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INTRODUCTION

The traditional approach to codes and standards is the specification of individual fire-test-response
requirements for each material, component, or product that is found in a given environment and is
deemed important to maintain satisfactory levels of fire safety. This practice has been in place for so
long that it gives a significant level of comfort; manufacturers know what is required to comply with
the specifications and specifiers simply apply the requirements. The implicit assumptions are not
stated, but they are that the use of the prescribed requirements ensures an adequate level of safety.
There is no need to impose any change on those manufacturers who supply safe systems meeting
existing prescriptive requirements; however, as new materials, components, and products are
developed, manufacturers, designers, and specifiers often desire the flexibility to choose how overall
safety requirements are to be met. It is the responsibility of developers of alternative approaches to
state explicitly the assumptions being made which result in a design having an equivalent level of
safety. One way to generate explicit and valid assumptions is to use a performance-based approach,
based on test methods that provide data in engineering units, suitable for use in fire safety engineering
calculations, as this guide provides.

This fire hazard assessment guide focuses on rail transportation vehicles. Such a fire hazard
assessment requires developing all crucial fire scenarios that must be considered and consideration of
the effect of all contents and designs within the rail transportation vehicle, which will potentially affect
the resulting fire hazard. The intention of this guide is that rail transportation vehicles be designed
either by meeting all the requirements of the traditional prescriptive approach or by conducting a fire
hazard assessment, that needs to provide adequate margins of error, in which a level of safety is
obtained that is equal to or greater than the level of safety resulting from the traditional approach.

1. Scope 1.3 Consistent with 1.2, this guide provides methods to

1.1 This is a guide to developing fire hazard assessments f&stimate whether particular rail passenger designs provide an
rail transportation vehicles. It has been written to assisEdual or greater level of fire safety when compared to designs
professionals, including fire safety engineers, who wish tgleveloped based on the traditional applicable fire-test-response
assess the fire safety of rail transportation vehicles, during dharacteristic approaches currently widely used in this indus-
after their design (see also 1.6). This guide is not in itself a fird"y- Such approaches have typically been based on prescriptive

hazard assessment nor does it provide acceptance criteria; thigst methodologies, as exemplified by guidelines of the Federal
it cannot be used for regulation. Railroad Administration (FRA) and recommended practices of

1.2 Hazard assessment is a process that results in é_he Federal Transit Administration (FTA). (Tab_le X;.l). Selec-
estimate of the potential severity of the fires that can develofve use of parts of the methodology in this guide and of
under defined scenarios, once defined incidents have occurrdfdividual fire-test-response characteristics from Table X1.1
Hazard assessment does not address the likelihood of a fiff9€s not satisfy the fire safety objectives of this guide or of the
occurring. Hazard assessment is based on the premise that i&®le. This guide shall be used in its entirety to develop a fire
ignition has occurred, consistent with a specified scenario, and@zard assessment for rail transportation vehicles or to aid in

that potential outcomes of the scenario can be reliably estih€ design of such vehicles. _
mated. 1.4 This guide includes and applies accepted and clearly

defined fire safety engineering techniques and methods consis-
o o _ _ tent with both existing, traditional prescriptive codes and
Thls gu@e is underthe_]l_Jrlsdlctlon ofAS_TM Committee EO5 on Fire lStandardsstandardS and performance based fire codes and standards
and is the direct responsibility of Subcommittee E05.17 on Transportation.

Current edition approved August 10, 2002. Published September 2002. originder development throughout the world. -
nally published as E 2061 — 00. Last previous edition E 2061 — 01a. 1.5 This guide provides recommended methods to mitigate
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potential damage from fires in rail transportation vehicles, by  Bonded, and Molded Urethane Foams
assessing the comparative fire hazard of particular products, D 3675 Test Method for Surface Flammability of Flexible
assemblies, systems or overall designs intended for use in rail Cellular Materials Using a Radiant Heat Energy Sotirce
transportation vehicles. Such methods could include changes to D 5424 Test Method for Smoke Obscuration of Insulating
the materials, components, products, assemblies, or systems Materials Contained in Electrical or Optical Fiber Cables
involved in the construction of the rail transportation vehicle or ~ When Burning in a Vertical Cable Tray Configuratfon
changes in the design features of the vehicle, including the D 5537 Test Method for Heat Release, Flame Spread and
number and location of automatically activated fire safety = Mass Loss Testing of Insulating Materials Contained in
devices present (see 4.4.4 for further details). Electrical or Optical Fiber Cables When Burning in a
1.6 This guide is intended, among other things, to be of  Vertical Cable Tray Configuratién
assistance to personnel addressing issues associated with thé® 6113 Test Method for Using a Cone Calorimeter to

following areas. Determine Fire-Test-Response Characteristics of Insulat-
1.6.1 Design and specification of rail transportation ve- ing Materials Contained in Electrical or Optical Fiber

hicles. Cable$
1.6.2 Fabrication of rail transportation vehicles. E 119 Test Methods for Fire Tests of Building Construction
1.6.3 Supply of assemblies, subassemblies, and component and Material$

materials, for use in rail transportation vehicles. E 162 Test Method for Surface Flammability of Materials
1.6.4 Operation of rail transportation vehicles. Using a Radiant Heat Energy Soufce
1.6.5 Provision of a safe environment for all occupants of a E 176 Terminology of Fire Standarts

rail transportation vehicle. E 603 Guide for Room Fire Experimefts

1.7 The techniques provided in this guide are based on E 648 Test Method for Critical Radiant Flux of Floor-
specific assumptions in terms of rail transportation vehicle Covering Systems Using a Radiant Heat Energy Séurce
designs, construction and fire scenarios. These techniques cark 662 Test Method for Specific Optical Density of Smoke
be used to provide a quantitative measure of the fire hazards Generated by Solid Materiéls
from a specified set of fire conditions, involving specific E 906 Test Method for Heat and Visible Smoke Release
materials, products, or assemblies. Such an assessment cannot Rates for Materials and Produtts
be relied upon to predict the hazard of actual fires, which E 1321 Test Method for Determining Material Ignition and
involve conditions, or vehicle designs, other than those as- Flame Spread Propertfes
sumed in the analysis. In particular, the fire hazard may be E 1354 Test Method for Heat and Visible Smoke Release
affected by the anticipated use pattern of the vehicle. Rates for Materials and Products Using an Oxygen Con-

1.8 This guide can be used to analyze the estimated fire sumption Calorimetér
performance of the vehicle specified under defined specific fire E 1355 Guide for Evaluating the Predictive Capability of
scenarios. Under such scenarios, incidents will begin either Fire Modelg
inside or outside a vehicle, and ignition sources can involve E 1472 Guide for Documenting Computer Software for Fire
vehicle equipment as well as other sources. The fire scenarios Models
to be used are described in detail in Section 5.3. E 1474 Test Method for Determining the Heat Release Rate

1.8.1 Fires with more severe initiating conditions than those  of Upholstered Furniture and Mattress Components or
assumed in an analysis may pose more severe fire hazard than Composites Using a Bench Scale Oxygen Consumption
that calculated using the techniques provided in this guide. For Calorimetef
this reason severe fire conditions must be considered as part ofE 1537 Test Method for Fire Testing of Upholstered Furni-

an array of fire scenarios. ture?
1.9 This fire standard cannot be used to provide quantitative E 1546 Guide for the Development of Fire-Hazard-
measures. Assessment Standarfds
E 1590 Test Method for Fire Testing of Mattresses
2. Referenced Documents E 1591 Guide for Obtaining Data for Deterministic Fire
2.1 ASTM Standards: Models
C 542 Specification for Lock-Strip Gaskéts E 1623 Test Method for Determination of Fire and Thermal
C 1166 Test Method for Flame Propagation of Dense and Parameters of Materials, Products, and Systems Using an
Cellular Elastomeric Gaskets and Accessdries Intermediate Scale Calorimeter (ICAL)
D 123 Terminology Relating to Textilds E 1740 Test Method for Determining the Heat Release Rate
D 2724 Test Methods for Bonded, Fused, and Laminated and Other Fire-Test-Resistance Characteristics of Wallcov-
Apparel Fabrics ering Composites Using a Cone Caloriméter

D 3574 Test Methods for Flexible Cellular Materials—Slab, 2.2 NFPA Standards:
NFPA 70 National Electrical Code

2 Annual Book of ASTM Standardgol 04.07. 5 Annual Book of ASTM Standardgol 08.02.

2 Annual Book of ASTM Standardéol 07.01. ¢ Annual Book of ASTM Standardgol 10.02.
4 Annual Book of ASTM Standaydéol 07.02. “ Available from the National Fire Protection Association (NFPA), 1 Battery-

march Park, Quincy, MA, 02269-9101.
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NFPA 130 Standard for Fixed Guideway Transit Systems Electric Cables, Field Splices, and Connections for
NFPA 262 Standard Method of Test for Flame Travel and Nuclear Power Generating Stations
Smoke of Wires and Cables for Use in Air-Handling 2.9 National Electrical Manufacturing Association Stan-

Spaces dards®4
NFPA 265 Standard Methods of Fire Tests for Evaluating NEMAWC 3/ICEA S-19, Rubber-Insulated Wire and Cable
Room Fire Growth Contribution of Textile Wall Coverings for the Transmission and Distribution of Electrical Energy
NFPA 901 Uniform Coding for Fire Protection 2.10 CA Standards?®
2.3 ISO Standard$: CATechnical Bulletin 129, Flammability Test Procedure for
ISO 13943: Fire Safety: Vocabulary Mattresses for Use in Public Buildings

ISO 4880: Burning Behaviour of Textiles and Textile Prod- CATec_hnicaI Bglletin 133, Fllammat.)ility Test Pro.cedure for
Seating Furniture for Use in Public Occupancies

ucts
ISO 9705: Full Scale Room Fire Test for Surface Products3. Terminology
2.4 Federal Aviation Administration Standards: 3.1 Definitions— For terms related to fire used in this guide,
FAR 25.1359: Federal Aviation Administration 60° Bunsenrefer to Terminology E 176 and ISO 13943. In case of conflict,
Burner Test for Electric Wire the terminology in Terminology E 176 shall prevail. For terms
FAR 25.853 (a): Federal Aviation Administration Vertical relating to textiles used in this guide, refer to Terminology
Bunsen Burner Test D 123 or to ISO 4880. In case of conflict, the terminology in
FAR 25.853 (c): Federal Aviation Administration Oil Terminology D 123 shall prevail.
Burner Test for Seat Cushions 3.1.1 fire-characteristic profile n—array of fire-test-
2.5 Other Federal Standard¥’ response characteristics, all measured using tests relevant to
Americans with Disabilities Act the same fire scenario, for a material, product, or assembly to
FED STD 191A Textile Test Method 5830 address, collectively, the corresponding fire hazard.
2.6 Underwriters Laboratories Standardé: 3.1.1.1 Discussior—This array of fire-test response charac-
UL 44: Standard for Safety for Thermoset-Insulated Wiresteristics is a set of data relevant to the assessment of fire hazard
and Cables in a particular fire scenario. In other words, all the fire tests

gused would have a demonstrated validity for the fire scenario in
Wires and Cables question, for example, by having comparable fire intensities.

UL 1581: Reference Standard for Electrical Wires, CablesThe fire-characteristic profile is intended as a collective guide

and Flexible Cords, 1080 (VW-1 (Vertical Wire) Flame to the pof[ential fir_e ha_zard from a material, product, or
Test) assembly involved in a fire that could be represented by the

UL 1581: Reference Standard for Electrical Wires, Cablesl,agoiaéofﬁletﬁztzgﬁ(;‘gﬂ?ﬂz' otential for harm associated with
and Flexible Cords, 1160 Vertical Tray Flame Test - P

. . \ fire.
UL 1685: Standard Vertical Tray Fire Propagation and : : .
Smoke Release Test for Electrical and Optical Fiberh 3045 DisQssion-A re)may) Bose Q0 L aRse_ypes of

azard to people, animals, or property. These hazards are
Cables ) _ associated with the environment and with a number of fire-
UL 1975: Standard Fire Tests for Foamed Plastics Used f0fgg; response characteristics of materials, products, or assem-
Decorative Purposes blies including but not limited to ease of ignition, flame spread,

2.7 Canadian Standards Association Standatds: ~ rate of heat release, smoke generation and obscuration, toxicity
CSA Standard C22.2 No. 3, Test Methods for Electricalof combustion products, and ease of extinguishment (see

Wires and Cables, Vertical Flame Test—Cables in Cablererminology E 176).

UL 83: Standard for Safety for Thermoplastic-Insulate

Trays/FT4 _ . _ 3.1.3 fire performancen—response of a material, product,
2.8 Institute of Electrical and Electronic Engineers Stan- g, assembly in a particular fire, other than in a fire test
dards:® involving controlled conditions (different from fire-test-

IEEE Standard 383, Standard for Type Tests of Class lkesponse characteristics, .v.).

3.1.3.1 Discussior—The ASTM policy on fire standards
distinguishes between the response of materials, products, or
8 Available from International Organization for Standardization (ISO), 1 rue deassemblies to heat and flame “under controlled conditions,”
Varembé, Case postale 56, CH-1211, Geneva 20, Switzerland or American Nationgyhjch is ﬁre-test-response CharacteristiC, and “under actual fire

Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY 10036. i » B . : :
9 Available from the Federal Aviation Administration, Technical Center, Atlantic Condltlons' which is fire performance. Fire performance

City International Airport, Atlantic City, NJ 08405. depends on the occasion or environment and may not be
0 Available from General Services Administration, Specifications Activity, measurable. In view of the limited availability of fire-
Printed Materials Supply Division, Building 197, Naval Weapons Plant, Washing-performance data, the response to one or more fire tests,

ton, DC 20407.
11 Available from Underwriters Laboratories, Inc., 333 Pfingsten Rd., North-

brook, IL 60062. 14 Available from National Electrical Manufacturers Association, 1300 North
12 Available from the Canadian Standards Associations, 178 Rexdale Blvd.17th St., Ste 1847, Rosslyn, VA 22209.

Rexdale, Ontario, Canada M9W 1R3. 15 Available from California Bureau of Home Furnishings and Thermal Insula-
13 Available from the Institute of Electrical and Electronic Engineers, Inc., 345 tion, State of California, Department of Consumer Affairs, 3485 Orange Grove

East 47th Street, New York, NY 10017. Avenue, North Highlands, CA 95660-5595.
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approximately recognized as representing end-use condition§he new product is safer, in terms of predicted fire perfor-
is generally used as a predictor of the fire performance of amance, than the one in established use. In this case, the new
material, product, or assembly (see Terminology E 176). product is desirable, from the point of view of fire safety.

3.1.4 fire scenarig n—a detailed description of conditions, 4.4.2 New Product Equivalent in Safety to Product Cur-
including environmental, of one or more of the stages fromrently in Use There is no difference between the predicted fire
before ignition to the completion of combustion in an actualsafety of the new product and of the one in established use. In
fire, or in a full-scale simulation. this case, use of the new product provides neither advantage

3.1.4.1 Discussior—The conditions describing a fire sce- nor disadvantage, from the point of view of fire safety.
nario, or a group of fire scenarios, are those required for the 4.4.3 New Product Less Safe than Product Currently in Use
testing, analysis, or assessment that is of interest. Typicallffhe new product is less safe, in terms of predicted fire
they are those conditions that can create significant variation iperformance, than the one in established use. In this case, a
the results. The degree of detail necessary will depend upon thtBrect substitution of products would provide a lower level of
intended use of the fire scenario. Environmental conditionsafety and the new product would be undesirable, and should
may be included in a scenario definition but are not required imot be used, from the point of view of fire safety, without other
all cases. Fire scenarios often define conditions in the earlgompensatory changes being made.
stages of a fire while allowing analysis to calculate conditions 4.4.3.1 New Product Different in Safety to Product Cur-
in later stages (see Terminology E 176). rently in Use A new product that is less safe, in terms of

3.1.5 flashover n—the rapid transition to a state of total predicted fire performance, can nevertheless be made accept-
surface involvement in a fire of combustible materials withinable if, and only if, it is part of a complete, comprehensive, fire
an enclosure. safety design for the rail transportation vehicle. Such redesign

3.1.5.1 Discussior—Flashover occurs when the surface of the vehicle should include other features such as use of an
temperatures of an enclosure and its contents rise, produciradternative layout or increased use of automatic fire protection
combustible gases and vapors, and the enclosure heat flgystems, that demonstrably produce the same or better safety
becomes sufficient to heat these gases and vapors to thdor the complete design. In such cases, a more in-depth fire
ignition temperatures. This commonly occurs when the uppehazard assessment would have to be conducted to ensure that
layer temperature reaches 600°C or when the radiant heat fluke entire design achieves the safety goals, and the new product

at the floor reaches 20 kW/fm(see Terminology E 176). would be acceptable only as part of the larger, approved design.
3.1.6 heat release rate n—the heat evolved from the  4.4.4 The new product could offer some safety advantages
specimen, per unit of time. and some safety disadvantages over the item in established use.

3.1.7 smoke n—the airborne solid and liquid particulates An example of such an outcome could be increased smoke
and gases evolved when a material undergoes pyrolysis @bscuration with decreased heat release. In such cases, a more

combustion (see Terminology E 176). in-depth fire hazard assessment would have to be conducted to
3.2 Definitions of Terms Specific to This Standard: ensure that the advantages outweigh the disadvantages, and the
3.2.1 product n—material, component, or complete end-useresulting overall level of safety is no less than that provided by

product, in use in rail transportation vehicles. the traditional approach (see Table X1 and Appendix X1).

. 4.5 Following the analysis described in 4.4, a fire hazard
4. Significance and Use assessment developed following this guide would reach a
4.1 This guide is intended for use by those undertaking th@onclusion regarding the desirability of the new product
development of fire hazard assessments for rail transportatiofiudied. It is essential for the results of the assessment to lead

vehicles and products contained within rail transportationo a design that is at least as safe as the one being replaced.
vehicles.

4.2 This guide provides information on an approach to®- Procedure
develop a fire hazard assessment, but fixed procedures are nob.1 Fire Safety Objectives
established. Any limitations in the availability of data, of 5.1.1 The primary fire safety objective is to ensure the safe
appropriate test procedures, of adequate fire models, or in t{enharmed) evacuation of all occupants of a rail transportation
advancement of scientific knowledge, will place significantvehicle in the event of a fire.
constraints upon the procedure for the assessment of fire 5.1.1.1 This is achieved if the time required, in the event of
hazard. a fire, to evacuate the vehicle is less than the time for the fire

4.3 Afire hazard assessment developed following this guidéo create untenable conditions, preferably for the fire not to
must specify all steps required to determine fire hazardtreate conditions that cause harm to people, whenever possible,
measures for which safety thresholds or pass/fail criteria can bia the passenger compartment. The evacuation time includes
meaningfully set by responsible authorities. It is preferred thathe time required for the occupants to reach, or be transported,
such exercises have input from various sources. to a safe location and notification time.

4.4 Outcomes: Use and Applicatioi fire hazard assess-  5.1.1.2 The time to untenability shall be the shortest time
ment developed as a result of using this guide should be abientil untenable conditions are created for any occupant starting
to assess a new product being considered for use in a certa@ any location within the vehicle or along the evacuation path.
rail transportation vehicle and reach one of the conclusions 5.1.1.3 If the fire scenario involves a vehicular accident,
listed in 4.4.1-4.4.4. then the assessment shall assume evacuation is achieved

4.4.1 New Product Safer than Product Currently in Use through rescue by emergency personnel. The fire hazard
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assessment needs to recognize that the accident may take plalcerefore, the design specifications used must address and
in an area (or at a time) when such rescue is difficult. Examplegclude all relevant products and design features used, includ-
of conditions of difficult access are tunnels, bridges, remoténg those specified by conventional prescriptive practices. A
locations, and unfavorable weather. fire hazard assessment of a retrofit, rebuild, or repair cannot be
5.1.1.4 Tenability is assessed on the basis of fire effects olimited to the parts of the design being changed. Rather, a fire
the occupants, including both direct effects, such as heat, toxitazard assessment of a retrofit carried out according to the
gases, or oxygen deprivation, and indirect effects, such gsractices presented in this guide must address the resulting car,
reduced visibility due to smoke obscuration. A tenable enviincluding contents, in its entirety.
ronment, therefore, will prevent loss of life and reduce the 5.2.1.3 This guide does not address minor changes to
likelihood of harm, including nonfatal injury to individuals.  vehicles designed using components or materials that are
(1) Levels of tenability should be set by the developer of thedefined originally by property lists, such as those described in
fire hazard assessment generated from using this guide or B7.8. In such cases, the techniques presented in this guide will
the specific. have less applicability and may present fewer, if any, economic
Note 1—Investigations of the tenability in a fire scenario have s.hownbeneflts than contlnumg_the l_’lse Qf the lists descnb_ed in 5.7.8.
the maximum temperatures which human beings can withsta),® 5.2.2 In connection with this guide, the term “design” refers
the maximum convected heat humans can toletd)e the heat flux ~ both to the general arrangement of the vehicle (for example,
required to blister or burn skis-8), the restrictions to escape imposed by size, location of doors and windows, the nature of emergency
smoke obscuratio(®, 10) the effects of the primary toxic gas€kl-16)  exits, the number and configuration of levels and compart-
the overall effects of smoke toxicifl 7-20)and various ways to combine ments) and to the materials, components, and products used to
one or more of these effectd, 21 and 22) fabricate the vehicle. The development of such designs often
(2) I no levels of tenability are chosen, the default tenability involves decisions that include tradeoffs and ad-hoc benefit
criteria should be the values specified in the documentation fasinalyses and is a traditional approach.

HAZARD (21, 22) o 5.2.2.1 An example of such a decision are trade-offs con-
5.1.2 A secondary fire safety objective is to prevent flashsidered between using traditional glazing materials, which are
over inside the rail transportation vehicle. not combustible but have high mass and low impact resistance.

5.1.3 The user shall consider inclusion of a third fire safetyThe use of these materials may compromise passenger and staff
objective, which is to maintain a safe working environment forsecurity, due to the hazard of projectiles. An alternative, to

safety personnel, including fire fighters. _ address hazards posed by projectiles to noncombustible, but
5.2 Considerations of Design Factors in Calculations for friable, glazing is the use of more impact resistant materials,
Estimates of Fire Hazard which are combustible.

5.2.1 The issue of design of products or entire rail transpor- _ _ _ o _

tation vehicles can have significant impact on fire safety, NOTE 2—The use of plastic glazing materials with high impact resis-
. . . . “tance is a common practice in the transportation industry and has been

Design specifications can be used as input into the calculatiof),, .. e 1970s.
methods of a fire hazard assessment; however, for design i o .
specifications to be useful, they cannot be expressed in vague5-2.3 Design specifications for materials, components, and
terms but must be expressed as either numerical values or geoducts will include fire-test-performance characteristics. Ap-
other instructions, for example, equations compatible with thé?€ndix X1 and Appendix X4 provide a list of test methods from
ﬁre hazard assessment Ca'cu'ation method used_ which the test methods to be used should be chosen. Alterna-

5.2.1.1 Once expressed as numerical or other specific valive test methods are contained in Table (€8) and Appendix
ues, design specifications are a source for input variables faf1, and they generate fire-test-response characteristics, albeit
fire hazard assessment. For example, design specifications wiines that cannot be used for fire safety engineering calcula-
include specification of the materials or components to be use#Pns.
in the vehicle compartment linings, including ceilings, walls, 5.2.3.1 The test methods referenced include, but are not
and floors. The calculations required to assess whether flashmited to, those required to measure the fire-test-response
over will be prevented in the vehicle (an objective specified incharacteristics included in recommendations or requirements
5.1.2) will require heat absorption parameters for the compartof NFPA 130, the Federal Railroad Administration (FR23)
ment linings. These heat absorption parameters will not bAMTRAK (25), and the Federal Transit Administration (FTA)
identical to the design specifications for the compartmen{26). A new FRA rule was issued in 1999, which incorporated
lining materials but will be derivable from these specificationsthe majority of the earlier FRA guidelingg7).
by reference to data from established test methods. Because(1) The choice of any test method is nonmandatory, and the
this guide does not specify the models as calculation method#eveloper of a fire hazard assessment will need to provide
to be used, it follows that it cannot list the input variables thatevidence of its validity for use in testing of rail transportation
will be required or the appropriate procedures to use irSystem components or composites (see also 5.7.7.1). Design
deriving those input variables from design specifications. ~ and quality control of component materials critically affects the

5.2.1.2 A fire hazard assessment is an evaluation of @recision of composite fire test results; therefore, manufactur-

complete design that addresses certain fire safety objectivegfs should ensure consistency in the fire performance of
components which are assessed as part of a composite system,

®The boldface numbers in parentheses refer to the list of references at the e&prferably by testing the components. . .
of this standard. 5.2.3.2 The test methods referenced in Appendix X4 have
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been designed to yield results in fire safety engineering unitexample trash, in a fully-filled cargo vehicle. The assumed fuel
which are appropriate for fire hazard assessment, and measuoad shall be the maximum allowed, including the highest
heat release rate, which has been demonstrated to be gnality of hazardous materials possible under the planned
essential component of fire hazard assessi{#3)t29) operating procedures. Openings connecting the cargo vehicle
5.2.3.3 ltis likely that design specifications of any finishedto an assumed adjacent passenger vehicle shall be assumed to
product with different component materials will not be avail- be open to the maximum degree permitted by the design.
able normally (from the suppliers of the individual materials or 5.3.1.6 If the rail transportation vehicle overturns and then
components that go into them) in a form suitable for applica-catches on fire, it is possible that different considerations apply
tion of fire hazard assessment. Manufacturers of such producss a function of the way the vehicle ends up. If it remains in its
normally cannot be expected to have developed data onormal orientation, the earlier scenarios apply, but if it falls on
characteristics that are not part of existing sets of requirementts side or if it turns around completely, to end up upside down,
or recommendations for their products. Similarly, suppliers ofthey represent different scenarios. In both cases, fire begins
individual materials cannot be expected to identify or providewhile the vehicle is stationary between stations, at the maxi-
materials, components, or products, based exclusively on theum distance between stations.
kinds of design specifications required for fire hazard assess-5.3.1.7 Any one of the Type 1 fire scenarios (where the fire
ment; therefore, suppliers of such products may require thetarts inside the rail transportaion vehicle) becomes more
translation of the performance specifications into conventionasevere if the fire occurs when the rail transportation vehicle is
specifications for the individual materials. A prescriptive ap-in a location where escape and rescue is particularly difficult,
proach to achieve fire safety objectives should always exist &®r example, in a tunnel.
an alternative. In the case of rail transportation vehicles, such 532 Fire Scenario 2 is a fire that originates outside the rail
an approach would be through use of the traditional methods agansportation vehicle, penetrates the rail transportation ve-
exemplified by the recommendations in Table X1 and Appenhicle, and endangers the evacuation route from the vehicle
dix X1. The hazard assessment approach becomes an optigitough the spread of flames or smoke into the evacuation
available to those manufacturers who prefer to seek alternatigyte.

means of achieving acceptable levels of fire safety inside rail 532 1 Fire Scenario 2a, specified as the highest-challenge

transportation vehicles. likely scenario of this type, begins with ignition of a fuel spill
5.3 Fire Scenarios following a collision in which there are survivors. Fire begins
5.3.1 Fire Scenario 1 is a fire that originates within the railin a tunnel, where the vehicle has stopped due to the collision,

transportation vehicle. at a point maximally distant from any egress to the outside.

5.3.1.1 Fire Scenario 1a, specified as the highest-challengevacuation is to a place of safe refuge.
likely scenario of this type (see also 5.3.1.7), begins as an 5.3.2.2 If the vehicles are individually electrically powered,
incendiary ignition involving the use of accelerants and priorFire Scenario 2b must be assessed, where Fire Scenario 2b is
damage exposing the fillings of the two upholstered seatan electrical fire that causes the vehicle to stop in a tunnel, at
nearest the point of ignition. Fire begins while the vehicle is ina point maximally distant from any egress to the outside. The
motion between stations, at the maximum distance from anjnterruption of electrical power also affects operation of the
station (see also Appendix X3). vehicle doors, in accordance with the vehicle’s design. The
5.3.1.2 Fire Scenario 1b, specified as one of the mogpoint of origin is assumed to be whatever point in the electrical
common scenarios, is a trash fire that begins under a seaystem will lead to the fastest spread of smoke and toxic gases
assembly and spreads to that seat assembly, in a passentgthe vehicle interior.
compartment. 5.3.3 The specification of fire scenarios included in this
5.3.1.3 If cooking is permitted on any passenger vehicle, asection assumes that other fire scenarios either are less severe,
additional fire scenario, to be called Scenario 1c, also must band therefore, will lead to achievement of fire safety objectives
assessed. Fire Scenario 1c is a cooking fire originating at thié the design achieves the objectives for the specified fire
cooking equipment and involving initial ignition of cooking scenarios, or are sufficiently unlikely that they need not be
fuel, if equipment is gas-fueled, or cooking oil, if equipment isconsidered as part of the overall fire hazard assessment,
not gas-fueled. Fire begins while the vehicle is in motionalthough they may be considered individually.
between stations, at the maximum distance from any station. 5.3.3.1 The fire scenarios that are appropriate for a certain
5.3.1.4 If there are one or more vehicles provided forrail system may not be adequate for a different rail system.
overnight sleeping, fire scenario 1d also must be assesse@dditional or different fire scenarios may be needed in certain
where Fire Scenario 1d is a small open-flame ignition ofcases.
bedding in an unoccupied bed in a vehicle, with other beds 5.4 Additional Model Assumptions
occupied by sleeping people. Fire begins while the vehicle isin 5.4.1 Occupancy of the rail transportation vehicle and any
motion between stations, at the maximum distance betweesther relevant occupiable spaces, such as the platform to which
stations. occupants may move to evacuate, shall be set for analysis
5.3.1.5 If there are one or more vehicles provided for carggurposes so as to pose the greatest challenge to the fire safety
(or cargo storage space is provided within a passenger vehiclebjectives. A logical assumption would be occupancy to
Fire Scenario 1e also must be assessed, where Fire Scenariockpacity and a mix of occupants of different abilities, where
consists of small open-flame ignition of a combustible, forsome will have various physical or mental disabilities, and
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capabilities, for example, some will be assumed to be impairetbad environment near the initial fire. Use these and the
by alcohol, or drugs, or by age-related limitations. time-based description of the initial fire as a function of time to

5.4.1.1 Assumptions regarding numbers and abilities ofalculate the spread of fire to secondary items and the ignition
disabled persons shall incorporate relevant provisions of thef those secondary items.

Americans with Disabilities Act® 5.5.2.3 For each space, or potential fire compartment, cal-
5.4.1.2 Assumptions regarding age distributions of the occulate the timing of major fire events, including the onset of
cupants shall reflect data on age patterns among users of tHashover, as well as, fire spread from one space to an adjacent

rail system. Assumptions regarding the capabilities of older oppace, whether through barriers or not, particularly from
younger occupants shall reflect patterns in the general popul@utside a rail vehicle to inside the vehicle. The calculation of
tion, or known applications to the specific rail transportationfire spread from one space to another will require measurement
scenario chosen, if they differ, and shall be documented as tof barrier fire resistance characteristics.
sources of data. 5.5.2.4 For each potentially exposed occupant, calculate the
5.4.1.3 Assumptions regarding alcohol or drug impairmen{ime to reach safe refuge and compare it to the calculated time
among occupants shall be documented as to source data aw@fil exposure to an unacceptable potential for harm (hazard).
shall be based on patterns in the general population, weightethe former requires calculation of occupant alerting response,
to reflect the age and economic distribution of users of the rafifavel speed, and other behavior. For occupants requiring
system. If such data are not available, conservatively assunf@scue, calculations will need to estimate the size, capabilities,
that 10 % of adult occupants are impaired by alcohol. and arrival time of fire departmgnt or other rescue personnel.
5.4.1.4 If the rail vehicles provide sleeping accommoda-The latter can be calculated as time to exposure to an untenable
tions, assume that fire occurs when the maximum number dgiumulative dose of fire effects or conservatively calculated as
occupants will be sleeping. If there are no data available t§me to first exposure to unacceptably hazardous fire condi-
determine the maximum fraction of people sleeping, assume diions. Calculations will be required for the area of fire origin,
passengers are sleeping. any occupied spaces, and any spaces that are part of escape or
5.5 Required Calculations rescue routes. _ _ L
5.5.1 The fire hazard assessment involves using one or more5‘5'2'5 When making the cal_cula_t|ons described in 5‘5'2.'3
calculation procedures to determine whether the fire safet nd 5'5'2'4’ Incorporate th.e actlvatlon_and effects of.any fire
objectives in Section 5.1 will be met if the design specified in jotectiog sysfems, including automatic or manual f|re Sup-
Section 5.2 experiences each of the fires of the scenarid¥ession, detection, and smoke control systems. Consider that,

specified in Section 5.3, and given the additional assumptiongnce a collision has occurred, electrically-controlled detection
specified in Section 5'4’ and protection systems may be damaged.

5.5.1.1 This guide does not assign a specific choice Oﬁ 5.5.3 For the fire safety objective of preventing flashover,

calculation procedure just as it does not assign a specific teﬁ?shover shall be calculated as occurring when the radiative

method. I simply gives guidance on the types of procedurelyaf TS 6 Eodter o 102 (o0t roactie 20 KEORT 8,
available and on the required output to generate a valid fir&

Over, such as an upper layer temperature of 600°C, can be used
hazard assessment.

. . in the calculations but are not to be used to assess achievement
5.5.1.2 Use Guide E 1546 when developing the procedureI urations bu u S eV

i ded f I codi fof the objective.
5.5.1.3 Use NFPA 901 if needed for overall coding of 5 & procedural Steps in Conducting a Fire Hazard Assess-
materials or products.

) - _ment

5.5.2 Because the fire safety objectives are all stated in 561 The detailed procedural steps for conducting a fire
terms of specified fire effects by location and time, the firén,;4:q assessment on a product in a rail transportation vehicle
hazard _asse_ssment calculation procedures must support thg, given in Section 5.7, for the fire safety objectives, see
calculations in 5.5.2.1-5.5.2.5. _ - . Section 5.1. Conducting these procedures requires applying the

5.5.2.1 Translate the fire scenario specifications into @esign considerations in Section 5.2; for the scenarios consid-
description of the fire in its initial stages, as a function of timegred, see Section 5.3; and, under the additional assumptions
in the initially involved space. The fire-test-response Characpresented, see Section 5.4. Appendix X1 and Appendix X4
teristics of the materials, components, or products initiallyprovide a list of test methods from which the test methods to be
involved that should be considered for such a description argsed should be chosen (see also X3.3). Some appropriate
rate of heat release, rate of mass loss, total heat release gjculation methods are listed in Appendix X5 and Appendix
burned to completion, or cumulative heat release to end okg.
burning otherwise), flame spread, cumulative full-scale smoke 5 g 2 Following the steps in Section 5.7, the final step in a
obscuration and toxic potency of the products of combustioRjre hazard assessment procedure should be the development of
released. A thorough analysis of the actual rail transportatiop detailed procedure to ensure consistent quality control over
vehicle fire scenario should result in a final decision on th&jme1? |n the absence of prescriptive small-scale tests that

properties required for the fire hazard assessment. If thgictate the minimum fire-test response characteristics required
product under consideration is a structural component, assess

also its fire endurance.
5.5.2.2 Assess anq evaluate the vehicle de3|gn.spe0|f|catlonslv One way to ensure consistent quality control is by listing materials, compo-
to develop and describe foreseeable characteristics of the fugdnts, products, or assemblies.
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for each material, component, or product, alternative meansents or recommendations, that vehicle would not traditionally
should be described so that the fire safety of the rail transponreed to be subjected to the fire hazard assessment procedure
tation vehicle can be ensured without having to conduct fulldescribed here.

rail transportation vehicle burn tests. 5.7.8.1 A complete listing of the fire-test-response charac-

5.7 Steps in Conducting a Fire Hazard Assessment teristics of a design, together with the corresponding Federal

5.7.1 Fire hazard assessment begins by choosing fire safeRailroad Administration recommendations for those character-
objective(s) to be achieved. This step is described in Sectiotics (see Table X1 and Appendix X1), would constitute an
5.1. acceptable design.

5.7.2 Fire hazard assessment requires specification of thes 7.9 The recommendations cited in 5.7.8 should be used to
design to be assessed, in a form that permits the fire safeliet specific values in the fire safety objectives and in other
performance of the design to be tested and modeled. This stepjalified elements of the fire hazard assessment in any instance
is described in Section 5.2. _ o where those values are not specified by this guide. This should
~5.7.3 Fire hazard assessment requires specification of thgs done so as not to compromise the fire safety levels reflected
fire scenarios for which a design must meet the fire safety the statistics of fire incidents shown in Appendix X7. Any
objectives. This step is described in Section 5.3. values or other assumptions specified by the user must be set

5.7.4 Fire hazard assessment requires specification of amplicitly and conservatively, that is, providing greater safety,

additional assumptions, such as conditions of the environmenfith an explicitly stated rationale for the specific values or
in the assessment. This step is described in Section 5.3.  assumptions.

5.7.5 Fire hazard assessment finds a specified design to be
acceptable if, under the specified assumptions, a vehicle bui§, selection and Qualification of Fire Hazard Calculation
to the design will meet each of the objectives for each of the pethods

specified fire scenarios. , i
5.7.6 It is the intention of this standard to maintain or ©-1 Because no applicable calculation methods have been

exceed the levels of fire safety in rail transportation vehicle@dOPted as ASTM standards, the choice of calculation methods

associated with the traditional applicable fire-test-responsi nonmandatory and must include written evidence of the

characteristic requirements for rail transportation systems/a/idity of the method for this purpose. Use Guide E 1355 in

including the recommendations from the Federal Transit A¢Order (o evaluate the predictive capability of the fire model
ministration and the guidelines from the Federal Railroad!S€d: Guide E 1591 provides guidelines on how to obtain the

Administration, while providing an alternative method of appropriate i_nputdata_, in part_icular mater_ial properties, that are
assessing designs to achieve equivalent safety. Appendix eded for f|re mod(_ellng. Gu_lde E 1472 |Ilustrate_s the type of
(30, 31)illustrates the level of safety achieved in 1990-1991 documentation required for f'|re mO‘?'e'S to be satisfactory.
5.7.6.1 Fire hazard assessment requires the use of testings-2 The user must provide guidance on safety factors
and calculation methods to determine whether the objectivedeeded to offset the uncertainties and biases associated with the
will be met by a specified design for a specified fire scenariomethod or with the data used by the method. Any valid
under the specified assumptions. The calculations to be pefalculation method is valid only for certain applications and
formed are described in Section 5.3, and the selection angithin the limits of its own uncertainties and biases and the
qualifying of calculation methods for the assessment ardincertainties of its source data; therefore, the evidence of
described in Section 5.3. validity required in 5.4.1 will provide the basis for specifying
5.7.7 For the fire hazard assessment procedure to be valid,S&fety factors.
is necessary that the calculation methods and the fire-test- 6.3 See Appendix X5 and Appendix X6 for candidate
response characteristics used produce valid estimates of sugglculation methods.
cess or failure in achievement of the fire safety objectives, 6.4 Under the provisions in 5.7.8, a design fully complying

given the specified fire scenario(s). with the existing requirements or recommendations based on
5.7.7.1 It is advisable for the validity of the fire hazard fire-test-response characteristics is deemed to satisfy the fire
assessment procedure to be confirmed by peer review. hazard assessment. This is equivalent to stating that a fire-

5.7.8 One way in which acceptable levels of safety would becharacteristic profile for the design is deemed to satisfy the fire
achieved is through a design that complies with the applicabléazard assessment if it satisfies the fire-test-response charac-
fire-test-response characteristic requirements for rail transpoteristic limits in Table X1 and Appendix X1. This does not
tation systems, including the traditional recommendations fronconstitute acceptance of the fire-characteristic profile in general
the Federal Railroad Administration in 19824), or those in  as a simplification of the fire hazard assessment procedure. Any
NFPA 130. If a rail transportation vehicle is designed fully with use of the fire-characteristic profile other than this specific
materials, components, and products meeting those requirapplication must be shown to be valid.
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APPENDIXES
(Nonmandatory Information)

X1. EXAMPLE OF FIRE-TEST-RESPONSE CHARACTERISTICS RECOMMENDATIONS

X1.1 Notes toTable X1.1as set out by the Federal Railroad be so labeled and should meet the applicable performance
Administration(25): criteria after being cleaned as recommended by the manufac-

X1.1.1 Test Methods D 3675 and E 16Materials tested turer. . _ .
for surface flammability should not exhibit any flaming run-  X1.1.4 Window Panels- For double window glazing, only
ning or flaming dripping; window and light diffuser panels the |r_1t_er|or gla_zmg should _meet the material recommendations
need not meet the running or dripping requirement. specified herein; the exterior need not meet those recommen-

X1.1.2 Cushions, Mattresses, Seat Upholstery, Mattresglations.
Ticking, Covers, and CurtairsThe surface flammability and ~ X1.1.5 Test Method E 662-Test Method E 662 maximum
smoke emission characteristics of a material should be dentest limits for smoke emission (specific optical density) should
onstrated to be permanent by washing, if appropriate, accorde measured in either the flaming mode or the nonflaming
ing to FED STD 191-A Textile Test Method 5838. mode, depending on which mode generates the most smoke.
X1.1.3 Seat Upholstery, Mattress Ticking, Covers, and X1.1.6 Test Methods E 118-Structural flooring assemblies
Curtains—The surface flammability and smoke emission char-should meet the performance criteria during a nominal test
acteristics of a material should be demonstrated to be permgeriod determined by the transit property. The nominal test
nent by dry-cleaning, if appropriate, according to Test Methodgeriod should be twice the maximum expected period of time,
D 2774. Materials that cannot be washed or dry-cleaned shoulnder normal circumstances, for a vehicle to come to a
complete, safe stop from maximum speed, plus the time
necessary to evacuate all passengers from a vehicle to a safe
_— area. The nominal time period should not be less than 15 min.
8 The American Asspciation of Textile Chemists _and Colorists (AATCC, P.O. On|y one Specimen need be tested. A proportiona] reduction
on 1_2215, Research Tnangle Park,.NC, 2_7709) has |ssugq the St_andard L_aboratcmay be made in dimensions of the Specimen provided that it
ractice for Home Laundering Fabrics prior to Flammability Testing, to Differen- . - R .
tiate Between Durable and Nondurable Finishes (May 1, 1991). Although nd€Presents atrue test of its ability to perform as a barrier against
AATCC formal equivalent standard exists, the practice mentioned is likely to beundercar fires. Penetrations (ducts, etc.) should be designed

useful as a replacement to the Federal Test Method, since the Federal standards aﬁainst acting as passageways for fire and smoke.
in the process of being withdrawn.

TABLE X1.1 U.S. Flammability and Smoke Emission Recommendations for Passenger Rail Vehicles (22)

Flammability Smoke Emission
Category Function of Material Test Procedure Performance Test Procedure Performance Criteria
Criteria
Cushions, mattresses ASTM D 3675 ls= 25 ASTM E 662 D(1.5) = 100:
Passenger seats D(4.0) = 175*
sleepin gand dinin’ Seat Frames, mattress frames ASTM E 162 ls= 35 ASTM E 662 D(1.5) = 100; D4(4.0) = 200
Capr C%'m Onemsg Seat and toilet shroud, food trays ASTM E 162 l=< 35 ASTM E 662 D.(1.5) = 100; D.(4.0) = 200
P Seat upholstery, mattress ticking and FAR 25.853 (a) Flame time = 10 s ASTM E 662 D¢(4.0) = 250 coated
covers, curtains (Vertical burner) Burn length = 6 in D4(4.0) = 200 uncoated
Wall, ceiling, partition, tables and ASTM E 162 1,= 35 ASTM E 662
Panels shelves, windscreen, HVAC ducting ASTM E 119 as appropriate® ASTM E 662 D¢(1.5) = 100; D4(4.0) = 200
Window, light diffuser ASTM E 162 ls= 100 ASTM E 662
Structural ASTM E 119 nominal evacuation ASTM E 662
time, at least 15 min
Flooring Covering ASTM E 648 C.R.F. =5 kw/ ASTM E 662 D(1.5) = 100; D4(4.0) = 200
ASTM E 162€ m2P.E ASTM E 662
ls= 25
Insulation Thermal, acoustic ASTM E 162 ls= 25 ASTM E 662 D¢(4.0) = 100
Elastomers Window gaskets, door nosing, ASTM C 542 Pass ASTM E 662 D4(1.5) = 100; D4(4.0) = 200
diaphragms, roof mat
Exterior plastic components End cap roof housings ASTM E 162 ls= 35 ASTM E 662 D¢(1.5) = 100; D4(4.0) = 200
Component box covers Interior, exterior boxes ASTM E 162 ls= 35 ASTM E 662 D4(1.5) = 100; D4(4.0) = 200

ANFPA 130 and FTA requirement is Dg (1.5) = 100; D (4.0) = 200

BTest criteria for floors or criteria appropriate to the physical locations and magnitude of the major ignition, energy, or fuel loading sources, may be used.
ENFPA 130 only.

PAmtrak requirement is C.R.F. = 6 kw/m?

EAmtrak requirement is I < 35.
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X1.1.7 Floor Coverings— Floor coverings should be tested traction power, conform to the requirements of NFPA 70, the
in accordance with Test Method E 648 with its padding, if theNational Electrical Code. It also requires that wire and cable
padding is used in actual installation. constructions intended for use in operating vital train circuits

X1.1.8 Seat or Mattress FramesArm rests, if foamed and power circuits to emergency fans and lights pass the flame
plastic, are tested as cushions, and, if hard material, are testpdopagating criteria of IEEE 383. AMTRAK also has issued

as a seat back shroud. separate specifications for wire and caf8e).
X1.1.9 Cushions and MattressesTesting is performed  x3 3.1 |EEE 383 is substantially similar to the flame spread
without upholstery. portion of Protocol A of Test Method D 5537. It is a vertical

X1.1.10 Wall and Ceiling Panels, Floor Coverings  capje tray flame propagation test, with a 2.4-m (8-ft) long test
Carpeting on walls and ceilings are to be considered wall a”@ample.

ceiling panel materials, respectively. , o X1.3.2 The National Electrical Code states that cables that
X1.1.11 Elastomers— The fire test method in Specification et a more severe fire test can be appropriately used in
C 542 s Test Method C 1166. applications where a less severe test is required (see X4.12.7

X1.2 Table X1.1 shows all of the materials and products’©" the applicable test methods).

addressed by the Federal Railroad Administration, and indi- X1.3.3 In comparison, the Federal Aviation Administration

cates the traditional approach to fire-test-response characterf@-q“ires electric wire insulation to meet requirements based on
tic requirements for rail transportation systems. a 60° angle test method [FAR 25.1359]. Average extinguishing

time not to exceed 30 s; average drip extinguishing time not to
X1.3 NFPA 130 requires that wiring materials and instal-exceed 3 s; average burn length not to exceed 76-mm (3-in.),
lations in fixed guideway transit systems, other than forand the wire shall not break during the test.

X2. Federal Railroad Administration Rule

X2.1 Table X2.1 shows the fire-test-response characteristic X2.1.3 Testing of a complete seat assembly (including
requirements for materials and products set out by the Federalishions, fabric layers, upholstery) according to Test Method
Railroad Administration(29), provided as reference material. E 1537 with application of pass/fail criteria of Cal TB 133 and
Explanatory notes to the table, taken directly from the Federadf a complete mattress assembly (including cushions, fabric
Railroad Administration rulemaking, are shown in the follow- layers, upholstery) according to Test Method E 1590 with

ing sections. application of pass/fail criteria of Cal TB 129, shall be
X2.1.1 Materials tested for surface flammability should notpermitted in lieu of the test methods prescribed herein, pro-
exhibit any flaming running or flaming dripping. vided the assembly component units remain unchanged or new

X2.1.2 The Test Method E 662 maximum test limits for (replacement) assembly components possess equivalent fire
smoke emission (specific optical density) should be measureggerformance properties to the original components tested. A
in either the flaming mode or the nonflaming mode, utilizingfire hazard analysis must also be conducted that considers the
the mode which generates the most smoke. operating environment within which the seat or mattress

TABLE X2.1 FRA Requirements for Commuter and Intercity Rail Vehicle Materials (29)

Flammability Smoke Emission
Category Function of Material Test Procedure Performance Criteria Test Procedure Performance Criteria
Cushions, mattresses All (1, 2,3,4,5,6,7, 8" ASTM D 3675 Is=25 ASTM E 662 D, (1.5) = 100;
D, (4.0) = 175
Fabrics Al (1,2, 3,6,7,8) FAR 25.853 (a) Flame time = 10 s ASTM E 662 D, (4.0) = 200
(vertical) Burn length = 6 in.
All except flexible cellular foams, ASTM E 162 l= 35 ASTM E 662 D, (1.5) = 100
floor coverings, light transmitting
plastics, and items addressed under
other specific categories (1, 2)
Flexible cellular foams (1, 2) ASTM D 3675 =25 ASTM E 662 D (1.5) = 100
Vehicle components D, (4.0) = 175
(9, 10, 11, 12) Floor covering (13, 14) ASTM E 648 CRF = 5 kW/m? ASTM E 662 D (1.5) = 100
D, (4.0) = 200
Light transmitting plastics (2, 15) ASTM E 162 Is = 100 ASTM E 662 D (1.5) = 100
D, (4.0) = 200
Elastomers (16) ASTM C 1166 Pass ASTM E 662 D (1.5) = 100
D, (4.0) = 200
Wire and cable Low voltage wire and cable ICEA S-19/NEMA Pass ASTM E 662 D (4.0) = 200 (flaming)
WC3 or UL 44 and D, (4.0) = 75 (nonflaming)
UL 83 (17)
Power cable IEEE Std 383 (18) Pass ASTM E 662 D, (4.0) = 200 (flaming)

D, (4.0) = 75 (nonflaming)
Structural components (19) Flooring (20), other (21) ASTM E 119 Pass

“The numbers in brackets refer to the corresponding subsections within X2.1.
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