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INTERNATIONAL

Standard Guide for

Selection of Fire Test Methods for the Assessment of
Upholstered Furnishings in Detention and Correctional
Facilities *

This standard is issued under the fixed designation F 1870; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 1.9 Fire testing of products and materials is inherently
1.1 This is a fire-test-response standard. hazardous, and adequate safeguards for personnel and property
1.2 This guide is intended to provide guidance for theshall be employed in conducting these tests. This test method

selection of test methods that are applicable to determininf§@Y involve hazardous materials, operations, and equipment.

fire-test-response characteristics of upholstered furniture items 1.10 This standard does not purport to address all of the
contained within a detention cell. safety concerns, if any, associated with its use. It is the

1.3 This guide is intended for use by those interested iffesPonsibility of the user of this standard to establish appro-
assessing the fire properties of the upholstery products arRjiate safety and health practices and determine the applica-
their component materials or composites, within cells and othepility of regulatory limitations prior to use.
areas (such as isolation lounges) of detention and correctional
occupancies.

1.4 This guide includes standard test methods promulgate , .
by ASTM, NFPA, Underwriters Laboratories, trade associa- D 123 Terminology of Textiles . .
tions and government agencies and other proposed test meth-D 1929 Test Method for Ignition Properties of Plastics
ods. It does not include industrial materials specification tests. D 2863 Test Method for Measuring the Minimum Oxygen
The guide indicates some means by which modifications of ~Concentration to Support Candle-Like Combustion of

standard test methods lead to potential achievement of certain _Plastics (Oxygen IndeX) N _
testing goals. D 3675 Test Method for Surface Flammability of Flexible

1.5 Use the Sl system of units in referee decisions associ- _Ceéllular Materials Using a Radiant Heat Energy Sofirce
ated with this guide; see Practice E 380. The units given in E 162 Test Method for Surface Flammability of Materials
parentheses are for information only. Some individual stan- _USiNg a Radiant Heat Energy Soufce
dards referenced use inch-pound units for referee decisions. E 176 Terminology of Fire Standartls ,

1.6 This guide contains four types of test methods, namely: E 380 Practice for. Use of the International System of Units
(a) generic small-scale methoddy) (specific applications of (SI) (the Modernized Metric Systefh)
small-scale test methods to particular products or composites E 603 Guide for Room Fire Experimefts
of products, associated with upholstery itencsréal-scale test ~ E 662 Test Method for Specific Optical Density of Smoke
methods where actual upholstery products are exposed to heat_Generated by Solid Materidls ,
or flame and ) guides explaining the concepts involved with ~ E 906 Test Method for Heat and Visible Smoke Release
room-scale testing. Rates for Materials and Produits _ N

1.7 The main fire-test-response characteristics investigated E 1321 Test Method for Determining Material Ignition and
in this guide are: ignitability, ease of extinction, flame spread, _Flame Spread Properties . _
heat release, smoke obscuration and toxic potency of smoke. E 1352 Test Method for Cigarette Ignition Resistance of

1.8 This standard measures and describes the response of Mock-Up Upholstered Furniture Assembffes
materials, products, or assemblies to heat and flame under E 1353 Test Methods for Cigarette Ignition Resistance of

controlled conditions, but does not by itself incorporate all _Components of Upholstered Furnitire
factors required for fire hazard or fire risk assessment of the E 1354 Test Method for Heat and Visible Smoke Release

materials, products, or assemblies under actual fire conditions.

Referenced Documents
d 2.1 ASTM Standards:

2 Annual Book of ASTM Standardgol 07.01.

1 This guide is under the jurisdiction of ASTM Committee F-33 on Detention and  * Annual Book of ASTM Standardgol 08.01.
Correctional Facilities and is the direct responsibility of Subcommittee F33.05 on * Annual Book of ASTM Standardéol 08.02.
Furnishings and Equipment. 5 Annual Book of ASTM Standardgol 04.07.
Current edition approved April 10, 1999. Published June 1999. ® Annual Book of ASTM Standardgol 14.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Rates for Materials and Products Using an Oxygen Con-
sumption Calorimetér

E 1474 Test Method for Determining the Heat Release Rate
of Upholstered Furniture and Mattress Components or
Composites Using a Bench Scale Oxygen Consumption
Calorimete?

E 1537 Test Method for Testing of Upholstered Seating
Furniture

E 1546 Guide for the Development of Fire Hazard Assess-
ment Standards

E 1590 Test Method for Testing of Mattresses

E 1678 Test Method for Measuring Smoke Toxicity for Use
in Fire Hazard Analysis

F 1534 Test Method for Determining Changes in Fire-Test-
Response Characteristics of Cushioning Materials After
Water Leaching

F 1550 Test Method for Determination of Fire-Test-

Response Characteristics of Components or Composites of

Mattresses or Furniture for Use in Correctional Facilities
After Exposure to Vandalism, by Employing a Bench Scale
Oxygen Consumption Calorimefer
2.2 International Organization for Standardization (ISO)
Standards?
ISO Guide 52 Glossary of Fire Terms and Definitions
ISO 3261 Fire Tests - Vocabulary.
ISO 4880 Burning Behaviour of Textiles and Textile Prod-
ucts - Vocabulary.
ISO 5659-2 Determination of Specific Optical Density by a
Single-Chamber Test
ISO 9705 Full Scale Room Fire Test for Surface Products
2.3 National Fire Protection Association (NFPA) Stan-
dards?®
NFPA 101 National Life Safety Code
NFPA 258 Research Test Method for Determining Smoke
Generation of Solid Materials
NFPA 260 Methods of Test and Classification System for

NFPA 272 Method of Test for Heat Release Rates for
Upholstered Furniture Components or Composites and
Mattresses Using an Oxygen Consumption Calorimeter

NFPA 701 Methods of Fire Tests for Flame-Resistant Tex-
tiles or Films

2.4 California Standards'®

California Technical Bulletin 116 (CA TB 116) (January
1980), “Requirements, Test Procedure and Apparatus for
Testing the Flame Retardance of Upholstered Furniture”

California Technical Bulletin 117 (CA TB 117) (January
1980), “Requirements, Test Procedure and Apparatus for
Testing the Flame Retardance of Resilient Filling Materi-
als Used in Upholstered Furniture”

California Technical Bulletin 121 (CA TB 121) (April
1980), Flammability Test Procedure for Mattresses for
Use in Public Occupancies

California Technical Bulletin 129 (CA TB 129) (October
1992), Flammability Test Procedure for Mattresses for
Use in Public Buildings

California Technical Bulletin 133 (CA TB 133) (January
1991), Flammability Test Procedure for Seating Furniture
for Use in Public Occupancies

2.5 Consumer Product Safety Commission (CPSC) Stan-

dards!?

CFR Part 1610 Standard for the Flammability of Clothing
Textiles (General Wearing Apparel)

CFR Part 1632 Standard for the Flammability of Mattresses
and Mattress Pads (formerly DOC FF4-72, 40 FR 59940)

2.6 Federal Standardd?

Americans with Disabilities Act

FED STD 191A Textile Test Method 5830 (July 20, 1978)

2.7 Model Building Codes:

National Building Codé&®

Standard Building Codé

Uniform Building Codé®

Cigarette Ignition Resistance of Components of Uphol-3: Términology

stered Furniture

3.1 For definitions of terms used in this test method and

NFPA 261 Method of Test for Determining Resistance ofassociated with fire issues refer to the terminology contained in
Mock-Up Upholstered Furniture Material Assemblies to Terminology E 176, ISO Guide 52 and ISO 3261. In case of
Ignition by Smoldering Cigarettes conflict, the definitions given in Terminology E 176 shall

NFPA 263 Method of Test for Heat and Visible Smoke prevail. For definitions of terms used in this guide and
Release Rates for Materials and Products associated with textile issues refer to the terminology contained

NFPA 265 Methods of Fire Tests for Evaluating Room Firein Terminology D 123 and I1SO 4880. In case of conflict, the
Growth Contribution of Textile Wall Coverings definitions given in Terminology D 123 shall prevail.

NFPA 266 Method of Test for Fire Characteristics of Up- 3.2 Definitions of Terms Specific to This Standard:
holstered Furniture Exposed to Flaming Ignition Source

NFPA 269 Test Method for Developing Toxic Potency Data

i ; ; 10 Available from California Bureau of Home Furnishings and Thermal Insula-
for Use in Fire Hazard MOdeImg .. tion, State of California, Department of Consumer Affairs, 3485 Orange Grove
NFPA 271 Method of Test for Heat and Visible Smoke ayenue. North Highlands, CA, 95660-5595.
Release Rates for Materials and Products Using an Oxy- **Available from US Consumer Product Safety Commission, Washington, DC,
gen Consumption Calorimeter 20207. _ o o N
Available from General Services Administration, Specifications Activity,
Printed Materials Supply Division, Building 197, Naval Weapons Plant, Washing-
ton, DC, 20407.
7 Annual Book of ASTM Standardgol 15.07. 13 Available from Building Officials and Code Administrators International, Inc.,
8 Available from International Standardization Organization, P.O. Box 56,4051 West Flossmoor Road, Country Club Hills, IL, 60478-5795.
CH-1211; Geneva 20, Switzerland or from American National Standards Institute, *Available from Southern Building Code Congress International, Inc., 900
11 West 42nd Street, New York, NY, 10046. Montclair Road, Birmingham, AL, 35213-1206.
° Available from National Fire Protection Association (NFPA), 1 Batterymarch ~ ® Available from International Conference of Building Officials, Inc., 5360
Park, Quincy, MA, 02269-9101. Workman Mill Road, Whittier, CA, 90601.
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3.2.1 fire hazard n—the potential for harm associated with ~ 3.2.6 heat release raten—the calorific energy released per
fire. unit time by the combustion of a material under specified test

3.2.1.1 Discussior—A fire may pose one or more types of conditions.
hazard to people, animals, or property. These hazards are3.2.7 smoke n—the airborne solid and liquid particulates
associated with the environment and with a number of fire@nd gases evolved when a material undergoes pyrolysis and
test-response characteristics of materials, products, or asseRfpmbustion. N .
blies including but not limited to ease of ignition, flame spread, 3-2.8 smoke toxicityn—the propensity of smoke to produce
rate of heat release, smoke generation and obscuration, toxicig#verse biochemical or physiological effects. _
of combustion products and ease of extinguishment. 3.2.9 toxic potency (as applied to inhalation of smoke or its
3.2.2 fire performancen—response of a material, product, 0mPONent gasesh—a quantitative expression relating con-

. e . ) . .’ centration and exposure time to a particular degree of adverse
or assembly in a specific fire, other than in a fire test mvowmgphysiological response, for example, death, on exposure of
controlled conditions (different from fire-test-response Charachumans or animals. ' ' '
teristic, q.v..). ) ) ) 3.2.9.1 Discussior—The toxic potency of the smoke from

3.2.2.1 Discussior—The ASTM Policy on Fire Standards any material, product, or assembly is related to the composition
distinguishes between the response of materials, products gf that smoke which, in turn, is dependent upon the conditions
assemblies to heat and flame, “under controlled conditions,jnder which the smoke is generated.
which is fire-test-response characteristic, and “under actual fire 3 2 10 upholstered furnituren—a unit of interior furnishing

conditions,” which is fire performance. Fire performancethat (a) contains any surface that is covered, in whole or in part,

depends on the occasion or environment and may not bgith a fabric or other upholstery cover materidh) gontains

measurable. In view of the limited availability of fire- ypholstery padding or filling materials, ang) {s intended for

performance data, the response to one or more fire testsjtting or reclining upon.

appropriately recognized as representing end-use conditions, is3.2.11 upholstery cover fabricn—the outermost layer of

generally used as a predictor of the fire performance of @abric or other material used to enclose the main support

material, product, or assembly. system or upholstery padding, or both, used in the furniture
3.2.3 fire scenarig n—a detailed description of conditions, item.

including environmental, of one or more of the stages from 3.2.12 upholstery padding n—the padding, stufiing, or

before ignition to the completion of combustion in an actualfilling materials used in a furniture item, which may be either

fire at a specific location, or in a full-scale simulation. loose or attached, enclosed by an upholstery fabric, or located
3.2.4 fire-test-response characteristin—a response char- P&tween the upholstery fabric and support system, if present.

acteristic of a material, product, or assembly, to a prescribed 3-2-12.1Discussior-This includes, but is not limited to,

source of heat or flame, under controlled fire conditions; sucfiaterials such as foams, cotton batting, polyester fiberfill,

response characteristics may include but are not limited to ea&9nded cellulose or down.

of ignition, flame spread, heat release, mass loss, smoke ,

generation, fire endurance, and toxic potency of smoke. 4. Summary of Guide

3.2.4.1 Discussion—A fire-test-response characteristic can _4-1 The test methods identified in this guide can be subdi-
be influenced by variables of exposure such as ignitiorYided in four groups, namelyaj generic small-scale methods;
intensity, ventilation, geometry of item or enclosure, humidity, () Specific applications of small-scale test methods applied to

or oxygen concentration. It is not an intrinsic property such adarticular products or composites of products, associated with

specific heat, thermal conductivity, or heat of combustionUPhoIstery items; d) real-scale test methods where actual

upholstery products (or full-scale mock-ups) are exposed to

where the value is independent of test variables. A fire—testg ¢ H dd id hich lain th i
response characteristic may be described in one of sever pat or flame an | guides which explain the concepts

terms. Smoke generation, for example, may be described enguired to conduct room-scale testing, or design specific test
: ’ y methods.

smoke opacity, change of opacity with time, or smoke weight. 42 Th I le test thod | £t holst
No quantitative correlation need exist between values of a_ ' € small-scale test methods reievant to uphoistery

response characteristic for two or more materials, products, ater!als or products for use in detentlpn .C.e"S.’ dg’germme the
: ollowing fire-test-response characteristics: ignitability, ease of
assemblies, as measured by two or more approaches, or teste

under two or more sets of conditions for a aiven method. €% inction, flame spread, heat release (both amount and rate),
9 " smoke obscuration, and toxic potency of smoke.

3.2.5 flashover n—the rapid transition to a state of total 4 3 applications small scale test methods are those designed
surface involvement in a fire of combustible materials W'th'”specifically with upholstery products in mind and they assess
an enclosure. ignitability and heat release principally. However, of particular

3.2.5.1 Discussior—Flashover occurs when the surface interest are the tests designed to assess the effect of vandalism,
temperatures of combustible contents rise, producing pyrolysighich is a phenomenon specially prevalent, even if not unique,
gases, and the room heat flux becomes sufficient to heat alh detention environments.
such gases to their ignition temperatures. This commonly 4.4 Real-scale fire tests for upholstery products have, most
occurs when the upper layer temperature reaches 600°C oradten, not been specifically designed for the detention environ-
radiant heat flux at the floor of at least 20 kW/m ment, and are likely to be inappropriate for it.
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4.4.1 However, it may be feasible to modify some standardipparatus is often referred to as the Setchkin furnace, and
methods to make the procedures more relevant to a very higtesults from this test are frequently required in specifications
risk occupancy such as the detention environment. and quoted in data sheets. Test Method D 1929 is mentioned

4.4.2 Such modifications may include alterations to protechecause it was specifically designed for ignition temperature,
tive layers due to wear, tear, or abuse, characteristic of thbut it has since been shown to be inappropriate for cellular
environment, which potentially affect the fire-test-responsematerials used as padding for cushioning. However, it is
characteristics of the item. referenced in the three model building codes, National Build-

4.4.3 The special advantage of real-scale tests is that theing Code, Standard Building Code and Uniform Building Code
use prevents the problem of trying to understand how fireas a method for determining the suitability of plastic materials
parameters scale up from smaller scale tests. Moreover, sinéer use in construction.
the specimens used in real-scale tests can be identical to the6.1.4 Test Method E 906 (or NFPA 263) is used to deter-
actual product they are intended to represent (unless mock-upsine time to ignition. The specimen is a plaque 150 by 150 mm
are used), such specimens incorporate all the peculiarities ¢6 by 6 in.) (with a maximum thickness of 45 mm (1.8 in.),
actual products, including multiple layers of various thick- which is exposed vertically (although horizontal exposure is
nesses, non-linear edges or seams. also feasible) to a pre-set incident heat flux resulting from a set

4.4.4 The major disadvantage of real-scale tests is thewf four radiant globars, in the absence or presence of a pilot gas
higher cost and the inherent inconvenience attached to manélame, under a strong air flow. The primary objective of the test
facturing products for testing. method is to determine heat release rate, but other fire-test-

4.5 Guides exist which help for the design of ad-hoc tests, oresponse characteristics are assessed simultaneously, including
room tests, in order to assess particular characteristics whicsmoke release rate as well as ignitability. The potential for
cannot be determined with standardized methods. Such guidearying the incident heat flux makes the test method very
also explain the potential pitfalls and the advantages inherent iversatile. Repeatability and reproducibility data suggest that

this type of method. the precision is adequate. It has also been used for predictions
4.6 Ad-hoc tests exist which are peculiar to correction andf full scale fire performance (see also 6.4.2 and 6.5.3 for other
detention occupancies. uses of this test method). This apparatus is often referred to as
L the Ohio State University rate of heat release apparatus (or

5. Significance and Use OSU, for short). It has been shown that the correlation between

5.1 The information presented provides the user with guidtime to ignition in this test method and in Test Method E 1354
ance on identification of test methods, and related documenti good, except at very low incident heat fluxes, when the pilot
which are potentially useful to determine fire-test-responsélame in Test Method E 906 causes high localized hot spots
characteristics of upholstery products, and the materials qfi-2).16
which they are made, present inside detention cells, in deten- 6.1.5 Test Method E 1321 is used to determine various
tion and correctional facilities. Some information is givenignition parameters, principally surface ignition temperature
about every standard included, so as to allow a judgment as tand critical heat flux for ignition. The specimen for the ignition
the potential usefulness of the original method. testis a sheet 155 by 155 mm (6.1 by 6.1 in.) (with a maximum

5.2 The detention environment has some unique featuregickness of 50 mm (2 in.), which is exposed vertically to a
which potentially require the use of modifications of standardpre-set incident heat flux resulting from a gas-fired radiant
test methods or the application of particular techniques. Sompanel, in the absence or presence of a gas burner pilot, in the

guidance to that effect is also presented. open. The primary objective of the test method is to determine
. fundamental thermophysical properties, such as the thermal
6. Small _Sca_lfa Generic Tests inertia, as well as critical heat fluxes and surface temperatures
6.1 Ignitability: for ignitability and flame spread. One major disadvantage of

6.1.1 Ignitability can be assessed in various ways: ignitionhe test method is that materials which melt and drip cannot be
temperature, time to ignition and ignition flux. The traditional easily tested with the apparatus, without making some signifi-
method involved the ignition temperature, while more moderrcant modifications. The potential for varying the incident heat
methods use the other ways. makes the test method somewhat versatile, but its crucial

6.1.2 Four test methods are available for assessing ignitabilmportance is as the provider of material and composite data in
ity: Test Methods D 1929, E 906, E 1321 and E 1354 (with Tesk form suitable for input into engineering fire safety or fire
Methods E 906 and E 1354 having NFPA 263 and NFPA 271 aRazard assessment models. It has been developed as a result of
equivalents). attempts to improve on some of the shortcomings of the Test

6.1.3 Test Method D 1929 is used to determine the selflethod E 162 apparatus (see 6.3.2). Repeatability and repro-
ignition temperature or the flash ignition temperature (if a pilotducibility have not been developed in the first two years since
gas flame is lit) of materials. The specimens are small pieceshe test method was approved as a standard. However, prelimi-
or pellets, and weigh 3 g; they are exposed, inside a verticaary indications suggest that the test method is well suited for
furnace tube, electrically-heated, to a pre-set temperature risfiaterials (or composites) which are non melting and which can
rate, with a slow air flow present. No repeatability or repro-
ducibility statement has been developed for this method in the
first 30 years after it was issued, and it has not been shown to ¢ The boldface numbers in parentheses refer to the list of references at the end
be an adequate predictor of real scale fire performance. This this standard.
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be ignited without raising the incident flux to potentially 6.3.2 Test Method E 162 is used to determine a flame spread
dangerous limits. It has been used for predictions of full scaléndex. It consists of a gas-fed radiant panel in front of which an
flame performance (see also 6.3.3 for other uses of this tegiclined (at a 30° angle) specimen (150 by 460 mm (12 by 18
method). This apparatus is often referred to as the Laterah.) is exposed to a radiant flux equivalent to a black body
Ignition and Flame Spread Test (or LIFT, for short). temperature of 670°C (1238°F), namely approximately 45
6.1.6 Test Method E 1354 (or NFPA 271) is also used tckW/m?, in the presence of a small gas pilot flame. The
determine time to ignition. The specimen is a plaque 100 bynaximum thickness that can be tested in the normal specimen
100 mm (4 by 4 in.), with a maximum thickness of 50 mm (2 holder is 25 mm (1 in.), but alternative specimen holders can
in.), which is exposed horizontally (although vertical exposureaccommodate thicker specimens. The ignition is forced near
is also feasible) to a pre-set incident heat flux resulting from arthe upper edge of the specimen and the flame front progresses
electrical heater rod, tightly wound into the shape of adownward. The flame spread index is calculated as the product
truncated cone, in the absence or presence of a spark ignitgf a flame spread factor, which results from the measurements
pilot, under a relatively strong air flow. The primary objective of flame front position and time, and a heat evolution factor,
of the test method is to determine heat release rate, but oth@fich is proportional to the maximum temperature measured
fire-test-response characteristics are assessed simultaneouglyine exhaust stack. Thus, this method also procures relative
including smoke release rate and mass loss as well as ignifygication of heat release (see also 6.4.4). No repeatability or

ability. The potential for var_ying the incident heat flux makes, producibility statement has been developed for this method
the test method very versatile. It has been developed as ares Lihe first 30 years after it was issued, and it has not been

of attempts to improve on some of the shortcomings of the Te h - :
i o own to be an adequate predictor of real scale fire perfor-
Method E 906 apparai(§). Repeatability and reproducibility mance. If the specimen melts or causes flaming drips, this is

data indicate that the precision is very satisfactory. It has beelrikely to affect the flame spread in a way that is uneven; the test

extensively used for predictions of full scale fire performance . : i
and fire hazard (see also 6.4.3 and 6.5.4 for other uses of thcir:s:ztrog Sﬂlglmpg/ ;e?ggssi;hitefucra ﬁ\éengﬁebile:ﬁzor;e?éxoriz
test method). This apparatus is often referred to as the cone [’ P y rapid, P

. otentially lost unless recording is continuous. This apparatus
calorimeter rate of heat release apparatus (or cone, for shor y g PP

and it is the most recently developed small scale test apparat' often referred to as the radiant panel, and results from this

mentioned in this guide. It is widely acknowledged as a sourcdest are frequ.eptly'required in reguliations and detention envi-
of important fire test data in engineering units. ronment specifications and quoted in data sheets.

6.2 Ease of Extinction 6.3.3 Test Methqd D 3675 uses t'h'e same appargtus as Test
Method E 162, but is designed specifically for use with flexible

6.2.1 Asingle test method exists to assess ease of eXtinCtiogéllular materials onlv. uo 1o a maximum thickness of 25 mm
Test Method D 2863. Yy, up

59 hod D 2 . dtod ine th '5;} in.). Thus, the method is particularly suitable for padding
. 6.2. Te_st MEI 0 D. 863 Is used to determine t_ € 0XYG®Haterials used in upholstery. The major differences with Test
index, which is the minimum oxygen concentration (in a

: : : ; Method E 162 are the pilot burner, the times for measurement
flowing mixture of oxygen and nitrogen) required to support

candle-like downward flamina combustion. It actuall servesand the calculation procedure. The repeatability and reproduc-
g - : Y ibility of this test method is such that the test method is able to
as a measure of the ease of extinction of the material. Th

istinguish between the flame spread of materials which differ

specimen size depends on the application: cellular plast a large amount in their responses, which makes it adequate
(such as foams) use specimens 125 mm long, 12.5 mm wi%y A arge P ' q
or identifying poor performers.

and 12.5 mm thick (5 by 0.5 by 0.5 in.), while films or fabrics .
require specimens 140 by 52 mm (5.5 by 2.1 in.), and use 6.3.4 Test Method E 1321 was developed as an improve-
thickness. The specimen is placed vertically inside a glasgent on the apparatus in Test Method E {BR The apparatus
column and ignited at the top with a small gas flame. Thehas been described in 6.1.5. The specimen size for flame spread
repeatability and reproducibility of this test method are excelStudies is 155 by 800 mm (6.1 by 31.5 in.) by a maximum
lent, and it is capable of generating numerical data covering thickness of 50 mm (2 in.). This test method determines the
very broad range of respons€d-5). This test method is critical flux for flame spread, the surface temperature needed
inappropriate as a predictor of real scale fire performancefor flame spread and the thermal inertia or thermal heating
mainly because of the low heat input and the artificiality of theproperty (product of the thermal conductivity, the density and
high oxygen environments used. However, it is widely requirecdhe specific heat) of the material under test. These properties
in specifications and quoted in data sheets. The method e mainly used for assessment of fire hazard and for input into
suitable as a quantitative quality control tool, during manufac{ire models. A flame spread parametér,is also determined,
turing, and as a semi-qualitative indicator of the effectivenesgind this can be used as a direct way of comparing the responses
of additives, during research and development, for low incidengf the specimens. Repeatability and reproducibility have not
energy situationg6). been developed in the first two years since the test method was
6.3 Flame Spread approved as a standard. However, preliminary indications
6.3.1 Two test apparatuses are suitable to assess flaragggest that the test method is well suited for materials (or
spread of materials: the ones in Test Method E 162 (and Tesbmposites) which are non melting and which can be ignited
Method D 3675) and in Test Method E 1321. without raising the incident flux to potentially dangerous
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limits. It has been used for predictions of full scale flameneous heat flux distribution on the specimen surface, and the

performance (see also 6.1.4 for other uses of this test methodprmal specimen orientation is horizontal (although provisions

(8). exist for vertical testing). Measurements are made at intervals
6.4 Heat Release not exceedig 5 s (this is also referred to as a scan period of 5

6.4.1 Two generic small-scale test methods have beef O less), and other fire-test-response characteristics are

designed to assess the heat release of materials: Test Meth@epessed simultaneously with heat release, including smoke
E 906 and Test Method E 1354 (or their equivalents NFPA 263€/€ase rate, mass loss and ignitability. The potential for

and NFPA 271). Test Method E 162 gives relative informationva/ying the incident heat flux makes the test method very
associated with heat release. versatile. Repeatability and reproducibility data indicate that

the precision is very satisfactory. It has been extensively used
6.4.2 The apparatus _for T?St Method E 90.6 (or NFPA 263)for predictions of full scale fire performance and fire hazard
has already been described in 6.1.3. The major purpose of thjs

test method is to determine heat release, and this is done See also 6.1.6 and 6.5.4 for other uses of this test method) and

measuring, with a multiple thermocouple thermopile, thelélstartmg to be adopted for specifications by some correctional

. k ; facilities. It is widely acknowledged as a source of important
difference in temperature between the combustion products P& test data in engineering units.

the exhaust stream and the inlet air, and comparing with a ) )
calibration based on a measured flow rate of methane gas, ©-4-4 The heat evolution factor in Test Method E 162 (see

Measurements are made at intervals not exceg8ia (this is also 6.3.2) is a relative measure of heat release. It is calculated
also referred to as a scan peridios orless). The method is &S the product of the maximum temperature measured in the
based on the assumption that the system is functionall?taCk and some apparatus-dependent constants. However, it is

adiabatic, but this assumption is not fully accurate, so thata"€ly used in detention environments.

absolute heat release results determined are somewhat low,6-5 Smoke Obscuration

although relative rankings of materials are not affected by this 6.5.1 Smoke obscuration is measured in Test Methods E 662
(1-2). The heat release magnitudes determined are the he@r NFPA 258), E 906 (or NFPA 263) and E 1354 (or NFPA
release rate per unit area (at every scan) and the total heaf1) and in the international standard 1ISO 5659 Part 2.

released per unit area (which is the integrated value of the heatg 5.2 Test Method E 662 (or NFPA 258) consists of a closed
release rate versus time curve). Heat release rate has often beg@amber, 500 drin volume, wherein a 76 by 76 mm (3 by 3
described as one of the most important fire-test-respons@.), up to 25 mm (1 in.) thick is exposed vertically to an
characteristics, because its maximum value is a quantitativigcident radiant flux of 25 kW/f in the absence or presence
measure of the peak intensity of a f{(@11) The potential for  of a small gas pilot flame. The radiant heat source is a small
varying the incident heat flux makes the test method verglectric furnace. Light obscuration is measured by assessing
versatile. Repeatability and reproducibility data suggest thaghe transmission of light across a photometric system consist-
the precision is adequate. It has also been used for predictiomg of a ||ght source (Wh|te ||ght) and a photodetector, oriented
of full scale fire performance (see also 6.1.4 and 6.5.3 for otheyertically, to reduce measurement variations due to stratifica-
uses of this test method). Some deficiencies associated witfbn of smoke. The result obtained from this test method is a
this test method area] lack of adiabaticity (addressed above), specific optical density, characteristic of the instrument, and the
(b) lack of homogeneity of the heat flux on the surface of theyalue reported is usually either the maximum or the value at a
test specimen,c] the fact that the normal test orientation is particular time. The test method has no capability for assessing
vertical, which means that specimens which melt and drigmass loss continuous(it6). The fact that the test orientation is
cannot be tested adequately (although specimens can be testggtical means that specimens which melt and drip cannot be
horizontally, by using a specialized specimen holder, and gested adequately. Other limitations includs):the atmosphere
reflector screen) andd) that continuous mass loss measure-jnside the chamber becomes oxygen-deficient, for some tests,
ments are not available. This test method was prop(8Js  before the end of the experiment; thus, combustion often
a bench-scale mattress test for institutional mattresses, and h%ases when the oxygen concentration decreases and, there-
been adopted by some hotel chains, and by some correctiongre, for heavy composites, it is possible that the layers furthest
facilities. This test method, at an incident heat flux of 35away from the radiant source will not undergo combustibh; (
kw/m?, is also being used for regulation by the Federalthe presence of walls causes losses through deposition of
Aviation Administration, for aircraft interior¢13). combustion particulatesic) there are, frequently, extensive
6.4.3 Test Method E 1354 (or NFPA 271) is also used todeposits of soot and other combustion particulates on the
determine heat release; the apparatus has been describedoptical surfaces, resulting in incorrect measurements dpd (
6.1.6. The primary objective of the test method is to determinghe test method does not carry out dynamic measurements:
heat release. This is done by using the oxygen consumpticsmoke simply continues filling a closed chamber: therefore, the
principle, which shows that heat release rate is proportional tsmoke obscuration values obtained do not represent conditions
the difference between the oxygen concentration in the exhausf open fires. Moreover, it has been shown that results from
stream of combustion products and in the inle{2#-15) This  this test method do not correlate with those obtained in real
is done by using very accurate oxygen analyzers (normally ofires. The repeatability and reproducibility of the test method
the paramagnetic type), and alleviates the problem of hedtave been determined in a round robin conducted by 20
losses associated with lack of adiabaticity of Test Methodaboratories with 25 materials, and managed by ASTM Sub-
E 906. The geometrical arrangement also results in homogeommittee E05.02 shortly after the initial publication of the test
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method in 1979. The round robin suggested that the precisiowith the mass loss of the test specimen during the test, are then
of the method is lower than that of some more recent testised in calculations to predict the preliminary 30 min smoke
methods, but some technical improvements have since beédaoxic potency of the test specimen. Six rats are exposed to the
made. However, irrespective of its precision, this test method;ombustion products for a period of 30 min, plus a post-
often known as the NBS smoke density chamber, is extensivelgxposure period of 14 days, to confirm the preliminary smoke
referred to in specifications and requirements, and is used itoxic potency obtained. This test method is not suitable for fires
product data sheets. that reach flashover, because the carbon monoxide concentra-

6.5.3 Test Method E 906 (NFPA 263; 6.1.4 and 6.4.3) istion determined is not representative of the values obtained in
used to assess smoke obscuration dynamically. The transmigdch fires. The method also incorporates a correction of the
sion of light across a photometric system consisting of a lighearbon monoxide concentration to make it suitable for post-
source (white light) and a photodetector, oriented horizontallflashover fires. The test method is not presently used for
in the exhaust stream is used to measure the rate of smokequirements in the correctional industry.

release at every scan and total smoke released (by integration6.6.3 The National Aeronautics and Space Administration,
of the rate of smoke release versus time curve). at its Ames Research Center, commissioned a test method from

6.5.4 Test Method E 1354 (NFPA 271; 6.1.6 and 6.4.4) igvicDonnell Douglas, in the early 1980’s: NASA CR - 152056
also used to assess smoke obscuration dynamically. TH&7) In this method the test specimen is pyrolyzed by applying
transmission of light across a photometric system consisting dt current of 3.5 Afor 200 s through a heating coil within which
a light source (monochromatic light from a laser beam) and & 9 Of the test specimen is placed. The heating coil is made of
photodetector, oriented horizontally in the exhaust stream i§4 9ageé Chromel A wire and is 546 mm (21.5 in.) long. It is
used to measure extinction coefficients. By using a laser a§'Serted inside a Vycor glass pyrolysis tube (13 mm (0.5 in.)
light source the photometer has a smoke purging system whicjameter and 127 mm 5 in. long), WhICh. itself is placed |n§|de
considerably decreases soot deposits on the optics. The fir@-152 mm by 229 mm by 178 mm (6 in. by 9 in. by 7 in.)
test-response characteristic reported is the specific extinctiofPosure chamber, which has a circulating fan and an exercise

area, which is calculated from the extinction coefficient, theWheel. A mouse is placed inside the chamber on the exercise

volumetric flow rate and the mass loss rate. wheel. The mouse is examined at 15 min and at 30 min (end of
6.5.5 A modification of Test Method E 662 has been stan-teSt) to determine whether it has become incapacitated (if he no

dardized internationally (ISO 5660, Part 2), which differs fromk.mger turns the wheel) or has died. Little published informa-

the original in that the heat source is a conical radiant heateEOn exists about this test method, which has not been adopted

similar (but not identical) to the one in Test Method E 1354, the y a consensus standards organization. The use of mice as test
pilot ignition is achieved by means of a spark igniter theammals has been shown to be inadequate for materials which

specimen is oriented horizontally, and there is an Optionaj:an release irritants, because mice are excessively sensitive to

capability for a load cell, which assesses mass loss contin"tants (20-22) This test method is required in some correc-

ously. The incident heat flux can be set at any value, but valuetéonal facility specifications for mattress cushioning materials.

of 25 and 50 kw/m are required in the standard. The 7. Small Scale Applications Tests
repeatability and reproducibility of this test method are better 7.1 Smoldering Ignition

t_ha_n those of Test Method E 662, and it also solves some of the 7.1.1 Test Methods E 1352 (NFPA 261) and E 1353 (NFPA
Ilmltat|on§ of that procedure. 260) are procedures designed to assess the ignitability of
6.6 Toxic Potency of Smoke fabrics, paddings and interliners to smoldering ignition by
6.6.1 Toxic potency of smoke is measured in Test Methodtigarettes. Mattresses are required by the Consumer Product
E 1678, NFPA 269 and in NASA CR-15205€7). Test Safety Commission to comply with CFR Part 1632, Standard
methods measure toxic potency of smoke, but do not determingr the Flammability of Mattresses and Mattress Pads (for-
the actual smoke toxicity of the resulting fire atmospheremerly DOC FF4-72, 40 FR 59940). Resilient filling materials
(18-19) Moreover, it has been shown that the smoke toxicityare also tested in California to assess their ignitability by
of a fire atmosphere is often controlled by the extent ofcigarettes using Technical Bulletin 117 (CA TB 117).
burning, and consequently by the heat release(gatél, 20). 7.1.2 Test Method E 1352 (NFPA 261) contains a mock-up
A number of comparisons of the advantages and disadvantaggsst, designed by the National Bureau of Standards, with a 550
of various test methods have been publis(&d22) as wellas by 680 mm (22 by 25 in.) mock-up of an upholstered furniture
analyses of the implications of smoke toxic potency measurematerial assembly, which is ignited at various positions by
ments to fire hazard assessmg@8-26) lighted cigarettes. The measurement reported is a char length.
6.6.2 In Test Method E 1678 (NFPA 269) a test specimen ig his test method is of voluntary application, and its tradition-
subjected to ignition while exposed for 15 min to a radiant heatlly used classification criterion is a char length of 51 mm (2
flux of 50 kW/n. The smoke produced is collected for 30 min in.), although this is not spelled out in the standard.
within a 200 L chamber communicating through a connecting 7.1.3 Test Method E 1353 (NFPA 260) was designed by the
chimney with the combustion assembly. Concentrations of th&pholstered Furniture Action Council (UFAC) and contains six
major gaseous toxicants are monitored over the 30 min periodests for individual componentsa)( fabric classification; If)
with concentration-time products for each being determinedvelt cord; €) decking material;d) filling/padding; €) barriers
from integration of the areas under the respective concentrand () interior fabric. The test specimen sizes range from 203
tion—time plots. The concentration-time product data, alondy 203 mm (8 by 8 in.) to 533 by 343 mm (21 by 13.5in.), is
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ignited by a lighted cigarette at a specified location, and théphone booth” test, in which the 150 by 375 mm (6 by 15 in.)
results obtained are a function of the char length measured. Tlepecimen is suspended in an open face test chamber and
test methods classify the materials tested into two classes, asaposed to an 800 W flame for 45 s. The adequacy of the fabric
function of the char length, with the criterion being a length ofis assessed as a function of the percentage weight loss.
44 mm (1.75 in.) for the fabric classification, at 38 mm (1.5in.) 7.2.4 A small scale fabric test was a part of the NFPA 701
for the interior fabric test, the filling/padding test, the welt cord standard until the 1989 edition: the specimen was 89 by 254
test and the decking test and at 51 mm (2 in.) for the barriemm in size, hung vertically, and ignited with a 38 mm long
test. This test is administered by UFAC for voluntary compli-jluminous gas flame. The pass/fail criterion was based on the
ance by all manufacturers of upholstered furniture. length of fabric destroyed. Experience has shown that the
7.1.4 CFR Part 1632, Standard for the Flammability ofresults of using this small-scale test are not predictive of
Mattresses and Mattress Pads (formerly DOC FF4-72, 40 FRull-scale fire behavior of fabrics, especially in the case of
59940) requires the testing of each mattress or mattress padulti-layered fabrics, when one of the materials may shrink
with 18 cigarettes, and none of the char lengths is allowed taway from the flame, melt, ablate or otherwise fail to support
exceed 51 mm (2 in.). This is a mandatory federal standard.upward flames when heated. However, this test is often
7.1.5 California Technical Bulletin 117 contains a sectionreferenced, even though it no longer is a standard.
addressing smoldering ignition by cigarettes, for resilient 7.2.5 It should be pointed out that resistance to ignition by
filling materials. A distinction is made between cellular mate-a small flame is no indication at all of the eventual heat
rials (such as foams) and others. The latter are made inteeleased (and thus fire hazard) resulting from a potential
specimens 305 by 305 mm (12 by 12 in.), and tested botllaming fire.
uncovered and covered with one layer of sheeting material, 7.3 Heat Release Tests

with a pass/fail criterion of 2 in. Cellular materials are tested 7 31 Test Method E 1474 (or NFPA 272) is an applications
using a mock-up test stand, and covered with a standargiandard of the cone calorimeter specifically designed for use
cellulosic fabric. The pass/fail criterion for the foam (cellular yyith upholstered furniture or mattress composite specimens. It
material) is based on the weight loss: not more than one out Qfetermines the same fire-test-response characteristics as Test
six foams may lose 20% or more of the initial weight. Method E 1354, but specifies a particular incident heat flux,
7.1.6 Smoldering ignition tests are designed to assessamely 35 kW/m, and a detailed specimen preparation and
whether upholstery components or composites are capable afounting procedur¢28-29) In fact, the standard allows two
sustaining combustion (and perhaps eventually causing flanspecimen preparation procedures, with one of them suggested
ing ignition). However, paddings with relatively poor fire for screening purposes only. Repeatability and reproducibility
performance may pass the smoldering ignition test becausg@formation is available for the screening procedure: the
they are covered with a fabric that resists smolderi®d).  relative standard deviations for repeatability ranged between 0
Moreover, resistance to smoldering ignition is no indication atand 11 percent and those for reproducibility ranged between 4
all of the eventual heat released (and thus fire hazard) resultingnd 32 percent.
from a potential flaming fire. 7.3.2 Test Method F 1550 is based on Test Method E 1474,
7.2 Small Scale Flaming Ignition Tests for direct applicability to correction and detention facilities. It
7.2.1 All fabrics intended for wearing apparel must meetaddresses the testing of upholstered furniture or mattress
CFR 1610, which applies a small butane gas flame, at a 45€omposite specimens, but in a vandalized fashion, by slashing
angle, to a 51 by 153 mm (2 by 6 in.) specimen for 1 s. Thethrough the fabric and any potential secondary fabrics present.
fabric passes the test if it burns for less than 3.5 s (for plainThe objective of this test method is to prevent the use, in
surface textiles) or with more complex criteria for raisedcorrection and detention facilities, of paddings with exces-
surface fiber textiles. It must be stated, however, that almost aflively high fuel loads. Such paddings may be simply protected
available fabrics will meet this test, which is very mild. by a pierceable barrier, so that they do not ignite easily under
7.2.2 California Technical Bulletin 117 also applies a vari-normal circumstances, but cause severe fire hazard when the
ety of small gas flames to all padding and filling materials barriers are compromised and eventual burning of the padding
before allowing them for sale in upholstered furniture oroccurs.
mattresses in the state of California. The same test also requires7.4 Test for Permanence of Fire-Test-Response Character-
that all upholstery fabrics meet the 45° angle small flame tesstics
in CFR 1610. 7.4.1 Test Method F 1534 is a procedure to assess whether
7.2.3 Fabrics destined for more severe occupancies, arsbme fire-test-response characteristics are lost through leaching
curtains and drapes, are often tested by using NFPA 701. This exposed to aqueous sources within the detention environ-
standard contains two test methods: a “large-scale” version andent. The procedure is directly applicable to Test Method
a “phone-booth” version, both applicable to single or multiple-D 3675 and Test Method E 662, but the principle can be
layered fabrics. The large-scale test involves exposing fabriepplied to any other test method. In the test method the
lengths of 2.1 m (84 in.) vertically to a gas flame 280 mm (11cushioning materials are subjected to leaching by immersion in
in.) gas flame for 2 min, and assessing the responses asflawing softened water for a period of 6 h, while the water is
function of the maximum char length resulting from upwardexchanged at a rate of 2 changes per hour, and then dried. The
burning, and the after-flame time. A small-scale version of thifire-test-response characteristic values obtained after leaching
test used to yield false “passes” and has been replaced by tlee compared with results obtained from untreated specimens
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of the same materials, to determine the percentage change snch cases, however, it is possible for the furniture item to
each fire-test-response characteristic. result in a severe fire if it actually ignites.

7.4.2 Similar concepts are applied in FED STD 191-A  8.3.1 This test method does not address physical changes to
Textile Test Method 5830, where specimens are submerged isrotective layers due to wear, tear or abuse, which potentially

lukewarm water (27-29°C (80-85°F), for 24 hours, while theaffect the resulting fire-test-response characteristics of the
water is being renewed at a rate of 5 changes per hour. upholstery item.

) 8.4 Test Method E 1590 is the exact equivalent of Test
8. Real-Scale Fire Tests Method E 1537, but for mattresses. The mattresses can be
8.1 Smoldering Tests tested under the hood in a furniture calorimeter or inside a
8.1.1 California Technical Bulletin 116 is the prime examplesmall room, either of dimensions 2.4 by 3.7 m (8 by 12 ft) or
of a test where a large number of locations in an upholstered.O by 3.7 m (10 by 12 ft), with a 2.4 m (8 ft) height and a
furniture item are exposed to smoldering ignition by a ciga-Standard door. The ignition burner is T-shaped, and the flame is
rette. This test is in place only in the state of California, and igurned on for 180 s, at a propane flow rate of 12 L/min. The
met by the majority of the furniture being sold, even though itapplication for this test method is contract occupancies, of
is not a mandatory requirement. This is important for residenhigher than average risk, particularly in the absence of sprin-
tial applications but has little relevance to high risk environ-klers. The test is based on the concepts put forward in
ments. California Technical Bulletin 129 (CA TB 129). California
8.1.2 As explained above, resistance to smoldering ignitioﬁrechnical Bulletin 129, and contains a set of pass/fail criteria,
is no indication at all of the eventual heat released (and thus fireased on heat release: 100 kW peak rate of heat release and 25
hazard) resulting from a potential flaming fire. MJ total heat released in the first 10 min of test. This test
8.2 Test Method E 1537 (or NFPA 266) and Test MethodMethod has been adopted for regulation in some states, and has
E 1590 represent a new generation of fire tests: a real-scaReen incorporated into the generic se_ctions of the Ngtional 'Life
item (either an upholstered furniture piece or a mattress) iSafety Code, NFPA 101, as well as into the specific sections
placed on a load cell in a furniture calorimeter, or in a room,'elated to detention and correction occupancies. The require-
and ignited by a gas burner, on for a fixed period of time. Thements set are a maximum rate of heat release of 250 kW and a
release rates of heat, smoke and combustion products af@f@l heat release of no more than 40 MJ in the first 5 min of
determined by measurements in the exhaust duct. It has beé§st. This standard is of S|gn|f|cant severity, albeit probably less
shown that, for peak heat release rates of less than 600 kwan Test Method E 1537, but is clearly insufficient to offer
heat release is not affected by the re-radiation from the walls€nough protection for a detention cell environment, because
so that testing in a small room or in an open furniturefurniture can “pass” the test simply by virtue of not igniting. In
calorimeter should give similar resul80). More recent work such cases, however, it is possible for the furniture item to

suggests that the limit of interchangeability between room andesult in a severe fire if it actually ignites. It should be noted

approximately 450 KW31). fire performance far superior to those in the stated requirements

8.3 Test Method E 1537 involves upholstered furniture,Of NFPA 101.
which can be tested under the hood in a furniture calorimeter 8.4.1 This test method does not address physical changes to
or inside a small room, either of dimensions 2.4 by 3.7 m (8 byprotective layers due to wear, tear or abuse, which potentially
12 ft) or 3.0 by 3.7 m (10 by 12 ft), with a 2.4 m (8 ft) height affect the resulting fire-test-response characteristics of the
and a standard door. The ignition burner is square-shaped, atgholstery item.
the flame is turned on for 80 s, at a propane flow rate of 13 8.4.2 One of the more severe fire tests for upholstery items
L/min. The application for this test method is contract occu-in detention or correction occupancies is California Technical
pancies, of higher than average risk, particularly in the absendulletin 121 (CATB 121), specifically designed for mattresses
of sprinklers. The test is based on the concepts put forward i such occupancies. It requires a typical institutional mattress
California Technical Bulletin 133 (CA TB 133), and contains abe exposed to the flames from a metal container with 10 double
set of pass/fail criteria, based on heat release: 80 kW peak ragheets of loosely wadded newspaper, and placed underneath
of heat release and 25 MJ total heat released in the first 10 mihe mattress, inside a 3.0 by 3.7 by 2.4 m high room (10 by 12
of test. NFPA 266 is equivalent to ASTM E 1537, except thatby 8 ft high). The mattress passes the test if the fire consumes
testing must be conducted in the furniture calorimeter. This tedess than 10 % of the original mattress weight, the room hot
method has been adopted for regulation in some states, and Hager temperature does not exceed 260°C (500°F) and the
been incorporated into the generic sections of the National Lifeoncentration of carbon monoxide does not exceed 1000 ppm
Safety Code, NFPA 101, as well as into the specific sections the room at any time. This test uses antiquated techniques
related to detention and correction occupancies. The requirend pass-fail criteria, which should be replaced by more
ments set are a maximum rate of heat release of 250 kW andup-to-date technology, but it offers a greater degree of protec-
total heat release of no more than 40 MJ in the first 5 min ofion than ASTM E 1590 for very high risk occupancies, such as
test. This standard is of some significant severity for contractletention and correction facilities. An important difference
furniture applications, but is probably insufficient to offer between the CA TB 121 test method and the detention
enough protection for a detention cell environment, becausenvironment is the type of support on which the mattress is
furniture can “pass” the test simply by virtue of not igniting. In tested, since it does not involve the solid concrete or metal
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bunks commonly found in detention and correctional facilities. 9.2.5 No existing standard full scale test method can com-
This can lead to a misleading scenario, where thermoplastipletely assess the overall fire hazard in a detention cell.
materials melt and drip away from the fire source placedlherefore, overall fire hazard assessment can be made by
underneath the mattress, in a way that would not happen witmvestigating the fire phenomena occurring in a detention cell
a solid metal substrate, as used in the metal bunks typical of trecenario. Guide E 1546 explains how to write such a fire
detention environment. hazard assessment. This is probably best accomplished by
8.4.3 This test method does not address physical changesittcorporating the results of a combination of validated fire test
protective layers due to wear, tear or abuse, which potentiallynethods of various types and fire models into the same fire
affect the resulting fire-test-response characteristics of thbazard assessment procedure. No fire hazard assessment stan-

upholstery item. dards have, as yet, been issued by ASTM, because the
complexity of fire hazard typically requires a combination of
9. Room Tests and Guidance on Testing Methods several test methods and some mathematical procedures for

combining the results, typically through computer models.

9.1 Guide E 603 explains how to conduct room fire tests, 9.2.6 When mattresses used in detention facilities are evalu-
whether in order to design a new standard test or as a means of” "

testing specialized fire scenarios. This is particularly applicabl tgd g;ﬁ;i??é%;éﬂ;ﬁs%egzgl;ziehsizi\?édvg;?Zr?(;“tlclargrng]iztla
to detention cells, where the basic distribution of furniture is P

well established, so that a full room test will be a good metho e taken into account when evaluating the fire performance of
for choosing appropriate furnishings. he mattress.

9.2 In this connection, it would also be appropriate to ensurd0. Tests and Specifications Designed for Detention and
that the surface finish (wall and ceiling) is adequate enough so  Correction Facilities

that it is not conducive to flashover on its own. This iS 101 There have been test methods and specifications de-
particularly important when dealing with padded cells. Roomgjgned specifically for correctional facility mattresses. How-
corner tests have been standardized both nationally and iNt€yer the majority of them have adopted existing test methods,
nationally. o . o mostly as described in this guide.

9.2.1 NFPA 265 tests wall lining materials by lining three 102 The best known test procedure designed specifically
walls of a small room (all the walls except the one containingor detention mattress inserts, or mattresses, is the so-called
the door) of dimensions 2.4 by 3.7 m by 2.4 m high (8 ft by 12\jchigan “Roll-up” Test(34). It involves rolling up either an
ftby 12 ft high). It utilizes a gas burner, located in a corner atactual full-scale detention mattress, or the corresponding mat-
a height of 305 mm (12 in.) from the floor and at a distance 5kress cushioning, around a 229 mm (9 in.) diameter stove pipe
mm (2 in.) away from each wall. The burner is set at aninto a cylinder and holding it in place with poultry wire (to
incident power of 40 kW for 5 min, followed by a setting of create a “chimney effect”. The cylinder is tilted to one side to
150 kW for a further_ 10 min. Measurements are made 'n_th%rovide air flow through the base (by placing it on two angle
exhaust duct, principally heat release, but also potentiallyrons or two bricks) and suspended with a metal wire (to avoid
smoke and toxic gas release. However, the principal decision tfalling during the test). The interior is filled with eight double
be made iS Whethel’ the Wa” ||n|ng iS able to pl’event the ﬂamegheets of newspaper and |gn|ted from the bottom' in the Space
from reaching the outer extremities of the test specimen and tf‘@rovided between the two angle irons (or two bricks).
room from reaching flashover. 10.2.1 The Michigan “Roll-up” test can be conducted on

9.2.2 1SO 9705 is another test for wall lining materials in acomplete mattresses as well as on mattress cushionings or
room environment. The same room and burner as in NFPA 26paddings. However, the most frequent way in which the test
is also used, but the burner is placed flush against the wall, iRas been conducted has been without the cover, for easier
the corner. This test method contains a series of options, @valuation of detention mattress cushioniig4-40)
which there are four that are particularly importarzf} fning 10.3 In recent work(41) a mattress test was designed
three walls and the ceiling and using a heat setting of 100 kVépecifically for detention environments. The method exposes a
for 10 min followed by 300 kW for a further 10 minbXlining  full scale mattress designed for a detention environment, to a
three walls and the ceiling and using a heat setting of 40 kW fog0 kw source, from a propane gas burner.

5 min followed by 160 kW for a further 10 ming)lining three 10.3.1 Measurements made include rate of heat and smoke
walls only but using the 100 kW and 300 kW burner settingsrelease, total amount of heat released, rates and concentrations
and @) lining three walls only but using the 40 kW and 160 kW of carbon oxides released, rates and amounts of mass of
burner settings. The measurements that are made are similarfggattress lost. The mattress is allowed to burn freely under
those that can be made in NFPA 265. well-ventilated conditions after ignition. The most important

9.2.3 It has been shown that some information on thdire property measured in this test method, by the principle of
probability of flashover in these room corner tests is obtainablexygen consumption, is the rate of heat release, which quan-
from results using the cone calorimeter, Test Method E 1354ifies the fire intensity.

(32). 10.3.2 The fire source is a rectangular gas burner (762 mm
9.2.4 Similarly, test results using Test Method E 1474 (orby 381 mm (30 in. by 15 in.), with the 762 mm (30 in.) length
NFPA 272) are potentially useful in predicting the results ofsubdivided into three equal sections), used at a heat output of

experiments using Test Method E 1537 or Test Method E 15960 kW (fuel flow rate of 33.7 L/min) for 5 mi41). The burner
(32-33) is placed centrally and 25 mm (1 in.) from the surface of the

10
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detention mattress, so that the gas flame faces downwards a@and 10 in) from both walls, or centered directly underneath
penetrates approximately 100 mm (4 in.) into the mattress. Ththe hood (in the furniture calorimeter).

burner is located centrally and approximately 25 mm (1 in.) 1037 Tests conducte@d1) on the heat release of a sleep-
above the surface of the mattress. wear ignition source (1 sweatshirt [50% cotton/50% polyester
10.3.3 The test specimen is an actual manufactured Mafeny) "1 T-shirt (50% cotton/50% polyester blend), 1 pair of
tress, in the configuration of its intended use. The size o lue denim trousers (100% cotton) and 12 double sheets of
mattress tested is normally 0.76 m (range 0.7-0.8 m; 25-30 in ewspaper: approximate weight 1 kg) showed that a 50 kW

by 1.9 m (75 in.). A /
10.3.4 The mattress is supported on a solid bad framic#gvsbf[ﬁir:;mm, is a good representation of the heat release of

which can be constructed of heavy angle-section iron with al ) )

combustible board (to simulate a realistic detention environand other parameters have shown that mattresses which per-
ment and prevent melting or dripping). The top surface of thdorm very well on Test Method E 1590 can perform quite
mattress is= 0.9 m (35.4 in) from the floor. The bed frame is poorly and generate excessively high heat release, even beyond
placed on top of a load cell to measure mass loss continuousligvels corresponding to flashover. On the other hand, the time
separated by a thermal barrier, to protect the load cell, as itp reach a heat release rate of 50 kW (which is a reasonable
Test Method E 1590. indicator of actual ignitability29, 42)is fairly similar among
10.3.5 The test room layout is identical to that in the Testmost mattresses. This indicates that detention mattresses re-
Method E 1590. That means that it can be eitt®@ra(2.44 by  quire a fairly severe fire source in order to be differentiable.
3.66 by 2.44 m high (8 by 12 by 8 ft high) room (with a single Thus, the heat input of the burner, 50 kW, appears to be a more
doorway opening 0.76 by 2.03 m (30 by 80 in), located in therealistic insult for the detention environment than that of the
center of the short wall; ASTM room)b) a 3.05 by 3.66 by  Test Method E 1590, which is less than 20 kw.
2.44 m high (10 by 12 by 8 ft high) room (with a single 14 4 The American Correctional Association has issued a
doorway opening 0.97 by 2.06 m (38 by 81 in), located on ongyiaement informing users and suppliers that, whenever insti-
side .Of the short wall; California room), oc)(a furniture utional furnishings are made of foamed plastics or foamed
calorimeter. The rooms must be made of wooden or met ubber, the materials must have known and acceptable fire

2};’3;[’;1Cvdalll'gggr;\"tgr]:ge;;ﬁ;edagﬁzz%moﬁ%l:ggag c,:rr]ecarlggjrwperformance characteristics, and must have been subjected to

doorway, such that it collects all the combustion gases Thcareful fire evaluation before purchase and use. However, no

furniture calorimeter has a hood directly above the tes etailed gwdancg exists. ] ) o
specimen, with symmetrical air flow from all sides. 10.5 The requirements of the Americans with Disabilities

10.3.6 The bed frame, on the weighing platform, is placed irf\ct should always be considered whenever any redesign is
a corner of the room, at a distance of between 0.10 and 0.25 made of detention cell contents or furnishings.
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