  plan. 

6-2 Emergencies. 

6-2.1 The tollowing types of emergencies shall be consid- 
ered as requir ing 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 adjacent to 
the system that threatens the system or disrupts service. 

(c) Collision or dera ihnent  involving one or more cars. 

(d) Loss of electric power resulting ira a stalled train(s) 
and loss of ilhmfination. 

(e) Evacuation of passengers from a train under  adverse 
conditions where they require assistance. 

(0 Panic of lsa'ssengers. 

(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. 

(j) See page of petroleum products or flammable, toxic, 
or irritating vapors into system. 

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

(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 following: 

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

(b) Policy, purpose,  scope, and definitions. 

(c) Participating agencies, top officials, and signatures of 
executives signing for each agency. 

(d) Safety 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) Communications.  Radio, telephone, and messenger 
service available at central supervising station and com- 
mand post. Mso, 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 the type, amount,  location, and method of 
utilization. 

(i) Procedures for fire emergencies. Various types of fire 
emergencies,  agency in command,  and procedures  to 
follow. 
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(j) Maps and plans of complex areas of the system, such 
as underwater tubes and multilevel stations. 

(k) Any additional information 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 depending upon the nature of an emergency 
include: 

(a) Ambulance service. 

(b) Building department. 

(c) Fire department. 

(d) Medical service. 

(e) Police department. 

(f) Public works, bridges, streets, sewers. 

(g) Sanitation department. 

(h) Utility companies, gas, electricity, telephone, steam. 

(i) Water supply. 

(j) Local transportation companies. 

The agencies and names will vary depending upon the 
governmental structure and laws of the community. 

6-5 Central Supervising Station (CSS). 

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

6-5.2 The CSS shall be manned by trained and qualified 
personnel and have the essential apparatus and equipment 
to communicate with, supervise, and coordinate all person- 
nel and trains operating in the system. 

6=5.3 It shall provide the capability to communicate rap- 
idly with participating 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 for recording 
radio and telephone communications during an emergency. 

6-5.5 CSS personnel shall be thoroughly conversant with 
the emergency procedure plan and trained-to employ it 
effectively whenever required. ~;s'7~ 

6-5.6 Alternate site(s) to function efficiently during 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-hour fire resistance construction. 
The area shall be used for the CSS and similar activities 
and shall not be jeopardized by adjoining 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 from 
participating 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 alternate person with the 
same information also shall be 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 requiring the 
invoking of the emergency procedure plan, a command 
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 authority or participating 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 conve- 
nient for responding personnel, easily identifiable, and 
suitable for supervising, coordinating, and communicating 
with participating agencies. 

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

6-7.5 The most effective use shall be made of  radio, tele- 
phone, and messenger service to communicate with par- 
ticipating agencies operating at an emergency. 

6-7.6 To identify the command post easily during day or 
night and under  bad weather conditions, designated mark- 
ers shall be employed. The emergency procedure plan 
shall prescribe the specific identification markers to be 
used for the command post and for personnel assigned 
thereto. 

6-8 Auxiliary Command Post. 

6-8.1 When an emergency operation 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 function as a subordinate control. 

6-8.2 A participating 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 Authority and participating agency personnel shall 
be trained to function efficiently during an emergency. 
They shall be conversant with all aspects of the emergency 
procedure plan. 

6-9.2 Exercises and drills shall be conducted at least twice 
per year to prepare the authority and participating agency, 
personnel fbr emergencies. Critiques shall be held alter the 
exercises, drills, and actual emergencies. 
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6-10 Records.  Writ ten records and telephone and radio 
recordings shall be kept  at the CSS, and written records 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 be carefully supervised so 
that only the min imum number  of essential persons oper-  
ate on the trainway. 

6-11.2 The  e m e r g e n c y  p r o c e d u r e  plan shall have a 
clearly defined procedure  fbr removing and restoring 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 switch, the CSS 
shall be contacted by telephone or radio and given the full 
name, title, agency, and reason for removal of the traction 
power by person responsible. 

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

Chapter 7 Communicat ions  

7-1 General .  Comprehensive and dependable  communi-  
cations are essential for a serviceable 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,  the CSS shall be the pri- 
mary control for the system. 

7-2.2 During emergency operations,  the command post 
established at the scene of the emergency shall be respon- 
sible tor controlling, supervising, and coordinat ing person- 
nel and equ ipment  working to correct  or alleviate the 
emergency. T h e  command post and CSS shall cooperate 
and coordinate to have an efficient operation.  The  CSS 
shall be responsible for operat ion of the system except for 
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 communica- 
tion with personnel  on trains, motor  vehicles, and all loca- 
tions of the system. 

7-3.2 Wherever necessary for dependable and reliable com- 
munications, a separate radio network capable of two-way 
radio communication tbr fire department  personnel to the 
fire department  comnmnication 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 tor identification. 

7-5 Portable Telephone and Lines. For  emergency  
operations where the traimvay is a considerable distance 
from the s treet  level, or  unusual  te r ra in  features are 
present,  or normal radio or telephone communication is 
inadequate or no,t functioning satisfactorily, it may be nec- 4":.' 
essary to employ~portable telephones. The authority shall 
provide portable telephones and arrange tor their expedi-  
tious dispatch to an emergency scene when required. 

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

7-7 Public Address System. 

7-7.1 All stations, as de termined bv the authority having 
jurisdiction, shall have a public address system for commu- 
nicating with passengers and employees. (For communication 
requirements f in vehicles, see 4-6.2.) 

7-7.2 The CSS shall have the capability of using the pub- 
lic address system to make announcements  throughout  
stations. 

7-7.3 Authori ty supervisory employees at stations shall 
have the capability of making announcements  throughout  
their stations on the public address system. 

7-7.4 During interruptions of train service or delays for 
any reason associated with an emergency, fire, or smoke, 
the passengers and employees shall be kept informed by 
means of the public address system. 

7-7.5 At times of emergency the public address system 
shall be used effectively to communicate  to passengers, 
employees, and part icipating agency personnel.  

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

Chapter 8 Referenced Publ icat ions  

8-1 The  following documents or portions thereof  are ref- 
erenced within this s tandard and shall be considered par t  
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. 
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NFPA 10, Standard for Portable Fire Extinguishers, 1990 
edition. 

NFPA 13, Standard for the hlstallation of Sprinkler Sy.~tems, 
1991 edition. 

NFPA 14, Standard for the installation of Standpipe and 
Hose Systems, 1993 edition. 

NFPA 24, Standard for the Installation of Przvate Fire Ser- 
vice Mains and Their Appurtenances, 1992 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 33, Standard for Sprn~ Application U, ffng Flammable 
and Combustible Materials, 1989 edition. 

NFPA 51B, Standard for Fire Preventio~ in Use of Catting 
and Weldi,zg Processes, 1989 edition. 

NFPA 58, Standard for the Storage and Handling of Lique- 
fied Petroleum Gases, 1992 edition. 

NFPA 70, National Electrical Code, 1993 edition. 

NFPA 72, National Fire Alarm Code, 1993 edition. 

NFPA 90A, Standard ]br the Installation of Air Conditiot6ng 
and I/entilating Systems, 1993 edition. 

NFPA 91, Standard for Exhaust Systems /br Air Co~zve~ing of 
Materials, 1992 edition• 

NFPA i o i ,  Life Safet~ Code, 199l edition. 

NFPA 220, Standard on Types of Building Co.nstruction, 
1992 edition. 

NFPA 241, Standard for Safeguarding Con,shuctio.t~, Alter- 
ation, and Demolition Operations, 1993 edition. 

NFPA 251, Standard Methods of Fire Tests of Building Con- 
struction and Materials, 1990 edition. 

NFPA 255, Standard Method of Test of SmJhce Burning 
Characteristics of Building Materials, 1990 edition. 

NFPA 256, Sta.ndard Methods of Fire Tests of Roof Cover- 
ings, 1993 edition. 

NFPA 505, Fire Safety Standard for Powered Industrial 
Trucks Including T~,pe Designalio,is, Areas of Use, Maintenmzce, 
and Operatio'n, 1992 edition. 

NFPA 1963, Standard for Fire Hose Connections. 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 C2-93, National Electrical Sqfetv Code. 

ANSI B56.1:88, Safeh, Standnrd for Low Lift a~d High Lift 
Trucks. 

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

ASTM E 84-89, Standard Test Method for Surface Burning 
Characteristics of Building Materials, Rev A-91. 

ASTM E 119-88, Rev. B-92, Standard Test Method for Fire 
Tests of Building Construction and Materials. 

ASTM E 136-1982, Rev. A-92, Standard Test Method for 
Behavior of Materials in a Vertical Tube Furnace at 750 ° C. 

8-1.2.3 IEEE Publ icat ions .  Institute of  Electrical and 
Electronic Engineers, Inc., 445 Hoes Lane, P.O. Box 1331, 
Piscataway, NJ 08855-1331. 

IEEE No. 11-80, Standard./br Rotating Electric Machine U 
)or Rail and Road Vehicle.~. 

IEEE No. 16, American Standa~vl fin Electric Control Appa- 
ratus fro Land Transportation Vehicles. 

I EEE No. 383, Standard for Type Tests of Class 1E Electric 
Cables, Field Splice.% a'nd Connections for Nuclear Power Gener- 
ating Stations, 1974• 

8-1.2.4 ICEA Publ icat ion.  Insula ted  Cable Engineers  
Association, P.O. Box P, South Yarmouth,  MA 02664. 

ICEA S-19-1981/NEMA WC3, R nbber-lnsulaled Wire and 
Cable for the 7~ransmission and Distribution o/Electrical Energy. 

8-1.2.5 Underwri ters  Laboratories Inc.  Underwr i t e r s  
Laboratories Inc., 333 Pfingsten Road, Nor thbrook,  IL 
60062. 

UL 44-1983, Rubber-Insulated Wires and Cables. 
UL 83-1983, Thernloplastic-h~sulated Wires. 

A p p e n d i x  A E x p l a n a t o r y  Mater ia l  

This Appendix ts not a part of the requiremenL~ oj thts NFPA document, 
but is included for injbrmatton purposes only. 

A-2-2.4.3 Because of the difterence in the potential level 
of  hazard between various stations (i.e., open stations as 
compared  to enclosed stations) alternative methods to fire 
separation may 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 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 or headrails may not currently be available in non- 
combustible materials. The  authori ty having .jurisdiction 
should review each installation proposal  for compliance to 
the greatest extent  possible. 

A-2-6.1.2 Discrete zone indicat ions  are  desi rable  for 
unmanned  stations. 

A-2-6.1.4 Separate zones on tlle annuncia tor  panel to 
monitor main control valves on s tandpipe systems should 
be established• 

A-2-6.4.3 It is desirable to locate fire 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 platforms 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-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 ext inguishment of an}, fire invoMng 
these units. 
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Appendix B Air Quality Criteria in Emergencies 

This Appendix is not a part of the requirements of this NFI~4 document, 
but is i~cluded Jbr mformatton purposes only. 

B-1 General. In this Appendix criteria for 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 tbr 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 si tuations have dealt with exposure  tests on 
healthy acclimated adults. These individuals can survive in 
environments potentially harmful to the less pbysically fit. 
It must be assumed, however, that under  emergency con- 
ditions in subways some of the passengers might be infants, 
aged, or suffering from respirator}, or cardiac ailments. 
The tolerances of these passengers will form 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, tim 
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 
visibility. Tim intended effects of all emergency ventilation 
equipment,  therefore, are to provide, in the event of fire, 
control of smoke migration and an effective means to 
purge smoke and supply fi-esh air to passengers and fire 
depar tment  personnel dur ing  evacuation and early fire 
fighting operations. 

B-2.1 Since some emergency situations could conceivably 
occur where all the passengers cannot be provided with 
fiesh air for the entire length of an evacuation route, crite- 
ria are required to maintain air quality for those passen- 
gers. Such a situation would occur, tbr example, when 
there is a fire in the middle of a train. Because fi-esh air 
may come [i-on1 only one direction, passengers in one-half 
of the train could be exposed to air containing some con> 
bustion products while passengers in the other half could 
receive fresh air. Sufficient fresh air, however, must be sup- 
plied to passengers downwind of a fire to dilute adequately 
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 
tbe contaminant,  its concentration, and exposure time, and 
will be different tot different persons. A person's reaction 
to potentially harmful combustion products is proportional 
to a characteristic of the envi ronment  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 the 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, CT, for different airflow rates. 
(See Subway Enviromne,~tal Design Handbook, Vol. I, 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 harmful effects. Passengers should not be exposed 
to maximum air temperatures exceeding 140°F (60°C) dur- 
ing emergencies. The heat released from 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 may be necessary to expose passen- 
gers to air velocities higher than those permitted by nor- 
mal 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 air- 
stream. According to the descriptions of the effects of vari- 
ous air velocities given in the Beaufort scale, passengers 
under  emergency conditions can tolerate as much as 2,200 
fpm (11.2 m/s). 

B-2.3.2 The min imum air velocity within the 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 upper  cross section of the tunnel  opposite in direc- 
tion to the forced ventilation air. 

B-2.4 Emergency Ventilation Fans. In some instances it 
may 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 
from fire or generation of smoke, the ventilation equip- 
ment may be used to: (1) move combustion and decompo- 
sition products and heat in a'.preferred direction; (2) lessen 
the airborne concentration of combustion and decomposi- 
tion products; and (3) lessen the heat buildup and air tem- 
peratures 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 sys- 
tem uses in subway emergencies vary depending on how 
each operating transit agency responds to all elements 
involved in combating an emergency. Each subway system 
must integrate all the elements that respond to emergen- 
cies to form an overall policy. The qualitative relationships 
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discussed herein will assist subway operators  in taking pre- 
ventive and corrective actions to guard against fires and 
other  related emergencies. 

B-2.4.2 Increas ing the airflow rate in the tunnel  will 
decrease the a i rborne concentration of potentially harmful 
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 may arise in which the smoke source is completely 
removed  f iom the passengers ,  and actuat ing any fans 
would draw the smoke to the evacuation routes. Under  
these conditions the fans should not be activated until it is 
safe 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 information 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 nonconlaminated 
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 from the burning 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 de te rmined  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. 

The  heat  content of the materials should be as deter- 
mined in accordance with NFPA 259, Standard Test Method 
for Potential Heat of Building Materials. 

Available test data on combustibility of material utilized 
in transit  vehicles is ei ther incomplete or not directly appli- 
cable to the situation of a train fire in an unde rg round  
confined trainway. Once a fire has penet ra ted  to the inte- 
r ior (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 cqnstraints of limiting emergency air 
velocity criteria (see B-2.3), are such that high vehicle com- 
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 floor covering and adhesion 
material) should not exceed 45,000 Btu/~q ft (0.511 × 109 
J/m'-') of ross floor area The  figure of 45 000 Btu/sq ft 

g 9 '~ " • ' (0.511 × 10 J /m')  has been derived as one that is readily 
obtainable based on a comparison of available data for 
seven different  makes, sizes, and  types of  rapid- t rans i t  
vehicles. Va lueso f30 ,000  Btu/sq ft (0.341 × 109J/m 2) can 
be achieved if deemed desirable. Values as high as 135,000 
Btu/sq ft (1.533 × 109j/m '-') 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 from 

the burning of insulation and oily substances accumulated 
in the insulation, or from the vaporizing or fuming from 
the conductor  itself. 

B-2.5.2 The effects of smoke are reduced if: 

(a) The amount of smoke generated is reduced. This may be 
accomplished by design, maintenance,  or both to minimize 
the quantity of material  that might produce  smoke. Main- 
tenance should include clearing of combustible deposits of 
potential smoke sources from undernea th  the train. Mate- 
rials used in a subway system should be selected for mini- 
mum smoke production.  The  smoke-producing material 
may be isolated (for example,  by enclosing wiring in con- 
d u i t ) .  The  smoke p r o d u c e d  by shor t  circuits may be 
reduced by de-energizing the circuit. All aspects of subway 
design, including maintenance procedures,  should incor- 
porate  the philosophy of reducing sources of smoke. 

(b) The passengers' 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 will enable the passenger to get away from the 
smoke quickly. 

B-2.5.3 The amount  of material available ibr smoke gen- 
eration and the evacuation procedures  to be used involve 
cons idera t ion  of  n u m e r o u s  design features,  while the 
amount  of air  flowing th rough  the tunnels  is direct ly 
related to the fan capacity installed. 

B-2.5.3.1 The decomposit ion rate of materials that can- 
not suppor t  combustion depends  on the rate and quantity 
of heat  externally appl ied to the materials and not on the 
airflow to the materials. Potential smoke evolution from 
these materials can be limited by material selection, con- 
trol, and correction of  electrical shorts, and by minimizing 
the accumula t ion  of  oily substances in the mater ials .  
Increased airflow is desirable to dilute whatever smoke is 
generated.  

B-2.5.3.2 All insulations should be resistant to moisture as 
demonst ra ted  by an essentially flat response of a plot of 
power factor vs. time when tested by immersion of a No. 14 
AWG wire with 47 mils of insulation in 194°F (90°C) con- 
tinuously for six months while energized with 600 volts dc 
continuous with the power factor measured every month at 
80 volts mil. Other  physical and electrical propert ies  of the 
insulations should conform to those given for the type of 
insulation in ICEA S-19-81/NEMA WC3, Rubber-Insulated 
Wire and Cable for the Transmission a~d Distribution of Electri- 
cal Energ-~, for rubber  insulated wire and cable and to 1CEA 
S-66-524/NEMA WC7, Cr°ss-Linked'Therm°setting-P°lyethyl- 
e,~e-Insulated Wire and Cable for the Tra~lsmission and Distribu- 
tio~ of Electrical Energy, for crosslinked polyethylene wire 
and cable or ICEA S-68-516/NEMA WC8, Ethylene-Pro- 
pylene-Rubber-hzsulated Wire and Cable for the Transmission 
and Distribution of Electrical Energy, for e thylene-propylene-  
rubber- insulated wire and cable. 

B-2.5.4 Insulation and jacket ing materials yielding lowest 
amounts of toxic or corrosive products dur ing  combustion 
are preferred;  however, the electrical integrity of the wire 
and cable systems and the nonfire propagat ing  propert ies  
in a fire of the constructions of wire and cable systems 
should be given a high priori ty when selecting materials. 
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Appendix C Emergency Egress 

This Appendix is not a part of the requirements of this NFPA doo4ment, 
but is included for reformation proposes only. 

C-1 Transi t  station dimensions are de termined as a func- 
tion of the length of trains employed in a transit system. 
Thus the areas of  station platfbrms in light density outlying 
stations will be equal to those of  heavy density downtown 
central business district  t ransi t  stations. Consequent ly ,  
occupancy loads in rapid  transit  stations, based on the 
emergency condition requir ing evacuation of that station 
to a point  of safety, are a function of the train-carrying 
capacities r a the r  than pla t form areas categorized as a 
"place of assembly." The  tunnel may be considered as an 
auxiliary exit from the station under  certain fire scenarios. 

C-I.1 Calculating Occupant Load Exit Capacity. The 
occupant load as used in this section is the basis on which 
most new or expanding transit systems are designed. The  
methodology for de termining  passenger use of transit sys- 
tems varies considerably between specific systems, but a 
study usually will permit  a determinat ion of "peak hour 
loads." Most systems also will de t e rmine  "peak hour"  
reversal from morning  to afternoon to reflect commuter  
loads. 

The  basis on which the occupant  load data is de termined 
should be considered carefully in establishing the need for 
emergency egress. In new transit  systems a survey of actual 
usage should be made within two years of completion of 
the project to verify design predictions. In operat ing sys- 
tems, predicted passenger loads should be established to 
deternfine the need for expansion of the system or signifi- 
cant operat ing changes. Verification by survey should be 
made  following any extension or significant opera t ing  
change or at a maximum of 5-year intervals. 

The  basis 1or calculating occupant  loads should be the 
peak hour  pat ronage figures as commonly projected for 
design of new transit  systems or as established by survey 
for opera t ing  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 11/2. The 11/2 is a distri- 
bution curve correction and may be varied for a part icular  
system if sufficient data is available for verification. Both 
link loads (number  of passengers traveling between two 
stations over a given period) and entraining loads (number  
of  passengers enter ing a station to board trains dur ing  a 
given period) are converted in this manner .  

For existing transit systems, where actual pa t ronage data 
are available, statistical methods may be 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 for exit calculations is calculated from 
peak 15-minute entraining loads by dividing by 15 minutes 
and multiplying by 12 minutes or two times the headway, 
whichever is greater.  

When trains arrive at a platform from only one direc- 
tion, the "calculated train load" as used for exit calculations 

is calculated from the peak 15-minute link load by dividing 
the number  of trains arriving at the station dur ing 15 min- 
utes based on headways and muhiplying by two to allow for 
one missed headway. The  maximum for the "calculated 
train load" should be the most passengers capable of occu- 
pying a train. 

When trains arrive at a platform from more than one 
direction, the entraining load and calculated train load for 
the peak direction are computed as described above. In the 
off-peak direction, the entraining load and calculated train 
load are computed from the peak 15-minute entraining 
load and the peak 15-minute link load, respectively, by 
dividing by the number  of trains arriving at the station 
dur ing  15 minutes based on headway. - .  

The total exit time is the sum of the walking travel time 
for the longest exit route plus the waiting times at the var- 
ious 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 for 
each segment is then divided by the appropr ia te  travel 
speed to determine the time needed~to traverse each seg- 
ment. The  walking travel time is the sum of the times for 
each segment. 

The  flow time (the time for the last person to pass 
through the part icular  element) for each of the various cir- 
culation elements (e.g., platform exits, fare barriers,  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 the calculations. 

For instance, if, that a nominal 3-ft ( l -m) wide door  pro- 
vides access to a 44-in. (1.22-m) wide stair the clear width 
of the door  opening, with the door  in the fully open posi- 
tion, is usually about 32 in. (0.91 m), this door  would be 
considered 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 per  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, 
meaning that the door  should be used in the capacity cal- 
culations. If  the door  were wider, for example enough to 
provide 2 units of exit width, the capacity of  the door  
would be 100 ppm. The stair capacity would then be more 
restrictive, meaning that the stair capacity should be 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- 
port ion 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 from the platform 
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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 = 

T 1 = 
TX = 

W! 

W,~ 

W 3 = 
W N =  

Wp = 

Wf = 

Wc = 

Wn ~-- 

Total walking travel time for the longest exit route. 

Walking travel time on the platform. 

Walking travel time for the Xth segment of the exit 
route. 

Platform exits flow time. 

Fare barrier flow time. 

Concourse exits flow time. 

Flow time for any additional circulation element. 

W 1 - T 1 = Waiting time at platform exits. 

W9 - W] = Waiting time at fare barriers. 

W 3 - MAX(W l or W2) = Waiting time at concourse 
exits. 

WN = MAX(W~, W 2, or Wl) = Waiting time at any 
additional circulation element. 

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

C-1.2 Center Platform Station Sample Calculation. The 
sample center platform station is an elevated station with 
the platform above the concourse, which is at grade. The 
platform is 600 ft (183 m) long to accommodate the train 
length. The vertical distance from the platform to the con- 
course is 30 ft (9 m). 

The station has one paid area separated from 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 between the platform and the 
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 tor use by the handicapped or service personnel. 
Open emergency 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. 
In 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 calculation for Test No. 2 would be modified. 
The time to reach a point of safety would include the walk- 
ing travel time from the remote point on the platform to 
the concourse only, plus the waiting time at the platform 
exits. The area of the concourse would have to be large 
enough to accommodate the concourse occupant load cal- 
culated in Test No. 2. 

- Emergency 
stairs to 
grade (typ,) 

D n ~ ~  

1 O0 ft. 

Escalators ~ _ _  

I 

1 
228 ft. 

600 ft. 

Emergency 
s t a i r ~ _  ~ 

- -  

~ Trackway " ~  

Platform level plan 

Emergency exits 

/ 

~ I I I I  -~ 
Paid area 

Escalators - -  

~ -  Emergency 
54 ft. stairs 

/ ,  
/ -® 

Concourse level plan 

Figure C-1.2 Center platform station. 
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Table C-1.2 NFPA 130 Exiting Analysis 
Station: Sample Center Date: Apr 1, 87 By: 

Exit Lanes and Capacity Provided 
DRF 

No. Capacity/ 
Element Direction Lanes Lane = PPM 

PLATFORM T O  C O N C O U R S E  

Stairs " - - U p  0 
- - D o w n  4 

Escalator - -  U p 0 
- -D own*  1 

Emer.  Sta - -  Up 0 
- -  Down 2 

Escalator Test: 11.11% (Not > 50%) 
*One escalator d i scounted  per  2-5.4.1.1 

T H R O U G H  FARE BARRIERS 

Turns t i les  0 
Fare Gates 4 
Service Gates 1 
Emergency  

Gates 2 

FARE BARRIERS T O  SAFE AREA 
DISCHARGE T O  OUTSIDE**  

Stairs - - U p  0 
- - D o w n  0 

Escalator - -  Up 0 
- - D o w n  0 

Emer.  Sta - - U p  0 
- - D o w n  0 

Escalator Test: 0.00% (Not > 50%) 

WALKING T I M E  FOR L ONGE S T  
PLATFORM T O  SAFE AREA 

On  Platform 
Platform to Concourse  
O n  Concourse  
Concourse  to Grade  
On Grade  to Safe Area 

Total  walking t ime 

3 35 = 0 
3 40 = 480 
2 35 = 0 
2 40 = 80 
2 35 = 0 
2 40 = 160 

Total  720 

1 25 = 0 
1 50 = 200 
2 50 = 100 

3 50 = 300 

Total  600 

**FARE BARRIERS 

3 35 = 0 
0 40 = 0 
2 35 = 0 
0 40 = 0 
0 35 = 0 
0 40 = 0 

Total  0 

EXIT R O U T E  

Feet /FPM Min. 

TI  136 200 0.680 
T2 30 60 0.500 
T3 54 200 0.270 
T4  0 50 0.000 
T5 10 200 0.500 

T = T1 + T2 + T3 + T4  + T5 = 1.500 

C-1.3 S ide  P la t form Stat ion S a m p l e  Ca lcu la t ion .  T h e  
s a m p l e  s ide  p l a t f o r m  s t a t i o n  is a s u b w a y  s t a t i o n  wi th  a c o n -  
c o u r s e  a b o v e  t h e  p l a t f o r m  level  b u t  b e l o w  g r a d e .  T h e  p la t -  
f o r m  is 6 0 0  ft (183  m)  l o n g  to a c c o m m o d a t e  t h e  t r a i n  
l e n g t h .  T h e  ve r t i ca l  d i s t a n c e  f r o m  g r a d e  to c o n c o u r s e  is 26  
ft (8 m) .  T h e  c o n c o u r s e  is 18 ft (5 .5  m)  a b o v e  t h e  p l a t f o r m .  

T h e  s t a t i o n  h a s  two  e n t r a n c e s  n o r m a l l y  u s e d  by  p a t r o n s ,  
e a c h  c o n t a i n i n g  o n e  e s c a l a t o r  a n d  o n e  s tair .  T h e  e n t r a n c e s  
a r e  c o v e r e d  a t  g r a d e  level  to a p o i n t  10 ft (3 m)  b e y o n d  t h e  
t o p  o f  t h e  s ta i r s .  

T h e  c o n c o u r s e  is d i v i d e d  i n t o  two  f r ee  a r e a s  a n d  o n e  
p a i d  a r e a  s e p a r a t e d  by  f a r e  a r r a y s .  E a c h  fa re  a r r a y  c o n t a i n s  
12 f a r e  g a t e s  o f  t h e  t u r n s t y l e  t y p e  a n d  o n e  s w i n g i n g  s e r v i c e  
ga t e ,  48  in.  (1 .22  m )  w i de ,  e q u i p p e d  wi th  p a n i c  h a r d w a r e  
for  u s e  by  t h e  h a n d i c a p p e d  a n d  s e rv i ce  p e r s o n n e l .  T h r e e  
o p e n  wells ,  c o n t a i n i n g  two  s ta i r s  a n d  o n e  e s c a l a t o r ,  c o m -  
m u n i c a t e  b e t w e e n  e a c h  p l a t f o r m  a n d  t h e  c o n c o u r s e .  

E l e v a t o r s  a r e  p r o v i d e d  f r o m  g r a d e  level  to c o n c o u r s e  
a n d  f r o m  t h e  c o n c o u r s e  to e a c h  p l a t f o r m  fo r  u s e  by  t h e  

Table C-1.2 NFPA 130 Exiting Analysis 
Station: Sample Center Date: Apr 1, 87 

Test #1 

Evacuate PLATFORM O C C U P A N T  LOAD(S) f rom Platform(s) in 
4 minu te s  or  less. 
W1 (time to clear platform) = PLATFORM O C C U P A N T  LOAD/ 

PLATFORM EXIT CAPACITY 
WI  = 2498/ 720 = 3.469 minu te s  

Test #2  

Evacuate PLATFORM O C C U P A N T  LOAD f rom most  remote  
point  on pla t torm to a point  of  safety in 6 minu tes  or  less. 

Wait ing T i m e  at Platform Exits, Wp [ = Wl  - T1] 
Wp = [Wl - T1] ~:;~ 
Wp = z3~469 - 0.680 = 2.789 minu tes  

Concourse  Occupan t  Load = Platform Occupan t  Load 
- (Wl x Emergency  Stair Capacity) 

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

Wait ing T ime  at Fare Barriers,  WF [ = W2 - W1] 
W2 = Concourse  Occupan t  Load / Fare Barr ier  Exit Capacity 
W2 = 1943/ 600 = 3.238 minu te s  
Wf  = W2 - W1 
Wf  = 3.238 3.469 = 0.000 minu te s  

Waiting Time at Concourse Exits, Wc [ = W3 - biAX (W2 or Wl)] 
W3 = Concourse  Occupan t  Load / Concourse  Exit Capacity 
W3 = 1943/ 0 = 0.000 minu tes  
Wc - W3 - Max (W2 or  W1) 
Wc = 0.000 - 3.469 = 0.000 minu tes  

Total  Exit T i m e  [ = T + WP + Wf  + Wc] 
Total  = 1 .500+ 2 .789+  0 .000+  0.000 
Total  = 4.289 minu tes  

h a n d i c a p p e d  a n d  s e r v i c e  p e r s o n n e l .  S t a t i o n  a n c i l l a r y  
s p a c e s  a r e  l o c a t e d  a t  c o n c o u r s e  level .  

E n c l o s e d  e m e r g e n c y  s t a i r s ,  d i s c h a r g i n g  d i r e c t l y  to  
g r a d e ,  a r e  p r o v i d e d  a t  b o t h  e n d s  o f  e a c h  p l a t f o r m .  Esca la -  
t o r s  a r e  n o m i n a l  48  in. (1 .22  m)  wide .  S ta i r s  r e g u l a r l y  u s e d  
by  p a t r o n s  a r e  72 in. (1 .83  m)  wide .  E m e r g e n c y  s t a i r s  a r e  
48  in. (1 .22  m)  wide .  D o o r s  to e m e r g e n c y  s t a i r s  a r e  48  in. 
(1 .22  m )  wide .  

T h e  s t a t i o n  o c c u p a n t  l o a d  is 1600  p e r s o n s ,  2 2 8  o n  t h e  
o u t b o u n d  p l a t f o r m  a n d  1372  o n  t h e  i n b o u n d  p l a t f o r m .  

T h e  s a m p l e  c a l c u l a t i o n  s h o w n  is o n e  o f  s e v e r a l  t h a t  n e e d  
to be  d o n e  to p r o p e r l y  a n a l y z e  th i s  t y p e  o f  s t a t i o n .  T h e  
s a m p l e  c a l c u l a t i o n  s h o w s  t h e  e f fec t  o f  d i s c o u n t i n g  o n e  o f  
t h e  e s c a l a t o r s  f r 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 i ' 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 ea r  t h e  p la t -  
f o r m  is f o u n d  to be  3 .267  m i n u t e s  fo r  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  {br 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  
( the  m a x i m u m  for  t h e  two  p a t h s  e x a m i n e d )  is f o u n d  to b e  
6 . 5 9 l  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  2 -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 i 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  a n  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 b e  
c l e a r e d  in  4 m i n u t e s  o r  less  u n d e r  th i s  c o n d i t i o n .  
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130-30 FIXED GUIDEWAY TRANSIT SYSTEMS 
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Up ~ UP,t'~FII]m~" I 
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Figure C- 1.3 

C-1.4 Multilevel Platform Stations. The procedures for 
calculating exiting times for such stations is similar to the 
prior sample calculations (C-1.2 and C-1.3). The changes 
in the exiting calculations are primarily a function of the 
concurrent  occupancy load determinations for the two 
platform levels. 

The step-by-step procedure relating to the occupancy 
load calculations generally is recommended as follows: 

(a) Calculate the occupancy load for each platform level 
as per the appropriate examples in C-1.2 and C-1.3 for the 
same assumed time(s) of day. 

(b) If  the fire is on the upper  level platform (for an 
underground station), an assumption may be made as to 
the percentage of  occupants who may bO~xpected to evac- 
uate the lower level through the normal egress routes ver- 
sus those who may be expected to exit via emergency 
stairs. These assumptions will be unique for each system as 
a function of various parameters, including physical config- 
uration of stations, means of egress, and location of emer- 
gency exits; communications facilities to advise passengers, 
both verbal and signing; level of  transit personnel manning 
in stations; and transit personnel emergency procedure 
responsibilities established for the transit operating authority. 

(c) The upper-level occupant load is increased by the 
people evacuating from the lower level through the normal 
egress routes per the above. 

(d) For a fire on the lower level, appropriate assump- 
tions relative to distribution of  the occupancy loads to the 

Platform level 

Side platform station. 

available means of  egress are calculated in a fashion similar 
to the procedures described above. 

The remainder of the exiting calculations essentially are 
unchanged from 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 for Elevators a~zd 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 features should be provided. 

The number  of fiat steps at the upper  landings should 
be increased in proportion to the vertical rise of the escala- 
tor. For a rise up to 20 ft (6.1 m), use the manufacturers'  
standard number  of fiat steps. From 20-ft (6.l-m) to 60-ft 
(18.3-m) rise, use three flat 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 for 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 from the remote location or stop 
is delayed until it is preceded by an appropriate warning. 
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Table  C-1.3 N F P A  130 Exi t ing  Analys i s  
Station: Sample  Center 

Date: Apr 1, 87 By: DRF 
Exit  Lanes  and Capacity Provided  

Element Direction No. Capacity/ = PPM 
Lanes Lane 

I N B O U N D  PLATFORM T O  C O N C O U R S E  
Stairs - - U p  2 3 35 = 210 

- - D o w n  0 0 40 = 0 
Escalator - - U p  1 2 35 - 70 

- -Down*  0 0 40 = 0 
Emer .  Sta - - U p  2 2 35 = 140 

- - D o w n  0 0 40 - 0 

Total  420 
T H R O U G H  FARE BARRIERS 

Turnst i les  12 1 25 = 300 
Fare Gates 0 1 50 = 0 
Service Gates 0 0 50 = 0 
Em ergency  Gates 1 2 50 = 100 

Total  400 
FARE BARRIERS T O  SAFE AREA 
Stairs - - U p  1 3 35 = 105 

- - D o w n  0 0 40 = 0 
Escalator - - U p *  0 2 35 = 0 

- - D o w n  0 0 40 = 0 
Liner.  Sta - - U p  0 0 35 = 0 

- - D o w n  0 0 40 = 0 

*One escalator test: p e r  2-5.4.1.1 Total  105 

W A L K I N G  T I M E  FOR L O N G E S T  E X I T  R O U T E  
I N B O U N D  PLATFORM 

Feet /FPM Min. 
On  Platform T1 165 200 0.825 
Platform to Concourse  T2  18 50 0.360 
On  Concourse  T3 115 200 0.575 
Concourse  to G rade  T4  26 50 0.520 
On G rade  to Safe Area  T5 10 200 0.500 

Total  walking t ime T = T1 + T2  + T3  + T4  + T5  2.330 

Element Direction No. Capacity/ = PPM 
Lanes Lane 

O U T B O U N D  PLATFORIvl T O  C O N C O U R S E  
Stairs - - U p  2 3 35 = 210 

- - D o w n  0 0 40 = 0 
Escalator - - U p  1 2 35 = 70 

- - D o w n  0 0 40 = 0 
Emer .  Sta - - U p  2 2 35 = 140 

- - D o w n  0 0 40 = 0 

420 
T H R O U G H  FARE BARRIERS 

Turnst i les  12 1 25 = 300 
Fare Gates 0 1 50 = 0 
Service Gates 0 0 50 = 0 
Emergency  Gates 1 2 50 = 100 

4OO 
FARE BARRIERS T O  SAFE AREA 

Stairs - - U p  1 3 35 = 105 
- - D o w n  0 0 40 = 0 

Escalator - - U p  l 2 35 = 70 
- - D o w n  0 0 40 = 0 

Liner.  Sta - - U p  0 0 35 = 0 
- - D o w n  0 0 40 = 0 

175 
O U T B O U N D  PLATFORM 

Feet /FPM Min. 
On pla t form TI"  60 200 0.300 
Platform to concourse  T2 18 50 0.360 
On  concourse  T3 130 200 0.650 
Concourse  to g rade  T4  26 50 0.520 
On g rade  to safe area  T5 10 200 0.050 

Total  walking t i m e T  = T1 + T2 + T3 + T4  + T5 1.880 

Table  C-1.3 N F P A  130 Exit ing Analys is  
Station: Sample  Center Date: Apr 1, 87 

Test  # 1  

E v a c u a t e  P L A T F O R M  O C C U P A N T  LOAD(S)  f rom.  P la t fo rm(s)  in 
4 m i n u t e s  o r  less. 
W I  ( t ime  to c lea 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 t o r m  
W1 = 1372/ 420 = 3 .267 m i n u t e s  
O u t b o u n d  P l a t f o r m  
W1 = 228/  420  = 0.543 m i n u t e s  

Test  # 2  

E v a c u a t e  P L A T F O R M  O C C U P A N T  L O A D  f r o m  m o s t  r e m o t e  
p o i n t  on  p l a t f o r m  to4a p o in t  o f  safety in 6 m i n u t e s  o r  less. 

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

W a i t i n g  T i m e  at  P l a t f o r m  Exits, W p  [ =  W l  - T1 ]  
W p  = [Wl  - T1]  
W p  = 3 .267 - 0 .825 = 2 .442 m 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 m  O c c u p a n t  L o a d  
- (W1 x E m e r g e n c y  Stair  Capac i ty)  

C o n c o u r s e  O c c u p a n t  L o a d  = 1372 - 457 
C o n c o u r s e  O c c u p a n t  L o a d  = 915 Pe r sons  

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  = C 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 )  = 915 + 152 = 1067 

W a i t i n g  T i m e  at  Fa re  Ba r r i e r s ,  W f  [ =  W2 - W l ]  
W2 = C o n c o u r s e  O c c u p a n t  L o a d  / Fa re  B a r r i e r  Exit  Capac i ty  
W2 = 534/  400 = 1.335 m i n u t e s  
W f  = W2 - W l  
W f  = 1 . 3 3 5 -  3 .267 = 0 .000 m i n u t e s  

Wait ing T i m e  at Concourse  Exits, Wc [=  W3 - MAX (W2 o r  WI) ]  
W3 = 534/  105 = 5 .086 m i n u t e s  
Wc = W3 - Max  (W2 o r  W1)  
Wc = 5 .086 - 3 .267 = 1.819 m i n u t e s  

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

Wai t i n g  T i m e  at P l a t fo rm Exits, W p  [ =  W1 - T1 ]  
W p  = [Wl  - T I ]  
W p  = 0 .543 - 0 .300 = 0 .243 m 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 m  O c c u p a n t  L o a d  
- (Wl  x E m e r g e n c y  Stair  Capac i ty)  

C o n c o u r s e  O c c u p a n t  L o a d  = 228 - 76 
C o n c o u r s e  O c c u p a n t  L o a d  = 152 Persons  

W a i t i n g  T i m e  at  Fa re  Ba r r i e r s ,  W f  [ = W2 - W1] 
W2 = C o n c o u r s e  O c c u p a n t  L o a d  / Fa re  B a r r i e r  Exit  Capac i ty  
W2 = 534/  400 = 1.335 m i n u t e s  
W f  = W2 - W1 
W f  = 1 . 3 3 5 -  0 .543 = 0.792 m i n u t e s  

Wait ing T i m e  at Concourse  Exits,' Wc [=  W3 - MAX (W2 o r  W1)] 
W3 = 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  Exit  Capac i ty  
W3 = 534/  175 = 3.051 m i n u t e s  
Wc = W3 - Max  (W2 o r  W1)  
Wc = 3.051 - 1.335 = 1.716 m i n u t e s  
To t a l  Exit  T i m e  [ =  T + W p  + W f  + Wc] 
To t a l  = 2 .330 + 2.442 + 0 .000  + 1.819 
T o t a l  = 6.591 m i n u t e s  
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1 3 0 - 3 2  FIXED GUIDEWAY TRANSIT 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  f o r  F i r e  
R i s k  A s s e s s m e n t  

This Appendix is not a part of the requirements of this NFPA document, 
but is included for i,zformation purposes only. 

T h e  two mos t  i m p o r t a n t  f ea tu res  in fire safety des ign  of  
a t r ans i t  vehicle  a re  to p r o v i d e  suff ic ient  t ime  ibr  evacua-  
t ion  in the  even t  of  a fire be fb re  the  vehic le  c o m p a r t m e n t  
b e c o m e s  u n t e n a b l e  a n d  to p r e v e n t  a s e l f -p ropaga t ing  fire. 

M o d e l i n g  has  the  capabi l i ty  of  p r o v i d i n g  an  eva lua t ion  
of  a fire system. A m o d e l  can  p red ic t  wha t  effect the  use of  
var ious  c o m b i n a t i o n s  o f  mater ia l s  will have  in p r e v e n t i n g  
fully d e v e l o p e d  fires in a specific s i tuat ion.  

H a z a r d  load ca lcula t ions  p r o v i d e  a way to e x a m i n e  the  
po t en t i a l  fire h a z a r d  o f  mater ia l s  used  in a t r ans i t  vehicle  
in te r io r .  Us ing  the  e x a m p l e  in T a b l e  D- l ,  the  select ion of  
the  sea t ing  mate r ia l s  can  ser iously affect the  " l o a d i n g "  in a 
vehicle.  A s e l f -p ro paga t i ng  fire d e p e n d s  on  the  size of  the  
in i t i a t ing  fire; t h e r e f o r e ,  the  hea t  flux or  e x p o s i n g  fire used  
to eva lua te  mate r ia l s  a t  t he i r  locat ion in the  fire system is 
i m p o r t a n t .  H a z a r d  load values  a re  useful  in d e t e r m i n i n g  if  
a s e l f -p ropaga t ing  fire is possible.  T h e  h a z a r d  load analysis 
is a m e t h o d  for  c o m p a r i n g  re lease  ra te  i n f o r m a t i o n  used  to 
d e t e r m i n e  the  level o f  safety selected.  T h e  re lease  ra te  
i n f o r m a t i o n  in T a b l e  D-1 is ba sed  on  the  t h r e e - m i n u t e  
re lease  d e t e r m i n e d  at  the  e x p o s u r e  iden t i f i ed  in T a b l e  D-1. 

T h e  da ta  in T a b l e  D- l ,  Release  Rate  Data,  is based  o n  
tests of  mater ia l s  c o n d u c t e d  in a c c o r d a n c e  with N F P A  263, 
Standard Method of Test for Heat and Visible Smoke Release 
Rates for Materials and Products. T h e  e x p o s u r e  in the  NFPA 
263 test  p r o c e d u r e  can  be  va r i ed  d e p e n d i n g  on  the  loca- 
t ion of  the  mater ia ls  within the  fire c o m p a r t m e n t .  For  exam- 
ple, mater ia ls  at the  ceiling will be  exposed  to a g rea te r  hea t  
flux t han  materials  located at  the  floor level. For  a more  com- 
plete exp lana t ion  of  the  h a z a r d  load concept ,  in fo rmat ion  is 
available in a publ ica t ion enti t led,  Transit Vehicle Material Spec- 
ification Using Release Rate Tests for Flammability and Smoke, 
Octobe r  1976, Edwin  E. Smith ,  p r e p a r e d  for the  T rans i t  
Deve lopmen t  Corpora t ion ,  Wash ing ton ,  DC. 

T o  d e t e r m i n e  the  h a z a r d  load  in Tab les  D-2 a n d  D-3: 

(1) T h e  t h r e e - n f i n u t e  re lease  r a t e  va lue  for  each  i t em in 
T a b l e  D-1 is mu l t ip l i ed  by its exposed  surface  area.  

(2) T h e  B T U  a n d  smoke  values  for  all i tems are  totaled.  

(3) T h e  total  va lue  is d iv ided  by the  v o l u m e  of  the  vehi-  
cle to conve r t  to B T U  p e r  cubic  ft. 

H A Z A R D  L O A D  C A L C U L A T I O N S  

I n t e r i o r  V o l u m e  of  a Rail T r a n s i t  Vehic le  Is 4095 c u f t  

Exposed  Surface  Areas:  

Seat ing:  

P a d d e d  (bo t tom a n d  back)  = 365 sq ft 

H a r d  back (seat backs)  = 133 sq ft 

Windows:  

(65'  x 7')  x 40% x 2 = 365 sq ft 

Lower  walls 

(65'  x 7 ' )  x 60% x 2 = 546 sq ft 

L igh t  f ix ture  covers  

(65'  x 0 .83 ' )  x 2 = 108 sq ft 

F loor  

(65'  x 9 ' )  = 585 sq ft 

Cei l ing  

(65'  x 9 ' )  = 585 sq ft 

B a s e d o n  e x t r e m e s  of  mater ia l s  in T a b l e  D- l ,  Release 
Rate  Data,  example s  of  the  h a z a r d  load ca lcu la t ions  for  the  
"bes t "  a n d  "wors t "  ma te r i a l  c o m b i n a t i o n s  f rom avai lable  
samples  are  s h o w n  in Tab les  D-2 a n d  D-3, which  i l lus t ra te  
the  " h e a t "  a n d  " s m o k e "  h a z a r d  load. T h r e e - m i n u t e  re lease  
ra te  values  for mate r ia l s  to be  used  in t rans i t  vehicle  inte-  
r iors,  w h e n  tes ted  in a c c o r d a n c e  with NFPA 263, Standard 
Method of Test for Heat and Visible Smoke Release Rates for 
Materials a,ld Products, s h o u l d  be  s u b s t i t u t e d  for  t hose  
s h o w n  in Tab le  D-1 a n d  the  actual  surface  a rea  of  each  
ma te r i a l  also used.  

Table D-1 Release Rate Data 

%a- "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 @/cm °- 
Padded 365 90 2,100 2,400 10,140 
Hardback 133 150 330 300 2,500 

Windows at 1.5 W/cm 2 365 60 165 1,500 600 
Lower walls 

at 1.5 W / t i n  2 546 150 330 300 2,500 
Light fixture 

covers at 1.5 W / c m  2 108 85 275 860 200 
Floor at 1.0 W/cm 2 585 0 0 75 90 
Ceiling at 3.5 W/cin 2 585 0"* 0"* 1,150 30 

*A "particle" of smoke is defined in lerms of % transmission of the smoke one particle in one cubic foot of air will reduce % transmission by 10% when viewed " 
through a light path of 1 foot. 
**Assumed noncombustible aluminum panels. 

1993 Edition 


