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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 placed in a certain environment and deemed
important to ensure fire safety. This practice has been in place for so long that it gives a significant
level of comfort: a manufacturers knows what is required to comply with the specifications and
specifiers apply the requirements. Implicit assumptions, not stated, 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 and products are developed, manufacturers, designers, and specifiers often desire the
flexibility to choose how the overall safety requirements are to be met. Thus, it is the responsibility
of the developer of an alternative approach to state explicitly the assumptions being made to produce
the output. The way to generate explicit and valid assumptions is to provide a performance-based
approach, based on test methods providing data in engineering units, suitable for use in fire safety
engineering calculations, as this guide provides. The resulting fire hazard assessment focuses on
upholstered seating furniture items within patient rooms in health care occupancies. This requires
developing the fire scenarios to be considered and the effect of all contents and design considerations
within the patient room which are potentially able to affect the resulting fire hazard. This offers
opportunities for innovation, and ingenuity, without compromising safety.

1. Scope 1.4 This guide is intended to provide assistance to those

1.1 This is a guide to developing fire hazard assessments fépterested in mitigating the potential damage from fires asso-
upholstered seating furniture, within patient rooms of healtrFiated Wlth upholstered furniture in patient rooms in health care
care occupancies. As such, it provides methods and conterRcCupancies. _ _
porary fire safety engineering techniques to develop a fire 1.5 Thus, this guide can be used to help assess the fire
hazard assessment for use in specifications for upholsterdtzard of materials, assemblies, or systems intended for use in
seating furniture in such occupancies. gpholstered furnltqre, by providing a standa}rd baS|s.for stu_dy—

1.2 Hazard assessment is an estimation of the potenti#!d the level of fire safety associated with certain design
severity of the fires that can develop with certain products irfhoices. It can also aid those interested in designing features
defined scenarios, once the incidents have occurred. HazafPPropriate to health care occupancies. Finally, it may be
assessment does not address the likelihood of a fire occurringSeful to safety personnel in health care occupancies.
but is based on the premise that an ignition has occurred. 16 This gmde. is a focused a_pphcatlon_of Guide E 1546,

1.3 Because it is a guide, this document cannot be used fayhich offers help in reference to fire scenarios that are specific

regulation, nor does it give definitive instructions on how tot0 upholstered furniture in health care occupancies, and in-
conduct a fire hazard assessment. cludes an extensive bibliography. It differs from Guide E 1546

in that it offers guidance that is specific to the issue of
upholstered furniture in patient rooms of health care facilities,
1 This guide is under the jurisdiction of ASTM Committee EO5 on Fire Standardsrather than general guidance. Appendix X11 includes some

and is the direct responsibility of Subcommittee E05.15 on Furnishings andstatistics on the magnitude of the potential problem in the U.S.
Contents.
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1.7 Afire hazard assessment conducted in accordance with E 1537 Test Method for Real Scale Testing of Upholstered
this guide is strongly dependent on the limitations in the factors ~ Furniture Item3

described in 1.7.1-1.7.4. E 1546 Guide for the Development of Fire Hazard Assess-
1.7.1 Input data (including their precision or accuracy). ment Standards
1.7.2 Appropriate test procedures. E 1590 Test Method for Real Scale Testing of Mattresses
1.7.3 Fire models or calculation procedures that are simul- E 1591 Guide for Data for Fire Modéls

taneously relevant, accurate and appropriate. E 1740 Test Method for Determining the Heat Release Rate
1.7.4 Advancement of scientific knowledge. and Other Fire-Test-Response Characteristics of Wallcov-

1.8 This guide addresses specific fire scenarios which begin ering Composites Using a Cone Caloriméter
inside or outside of the patient room. However, the upholstered E 2061 Guide for Fire Hazard Assessment of Rail Transpor-
furniture under consideration is inside the patient room. tation Vehicles
1.9 The fire scenarios used for this hazard assessment guideE 2067 Practice for Full Scale Oxygen Consumption Calo-
are described in 9.2. They involve the upholstered furniture rimetry Fire Test3
item within the patient room as the first or second item ignited, F 1534 Test Method for Determining Changes in Fire-Test-
in terms of the room of fire origin. Additionally, consideration Response Characteristics of Cushioning Materials After
should be given to the effect of the patient room upholstered Water Leaching
furniture item on the tenability of occupants of rooms other 2.2 CA Standards:
than the room of fire origin, and on that of potential rescuers. CA Technical Bulletin 116, “Requirements, Test Procedure
1.10 This guide does not claim to address all fires that can  and Apparatus for Testing the Flame Retardance of Up-
occur in patient rooms in health care occupancies. In particular, holstered Furniture,” January 1980
fires with more severe initiating conditions than those assumed CA Technical Bulletin 117, “Requirements, Test Proce-
in the analysis may pose more severe fire hazard than that dures, and Apparatus for Testing the Flame Retardance of

calculated using this guide (see also 9.5). Resilient Filling Materials Used in Upholstery Furniture,”
1.11 This fire standard cannot be used to provide quantita- January 1980
tive measures. 2.3 NFPA Codes and Standards:
NFPA 101 Code to Safety to Life from Fire in Buildings and
2. Referenced Documents Structures
21 ASTM Standards: NFPA 265 Standard Methods of Fire Tests for Evaluating
D 123 Terminology Relating to Textilds Room Fire Growth Contribution of_TextiIe Wall Coverings
E 176 Terminology Relating to Fire Standatds NFPA 286 Standard Methods of Fire Tests for Evaluating

E 603 Guide for Room Fire Experimets Room Fire Growth Contribution of Wall and Ceiling

E 648 Test Method for Critical Radiant Flux of Floor- Interior Finish , N
Covering Systems Using a Radiant Heat Energy Séurce NFPA555 Guide on Methods for Decreasing the Probability

E 662 Test Method for Specific Optical Density of Smoke  ©Of Flashover _ _ _
Generated by Solid Materidls NFPA 901 U_mform Codl_ng f_or Fire Protectlo_n _
E 906 Test Method for Heat and Visible Smoke Release 2-4 International Organization for Standardization (1ISO)
Rates for Materials and Produgts Standardst _ _ _ ,
E 1321 Test Method for Determining Material Ignition and SO 4880 Buring Behaviour of Textiles and Textile
Flame Spread Properties Products—Vocabulary _
E 1352 Test Method for Cigarette Ignition Resistance of ISO 9705 Fu!l Scale Room Fire Test for Surface Products
Mock-Up Upholstered Furniture Assembffes ISO 13943 Fire Safety—Vocabulary
E 1353 Test Methods for Cigarette Ignition Resistance of 2> Federal _Sta”dafd_ﬁi,
Components of Upholstered Furnitére Americans with Disabilities Act
E 1354 Test Method for Heat and Visible Smoke Release FED STD 191A Textile Test Method 5830
Rates for Materials and Products Using an Oxygen Con- 2-6 Underwriters Laboratories Standardi:
sumption Calorimetér
E 1355 Guide for Evaluating the Predictive Capability of
Fire Model$ “Ann'ual Book of A$TM _Standal;dml 15.01. o
S Available from California Bureau of Home Furnishings and Thermal Insula-

E 1472 Guide for Documenting Computer Software for Fireton, state of California, Department of Consumer Affairs, 3485 Orange Grove
Models Avenue, North Highlands, CA, 95660-5595.
E 1474 Test Method for Determining the Heat Release Rate © Available from National Fire Protection Association (NFPA), 1 Batterymarch
. Park, Quincy, MA 02269-9101.
of UphO!Stered . Furniture and Mattress Components _Or 7 Available from International Organization for Standardization (ISO), 1 rue de
Composites Using a Bench Scale Oxygen Consumptiofarembé, Case postale 56, CH-1211, Geneva 20, Switzerland or from American
Calorimete? National Standards Institute (ANSI), 25 W. 43rd St., 4th Floor, New York, NY
10036.
8 Available from General Services Administration, Specifications Activity,
Printed Materials Supply Division, Building 197, Naval Weapons Plant, Washing-
ton, DC, 20407.
2 Annual Book of ASTM Standardgol 07.01. ° Available from Underwriters Laboratories (UL), Corporate Progress, 333
3 Annual Book of ASTM Standardgol 04.07. Pfingsten Rd., Northbrook, IL 60062.
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UL 1975 Standard Fire Tests for Foamed Plastics Used fothey are those conditions that can create significant variation in

Decorative Purposes the results. The degree of detail necessary will depend upon the
2.7 International Code Council Cod€$: intended use of the fire scenario. Environmental conditions
IBC International Building Code, 2001 Supplement to 2000may be included in a scenario definition but are not required in

Edition all cases. Fire scenarios often define conditions in the early
IFC International Fire Code, 2001 Supplement to 2000steps of a fire while allowing analysis to calculate conditions in

Edition later steps.

2.8 AATCC Standard?! 3.2.4 flashover n—the rapid transition to a state of total
AATCC Test Method 124-1996 Appearance of Fabrics aftersurface involvement in a fire of combustible materials within
Repeated Home Laundering an enclosure.

) 3.2.4.1 Discussior—Flashover occurs when the surface

3. Terminology temperatures of an enclosure and its contents rise, producing

3.1 For definitions of terms used in this guide and associatedombustible gases and vapors, and the enclosure heat flux
with fire issues refer to the terminology contained in Termi-becomes sufficient to heat these gases and vapors to their
nology E 176 and I1SO 13943. In case of conflict, the defini-ignition temperatures. This commonly occurs when the upper
tions given in Terminology E 176 shall prevail. For definitions layer temperature reaches 600°C or when the radiant heat flux
of terms used in this guide and associated with textile issuest the floor reaches 20 kW#m
refer to the terminology contained in Terminology D 123 and 3.2.5 heat release rate n—the heat evolved from the
ISO 4880. In case of conflict, the definitions given in Termi- specimen, per unit of time.
nology D 123 shall prevail. 3.2.6 smoke n—the airborne solid and liquid particulates

3.2 Definitions contained in Terminology E 176 deemedand gases evolved when a material undergoes pyrolysis or
essential for use with this guide: combustion.
_ 3.2.1 fire hazard n—the potential for harm associated with 32 7 upholsteredadi—covered with material (as fabric or
fire. padding) to provide a soft surface.

3.2.1.1 Discussior—A fire may pose one or more types of 3 3 Definitions of Terms Specific to This Standard:
hazard to people, animals, or property. These hazards areg 3 1 tenability (of humans to fire-generated conditians)
associated with the environment and with a number of fireq, _tne capability of humans to occupy a room without
test-response characteristics of materials, products, or asseflscoming incapacitated or being killed as a result of a fire.
blies including but not limited to ease of ignition, flame spread, 3.3.2 tenability limit (of humans to fire-generated condi-

rate of heat release, smoke generation and obscuration, toxici%nS) n—limit at which a human being is rendered physically
of combustion products and ease of extinguishment. incapacitated or dies as a consequence of exposure to one or

3.2.2 fire performancen—response of a material, product, mare factors (such as toxic gases, temperature, heat flux, or
or assembly in a specific fire, other than in a fire test involvingg ke obscuration) generated by a fire.

controlled conditions (different frorfire-test-response charac-

teristic, .v.). o i , furnishing that {) contains any surface that is covered, in
3.2.2.1 Discussior—The ASTM Policy on Fire Standards \,hoje or in part, with a fabric or related upholstery cover

distinguishes between the response of materials, products Material, @) contains upholstery material, ang) (s intended

assemblies to heat and flame “under controlled condmons,’(’)r promoted for sitting upon.

which is fire-test-response characteristic, and “under actual fire 5 5 5 1 piscussion—For the purpose of this guide, mat-
conditions,” which is f!re performance. Fire performancetresses, bedding and other sleep products are excluded from the
depends on the occasion or environment and may not b&efinition of upholstered seating furniture

measurable. In view of the limited availability of fire- =~ 54, upholstery cover materian—the outermost layer of
performance data, the response to one or more fire testéa

. : . e bric or related material used to enclose the main support
appropriately recognized as representing end-use Cond't'ons’éflstem or upholstery materials, or both, used in the furniture
generally used as a predictor of the fire performance of &em ' '
material, product, or assembly. i

3.2.3 fire scenarig n—a detailed description of conditions,
including environmental, of one or more of the steps from
before ignition to the completion of combustion in an actual
fire, or in a full-scale simulation.

3.2.3.1 Discussior—The conditions describing a fire sce-
nario, or a group of fire scenarios, are those required for the
testing, analysis, or assessment that is of interest. Typicall

3.3.3 upholstered seating furnituren—a unit of interior

3.3.5 upholstery materialn—the padding, stuffing, or fill-
ing material used in a furniture item, which may be either loose
or attached, enclosed by an upholstery cover material, or
located between the upholstery cover material and support
system, if present.
3.3.5.1 Discussior—This includes, but is not limited to,
aterial, such as foams, cotton batting, polyester fiberfill,
onded cellulose, or down.

10 Available from International Code Council (ICC), 5203 Leesburg Pike, suite4- Signiﬁcance and Use

600, Falls Church, VA 22041. . . .. .
! Available from American Association of Textile Chemists and Colorists 4.1 This gwde is intended for use by those undertakmg the

(AATCC), One Davis Dr., P.O. Box 12215, Research Triangle Park, NC 27709-d€velopment of fire hazard assessments for upholstered seating
2215. furniture in health care occupancies.
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4.2 As a guide this document provides information on anThe same analysis would also apply if an additional uphol-
approach to development of a fire hazard assessment, but fixstered furniture item is being considered for introduction in a
procedures are not established. Section 1.7 describes sormpatient room: the fire hazard assessment should compare the
cautions to be taken into account. fire safety implications of the addition.

4.3 Afire hazard assessment developed following this guide 4.5.1 An additional upholstered furniture item adds to the
should specify all steps required to determine fire hazarduel load of a room. Thus, an analysis such as that in 4.4 would
measures for which safety thresholds or pass/fail criteria can beffer options 4.4.2 through 4.4.4 only.
meaningfully set by responsible officials using the standard. 4.6 Following the analysis described in 4.4, a fire hazard

4.4 Afire hazard assessment developed as a result of usiggsessment developed following the procedures in this guide
this guide should be able to assess a new item of upholsteragould reach a conclusion regarding the desirability of the
seating furniture being considered for use in a certain healtfurniture product studied.
care facility, and reach one of the conclusions in 4.4.1-4.4.4. 4.7 An alternative to the analysis based on the anticipated

4.4.1 The new upholstered seating furniture item is safer, ifire performance of the materials or products contained in the
terms of predicted fire performance, than the one in establisheptient room is the use of active fire protection measures, such
use. Then, the new product would be desirable, from the poirds fire suppression sprinklers. Active fire protection involves
of view of fire safety. measures such as automatic sprinklers and alarm systems,

4.4.2 There is no difference between the predicted fire safetyyNnile passive fire protection involves using materials that are
of the new item and the one in established use. Then, thef@fficult to burn and give off low heat and smoke if they do
would be neither advantage nor disadvantage in using the ne@{n. Traditional prescriptive requirements are based exclu-
product, from the point of view of fire safety. sively on passive fire protection, with the common approach

4.4.3 The new upholstered seating furniture item is pre_bemg to describe the fire tests to be met for every property. The

dicted to be less safe, in terms of fire performance, than the orfPPOSite extreme is based entirely on active fire protection,

in established use. Then, the new item would be less desirab/@NiCh assumes that active fire protection measures (mostly

from the point of view of fire safety than the one in establishecﬁp”nlflers) ensure fire safety. The fire safety re_cord of sprin-
use. lers is excellent, but not flawless. Moreover, neither approach

4.4.3.1 If the new upholstered furniture item is predicted togives the type of flexibility that is the inherent advantage of fire
T -hazard and fire risk assessments.

be less safe, in terms of fire performance, than the one in 4.7.1 Note that the activation of automatic fire suppression
established use, a direct substitution of the products would """ PP ;
prinklers does not ensure a safe level of smoke obscuration.

provide a lower level of safety and the new product should not

; : 4.8 This guide provides information on a different type of
be used, without other compensatory changes being made. / . . :
new upholstered furniture product can, however, be mad@e hazard assessment than Guide E 2061. While Guide

acceptable if, and only if, it is part of a complete, comprehen. 2061 considers an entire occupancy, hamely a rail transpor-

sive, fire safety design for the patient room. Such a patienttation vehicle, this guide addresses a specific product, namely

room redesign should include one or more of the followinguIOhOISteer furniture.
features: use of an alternative layout (albeit one that cannot be
altered by the patient room users) or increased use of automatic - recedure
fire protection systems or changes in other furnishings or 5.1 The procedure for conducting a fire hazard assessment
contents. In such cases, a more in-depth fire hazard assessmentupholstered seating furniture in patient rooms of health care
should be conducted to ensure that all of the changes togetheecupancies is given in Section 7, for the fire safety objectives
have demonstrated a predicted level of fire safety for the newn Section 6. This requires applying the design considerations
design which is at least equal to that for the design inin Section 8, for the scenarios considered in Section 9, and
established use, in order to permit the use of the newnder the assumptions on patient rooms and patient room
upholstered seating furniture item. occupancy given in Section 10. The test methods to be used
4.4.3.2 Alternatively, the new design may still be acceptableshould be chosen from among those listed in Appendix X1 and
if the predicted level of fire safety is commensurate with newsome calculation methods are listed in Appendix X5.
stated fire safety objectives developed in advance. _ o
4.4.4 The new upholstered seating furniture item offersd. Fire Safety Objectives
some safety advantages and some safety disadvantages oveg.1 The primary fire safety objective is to ensure the safe
the item in established use. An example of this outcome coulgunharmed) evacuation or removal of all patients threatened by
be increased smoke obscuration with decreased heat releafiee to an area of refuge in the event of a fire.

Then, a more in depth fire hazard assessment would have to beg.1.1 This is achieved if the time required, in the event of a
conducted to balance the advantages and disadvantages. fire, to evacuate the threatened area is less than the time for the
4.5 If the patient room does not contain an upholsteredire to create untenable conditions (preferably for the fire not to
seating furniture item, then the fire hazard assessment implereate conditions that cause harm to people, whenever pos-
cations of the introduction of an upholstered seating furnituresible) in the patient room or along the evacuation path. The
item should be analyzed in the same way as in 4.4. The firevacuation time includes the time required for the occupants to
safety should then be compared with that achieved in the roomeach, or be transported to, a safe location and notification

in established use (which has no upholstered seating furniturefjme.
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6.1.1.1 As noted in 6.5, this fire safety objective does not 6.3.2 The default tenability criteria should be the values
address individuals intimate with the ignition. specified in Table X10.1. Appendix X10 also contains addi-
6.1.2 The time to untenability is the shortest time untiltional discussion on tenability criteria, and should be consulted.
untenable conditions are created for any occupant starting #tthe developer of the fire hazard assessment or the specifier
any location within the threatened area or along the evacuatiorequire it, one or more of the default tenability criteria from
path. Table X10.1 can be amended to satisfy the corresponding
6.1.3 As this guide addresses the consequences of tmeeds. In such case, an explanation should be given as to why
fire-related properties of the upholstered furniture used, théhe default criteria have been modified.
upholstered furniture used should not decrease tenability. 6.3.3 In health care occupancies, the health care staff should
6.1.4 The time required for evacuation or removal ofpe aware of specific requirements for certain patients, which
patients to an area of refuge will be a function of the timemust be taken into account for the appropriate areas.
required for safety personnel to arrive at the scene of the fire, .3.4 Temperature and heat: Investigations of the tenability
which will depend, in turn, on the fire detection and firejn a fire scenario have shown the maximum temperatures
suppression devices present in the patient room or its vicinityyhich human beings can withstan@-5), the maximum
and on the proximity of the safety personnel, including whethegonyected heat humans can toleré6, and the heat flux
they are present in the health care facility or whether they argequired to blister or burn ski(7-9).
fire fighters coming from outside the facility. _ 6.3.5 Smoke toxicity: Investigations conducted of the tox-
6.1.5 In some health care facilities, the approach to pat'e%ity of smoke of individual gases and of materials have
fire safety involves protection in place. In such cases, the timgagjited in knowledge about the effects of the primary toxic

for safe evacuation should be considered to be zero. The effe bseg10-15) and the overall effects of smoke toxicitys-19)
of this approach is that untenable conditions cannot be alloweguch work has shown that results of standard toxicity tests on

to develop in the patient room. o __materials are less helpful for fire hazard assessment than either
6.2 A potential secondary fire safety objective, consideredynaiyses of emissions of individual gases over time or calcu-

supportive of the primary objective (but less comprehensive),tions based on the overall amount of smoke emitted
and more readily measurable, is to prevent flashover inside trt%,l?,lS) Furthermore, 2001 bioassay work on rodents over
fire room. This may require d(astic reductions in the total room,ious exposure periods has indicated that the effects of
fuel load (see also NFPA Guide 555). smoke on incapacitation and lethality from smoke toxicity can
Note 1—Flashover is a crucial phenomen¢h).!2 In this guide the b€ assigned to smoke concentration levels of 17 to 27 gmd
onset of flashover is considered to occur when the upper layer temperatugdl to 37 g/ni respectively(20), which is consistent with the
reaches 600°C or when the radiant heat flux at the floor reaches 20kWi/ntesults of the survey conducted on all previous bioassay work:
(see 3.2.4). 15 g/n? and 30 g/m respectively(21). Various ways have been
6.2.1 Analyses of fire statistics show that the vast majoritypresented on how to combine one or more of these tenability
of fire fatalities in the United States occur in fires that haveeffects, in documentation for the NIST program HAZARD |
gone to flashovef2). In fact, fire statistics are tabulated in the and in a review by Pursef6,22,23)
United States, by NFPA, according to a concept roughly 6.3.6 Smoke obscuration: Smoke obscuration (also known
equivalent to flashover, namely according to whether there hagss smoke opacity) does not cause harm in and of itself.
been “flame damage beyond the room,” which does not occudowever, it seriously hinders ease of escape and ease of rescue
if the fire does not progress beyond the pre-flashover stage, buf trapped fire victims. Investigations have been able to
does if flashover is reached and burning contin@gsThus, in  quantify the restrictions to escape imposed by smoke obscura-
this analysis, if a fire spreads beyond of the room of origin it istion (24-26)and to propose reasonable visibility limits. A value
considered to have reached flashover. of Total Smoke Released of 1,00F in a “standard room” is
6.2.1.1 If analysis shows that the flame damage outside & criterion used in codes based on this con¢gp@t28) (See
the room of origin has been caused by a factor, such as a flyingppendix X7).
brand, without flashover having occurred, the hazard assess-6.4 When conducting this fire hazard assessment the welfare
ment should take this into account. and evacuation of individuals with disabilities (Americans with
6.3 In the primary fire safety objective, tenability (see 3.3.1pjsabilities Act) must be considered with particular care.
and 3.3.2) is assessed on the basis of fire effects on theg 5 A fire safety objective of this guide is to protect the
occupants, including both direct effects, such as heat, toXigccupants not intimate with the initial fire development from
gases or oxygen deprivation, and indirect effects, such agss of life and to improve the survivability of those who are
reduced V|s_|b|I|ty due to smoke obscurat!on. A tenable enviiptimate with the fire development (see NFPA 101). The fire
ronment will therefore prevent loss of life and reduce thegafety of those individuals intimate with the fire development

likelihood of harm, including non-fatal injury to individuals.  cannot be guaranteed through decisions based on the design of
6.3.1 Levels of tenability need to be set to develop a firghe ypholstered furniture product.

hazard assessment. 6.5.1 An individual is deemed to be intimate with the fire

development if that individual is located in the immediate

vicinity of the ignition source, typically in contact with it.
2 The boldface numbers in parentheses refer to the list of references at the end 6.5.2 The COﬂC.ept of an individual b?ing intimate' With the
of this standard. fire development is much more restrictive than being in the
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room of fire origin. If a compartment has more than oneterms but must be expressed as either numerical values or as
occupant, each occupying their own bed, for example, if one obther instructions, for example equations, compatible with the
them is intimate with the fire development, the other one wouldire hazard assessment calculation method used.
probably not be considered to be. 8.1.1 Once expressed as numerical or other specific values,
6.6 The user needs to consider the inclusion of a final firelesign specifications are a source for input variables for fire
safety objective, which is to prevent fire fatalities or serioushazard assessment. For example, design specifications will
injuries due to fire effects to the fire fighters responding to annclude specification of the materials to be used in the room
incident. linings, including ceilings, walls, and floors. The calculations
6.7 The user also needs to consider that evacuation effortgquired to assess whether flashover will be prevented in the
may be affected by ongoing health care emergencies, unrelat@tient room (an objective specified in 6.2) will require heat
to the fire, which may affect the availability of rescue person-absorption parameters for the room linings. These heat absorp-
nel. tion parameters will not be identical to the design specifications
6.8 The user also needs to consider the potential effect of th@r the room lining materials but will be derivable from these
fire (and the smoke) on the life-sustaining and health-cargpecifications by reference to data from established test meth-
equipment used in the health care facility, to assess whetheyds. Because this guide does not specify the models or
particular measures need to be taken to prevent the hazard ¢alculation methods to be used, it follows that it cannot list the
patients from increasing due to specific damage to certaifhput variables that will be required or the appropriate proce-
equipment. dures to use in deriving those input variables from design
specifications.
) ) ] ) 8.1.2 A fire hazard assessment is an evaluation of a com-
7.1 Fire hazard assessment begins by choosing fire safefyete design which addresses certain fire safety objectives.
objective(s) to be achieved. This step is described in Section &erefore, the design specifications used must address and
7.2 Fire hazard assessment requires specification of thg.jde all relevant products and design features used, includ-
design to be assessed, in a form that permits the fire safefy those specified by conventional prescriptive practices.
.performgnce.of the c_ieS|gn to be tested and modeled. This steifus, a fire hazard assessment of a remodeling or redesign
is described in Section 8. . o _cannot be limited to the parts of the design being changed.
7.3 Fire hazard assessment requires specification of the fifgaher, 4 fire hazard assessment of a redesign carried out
scenarios for which the design will be required to meet the,ccording to the practices presented in this guide must address

objectives. This step is described in Section 9. the patient room, including contents, and its surroundings, in
7.4 Fire hazard assessment requires specification of any entirety.

additional assumptions, such as conditions of the environment
and characteristics of the anticipated occupants, in the asse$¥in to the general arrangement of the patient room (for

me;né. E“S step 'Z described Irtl Sect!on 1,[?] f test example, size, location of openings, number and configuration
-2 ire hazard assessment requires the use ot testing ag furnishings, as well as to whether furnishings are fixed in
calculation methods to determine whether the objectives ar lace) and to the materials, products, and components used to

expectgd to be met by a gpecified de_sign for a Spec‘“‘?d fir uild the patient room. The development of such designs often
scenario, under the specified assumptions. The calculations olves decisions which include tradeoffs and ad hoc benefit

be performed are described in Section 11, and the selection a%alyses and is a traditional approach
qualifying of calculation methods for the assessment are 821 'I"he design should also consider items which are

described in Section 12. : : . S
7.6 For the fire hazard assessment procedure to be Va"d,throught into the patient room for occasional use. This includes

is necessary that the calculation methods and the fire—tes@ed'cal equipment such as an oxygen tank or breathing

response characteristics used produce valid estimates of s éga?ttu;. ;?jtshe(;r exhzn;ﬂﬁ;r:r?n ?oar;t;eszsg;’egagﬁ té?#cgrais
cess or failure in achievement of the fire safety objectivesf l.Jr:.u pads) W'd p Irs. 0 of t’ u b F;h y
given the specified fire scenario(s). urnishings can provide a fire scenario of greater severity than

7.7 Fire hazard assessment finds a specified design to b%usually considered for this occupancy (see also 9.5).

acceptable if, under the specified assumptions, each of the 8-3 Design specifications for products, components, and
objectives will be met when a health care facility patient roommaterials should include fire-test-response characteristics. The

is involved in a fire, for each of the specified fire scenarios. (€St methods from Appendix X1 should be used to develop
7.7.1 It is advisable for the validity of the fire hazard these fire-test-response characteristics. Alternatively, other test

7. Steps in Conducting a Fire Hazard Assessment

8.2 In connection with this guide, the term “design” refers

assessment procedure to be confirmed by peer review. m_ethods may also be used, provided the tests chosen comply
with the criteria of 8.3.1 and 8.3.2.
8. Use of Design Specifications in Calculations for 8.3.1 This guide does not provide a required test method to
Estimates of Fire Hazard assess any fire-test-response characteristic. The developer of a

8.1 The issue of design of products, or of health care patierfire hazard assessment will need to provide evidence of the
rooms as a whole, can have significant impact on fire safetyalidity of any test method chosen for use in testing of
Design specifications can be used as input into the calculatiopomponents or composites.
methods of a fire hazard assessment. However, for design8.3.2 The test methods referenced in Appendix X} h@ve
specifications to be useful, they cannot be expressed in vagureen designed to yield results in fire safety engineering units,
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which are appropriate for fire hazard assessment dmd (between various cushion areas, internal cavities, dust covers,
measure heat release rate, which has been demonstrated todoevice or entrapment areas, and skirts. Other factors include
an essential component of fire hazard assessmetthe shape and construction of the back, the size of the gap
(25,26,29,30)The concept of restricting fuel load is described between back and seat, the type of threads used, and the
in Appendix X2. relative dimensions of the various materials used at each
8.3.2.1 The choice of any test method is non-mandatory antpcation.
the developer of a fire hazard assessment will need to provide
evidence of its validity for use in testing of materials or 9. Fire Scenarios of Concern
products for use patient rooms of health care occupancies (seeg.1 The fire scenarios in 9.2 are designed to represent the
also 7.7.1). Design and quality control of component materialgpectrum of most likely fires involving upholstered seating
critically affects the precision of composite fire test results.fyrniture in the patient rooms of health care occupancies.
Therefore, emphasis should be placed on ensuring consistencyg 1.1 When prevention of flashover is one of the objectives
in the actual fire performance qf components which have bee(gee 6.2), the performance of upholstered furniture that be-
assessed as part of a composite system. comes involved in the fire only at the time of or after flashover,
8.3.3 It is likely that design specifications of any finishedeither in the room of fire origin or in a second room, need not
product with different component materials will not normally be assessed in terms of the room of fire origin (see 9.2.6).
be available (from the suppliers of the individual materials or 9.2 Specific fire scenarios considered in this guide.
components that go into them) in a form suitable for applica- 9.2.1 Upholstered furniture item is first ignited, as an
tion of fire hazard assessment. Manufacturers of such producgsentual consequence of smoldering ignition by cigarettes.
cannot normally be expected to have developed data ong 22 Upholstered furniture item is first item ignited, by
characteristics that are not part of existing sets of requirementgrect ignition from a small open flame source, such as a match,
or recommendations for their products. Similarly, suppliers ofjighter or candle.
individual materials cannot be expected to identify or provide g 2 3 Upholstered furniture item is first item ignited, by
products, components, or materials, based exclusively on thgrect ignition from a large source, such as a radiant heater.
kinds of design specifications required for fire hazard assess- g 5 4 Upholstered furniture item is first item ignited, by
ment. Therefore, suppliers of such products may require thgjrect ignition (from either of the type of sources in 9.2.1 and
transllelltlon of the perf(.)rm.a.nce speC|f|qat|ons into conventmnaé_z_z)’ accentuated by an accelerant, such as a spilled flam-
specifications for the individual materials. mable liquid (or some intentional action, such as vandalism)
8.3.3.1 Thus, an alternative approach should exist wherebgsee also Appendix X3).
fire safety objectives are permitted to be achieved by meeting 9 2.5 The upholstered furniture item is the second item
certain sets of fire-test-response characteristics of individugynited, prior to flashover, as a result of heat released by the
materials or products, if fire loss experience has shown thafrst item ignited. The source of heat is likely to be another
such sets of requirements have led to suitable fire safetyrmishing or content item. This scenario is included since the
However, selective use of parts of the methodology in thissoncept of secondary ignition of products allows the treatment
guide and of individual fire-test-response characteristics doegf such fires. Note that, for the purposes of this guide to fire
not satisfy the fire safety objectives of this guide. This guide ishazard assessment, the upholstered furniture item is assumed to
not suitable for use in developing a fire hazard assessmegk either the first or the second item ignited only.
except in its entirety. 9.2.6 If the upholstered furniture item is not ignited until
8.3.4 Aesthetic design, as well as geometric and spatiglashover, by other ignition sources within the room, the effect
configuration of the individual furnishing items, can have of the upholstered furniture item need not be assessed further
significant influence on the ignition and burning properties ofin terms of the room of fire origin.
all items used for room furnishings and contents. 9.2.6.1 The rationale for 9.2.6 is that, if the product is not
8.4 A particular choice of material and material combina-burning until flashover, or until flashover is inevitable, it can be
tions (for fabric, padding, and interliner, if present) in uphol- assumed that the product is likely to have little effect on
stered furniture can have the effect of delaying fire developwhether the room will get to flashover. Moreover, in practice,
ment or even of preventing a fire from becoming selfthere is little, if any, statistical information available on fires
propagating. Furthermore, the concept used to increase fisghere the item is neitheg] the first or second item ignited nor
safety (such as improved fire performance of the materialgb) burning before flashover occurs.
incorporation of upholstery barriers, redesign of furniture 9.2.6.2 After flashover, the room of fire origin has ceased to
construction features, or prevention of transport of furniturebe tenable. However, the fire may still impact the survival of
items as part of variations in room layout) can affect theoccupants of other rooms. Thus, the impact of the fire on
resulting fire hazard. Several preliminary fire research projectsccupants of other rooms, after flashover in the room of origin,
have investigated the role of materials and product desigwould still need to be addressed. Flashover in the room of
characteristics on the fire properties of the room contents angrigin can also impact the evacuation of patients from rooms
furnishings(31-52) other than the room of origin.
8.5 The construction features which are a part of the 9.2.6.3 Thus, once flashover has occurred, consideration
furniture item design can be critical. Important factors formay need to be given to the effect of the patient room
consideration include the presence or absence of armrests, gaggholstered furniture, on an increased heat, smoke obscuration
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and toxic load on occupants of rooms other than the room of 10.2 Patient Room Occupancy

fire origin, and on potential rescuers. 10.2.1 The occupants of patient rooms can include both
9.2.6.4 If the fire starts in a room other than the patient roonpatients, visitors and staff. The maximum patient occupancy

and spreads into the patient room, that fire will already be avill be occupancy to room capacity. Furthermore, there is

flashover fire before the upholstered furniture item in thelikely to be a mix of patient occupants with different abilities,

patient room is involved (see 6.2.1), and it will be an examplancluding a significant proportion who will have disabilities

of a fire scenario of the type addressed in 9.2.6. because of age, or physical or mental impairment and even
9.2.7 A specialized fire scenario, other than those listed isome occupants who may be impaired for other reasons, for

9.2.1 through 9.2.6, resulting from an unusual design, roonexample as a result of the use of prescription drugs, or other

occupancy or special circumstances, can also be addressed, Bubstances.

a detailed description of it must be provided before undertaking 10.2.2 Occupancy of the patient room (room of fire origin),

the fire hazard assessment. and any occupiable spaces nearby to which the fire can spread,
9.3 NFPA develops statistics of fires in facilities that care forcould be set for analysis purposes, for example, so as to pose
the sick, for example if53). the greatest challenge to the fire safety objectives. Typically,

9.4 The application of this guide to a fire hazard assessmeitthis would involve occupancy to capacity, with all occupants
of upholstered furniture items in rooms other than patiendisabled, for whatever reason.
rooms, for example lounges or cafeterias, would require 10.2.3 Assumptions regarding numbers and abilities of
additional considerations and is beyond the scope of thdisabled persons need to incorporate any appropriate relevant
present document. If the fire starts in a room outside of thgrovisions of the Americans with Disabilities Act.
patient room, and spreads into it, that fire must be considered 10.2.4 Assumptions regarding age distributions of the occu-
to have already become fully developed before it involves thgants need to reflect data on age patterns among health care
product to be assessed, namely the upholstered furniture withfiacility patients. Assumptions regarding the capabilities of
the patient room (see 6.2.1 and 9.2.6.4). older or younger occupants (including visitors and staff) need
9.5 The enumeration of fire scenarios in 9.2 assumes that reflect patterns in the general population and need to be
other fire scenarios either are less severe, and therefore widlocumented as to sources of data.
lead to achievement of the fire safety objectives, with respectto 10.2.5 Assumptions regarding impairment due to prescrip-
upholstered furniture, if the design achieves the objectives fotion drugs or other substances among occupants need to be
the specified fire scenarios, or are less likely and therefore neetbcumented as to source data. If data are unavailable, alterna-
not be considered as part of the fire hazard assessment (see dise methods of developing the assumptions need to be sought.
8.2.1). One example is to use the patterns in the general population,
weighted to reflect the age of health care facility patients.

10. Assumptions Regarding Patient Room Another example is to conservatively assume that all patients

10.1 Patient Room Des.ign and Layout . are impaired by drugs. A third example is to choose an arbitrary
10.1.1 The specific patient room layout must be defined tdraction of patients who are impaired, for example 10 %.
conduct this fire hazard assessment. 10.2.6 In view of the type of facility under consideration,

10.1.2 An example patient room involves amo® m long,  assume that fire occurs when the maximum number of people
3.8 m wide and 2.4 m high, with a single dddm high and 1 will be sleeping. If there are no data available to determine the
m wide, which is assumed to be open. The walls are estimateghaximum fraction of people sleeping, assume all patients are
to be covered by ca. 16 mm (nominal 0.63 in.) gypsum-board|eeping.
type X, itself covered by wallpaper (thermal conductivity: 0.14  10.2.6.1 One example of patient room occupancy, which
W/(m-K); density: 770 kg/rf) specific heat: 900 J/(kg-K)) and could be used for the default patient room scenario described in
the ceiling by ca. 15 mm (0.59 in.) acoustic tile (thermal10.1.2, involves two patients, one in each bed, asleep at the
conductivity: 0.058 W/(m-K); density: 290 kgAnspecific  time of ignition. One patient is able to walk, at an average
heat: 1340 J/(kg-K)), with concrete flooring (ca. 12 mm (0.47speed of 0.5 m/s, while the other one cannot walk unassisted.
in.), thermal conductivity: 1.6 W/(m-K); density: 2400 kgfm Time periods must be estimated for assistance to arrive and for
specific heat: 800 J/(kg-K). The ceiling is assumed to behe patient who cannot walk unassisted to be removed from the
horizontal (not beamed or sloping), and to have a smokeoom. Minimum times for this to occur are likely to be 30 s and
detector, but no fire suppression sprinklers. This room containg min after the smoke detector alarm goes off (if one is
two beds, two bedside tables, each one adjacent to one bed apsent), but the times should be based on the actual facility
two chairs, each located just past the bedside table from th@vestigated.
bed, as well as some floor covering system (See Appendix X4 10.2.6.2 A fire hazard assessment requires the definition of
for some tentative heat release data). a patient room occupancy. If an analysis is conducted without

10.1.3 The closing (or the partial closing) of the patientspecifying a different patient room occupancy, the patient room
room door would each constitute a different fire scenario. Theccupancy to be used should be the one in 10.2.6.1.
use of either of these scenarios should be justified by the user. ) .

10.1.4 A fire hazard assessment requires the definition of 41 Required Calculations
patient room design and layout. If an analysis is conducted 11.1 The fire hazard assessment conducted following the
without specifying a different patient room, the default patientprocedures in this guide involves using calculation procedures
room to be used should be the one in 10.1.2. to determine whether the fire safety objectives in Section 7 will
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be met if the design specified in Section 8 experiences each dibse of fire effects or conservatively calculated as time to first
the fires of the scenarios specified in Section 9, and given thexposure to unacceptably hazardous fire conditions. Calcula-
additional assumptions specified in Section 10. tions will be required for the area of fire origin, any occupied
11.1.1 Use Guide E 1546 when developing the procedurespaces, and any spaces that are part of escape routes.
11.1.2 Use NFPA 901 if needed for overall coding of 11.2.6 When making the calculations described in 11.2.3
materials or products. and 11.2.4, note that the fire hazard may be decreased by the

11.2 Because the fire safety objectives are all stated in termi@resence, and activation, of fire protection systems, including
of specified fire effects by location and time, the fire hazarddutomatic or manual fire suppression, detection, and smoke
assessment calculation procedures must support the calcul@ntrol systems. Calculations should take into account whether
tions in 11.2.1 through 11.2.5. such systems are in proper functioning order and the times at

11.2.1 Translate the fire scenario specifications into a dewhich activation occurs.
scription of the fire in its initial stages, as a function of time in  11.3 For the fire safety objective of preventing flashover, the
the initially involved space. Among the fire-test-responseonset of flashover is considered to occur when the upper layer
characteristics of the materials or products initially involvedtemperature reaches 600°C or when the radiant heat flux at the
that may be required for such a description are rate of hedtoor reaches 20 kW/f(see 3.2.4), and either of these can be
release, rate of mass loss, total heat release (if burned #s€d to assess achievement of the objective.
completion, or cumulative heat release to end of burning 11.4 The issue of smoke obscuration often needs to be dealt
otherwise), flame spread, cumulative full-scale smoke obscuWith specifically, to avoid lack of visibility, even in a relatively
ration and toxic potency of the products of combustionsmall fire, from preventing escape or rescue (see Appendix
released. X7).

11.2.2 Translate the design specifications into characterisrp  selection and Qualification of Fire Hazard

tics of the fuel load environment near the initial fire. Use these  cgjculation Methods

and the time-based description of the initial fire as a function of
time to calculate the spread of fire to secondary items and tht%i

ignition of those secondellry. Items. L chosen by the developer of a fire hazard assessment based on
11.2.3 Calculate the timing of major fire events for eaChit must be accompanied by written evidence of the validity of

Nfie method for this purpose. Use Guide E 1355 in order to

X . A0 TTO/Y, 3 juate the predictive capability of the fire model used. Guide

one space to anothe_r \.N'” require measurement of barrier firg  gq, provides guidelines on how to obtain the appropriate

resistance characteristics. input data, in particular material properties, that are needed for

11.2.4 If the calculations in 11.2.3 show that other items inire odeling. Guide E 1472 illustrates the type of documen-
the room are likely to ignite prior to the upholstered furniture,+ion that the fire model used should provide.

item, release enough heat and at a large enough rate, and ar§ > 5 The user must provide guidance on safety factors

used in sufficient quantities to cause flashover, the upholstergeheqe to offset the uncertainties and biases associated with the
furniture item need not be assessed further for the room of f'r?nethod or with the data used by the method. Any valid

origin, as its fire performance would not alter the probability of .5 |culation method is valid only for certain applications and

flashover. _ _ within the limits of its own uncertainties and biases and the
11.2.5 For each potentially exposed occupant, the fire hazjncertainties of its source data. Therefore, the evidence of

ard assessment must calculate whether the fire safety ObJeCt'Vﬁlidity required in 12.1 will provide the basis for specifying

has been met or has not been met. Thus, for each potentialgéfety factors.

exposed occupant, calculate the time to reach, or be transported; 5’3 gee Appendix X5 and Appendix X6 for candidate

to, safe refuge and comparing that time to the calculated timgg|cylation methods for heat release, Appendix X7 for consid-

until exposure to an unaccepftable hazard. The former requirgs ation of smoke obscuration, and Appendix X8 for an example
calculation of occupant alerting, response, travel speed, ar‘!i’pplication of the data from Appendix X4.

other behavior. For occupants requiring rescue, calculations

will need to estimate the size, capabilities, and arrival time ofl3. Keywords

fire department or other rescue personnel. The latter can be 13.1 fire; fire hazard; heat release; ignition; smoke obscu-
calculated as the time to exposure to an untenable cumulativation; smoke toxicity; upholstered furniture

12.1 The choice of calculation method is not provided in
s guide. However, the calculation method, or methods,
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APPENDIXES
(Nonmandatory Information)

X1. RECOMMENDED METHODS FOR GENERATING APPROPRIATE DATA FOR CALCULATION METHODS

X1.1 Expose composites of upholstered furniture to radianain incident heat flux of 25 kW/fn This heat flux has been
heat according to Test Method E 1474, at an incident heat flughosen on the basis of its suitability to test floor covering
of 35 kWi/n¥. materials(54-57)

X1.2 The fire-test-response characteristics of an uphol- X1.7 Calculate the heat released by each material and by
stered furniture component material should be demonstrated &ach composite of materials.

be permanent after laundering, for example as shown in ) . o .
Appendix X913 X1.8 Compare the results obtained with the estimations in

Appendix X2, to ensure that no material, and no composite of

X1.3 The combination of cover fabric, barrier and paddingmaterials, is used in quantities large enough that its potential

used in the upholstered furniture should be shown to bdor heat release is such that it is capable of yielding flashover
resistant to cigarette ignition. conditions on its own.

X1.3.1 The most adequate way of ensuring such cigarette X1.8.1 The requirement in X1.8 neglects the effect of
ignition resistance is by conducting full scale tests on the actugiombining products in the fire scenario. However, it is closer to
item of upholstered furniture, for example by using Californiathe traditional prescriptive approach and permits material
Technical Bulletin 116. manufacturers to have a simple measurable goal.

X1.3.2 A small-scale method of demonstrating resistance to

cigarette ignition would be for the combination of components X1.9 Other test methods exist for assessing various fire-
to show no igniton when tested in accordance with Testest-response characteristics of materials or of specific prod-
Method E 1352. ucts. An example of such test methods is Test Method E 662,

X1.3.3 An alternative method often used for demonstra\tingOr smoke obscuration. These methods are not mentioned in
resistance to cigarette ignition is that each one of the compd?iS Appendix since their output is not directly suitable for use
nent materials meets Class | requirements in the approprial8 fire hazard assessment, usually because it is not expressed in
one of Test Methods E 1353. However, since this method dod$'€ @Ppropriate engineering units. However, such information
not involve testing the combinations actually used, there is les®1@y be needed to ensure appropriate safety, in some cases.
certainty that the combination will be resistant to cigarette X1.9.1 Atest which should be discussed specifically is Test
ignition. Moreover, it has been found that, for certain combi-Method E 648, for the critical radiant flux of floor covering
nations of materials, the overall item of upholstered furnituresystems. It yields a measurement of the heat flux level required
may meet full scale cigarette ignition requirements withoutto sustain flame spread over a floor covering in a wind-opposed
each individual component material meeting the requirementdire scenario, such as a fire in a corridor spreading away from
the room of fire origin with air flowing towards the fire. It can
X1.4 Expose all individual materials in component prod-also provide information on flame spread rate of the floor
ucts other than upholstered furniture to radiant heat accordingovering and on the required heat flux for the hot layer to cause
to Test Method E 1354, at an incident heat flux of 35 k&/m the floor covering to contribute added heat and smoke to the
fire. This information may be useful in modeling the flame

X1.5 Expose any wall covering systems, in a constructionspread along the floor covering outside the room of fire origin.
representative of that in which they are installed in the room, to

radiant heat according to Test Method E 1740, at an incident X1.10 The issue of smoke obscuration often needs to be
heat flux of 35 KW/m. dealt with specifically, to avoid lack of visibility, even in a
relatively small fire, from preventing escape or rescue. This
X1.6 Expose the floor covering materials, in a mannershould be done, however, with a test method that yields results
representative of the way they are installed in a health cargy proper engineering units, to permit use in calculation
occupancy, to radiant heat according to Test Method E 1354, @odels. The results from Test Method E 1354 include smoke
obscuration information in the correct units, and may be
appropriate for many fire scenarios. Other tests or calculations

13FED STD 191-A Textile Test Method 5830 has long been used as a launderingnay be required in specific cases (see Appendix X7).
method. Unfortunately, the detergent it references is no longer in use. The American
Association of Textile Chemists and Colorists (AATCC, PO Box 12215, Research X1 .11 Full Scale Test Methods:
Triangle Park, NC, 27709) has issued the Standard Laboratory Practice for Home o .
Laundering Fabrics prior to Flammability Testing, to Differentiate Between Durable  X1.11.1 Itis likely that properly validated tests of compos-
and Non-durable Finishes (May 1, 1991) and AATCC Test Method 124-1996;tes and components will be sufficient to carry out this fire
Appearance of Fabrics after Repeated Home Laundering. No equivalent standard I“ihzard assessment. However, it may be desirable to carry out

FED STD 191-A Textile Test Method 5830 exists, but the AATCC practice I | f indivi | f iall .
mentioned may be used as a replacement for it. More recently, another method hgé scale tests of individua products, or or specially deS'Qned

been proposed laundering for laundering, and is described in Appendix X9. compartments, for confirmation or other purposes.

10
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X1.11.2 Test Method E 1537 is suitable for testing indi-and to obtain guidance on full scale testing and conduct
vidual examples of upholstered furniture. Test Method E 1537measurements of heat release and associated parameters. The
may not, however, be suitable to address the fire hazartest method or test methods to be used should address the
resulting from accelerated ignition (such as is discussed iexpected fire performance of all surfaces potentially affected
9.2.4), in which case it may need to be replaced by a noiby the fire scenario being considered.

standardized test method. X1.11.8 Use an ignition source realistic for the fire scenario
X1.11.3 Test Method E 1590 has been deemed adequate fpfvestigated, and applicable to as large as possible a variety of
testing individual mattresses. potential fire scenarios, to ignite the upholstered furniture item.

X1.11.4 The use of alternative ignition sources (at a differ-The applicability of the ignition source must be explicitly
ent location, of a different intensity or for a different duration) addressed. When designing the ignition source to be used, the

for Test Method E 1537 or Test Method E 1590 may be el load and items brought by the patients and visitors must
means of addressing some very high challenge fire scenarios,gfso be considered.

they are proven relevant. _ X1.11.9 When conducting full scale test methods, carry out
X1.11.4.1 The use of bedding products (such as bed lineng,e4surements of heat release, by oxygen consumption calo-
blankets, or pillows) should be considered only if they affeCtimetry, of smoke obscuration, of mass loss, and of emission of
the fire performance of the mattress on which they are usedqrhon oxides, during the test. Carbon monoxide concentra-
Another product that should be considered are mattress decljgns are indicative both of toxic fire hazard and of complete-
bitus pads, frequently used in health care occupancy beds. negs of combustion. If the hazard estimation procedure requires
X1.11.5 NFPA265 and NFPA 286 are means of testing wallymeasurements of other gaseous combustion products, such as

ceiling, or wall and ceiling linings in a standardized room for hydrogen chloride or hydrogen cyanide, measure those prod-
their contribution to compartment fire development. This can,.is as well.

be used to test room surface finishes. NFPA 265 is suitable for X1.11.10 Compare the results obtained with the estimations
textile wall coverings only, and uses an ignition source at 40 o

! . . In Appendix X6 of the minimum heat release for flashover, to
kW (for 5 mln)_ anq then 150 kW. _(for 10 min). NFPA 286 'S ensure that no product, or combination of products, is used in
suitable for all interior wall and ceiling finish, other than textile

wall coverings, and uses an ignition source at 40 KW (for 5such a way that its potential for heat release is such that it is

min) and then 160 KW (for 10 min). Both NFPA 265 and NFPA capable Qf yielding flashover conditions, or creating an unten-
: o . ._able environment, on its own.
286 contain provisions for assessing smoke obscuration

(X1.11.11). X1.11.11 The reduction in visibility due to smoke hinders

X1.11.5.1 Another means of testing wall or ceiling linings is ©5¢aP€ capabilities. Tenability considerations have resulted in a
with ISO 9705. However. it must be noted that most combusYariety of proposals on the visibility distance limits reasonable
tible wall linings are likely to reach flashover when tested 0 Permit escape or rescue in a fire situation. Such data can be

according to ISO 9705. Test results, in terms of time toPresented in terms of distance, or in terms of test results in a
flashover, are still likely to produce uséful information. full-scale test, such as optical density or rate of smoke release.

X1.11.6 UL 1975 is an example of a full scale furniture Some full scale tests, such as Test Method E 1537, Test Method
calorimeter test of an individual product, in this case foamE 1990, NFPA 265 and NFPA 286, include requirements for

displays. The exact same technology could be used for fuffasurement of smoke obscuration information.

scale tests of several other individual products, if they are not X1.11.11.1 Several codes in the United States (International
specifically covered by other test methods. The product8uilding Code, International Fire Code, NFPA 101) have used
covered by other test methods, namely upholstered furnituréesearch on room-corner testigy) to adopt a maximum total
mattresses and wall linings, have been addressed in X1.11.8moke released in the NFPA 286 room corner test as a criterion
X1.11.3, and X1.11.5. for interior wall and ceiling finish, other than textile wall

X1.11.7 If non standardized full scale tests are being decoverings(28).

signed, use Guide E 603 and Practice E 2067 to develop a X1.11.12 Compare too the results obtained with estimation
realistic representation of the fire room under considerationfor tenability values for smoke toxicity (see 6.3).

X2. FUEL LOAD RESTRICTIONS AS A STRATEGY FOR ACHIEVING FIRE SAFETY OBJECTIVES

X2.1 Any of the approaches listed in Appendix X6 can beresponsible for a flashover. This provides the basis for achiev-
used to provide a maximum value on the potential heat froning the fire safety objectives through restrictions on the fuel
the fuel load of a fire room. In order to keep the total fuel loadload.
below this maximum, the potential heat released by each item
must also fall below the maximum. In other words, the X2.2 To estimate the fuel load, measure the interior volume
combination of effective heat of combustion and total mass foend floor area of the fire room and measure the mass and
each individual component material contained in the fire roonexposed surface area of all major combustible items in the
must be kept low enough that it cannot, on its own, beroom, and then determine the fuel loading, per unit area and per

11
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unit volume.

X3. PHYSICAL CHANGES OCCURRING IN PRODUCTS AFTER MANUFACTURE

X3.1 Products may be exposed to the effects of accidentalot address changes to protective layers due to wear, tear, or
or intentional disfiguration, so that the exposed surface igbuse, which potentially affect the fire-test-response character-
different from the one intended to be exposed when it wasstics of the item.
offered for sale.

X3.2 The exposure to a flame source of inner layers of X3.4 |If the user of a particular test method chooses to

various products (including upholstered furniture) has beefXPOSE ONE or more of the inner layers during testing, the mode

shown, in some cases, to result in different fire performance!n Which the inner layer was exposed should be described in
’ ' detail.

X3.3 The standard test methods referenced in this Guide do

X4. TENTATIVE DATA FOR HOSPITAL ROOM FIRE SCENARIO

X4.1 Table X4.1 contains tentative heat release rate an¥6.2 (X6.5) for the patient room considered here (with no
effective heat of combustion data for the major furniture itemsopening other than the door specified in 10.1.1, suggests that
contained in the hospital room recommended. The use of Effashover would be obtained at a heat release rate of 2.25 MW,

with door losses 1.16 MW and wall losses of 1.09 MW. The

TABLE X4.1 Estimate of Heat Release Rate of Hospital chair is a composite of three cha({f8). The mattresses ara)(
Furnishing Items (24,57,58) a composite of 3 hospital mattresses af)l &n existing
Chair Bed Table  Mattress A Mattress B hospital mattresg59). The bed table has been tested in a
Ht Comb (MJ/kg)? 15 15 15 15 furniture calorimeter, with a small open flame ignition, with the
Timels RHRKW  RHR/KW RHR/KW RHR/KW type of guidance provided by Guide E 603 and Practice E 2067
o o o o o (25,26) Fig. X8.1 shows the heat release curves of all four
20 12 14 20 8 products, each tested individually.
40 20 16 105 10
gg 123 22 528 ﬁ X4.2 The chair used is a combination of the results of three
100 270 100 455 22 hospital room chairs: a vinyl covered armless chair weighing
110 295 150 510 24 16.0 kg, chair 2 had bent wooden arms and weighed 18.2 kg
120 310 200 465 25 ) : ;
140 200 500 435 29 and chair 3 was the left-facing arm of a modular group, with a
160 390 500 500 32 treated heavy nylon fabric, weighing 18.5 kg (tested by using
180 340 400 745 35 Test Method E 1537(58). Mattress 1 is a combination o)
200 250 350 695 38 . f . . .
220 220 300 520 10 a treated vinyl-covered inner spring mattress with a decubitus
240 160 250 430 35 pad directly under the cover and on top of a 18 mm (0.75 in.)
260 100 200 800 50 conventional foam insulator pad hog-ringed to the inner spring
280 50 150 125 60 : . X
300 20 100 30 80 followed by a polyester shoddy insulator sheet, the inner spring
320 20 50 6 120 unit and another polyester shoddy sheet and another 18 mm
340 30 180 (0.75in.) pad of foam, before the fabric, weighing 17.6 Ky, (
360 20 290 : : . ; .
370 305 a mattress identical to the earlier one, but with a 25 mm (1 in.)
380 280 thickness of conventional polyurethane foam, weighing 18.3
jgg iig kg, and €) a mattress likeg) but where the foam was designed
510 200 to meet certain fire test requirements (represented by California
540 335 Technical Bulletin 117)(59). Mattress 2 is an inner spring
570 180 hospital mattress with a 25 mm (1 in.) conventional polyure-
720 30 L
900 5 thane foam pad and shredded polyester fiber insulator pad and

A The heat of combustion indicated is a median value, for the purpose of an an ImperVIOU_S reinforced Vlnyl COV¢59). The mattresses were
example calculation, from Ref (24). tested by using Test Method E 1590.
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X5. CALCULATION METHODS FOR ESTIMATING TIME TO UNTENABILITY

X5.1 Use a room fire growth model to estimate the(68), FAST (68,69) CCFM (70) and the CFAST model
development of potentially incapacitating conditions in the firediscussed in X5.1.§71). These are of interest in tracking
room, as a function of time. smoke leaving the room of fire origin.

X5.1.1 In one survey60), 36 actively supported models ~ X5.1.5 As part of the preparation of written evidence of
were identified. Of these models, 20 predict the fire generate¥@lidity, required for any calculation methods selected for use,
environment (mainly temperature), 19 predict smoke movethe user may find some existing detailed reviews useful.
ment in some way, 6 calculate fire growth rate, 9 predict fire X5.1.6 Reports by Mitle(72), Joneg73) and Jansser(§4)
endurance, 4 address detector or sprinkler response, andhave reviewed the underlying physical concepts in several of
calculate evacuation times. Available computer models varghe fire models in detail.
considerably in scope, complexity, and purpose. X5.1.6.1 Fire models fall into two categorieg) those that

X5.1.2 Some models, such as the Available Safe Egresstart with the principles of conservation of mass, momentum,
Time (ASET) model(61), can be used on many personal and energy; and2j curve fits to particular experiments or
computers, and provide adequate estimates of a few parameté&gyies of experiments, used in order to develop the relationship
of interest for a fire in a single compartment. among some parameters. In both cases, errors arise in those

X5.1.3 Special purpose models can provide a single funcinstances where a mathematical short cut was taken, a simpli-
tion. For example, COMPFZ62) calculates post-flashover fying assumption was made, or something important was not
room temperatures and LAVEN(B3) includes the interaction well enough understood to include.
of ceiling jets with fusible links in a room containing ceiling
vents and draft curtains. Very detailed models like the HAR- X5.2 To operate any room fire growth model, it will be
VARD 5 code(64) or FIRST(65) predict the burning behavior necessary to estimate the time to secondary ignition of each of
of multiple items in a room, along with the time-dependentthe major combustible items in the compartméri).
conditions therein.

X5.1.4 In addition to the single-room models mentioned X5.3 To obtain the time required for safe evacuation of the
above, some multi-room models have also been developefire room, measure the maximum time between consecutive
These include the BRI transport mod6b), the HARVARD 6  points of safe evacuation and, from drills, estimate the time
code (67) (which is a multi-room version of HARVARD 5) required for evacuation once evacuation begins.

X6. CALCULATION METHODS FOR ESTIMATING HEAT RELEASE AND WHETHER FLASHOVER WILL OCCUR

X6.1 A secondary objective is to prevent flashover. Thisvalidated for heat release rates in the range of 0.5 to 1.0 MW.
objective can be achieved by the use of a room fire model, suchhe approach by Quintier@6) is less limited in the choice of
as the ones described in Appendix X5. Alternatively, it isinterior surface materials, but is more complex, because it
possible to estimate whether flashover will occur by means oihcludes thermal properties of the compartment surfaces. The
a calculation approach. most commonly used one (for example in NFPA 555) is that by

] ~ Thomas, Eq X6.1:
X6.2 A variety of models have been developed to predict

.. . . _ 3 5
the minimum rate of heat release required to achieve flashover Q=78-10" Ar+0.758 m (x6.1)

in a certain compartment. Some of these models or calculationy pare-

methods may apply to specific scenarios that do not invoIveAT = total compartment area: walls, floor and ceiling. m
furniture, and they would then be inappropriate for use.
X6.5 The air flow rate in Eq X6.1 is estimated by Eq X6.2:

X6.3 Direct estimations, by simple calculations have been )
proposed by Thomagl), Babrauskas and Krasn{y6), and f=0.5AvH (X6.2)
Quintiere(77), based simply on geometrical characteristics of \yhere:
the compartment. These expressions are a first approximation, area of the ventilation opening,?mand
but they will vary depending on the materials used for H height of the ventilation opening, m.

construction and for lining the various surfaces.

X6.6 Two empirical relative approaches have also been
X6.4 The first two of these approaches permit the calculaproposed, by Ostman and Nussbayi@B8) and Hirschler

tion of a range of values of heat release rate sufficient to caus®4,79) The Ostman-Nussbauf#8) relationship was designed
flashover in a compartment with a floor area not to exceed 50 predict time to flashover from room wall lining materials in
m?. The equations are optimized for surfaces made fronthe 1ISO 9705 test, at 100 and 300 kW input, and materials
gypsum board, wallboard, concrete, or thermally similar malining three walls and the ceiling. It uses input data from Test
terials, on walls, floors and ceilings, preferably with the sameMethod E 1354, at incident heat fluxes of 25 and 50 k#/m
type of material on all surfaces. These equations have beand has been validated with test data on wall lining materials
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(80). The Hirschler empirical approadb2,79)is a first order wall area behind the burner flameg) (@ horizontal strip of

approximation for relative time to flashover in a room-cornermaterial at the ceiling/wall intersection corresponding to the

fire scenario and uses input data from Test Method E 1354, atertical height of the ceiling jet,dj the wall material in the

an incident heat flux which is relevant to the fire scenario inupper layer, after flame spread has started and the wall linings

guestion. Recent work has shown the simultaneous successfulirning below the hot gas layer. The ISO 9705 test is rarely run

application of this method to a room-corner and an aircrafunder the conditions this model requires; however, the fire

interior (45). scenario modeled in this approach can be changed. This model

. ) can also be used to simply estimate whether a self propagating

X§.7 Several additional approaches.should be mentl'onec\i-rre is obtained using the Karlsson inequali®p) (based on the

all fire models where heat release rates in a room are estimatg@ne calorimeter heat release curve) and whether the flashover

from wall lining test result data in a small scale test. is achieved during the 100 KW exposyg&s).

X6.8 The OSU model (Smith and Satijal)) predicts fire X6.11 Another compartment fire model was developed by
growth of materials or products tested as wall linings on theQuintiere(S?) and improved by Dillor(88), and Janssen89)
basis of ignition, flame spread, heat and smoke release dafqg |ater used by Janssens et @89,90) for 1ISO 9705
obtained from the OSU small scale heat release Calorimet?fredictions. This model, which is generic enough for a wide
(Test Method E 906). The model has begr) validated with WQOGiange of materials and room-corner test scenarios, assumes that
materials, but not with some other wall linings. No work on its ¢ ‘ignition burner flame heats a rectangular area of the back
development has been conducted since 1990. and side walls of the room, in contact with the burner. The

X6.9 The EUREFIC method (Wickstrom and Goranssonwidth of these areas is that of the burner and the height related

(80,82), predicts time to flashover of linings in the 1ISO 9705 © burger Qelight. I(?Ince the iniéially heated area is ignited,
test method (with lining material on three walls and ceiling and/PWard and lateral flame spread occurs.

an ignition source at 100 kW followed by 300 kW), as @ xg 12 Semi-empirical correlations by Dillon et 91)

function of time using results obtained with the cone calorim-haye heen shown to do an excellent job of predicting not only
eter (Test Method E 1354). The model is a reasonably simplgyom flashover but also heat release rates in the North
empirical approach, based on 3 major assumpti@sh@re is - American room-corner tests (NFPA 265 and NFPA 286) from
no direct relationship between the burning area growth rate anghne calorimeter (Test Method E 1354) data at 50 k/m

the heat release ratd)the burning area growth rate is directly jncigent flux. The calculation involves assessing an exponen-

proportional to the ease of ignition (in other words it is jg| decay coefficient from the cone calorimeter data, similar to
inversely proportional to the time to ignition in the cone it ysed by Karlsso(85) earlier.

calorimeter) andd) the history of the heat release rate per unit
area at each location is the same in full scale as in small scale X6.13 An approach developed for European regulation,
(cone calorimeter). namely the assessment of FIGRA, is potentially useful for
predicting whether flashover will occur, in the 1ISO 9705 test.
X6.10 The Lund model (Karlsson and Magnus$88-86),  FiGRA (fire growth rate) is the ratio of the peak rate of heat
represents a fire scenario similar to that in the EUREFIGg|ease and the time at which this maximum ocd0®y. Data

model, except that the walls only are lined with the materialgyist on the European classification system results using both
being investigated in ISO 9705, instead of walls and ceilingyso 9705 and the cone calorimeter.

Furthermore, it requires input from the lateral ignition and

spread of flame test (LIFT) apparatus (Test Method E 1321) as X6.14 Any one of these approaches can be used to estimate
well as from the cone calorimeter (Test Method E 1354). Third(at least on a relative basis) the energy required for flashover of
it predicts a large number of room fire test variables, rather thaa health occupancy room. This total should be compared with
simply heat release rate and time to flashover. Finally, thishe sum of the heat release rates measured or estimated for all
model is based on a more fundamental approach, rather than @ams proposed as room contents. If the former exceeds the
an empirical one. The model assumes that the total heat relealsdter, the analysis indicates that flashover is not likely to occur.
rate comes from five sourcesi) the gas burnerf the vertical Report the method used.

X7. SMOKE OBSCURATION

X7.1 Itis well known that, generally, heat release rate is a X7.3 The semi-empirical correlation by Dilld@1)that can
key indicator of smoke emissiq(®3). be used for assessing heat release, is also applicable to smoke
release predictions, by ascribing to the total smoke release in
X7.2 However, it has recently been shown that a small buthe room a direct relationship with an empirical smoke area of
significant fraction of materials can generate low heat releasg v and cone calorimeter data on total heat release, specific

but high enough smoke, in full-scale fires, that hazardougxtinction area and effective heat of combustion. Many other
situations may deVe|0p27,28) Therefore, measurements of approachesl most of them empiricaL also exist.

smoke obscuration should be made to ensure that smoke
release is not excessive. X7.4 A parameter for smoke obscuration named SMOGRA
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also exists, which is parallel to the FIGRA parameter for heabccupancy room. The smoke released should be compared with
release, but based on the rate of smoke relé2a@p the tenability criterion for smoke obscuration. If the former
exceeds the latter, the analysis indicates that changes are
X7.5 Any one of these approaches can be used to estimatequired for the fire safety objectives to be met. The method
(at least on a relative basis) the smoke released in the healtlsed should be reported.

X8. EXAMPLE CALCULATION

X8.1 One of the methods that can be employed to calculate TABLE X8.2 Effect of Standard Fast and Moderate Fire Curves
upper layer room temperatures is the fire model contained in ~ ©n Patient Roigssssggr?ecfoeo%fgogzﬁ in Fire Hazard
the FPETOOL softwar€94). In that fire model, a moderate fire ( 9

is defined as one where the growth is governed by a constant FastFire  FastFire  Moderate Fire Moderate Fire
a =11.72x 103 kJ/S and a fast fire is defined as one where __ Time RHR  Upp. Temp RHR Upp. Temp
the growth is governed by a constant 46.88x 10° kJ/s. s kw °C kW °C
Results obtained using fast and moderate fire curves are shown o 0 20 0 20
in Table X8.1. The analyses were conducted using concrete gg 232 122 %g 32
floormg: In order to see the sensitivity of the analysis, 120 671 273 168 121
alternative analyses were conducted under the exact same 1e0 1193 410 300 175
ventilation conditions and fire growth rates, but using wood 200 1864 565 468 237
flooring and resilient flooring of similar thickness (Tables X8.2 220 1613 090" or 309
g _ g ! . 280 1859 1015 917 379
and X8.3). Different results were obtained for the various 320 2062 1128 1198 498
flooring types, representing the thermal response characteris- 360 2090 1143 1516 587
tics of the flooring material 00 o 13 2179 11957
g . 440 2418 1325 2418 1325
480 2418 1325 2418 1325
i 520 2418 1325 2418 1325
TABLE X8.1 Effect of Standard Fast and Moderate Fire Curves 560 2418 1325 2418 1325
on Patient Room Recommended for Use in Fire Hazard 600 2418 1325 2418 1325
Assessment (Concrete Floor) Flashover, s 209 209 366 366
Fast Fire Fast Fire Moderate Fire Moderate Fire A The burning rate and resulting upper layer temperature is limited by the
) ventilation capacity of the room opening (door). From this point on the program
Time RHR Upp. Temp RHR Upp. Temp assumes there is more than enough fuel to continue for the full fire duration of
S kW °C kW °C 600 s.
0 0 20 0 20 NoTe 1—The calculations have been conducted using the Upper Layer
gg 2;2 121 %g Zg Temperature module of the FPETOOL fire model, with the standard FAST
120 671 219 160 99 FIRE and MODERATE FIRE curves contained in(&3).
160 1193 316 284 138 NoTe 2_—AbbreV|at|ons: RHR: rate of heat release; Upp. Temp: tem-
200 1864 423 444 180 perature in the upper layer.
240 2684 538 639 226
280 13374 7254 870 274
320 1377 747 137 334 X8.2 Application of a different fire model within the same
360 1379 748 1439 387 FPETOOL f b d . iall t ted
200 1390 755 1776 147 _ software can be made using specially-constructe
440 1390 755 2149 504 fire curves. Four curves were constructed, as shown in Fig.
480 1390 755 2558 564 X8.2. They contain the summed heat release rates of one chair,
520 1390 755 1390% 7554 bl d h f Table X4.1). i
560 1390 755 1390 755 one table and one mattress (eac mattress from Table X4. _), in
600 1390 755 1390 755 two ways. In the first assumption all three items ignite
Flashover, s 261 261 504 504 simultaneously and in the second assumption the chair ignites

AThe burning rate and resulting upper layer temperature is limited by the  first, followed by the table at 30 s and then by the mattress at

ventilation capacity of the room opening (door). From this point on the program ; Al ;
assumes there is more than enough fuel to continue for the full fire duration of 60 s. The results are shown in Table X8.4, where side by side

600 s. comparisons indicate the effect of having the products ignite
simultaneously or staggered at 30 s intervals. The assumptions

Note 1—The calculations have been conducted using the Upper Laye . L
Temperature module of the FPETOOL fire model, with the standard FAS ade involve the same wall (gypsum board type X) and ce|I|ng

FIRE and MODERATE FIRE curves contained in(@3). (acoustic tile) surface linings as in the base case, and concrete
Note 2—Abbreviations: RHR: rate of heat release; Upp. Temp: tem-flooring. Once more, it was found that the type of flooring
perature in the upper layer. surface would have an effect, but the data are not presented.
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TABLE X8.3 Effect of Standard Fast and Moderate Fire Curves TABLE X8.4 Effect of Fire Curves with Chair, Table and Mattress
on Patient Room Recommended for Use in Fire Hazard on Patient Room Recommended for Use in Fire
Assessment (Resilient Flooring) Hazard Assessment
Fast Fire Fast Fire Moderate Fire Moderate Fire Mattress 1, Mattress 1, Mattress 2, Mattress 2,
Time RHR Upp. Temp RHR Upp. Temp Simultaneous Staggered Simultaneous Staggered
S W oC KW oC Time Upper Temp. Upper Temp. Upper Temp. Upper Temp.
0 0 20 0 20 S ¢ ¢ ¢ ¢
40 75 67 19 39 0 20 20 20 20
80 298 153 75 73 20 45 30 40 30
120 671 264 168 117 40 77 40 a7 40
160 1193 396 300 170 60 132 66 79 66
200 1864 545 468 229 80 181 98 107 93
240 17524 9564 674 295 100 246 165 158 143
280 1796 980 917 366 120 275 203 191 162
320 1973 1078 1198 476 140 338 259 270 200
360 2226 1219 22264 12194 160 348 317 269 239
400 2317 1270 2317 1270 180 365 336 244 261
440 2317 1270 2317 1270 200 336 309 217 235
480 2317 1270 2317 1270 220 294 303 201 216
520 2317 1270 2317 1270 240 259 328 177 194
560 2317 1270 2317 1270 260 211 302 155 170
600 2317 1270 2317 1270 280 147 251 129 144
Flashover, s 214 214 354 354 300 96 217 112 121
AThe burning rate and resulting upper layer temperature is limited by the 24218 31(7) ]l'?é ﬂ; 132
ventilation capacity of the room opening (door). From this point on the program
assumes there is more than enough fuel to continue for the full fire duration of 360 41 67 147 88
600 s. 380 48 140 98
400 20 134 110
Note 1—The calculations have been conducted using the Upper Layer ‘5%8 gg Eg 132
Temperature module of the FPETOOL fire model, with the standard FAST 540 123 155 199
FIRE and MODERATE FIRE curves contained in(&3). 600 187 88 155
Note 2—Abbreviations: RHR: rate of heat release; Upp. Temp: tem-
perature in the upper layer. Note 1—The calculations have been conducted using the Upper Layer
Temperature module of the FPETOOL fire mog@B), with the curves
from Fig. X8.1.

Note 2—Abbreviations: RHR: rate of heat release; Upp. Temp: tem-
perature in the upper layer.
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FIG. X8.2 Hospital Items Burning In Combination

X9. EXAMPLE LAUNDERING PROCEDURE FOR ASSESSING PERMANENCE OF FIRE-TEST-RESPONSE
CHARACTERISTICS OF TEXTILE FABRICS

X9.1 If the fabric manufacturer does not specifically as specified in AATCC Test Method 124-1967 (or equivalent),
recommend machine washing, the laundering should be convith the water preheated to 41 1°C (105*+ 2°F). Knead the
ducted as indicated in X9.2. If the fabric manufacturer specifiback of the specimen with hand for 1 min. Maintain the water
cally recommends machine washing, the laundering should blevel and the temperature separately for each specimen.

conducted as indicated in X9.3. X9.2.4 Rinse specimen thoroughly, face down, with warm
water, at 40+ 5°C (105= 9°F), for 1 min, under a faucet with
X9.2 Hand Washing Procedure: strong water pressure.

X9.2.1 Cut the number of test specimens to the dimensions *9-2-2 Rebmove lexgesz liquor by U_Sl_irr]'g waingerf h){dr_o-
required by the fire test to be conducted. extractor or by gentle hand squeezing. Then dry in a circulating

. . air oven at 95+ 5°C (200= 9°F) until dry.
X9.2.2 Vacuum the cut specimens or shake them vigorously X9.2.6 Repeat the( above pr)ocedureylo times. each time

goebrr(??ove any loose fibers, dust or possible accumulategsing fresh detergent and fresh water, for each set of specimens

X9.2.3 Place individual specimen face down in a shallowbeing laundered.
pan. which has been filled to a depth of 50 mm (2 in.) with afirX9.2.7 Subject the laundered dry specimens to the required

. : ; e test methods.
wash solution of 1.5 g per litre of AATCC (American Asso-
ciation of Textile Chemists and Colorists) Standard Detergent X9.3 Machine Washing Procedure:
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X9.3.1 Afabric sample, or oversized specimens selected for X9.4.2 One example of a potentially suitable procedure is
the fire testing procedure, should be washed 10 times, prior tdest Method F 1534, developed for assessing the permanence
the preparation of test specimens, by the washing and dryingf the fire-test-response characteristics of cushioning materials
procedure prescribed in AATCC Test Method 124-1967. in detention and correctional facilities when tested to Test

X9.3.2 Prepare the test specimens from the laundered falethod E 162 and Test Method E 662. In Test Method F 1534,
rics and subject the laundered dry test specimens to thgy detergent is used, and each specimen is immersed in
required fire test methods. softened water (a volume at least 20 times as large as that of the
specimen) at 20= 5°C (68 = 9°F) for 6 h, with continuous

X9.4 Special Procedure:
%941 Alt tivelv th lected fabri | water flow at a rate of at least between two and three water
A4, ernatively the selected fabric sample, or over-Changes per hour.

sized specimens, should be permitted to be washed, dry- )
cleaned, or shampooed 10 times, prior to the preparation of test X9-4-3 The laundering procedure used should be clearly

specimens, in a manner that the manufacturer, or other intefl€Scribed in a report.

ested party, has previously established to be suitable for X9.4.4 The test specimens should be prepared from the

assessing the permanence of the fire-test-response characteldmdered fabrics and the laundered dry test specimens should
tics to the satisfaction of the intended specifier, for the intendetde subjected to the required fire test methods.

use.

X10. TENABILITY CRITERIA SELECTION

X10.1 Table X10.1 contains the default tenability criteria of a hazard assessment is what “untenable conditions” mean.
that should be specified if a user does not have additiondfor example, untenable conditions could mean “conditions
information to develop specific criteria for the hazard assessalong the egress route to prevent occupant evacuation” or
ment being conducted. “conditions that are life threatening to the occupants.” In

. - o . practice, the time to untenability is reached when either set of

X10.2 The selection of tenability criteria is critical in that it |,ntenable conditions occurs, but the way in which it is reached

could increase or decrease the time available for €gresyy the criterion that is dominant) could be different.
depending on the fire scenario. Unfortunately, guidelines often

provide multiple choices for acceptable tenability criteria or 19 4 Visibility will never result, on its own, in “life
factors to consider” when deciding what tenability limit 10 e atening conditions,” but should still be a required tenability
utilize. As a consequence, the designer has a lot of leeway igjterion pecause its lack will prevent egress or rescue. Fig.

this matter. Table X10.2 shows how various authors havgjg 1 shows the relationship between visibility and optical
chosen tenability criteria quite diverse from one ano{((8&). density, based on the work by J&4,25)

X10.3 One decision that should be made by the developer i ) ) . )
X10.5 With these concepts in mind, it is useful to consider

TABLE X10.1 Default Tenability Criteria Recommended, Based the selection of tenability criteria, as based on the work of

on Various Sources Fleming (95).
Hazard Incgp?ci}ation ée‘tthallity Reference X10.5.1 If the occupants will be exposed to untenable
rterion riterion conditions for survival unless they leave the scene, then the
Sn(lokE, Tloxi;;i;y Ct 450 900 (23-25) tenability criteria should allow for safe egress and movement to
g min/m .
Smoke Toxicity Concentration 15 30 (23-25) a safe location.

@my) X10.5.2 If the occupants are assured never to be exposed to
Smoke Toxicity FED 05 1 (23-25) untenable conditions for survival, then the tenability criteria
Smoke Toxicity Concentration 22 29 (26) . .

(@m?) simply need to ensure that they remain safe, but need not allow
Convected Heat/Temperature 65 100 (intolerable burn) (6,23,25) for safe egress and movement to a safe location.

(°C) i
Radiated Heat/Heat Flux 10 25 (intolerable bum)  (6) X1_O.5.3 If the ocpgpan_ts r)eed to leave the scene in order to

(KW min/m2) survive, then tenability criteria must allow for safe egress and
Smoke Obscuration Visibility Distance = 4 m or 13 m® (10 and 11) movement to a safe location and should take into account

A Toxicity work was conducted at various exposure periods, and is presented smoke toxicity and heat effects, as well as visibility along their
averaged, for a 30 min exposure period, to generate a “Ct” value. Concentration path
data are shown too, without a time period. : o

B Lack of visibility has no direct health effects, but inhibits, or even prevents, safe X10.5.4 V|S|b|||ty along an egress path should assume that

escape or rescue. The following equation, from NIST, has been used as a tenability the upper Iayer is within 1.2 m through 1.8 m of the floor.

criterion for visibility: Extinction Coefficient (in m™) X Visibility Distance (in m) = 2
(25). There is generally, a difference in the tenability criteria associated with AIthOUgh some people are shorter than 1.8 m and others may

visibility as a function of the familiarity between occupants and their surrounding. crawl, an approach should consider the height at which the
Jin (10,11) recommends 4 m visibility (0.15 1/m extinction coefficient) for people in smoke |ayer becomes a V|S|b|l|ty obstacle, and levels of 1.2 m
familiar environments and 13 m (0.5 1/m extinction coefficient) for people in
unfamiliar environments. A value of Total Smoke Released of 1,000 m? in a throth 1'8_ m have b_een pro_posed' where the latter represents
“standard room” is a criterion used in codes based on these concepts (27,28). a tall adult in a standing position.
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TABLE X10.2 Tenability Limits from Several Case Studies

A B C D
Temperature 150°C upper layer (2 min) Time < (10 700 exp-T(°C)/36.6) 200°F at 6 ft 100°C and smoke layer
< 1.9 m above floor
Radiant Heat 2.5 kwW/m? Time < 90/q*® NA 2.5 kW/m?
For q > 2.4 kW/m?
CcO 0.2 % (5 min) NA 3000 ppm (15 min) 1500 ppm
CO, 5% NA 6 % NA
0, 10 % NA <12% NA
Visibility 0.5 OD/m 0.1 - 0.2 OD/m < 30 ft <20 m at < 1.9 m above floor
(large rooms — small rooms) (approximately 0.1 OD/m) (approximately < 0.05 OD/m)
25 4
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FIG. X10.1 Visual Obscuration From Smoke

X10.5.5 The reference source that is used to justify the
selection for tenability criteria should be placed in the proper
context.

X11. STATISTICS OF HEALTH CARE FACILITY FIRES

X11.1 During the 1994-1998 period, there were a yearly X11.3 When investigating causes of fires leading to fire
average of 2,600 fires, 5 fire fatalities, 107 fire injuries and $9.2atalities, 35.0 % were caused by matches, 20.0 % by lighters,
million dollars in fire losses in “hospitals, clinics or other 5.3 % by other smoking materials, 14.2 % were incendiary or
facilities that care for the sick(96). That corresponds to 0.5 % suspicious and 24.6 % by other equipment (half of it
of all structure fires, 0.1 % of structure fire fatalities and 0.5 %biomedical).
of all structure fire injuries.

X11.2 Of those fires, the second leading area of origin
(after kitchens) was bedrooms (11.7 %). However, fires starting
in bedrooms were by far the leading cause of fire fatalities:
72 %.
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