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An American National Standard

INTERNATIONAL
Standard Test Method for
. . . 1
Fire Testing of Stacked Chairs
This standardisissued under the fixed designation E1822; the numberimmediately following the designation indicates the year of
originaladoptionor,inthecaseofrevision, theyearoflastrevision. Anumberinparenthesesindicatestheyearoflastreapproval. A
superscriptepsilon( &)indicatesaneditorialchangesincethelastrevisionorreapproval.
1. Scope

1.1 Thisisafire-test-response standard.

1.2 This test method provides ameans of determining the
burningbehaviorofstackingchairsusedinpublicoccupancies
bymeasuringspecificfire-testresponseswhenastackofchairs
issubjectedtoaspecified flamingignition source under well
ventilated conditions.

1.3 Thistestmethodislimited tostacked chairs.

1.4 Testdata are obtained describing the burning behavior
following application of a specific ignition source, from
ignition until all burning has ceased, a period of 1 h has
elapsed, or flashoverundertestconditions appearsinevitable.

1.5 This test method does not provide information on the
fire performance of stacked chairs under fire conditions other
thanthoseconditionsspecifiedinthistestmethod.Inparticu-
lar, thistestmethod does notapply to smolderingignition by
cigarettes. See5.11 forfurtherinformation.

1.6 Therateofheatreleaseoftheburningtestspecimenis
measured by an oxygen consumption method. See 5.11.4 for
furtherinformation.

1.7 Other measurements are the production of light-
obscuring smoke and the concentrations of certain toxic gas
speciesinthe combustion gases. See 5.11.5 for furtherinfor-
mation.

1.8 Theburningbehaviorisdocumentedvisuallybyphoto-
graphicorvideorecordings.

1.9 This standard is used to measure and describe the
response of materials, products, or assemblies to heat and
flame under controlled conditions, but does not by itself
incorporate all factors required for fire hazard or fire risk
assessment of the materials, products or assemblies under
actualfire conditions. .

1.10 Fire testing of products and materials is inherently
hazardous,andadequatesafeguardsforpersonnelandproperty
shallbeemployedinconducting thesetests. Thistestmethod
mayinvolvehazardous materials, operations,andequipment.

1.11 Use the SI system of units in referee decisions; see
IEEE/ASTM SI-10. The units given in parentheses are for
informationonly.

! This test method is under the jurisdiction of ASTM Committee EO5 on Fire
Standardsandisthe directresponsibility of Subcommittee EO5.15 on Furnishings
and Contents.

Current edition approved Jan. 1, 2009. Published February 2009. Originally
approvedin 1996.Lastpreviouseditionapprovedin2007 asE1822-07.

1.12 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safetyand healthpractices and determine the applica-
bilityofregulatorylimitationspriortouse.

2. Referenced Documents

2.1 ASTM Standards: >
D123 TerminologyRelatingto Textiles
E 84 Test Method for Surface Burning Characteristics of
Building Materials
E176 Terminology of Fire Standards
E800 Guide for Measurement of Gases Present or Gener-
ated DuringFires
E1354 Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen Con-
sumption Calorimeter
E1474 TestMethodforDeterminingtheHeatReleaseRate
of Upholstered Furniture and Mattress Components or
Composites Using a Bench Scale Oxygen Consumption
Calorimeter
E1537 TestMethodforFireTestingof Upholstered Furni-
ture
E1590 TestMethod forFire Testing of Mattresses
IEEE/ASTMSI-10 AmericanNational StandardforUseof
theInternational SystemofUnits(SI): TheModernMetric
System
2.2 ISOStandards:
ISO 4880 Burning Behaviour of Textiles and Textile
Products—Vocabulary?
ISO 9705 Fire Tests—Full Scale Room Test for Surface
Products®
ISO 13943 Fire Safety—Vocabulary 3
2.3 ULStandards:
UL 1056 Fire Testof Upholstered Furniture ~ *
UL 1895 FireTestof Mattresses  #

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contactASTM Customer Serviceatservice@astm.org.For  Annual Bookof ASTM
Standards volumeinformation,refertothestandard’sDocumentSummarypageon
the ASTM website.

3 Available from International Standardization Organization, P.O. Box 56,
CH-1211,Geneva?20, Switzerland.

4 Available from Underwriters Laboratories, Inc., 333 Pfingsten Road, North-
brook, IL60062.


http://dx.doi.org/10.1520/D0123
http://dx.doi.org/10.1520/E0084
http://dx.doi.org/10.1520/E0084
http://dx.doi.org/10.1520/E0176
http://dx.doi.org/10.1520/E0800
http://dx.doi.org/10.1520/E0800
http://dx.doi.org/10.1520/E1354
http://dx.doi.org/10.1520/E1354
http://dx.doi.org/10.1520/E1354
http://dx.doi.org/10.1520/E1474
http://dx.doi.org/10.1520/E1474
http://dx.doi.org/10.1520/E1474
http://dx.doi.org/10.1520/E1474
http://dx.doi.org/10.1520/E1537
http://dx.doi.org/10.1520/E1537
http://dx.doi.org/10.1520/E1590
http://dx.doi.org/10.1520/IEEE_ASTMSI-0010
http://dx.doi.org/10.1520/IEEE_ASTMSI-0010
http://dx.doi.org/10.1520/IEEE_ASTMSI-0010
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2.4 CAStandards:

CATB129, FlammabilityTestProcedureforMattressesfor
UseinPublicBuildings °

CATB 133, Flammability Test Procedure for Seating Fur-
niture for UseinPublicOccupancies  °

2.5 OtherDocument:

Nordtest Method NT Fire 032, Upholstered Furniture:
Burning Behavior—FullScale Test ¢

3. Terminology

3.1 Definitions—For definitions of terms used in this test
method and associated with fire issues, refer to Terminology
E176 and ISO13943. In case of conflict, the definitions in
TerminologyE176shallprevail. Fordefinitionsoftermsused
inthis test method and associated with textile issues refer to
Terminology D123 and ISO4880. In case of conflict, the
definitionsin Terminology D123 shall prevail.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 stackingchair , n—chairthatisintendedtobestacked
whennotinuse.

3.2.2 test specimen , n—stack of five identical stacking
chairs.

3.2.3 upholstered, adj—covered withmaterial (asfabricor
padding)toprovideasoftsurface.

3.2.4 upholstered seating furniture , n—a unit of interior
furnishing that (1) contains any surface that is covered, in
whole or in part, with a fabric or other upholstery cover
material, (2) containsupholstery material, and (3) isintended
orpromotedforsittingupon.

3.2.5 upholsterycovermaterial , n—the outermostlayerof
fabric or related material used to enclose the main support
system, orupholstery materials, orboth, usedin the furniture
unit.

3.2.6 upholsterymaterial , n—the padding, stuffing, or fill-
ingmaterialusedinafurnitureitem,whichmaybeeitherloose
or attached, enclosed by an upholstery cover material, or
located between the upholstery cover material and support
system, if present.

3.2.6.1 Discussion—This includes, but is not limited to,
material such as foams, cotton batting, polyester fiberfill,
bondedcellulose, ordown.

4. Summary of Test Method

4.1 Thisfire-test-responsetestmethoddeterminesanumber
of fire-test-response characteristics associated with a stack of
five stacking chairs, ignited with a propane gas burner. Mea-
surements to be made include the rate of heat and smoke
release,totalamountofheatreleased,ratesandconcentrations
of carbon oxidesreleased, and rates and amounts of mass of
test specimen lost. Other optional measurements are also
described.

> Available from California Bureau of Home Furnishings and Thermal Insula-
tion,StateofCalifornia,DepartmentofConsumerAffairs,34850rangeGroveAve.,
NorthHighlands, CA95660-5595.

¢ AvailablefromNordtest,P.O.Box22,SF-00341, Helsingfors,Finland.

4.2 In Test Configurations A and B, the test specimen is
placed on a weighing platform located in a test room. An
exhausthood,connectedtoaduct,islocatedatthedoorwayof
theroom.

4.3 InTestConfigurationC, thetestspecimenisplacedon
aweighingplatformlocated directlyunderahood.

4.4 Heat, smoke, and combustion gasrelease instrumenta-
tionisplacedintheduct.

4.5 Additional (optional)instrumentationplacedinthe test
roomisalsodescribed.

5. Significanceand Use

5.1 This test method provides a means of measuring a
varietyoffire-test-responsecharacteristicsresultingfromburn-
ing a stack of five stacking chairs. After ignition using a
propane gas burner, the test specimen is permitted to burn
freely under well-ventilated conditions. The most important
fire-test-responsecharacteristicmeasuredinthistestmethodis
therateotheatrelease,whichquantifiestheintensityofthefire
generated.

5.2 Therateofheatreleaseismeasuredbytheprincipleof
oxygenconsumption. AnnexA3discussestheassumptionsand
limitations.

5.3 This test method also provides measures of other fire-
test-response characteristics, including smoke obscuration (as
the rate of smoke release, total smoke released or optical
density of smoke), combustion gasrelease (as concentrations
of combustion gases), and mass loss, that are important to
makingdecisionsonfiresafety.

5.4 In the majority of fires, the most important gaseous
componentsofsmokearethecarbonoxidespresentinallfires.
Theyareindicatorsofthetoxicityoftheatmosphereandofthe
completeness of combustion. Measurement of concentrations
of carbon oxides are useful for two purposes: as part of fire
hazardassessmentcalculationsandtoimprovetheaccuracyof
heat-release measurements. Other toxic combustion gases,
whicharespecifictocertainmaterials,arealsoindicatorsofthe
toxicityoftheatmospheres,butarelesscrucialfordetermining
combustioncompletenessandareoptionalmeasures;however
firehazard assessmentoftenrequirestheirmeasurement.

5.5 Thetypeofignitionchosen(flamingsource)iscommon
inbothaccidental andintentional firesin public occupancies.
Thistestmethodisthusapplicabletostackedchairsinpublic
occupancies. Such facilities include, but are not limited to,
health-carefacilities,old-ageconvalescentandboardandcare
homes,collegedormitoriesandresidencehalls,andhotelsand
motels.

5.6 Oneofthefollowingthreeconfigurationsistobeused
inthistestmethod:

5.6.1 TestConfigurationA —Atestroomwiththefollowing
dimensions: 3.66by2.44by2.44mhigh (12by 8 by 8 ft).

5.6.2 TestConfigurationB —Atestroomwiththefollowing
dimensions:3.66by3.05by2.44mhigh(12by 10by 8 {t).

5.6.3 TestConfigurationC —Anopencalorimeter(orfurni-
turecalorimeter).

5.7 Roomsofotherdimensionsareacceptablewhereithas
beenshownthatequivalenttestresultsare obtained.
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5.8 Measurements in the three test configurations listed in
5.6 have been shown to give similar results for heat release in
the duct and mass loss up to a rate of heat release of 600 kW
1.7

5.9 Measurements of temperatures, gas concentrations, and
smoke obscuration in the room are dependent on room size.

5.10 Studies on the flammability performance of furniture
indicate that bench-scale fire tests are useful for preliminary
evaluations of component materials for substitution purposes
(see Appendix X2).

5.11 Limitations:

5.11.1 This test method is not applicable to ignition by
cigarettes or by any other smoldering source.

5.11.2 The ignition source in this test method is a flaming
source. Moreover, this particular ignition source has been
shown to be able to provide a distinction among different kinds
of stacked chairs. However, the fraction of actual flaming
stacked chair fires occurring with ignitions more or less intense
than that used here is not known.

5.11.3 It is not known whether the results of this test method
will be equally valid when stacking chairs are burned under
conditions different from those specified. In particular, it is
unclear whether the use of a different ignition source, the same
ignition source but having a different duration of flame
exposure, or a different gas-flow rate will change the results.

5.11.4 The value of rate of heat release corresponding to the
critical limit between propagating fires and nonpropagating
fires is not known.

5.11.5 As yet, there is not a known direct correlation
between smoke obscuration or smoke toxicity measurements in
the exhaust duct and overall fire hazard.

6. Apparatus

6.1 Room Layout and Instrumentation:

6.1.1 Test Room Layout (Test Configuration A)—The test
room shall have dimensions of 2.44 m = 25 mm by 3.66 m *
25 mm by 2.44 m = 25 mm high (8 by 12 by 8 ft). The room
shall have no openings other than a doorway opening 0.76 m *
6.4 mm by 2.03 m * 6.4 mm (30 by 80 in.), located as
indicated in Fig. 1, and other small openings, as necessary to
make test measurements. Construct the test room of wooden or
metal studs and line it with fire-rated gypsum wallboard or
calcium silicate wallboard. Position a hood, as described in
Annex Al, outside the room doorway, such that it collects all
of the combustion gases. There shall be no obstructions to the
air supply to the test setup.

Note 1—Both Type X gypsum wallboard and calcium silicate wall-
board with a nominal thickness of at least 13 mm (0.5 in.) have been found
acceptable. If the thickness of the wallboard used is greater, it will not
affect the results of this test method.

6.1.2 Test Room Layout (Test Configuration B)—The test
room shall have dimensions of 3.05 m = 25 mm by 3.66 m *
25 mm by 2.44 m = 25 mm high (10 by 12 by 8 ft). The room
shall have no openings other than a doorway opening 0.97 m *
6.4 mm by 2.06 m = 6.4 mm (38 by 81 in.), located as

7 The boldface numbers in parentheses refer to the list of references at the end of
this test method.

0.76 m

TEST BURN ROOM

E Smoke Obscuration Smoke Obscuration :13

A Light Source Detector 66 m
1i2m
X
Furniture
Specimen
v O] w
2.4 m

< >

[:l Location of Smoke Obscuration Monitor

+ Ceiling Thermocouple
X 1.2 m Thermocouple

O Gas Sampling Line

Note 1—See text for tolerances; room instrumentation is optional.
FIG. 1 Test Room Configuration for Test Configuration A

indicated in Fig. 2, and other small openings, as necessary to
make test measurements. Construct the test room of wooden or
metal studs, and line it with fire-rated gypsum wallboard or
calcium silicate wallboard. Position a hood, as described in
Annex Al, outside the room doorway, such that it collects all
of the combustion gases. There shall be no obstructions to the
air supply to the test setup.

Note 2—Both Type X gypsum wallboard and calcium silicate wall-
board with a nominal thickness of at least 13 mm (0.5 in.) have been found
acceptable. If the thickness of the wallboard used is greater, it will not
affect the results of this test method.

6.1.3 Open Calorimeter Layout (Test Configuration C):

6.1.3.1 The area surrounding the test specimen in an open
calorimeter layout shall be sufficiently large that there are no
heat radiation effects from the walls or any other nearby
objects. The airflow to the test specimen shall be symmetrical
from all sides.

6.1.3.2 If the heat release rate of the test specimen is below
600 kW, a load cell sited under a hood, and where the distance
between the test specimen and any wall is 1 m (3.3 ft) or more,
is acceptable.

6.1.3.3 The air supply to the calorimeter shall be sufficient
so that it does not affect the burning process.

6.1.4 General Discussion of Room Layout:
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——305m— )
]

. A
Furniture
® Specimen

X

TEST BURN ROOM

Smoke Obscuration Smoke Obscuration 3.66
E Light Source Detector j -85 m

v 9.97 n:- +

E! Location of Smoke Obscuration Monitor

4+ Celling Thermocouple
X 1.2 m Thermocouple
0 Gas Sampling Line

Note 1—Seetextfortolerances;roominstrumentationisoptional.
FIG. 2 Test Room Configuration for Test Configuration B

6.1.4.1 Heatreleasemeasurementsintheduct,madeinTest
Configurations A, B, and Chave been shown to give similar
results forheatreleaseratesbelow 600kW (see X 1.4) (1).

6.1.5 Other Test Room Furnishings —The test room shall
containnofurnishingsexceptforthetestspecimen.

6.1.6 LocationofTestSpecimen, for Test Configurations A
orB —Positionthetestspecimenonaweighingplatformina
corner.Ensurethatthetestspecimenisatadistanceofbetween
0.10and0.25m(4and10in.)frombothwalls(Fig. landFig.

2).

6.1.7 Location of Test Specimen, for Test Configuration
C—Positionthetestspecimenonaweighing platformunder-
neaththehood.

6.2 IgnitionSource :

6.2.1 Useastheignitionsourceagasburnerintheshapeof
aT,asshowninFig.3.

6.2.2 Construct the burner of stainless steel with wall
thicknessesof0.89 £ 0.05mm(0.035 = 0.002in.).Makethe
headoftheT205 = 10mm(8 = 0.4in.)longand13
(0.5 = 0.04in.) outside diameter. Plug theends of the T. As
showninFig.3( a)andFig.3( b),constructtheburnerwithtwo
setsofholesequallyspacedandcenteredalongtheheadofthe
burnerandoriented90°tooneanother. Onesetconsistsof 14

holesandtheothersetofnineholes,eachholespaced 13 *1

+ 1 mm

Diameter of holes = 1 mm

To gas supply (propane)
12 L/min

3(a) Burner Head Showing Top Set of Holes
104.0mm 50.5mm
>l

LT T

To gas supply {(propane}
12 L/min

3(b) Burner Head Showing Bottom Set of Holes
To gas supEly (propane)
12 L/min

14 Holes

© @
-

°
[f]
<«

9 Holes

3(c) Side View of Burner Showing Orientation of the Head with the Handle

Note 1—Seetextfortolerances.
FIG. 3 View of T-Shaped Gas Burner

mm(0.5 = 0.04in.)fromthenext.Maketheholes 1
mm(0.039 =+ 0.002in.)indiameter.

Note 3—It is common for the burner holes to become clogged
followingatest.Inspectburnerholesaftereachtestandcleanthoroughly
ifrequired. Take carenottoenlargethe holes when cleaning them.

6.2.3 Construct the handle of the burner of stainless steel
withthesamediameterandthicknessasthehead.Weldittothe
headintheorientationshowninFig.3(  ¢).Whenthe 14holes
intheheadareoriented45°abovethehorizontalandthenine
holes are oriented 45° below the horizontal, the handle is
approximately 30°above the horizontal. Constructthehandle
such thatitis atleast 450 mm (18 in.) long to facilitate its
attachmenttothe supportandthe propaneline.

Note 4—To align the burner to the test specimen properly, it is
necessary to position the head as described below; therefore, the angle
betweenthehandleandtheheadisnotcritical.

6.2.4 Usepropanegaswithaknownnetheatofcombustion
of46.5 = 0.5MJ/kgasafuelforthisignitionsource.Meterthe
flowrateofpropaneat12 = (0.25L/min,atapressureof 101
* SkPa(standardatmospheric pressuremeasuredatthe flow
gage),andatemperatureof20  * 5°Corataflowequivalent
tothese values. Useflexibletubing fedintothe handle of the
burnertodeliverthe propanetotheburner. Maintainthe flow
rate constant of propane while the flame is lit. Mount the
burneronanadjustablepole,withacounterweightifnecessary,
toallowtheburnertobepositionedintheproperlocation for

* 0.04
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ignition of the test specimen and then swung out of the way
after the propane gas flame is turned off.

6.2.5 The approximate ratio of heat release rate output to
gas flow rate is 1.485 kW min/L under standard conditions.
Thus, the calculated rate of heat release from the burner at the
temperature and pressure given above is 17.8 kW.

6.2.6 Location of Gas Burner:

6.2.6.1 Orient the burner with respect to the test specimen as
shown in Fig. 3 (a, b, and c).

6.2.6.2 Ensure that the horizontal plane of the head of the
burner (depicted in Fig. 3(c)) is level with the bottom horizon-
tal surface of the lowest chair in the test specimen. This
orientation shall be such that the 14 holes are directed at the
test specimen at an angle of 45° above the horizontal, and the
nine holes are directed under the lowest chair in the test
specimen at an angle 45° below the horizontal. The handle will
be set, nominally, at 30° above the horizontal.

6.2.6.3 Locate the burner during ignition in such a way that
the burner is parallel with the front edge of the lowest chair in
the test specimen, 25 = 2 mm (1 % 0.1 in.) from the vertical
edge of the chair and 50 = 2 mm (2 * 0.1 in.) below the
bottom horizontal edge of the lowest chair in the test specimen,
as shown in Fig. 4.

6.3 Mass Loss Measurements:

6.3.1 Use a weighing platform to measure the mass of the
burning test specimen continuously. Construct a weighing
platform consisting of a horizontal thermal barrier, as described
in 6.3.2, and placed on top of a mass measuring device.

6.3.2 Construct a thermal barrier large enough to prevent
melting or falling material from the tested stacked chairs
specimen from falling off the thermal barrier. The barrier shall
consist of a galvanized steel pan with a gypsum board lining
placed on the test specimen. The barrier shall be used to protect
the load cell. The pan shall be constructed of nominally 1.6 mm
(V16 in.) thick steel, and have dimensions of no less than 1.0 by
1.0 m (39 by 39 in.), with a uniform raised lip of the same
material, 100 = 10 mm (approximately 4 in.) high, on each
side, to catch falling material. The bottom of the pan shall be
covered by a tight-fitting section of standard gypsum board
(finish side up), of nominally 13 mm (0.5 in.) thickness. The
gypsum board shall be clean before the start of a test; the board
shall be replaced for each test.

-

1
Note 1—This example of upholstered chairs has no gaps between the
seats or backs. The burner is placed below the bottom of the seat cushion

frame.
FIG. 4 (a) Positioning of the Ignition Source—T Burner

- —

[y

6.3.3 Measure the test specimen mass continuously with a
device capable of an accuracy of no less than =150 g up to at
least 90 kg. Install it in such a way that neither the heat from
the burning test specimen nor any eccentricity of the load will
affect the accuracy. Do not make any range shifts during
measurements. Install all parts of the mass measuring device
below the top level of the thermal barrier.

6.3.4 The distance from the upper surface of the thermal
barrier to floor level shall not exceed 0.3 m (12 in.). The area
between the thermal barrier and the floor level shall be shielded
by a skirt at the perimeter of the barrier to prevent lifting forces
due to fire-induced air flow that influence the measurement.

6.4 Exhaust Collection System:

6.4.1 General:

6.4.1.1 Construct the exhaust collection system with the
following minimal requirements: a blower, steel hood, duct,
bidirectional probe, thermocouple(s), oxygen measurement
system, smoke obscuration measurement system (white light
photocell lamp/detector or laser), and combustion gas sampling
and analysis system. Construct the exhaust collection system as
shown in Fig. 5 and as explained in Annex Al.

6.4.1.2 Ensure that the system for collecting the smoke (that
includes gaseous combustion products) has sufficient exhaust
capacity and is designed in such a way that all of the
combustion products leaving the burning test specimen are
collected. Design the capacity of the evacuation system such
that it will exhaust minimally all combustion gases leaving the
test specimen (see Al.1.4).

6.4.1.3 Place probes for sampling of combustion gas and for
measurement of flow rate in accordance with 6.5.

6.4.1.4 Make all measurements of smoke obscuration, gas
concentrations, or flow rates at a position in the exhaust duct
where the exhaust is mixed uniformly so there is a nearly
uniform velocity across the duct section.

6.4.1.5 To ensure uniform mixing of the exhaust, provide a
straight section of duct before the measuring system having a
length equal to at least eight times the inside diameter of the
duct. If a measuring system is positioned at a distance of less
than eight diameters, demonstrate the achievement of equiva-
lent results.

?aunig: cB A Opening & 400
] ] ] 5000  Guide 1,
AT Pitot tube vanes~ A Lt~
(j::?t oy ~Nood | i
- ——— &' /' [ —
Exhaust duct g 406 A v ) ‘E[gl
Steel plates =,
t;?tg'mphom cell 2mmx500x900 | R
LA ‘Gas analysis Htoo? o}‘ t2mm 2
To exraust Ope:i:; plates i | . 2
as cleanin >
9 ¢ 2440 x 2440/ )
Frame of steel
profile
50 x 100 x 3,2
183331’(;);595 Dimensions in millimeters
(optional)
‘240/' T \ﬁ 340
gsgt:sioglates Details of exhaust system
A, = min 335°mm
Section A-A B, C = min 30mm

Cross Section of Guide Vanes
FIG. 5 Design of Hood and Exhaust System
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6.5 Instrumentationin Exhaust Duct

6.5.1 The following specifications are minimum require-
mentsforexhaustductinstrumentation.Additionalinformation
isgiveninAnnexA?2.

6.5.2 FlowRate —Measuretheflowrateintheexhaustduct
by a bidirectional probe or an equivalent measuring system
with an accuracy of at least *£6% (see Annex A2). The
responsetimetoastepwisechangeoftheductflowrateshall
notexceed 5 s to reach90% ofthe final value.

6.6 Combustion GasAnalysis :

6.6.1 SamplingLine —Constructthesamplinglinetubesof
amaterialnotinfluencingtheconcentrationofthecombustion
gasspeciestobeanalyzed. Thefollowingsequenceofthegas
train has been shown to be acceptable: sampling probe, soot
filter, cold trap, gas path pump, vent valve, plastic drying
column and carbon dioxide removal columns (if used), flow
controller, and oxygen analyzer (see Fig. 6 and Annex A2).
Alternativedesignsofthesamplinglinemustyieldequivalent
results. The gas train shall also include appropriate spanning
andzeroingfacilities.

6.6.2 Oxygen Measurement —Measure the oxygen concen-
trationwithanaccuracyof  £0.01vol%oxygen,orbetter,in
order tohave adequate measurements of rate of heatrelease.
Takethecombustiongassamplefromtheendofthesampling
line. Calculate the time delay, including the time constant of
the instrument, from the test room; it is a function of the
exhaustductflowrate. This time delay shallnotexceed 60s
(seeAnnexA?2).

6.6.3 Carbon  Monoxide and Carbon  Dioxide
Measurement—Measure the combustion gas species with an
instrument having an accuracy of at least *0.1 vol % for
carbon dioxide and *=0.02 vol % for carbon monoxide. A
suitableoutputrangeisfromOto1vol%forcarbonmonoxide
andfromOto6vol%forcarbondioxide.Takethecombustion
gas sample from the end of the sampling line. Calculate the
timedelay,includingthetimeconstantoftheinstrument,from
thetestroom;itisafunctionoftheexhaustductflowrate. It
shallbeamaximumof60s(seeAnnexA2).

6.6.4 Foroptional measurementof other combustion gases
seeA2.3.3.

To Optional H,0,
HCI, THC Analyzers

Cold  )XDjlaste

Soot
Filter

Separation
Chamber

To COYand CO
Analyzers

6.7 Smoke Obscuration Measurement :

6.7.1 Installanoptical systemformeasurementofthelight
obscuration across the centerline of the exhaust duct. Deter-
mine the optical density of the smoke by measuring the light
transmitted with a photometer system consisting of a white
light source and a photocell/detector or a laser system for
measurement of light obscuration across the centerline of the
exhaustduct.

6.7.2 One photometer system found suitable consists of a
lamp,lenses,anaperture,andaphotocell(seeFig.7andAnnex
A2).Constructthesystemsosootdepositsontheopticsduring
atest.Donotreducethelighttransmissionbymorethan5%.

6.7.3 Alternatively,instrumentationconstructedusinga0.5
to2.0mWhelium-neonlaserinsteadofawhite-lightsystemis
alsoacceptable (seeFig. 8,Fig. Al.1,and Annex A2). Ithas
been shown that white-light and laser systems will provide
similarresults(seeRefs  (2-5)).

7. TestSpecimen

7.1 The test specimen is a stack of five identical stacking
chairs, or prototypethereof.

7.2 If prototype stacking chairs are used, the prototypes
shall, in all respects, reflect the construction of the actual
stackingchairs.

7.3 Fire tests of stacking chairs have shown that the fire
performanceofstackedchairsissignificantlyaffectedbychair
design and configuration, the gap between adjacent seat sur-
faces, and the vertical gap between adjacent seat backs.
Therefore,itiscriticaltoensurethatthefivestackingchairsare
carefullystackedinaccordancewiththedesignfeaturesofthe
chairstobetested.

8. Calibration

8.1 Calibrateallinstrumentscarefullywithstandardsources
afterinitialinstallation.Amongtheinstrumentstobecalibrated
are load cells or weighing platforms, smoke meters, flow or
velocity transducers, and gas analyzers. Performrecalibration
tests on the entire system, forexample using standard output
burners.

8.2 HeatRelease :

0,
Analyzer*
Fiow
Controller
D E Outflow
7 um Filter
Rotameter

NOTE: Rotameter is on outlet
of O, analyzer

*To include absolute
pressure transducer

FIG. 6 Schematic of Gas Train
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8.2.1 Perform the calibration of the heat release instrumen-
tation in the exhaust duct by burning propane or methane gas
and comparing the heat release rates calculated from the
metered gas input and those calculated from the measured
oxygen consumption. The value of net heat of combustion for
methane is 50.0 MJ/kg and for propane is 46.5 MJ/kg. Position
the burner in the same location where the test specimen is to be
placed during the test. Measure the gas flow rate at a pressure
of 101 = 5 kPa (standard atmospheric pressure, measured at
the flow gage) and a temperature of 20 * 5°C.

8.2.2 A suitable calibration burner is a sand diffusion burner
with a 0.3 by 0.3 m (12 by 12 in.) top surface and a 0.15 m (6
in.) depth. Construct such a gas burner with a 25 mm (1 in.)
thick plenum. Alternatively, use a minimum 100 mm (4 in.)
layer of Ottawa sand to provide the horizontal surface through
which the gas is supplied. This burner is shown in Fig. 9. The
gas supply to the burner shall be propane (the same quality
used for the ignition burner) or methane. The gas for the burner
flame shall not be premixed with air. Meter the flow rate of gas
and keep it constant throughout the calibration test.

8.2.3 Another suitable calibration burner is a pipe with an
inner diameter of 100 = 1.5 mm (4 in.) supplied with gas from
beneath (see ISO 9705). The gas for the burner flame shall not
be premixed with air.

8.2.4 Obtain a minimum of two calibration points. Obtain a
lower heat release rate value of 40 kW and then a higher heat
release rate value of 160 kW. Approximate propane flow rates
for any required heat release rate value are estimated using the
following constant: 1.485 kW min/L, determined at a pressure
of 101 £ 5 kPa (standard atmospheric pressure; measured at
the flow gage) and a temperature of 20 = 5°C.

8.2.5 Take measurements at least once every 6 s and start 1
min prior to ignition of the burner. Determine the average rate
of heat release over a period of at least I min by the oxygen
consumption method and calculating the heat release rate from
the gas mass flow rate and the net heat of combustion. The
difference between the two values shall not exceed 5 %. This
comparison shall be made only after steady-state conditions
have been reached.

8.2.6 Perform a calibration test in accordance with 8.5 prior
to each continuous test series. Perform a full basic calibration
on a new system or when modifications are introduced.

8.2.7 When calibrating a new system, or when modifica-
tions are introduced, check the response time of the measuring
system by the following test sequence:

Time, min Burner Output, kW
0-5 0
5-10 40
10-15 160
15-20 0

The response of the system to a stepwise change of the heat
output from the burner shall be a maximum of 12 s to 90 % of
final value.

8.2.8 Perform the calibration given in 8.2.7 with the initial
duct air flow rate equal to that to be used in the test procedure.

8.2.9 The change in measured rate of heat release, compar-
ing time average values over 1 min, shall not be more than
10 % of the actual heat output from the burner.

8.2.10 The use of a higher rate of heat release for calibra-
tion, for example 500 kW, will generally lead to higher
accuracy in the test results.

8.3 Mass Loss—Perform calibration of the mass-measuring
device by loading the weighing platform with known masses
corresponding to the measuring range of interest, to ensure that
the requirements of accuracy in 6.3.3 are fulfilled. Carry out
this calibration daily, prior to testing.

8.4 Smoke Obscuration—Calibrate the smoke meter ini-
tially to read correctly for two neutral density filters of
significantly different values, and also at 100 % transmission.
The use of neutral density filters at 0.5 and 1.0 values of optical
density has been shown to be satisfactory for this calibration.
Once this calibration is set, only the zero value of extinction
coefficient (100 % transmission) must be verified each day,
prior to testing. Investigate any excessive departure from the
zero line at the end of a test, and correct it.

8.5 Gas Analysis— Calibrate the gas analyzers daily, prior
to testing (see Guide E 800).

9. Conditioning

9.1 Prior to testing, condition the chairs for at least 48 h in
an atmosphere at a temperature of 21 = 4°C (70 = 7°F) and a
relative humidity of less than 60 %. Test the specimen as soon
as possible after removal from such conditions if the test room
conditions differ from the above. Report the time between
removal from the conditioning room and the start of testing.

10. Procedure

10.1 Initial Conditions:

10.1.1 The ambient temperature shall be above 15°C (60°F)
and the relative humidity shall be below 75 %.

10.1.2 The horizontal air flow, measured at both the surface
and at a horizontal distance of 0.5 m (20 in.) from the edge of
the weighing platform, shall not exceed 0.5 m/s™".

10.1.3 Position the test specimen centrally on the weighing
platform.

10.1.4 Have available means for extinguishing a fully de-
veloped fire.

10.2 Test Procedure:

10.2.1 Perform the measurements needed to obtain the
descriptive information needed for the test report.

10.2.2 Weigh the test specimen immediately upon removal
from conditioning room and immediately before the start of
test.
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10.2.3 PlacetheT-shapedpropanegasburnerinfrontofthe
testspecimen,asspecifiedin6.2.6. Confirmthatburnerholes
havebeencleaned (see Note 3).

10.2.4 Begin all recording and measuring devices 2 min
before startingtheignitionburner.

10.2.5 Lighttheignitionburner.

10.2.6 Exposethetestspecimentothegasburnerflamesfor
80s,ataflowrate of 12 L/min, determined atapressure of

tothenearest 1 s, shall appearinall photographicrecords.

10.2.9 Duringthetest,record the followingeventsand the
timewhentheyoccur,withrespecttothetimeofignitionofthe
burner:

10.2.9.1 Ignitionofthefirstigniting chair,

10.2.9.2 Location of the flame front at various appropriate
times,

10.2.9.3 Meltinganddripping,

10.2.9.4 Occurrenceof poolfireunder the testspecimen,

10.2.9.5 Generaldescriptionoftheburning behavior, and

10.2.9.6 Anyothereventofspecialinterest.

10.2.10 Terminatethetestafterthe firstofthe following:

10.2.10.1 Allsignsofcombustionhave ceased,

10.2.10.2 Onehouroftestinghaselapsed, or

10.2.10.3 Flashoverappearsinevitable.

10.2.11 Note, from visual inspection of the specimen after
thetest, the approximate percentage of each surface that was
burnedorcharred,andtheapproximatedepthoffiredamage.

11. Calculation

11.1 Considerations forheatrelease measurements are pre-
sentedinAnnexA3.Calculatetheheatreleasedata,usingthe
equations presented in A4.1. The testing laboratory shall
chooseoneoftheequationsgiveninA4.1forcalculatingheat
release,basedonthe gasanalyzersinstalled.

11.2 Calculate the smoke release data using the equations
presentedinA4.2.

11.3 Calculate the gas yield data using the equations pre-
sentedinA4.3.

12. Report

12.1 Reportthe followingdescriptiveinformation:
12.1.1 Nameandaddressof thetestinglaboratory,
12.1.2 Dateandidentificationnumber of thereport,
12.1.3 Nameandaddressofthe testrequester,
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12.1.4 Test configuration used: A, B, or C,

12.1.5 Name of product manufacturer or supplier, if known,

12.1.6 Name or other identification marks and description
of the chairs,

12.1.7 Linear dimensions (height, width, depth) of each
individual chair and of the test specimen,

12.1.8 Total mass, thickness of the main components and
mass of combustible portion of each test specimen,

12.1.8.1 Weight change of the test specimen between re-
moval from conditioning room and start of test,

12.1.9 Density, or mass per unit surface area of the main
components in each chair, if known,

12.1.10 Conditioning of the chairs,

12.1.11 Date of the test,

12.1.12 Test number and any special remarks, and

12.1.13 Time between the removal from conditioning room
and start of testing.

12.2 Include the following test results in the test report (see
also appendixes):

12.2.1 Table of numerical results containing the following:

12.2.1.1 Peak rate of heat release (in kW), and the time at
which it occurred,

12.2.1.2 Total heat released (in MJ),

12.2.1.3 Total heat released at 10 min (in MJ),

12.2.1.4 Peak rate of smoke release (in m*/s '), and the
time at which it occurred,

12.2.1.5 Total smoke released (in m?),

12.2.1.6 Total smoke released at 10 min (in m?),

12.2.1.7 Total mass loss (in kg),

12.2.1.8 Total mass loss at 10 min (in kg),

12.2.1.9 Total percentage of mass loss (in %),

12.2.1.10 Peak concentration of carbon monoxide (in ppm),

12.2.1.11 Peak temperatures (in °C),

12.2.1.12 Equation used to calculate rate of heat release,

12.2.1.13 Peak optical density of smoke (optional),

12.2.1.14 Average optical density of smoke, over the 10-
min period including the peak (optional),

12.2.1.15 Total percentage of combustible mass loss (in %)
(optional),

12.2.1.16 Average yield of carbon monoxide (in g CO/g
fuel) (optional),

12.2.1.17 Average yield of carbon dioxide (in g CO,/g fuel)
(optional),

12.2.1.18 Carbon monoxide/carbon dioxide molar yield ra-
tio (optional), and

12.2.1.19 Average yield of any other measured combustion
gas (in g combustion gas/g fuel) (optional).

12.2.2 Graphical Results (Optional):

12.2.2.1 Plot of rate of heat release versus time,

12.2.2.2 Plot of rate of smoke release versus time,

12.2.2.3 Plot of optical density versus time,

12.2.2.4 Plot of mass loss versus time,

12.2.2.5 Plot of concentration of carbon monoxide versus
time,

12.2.2.6 Plot of concentration of carbon dioxide versus
time,

12.2.2.7 Plots of concentration of any other measured com-
bustion gas versus time,

12.2.2.8 Plot of mass flow rate in the exhaust duct versus
time,

12.2.2.9 Plot of duct temperature versus time, and

12.2.2.10 Report smoke obscuration, carbon monoxide and
temperature measurements in the room in the same fashion, if
they have been made.

12.2.3 Descriptive Results:

12.2.3.1 Photographs or videotape of the fire development,
and

12.2.3.2 All available information requested in 10.2.9
through 10.2.11.

13. Precision and Bias

13.1 Precision:

13.1.1 Initial Repeatability—The results of a repeatability
study from one laboratory, involving six different sets of
stacked chairs are shown in Table 1 and Table X4.1 to Table
X4.6. Three tests were conducted for each type of stacking
chair in Test Configuration C (furniture calorimeter). The
percentage relative standard deviation or coefficient of varia-
tion) (100 times the ratio of the standard deviation and the
average) for various properties (initial mass, peak heat release
rate, total heat release, peak smoke release rate, total smoke
release, mass loss, and time to peak heat release rate) were
averaged for all tests (see Table 1). The constant (A) and
coefficient (B) correspond to the terms in the equation:

Repeatability (r) = A + B * property (1)

The results shows that the average of the relative standard
deviations is less than 25 % for all properties analyzed,
although some individual relative standard deviations also
exceed 20 %.

TABLE 1 Stacking Chair Test Results—Chair Set 6 (See X4.6)

Note 1—A and B represent the constant and coefficient of the equation:

r (repeatability) = A + B * property
Note 2—RSD % and Avg represent the averages of, respectively, the percentage relative standard deviations and average values for every type of stack

tested.
Initial Mass Peak Heat Total Heat Peak Smoke Total Smoke Mass Loss Time to Peak
K ’ Release Rate, Released, Release Rate, Released, K ’ Heat Release Rate,

9 kw MJ m?/s m?2 9 min
A 0.14 -79 41 0.48 163 0.30 -0.59
B 0.011 0.25 -0.065 -0.0058 0.022 0.075 0.26
Avg 37.7 863 265 5.1 1235 9.6 121
RSD% 1 14 14 17 18 16 20
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13.1.2 Interlaboratory Repeatability and Reproducibility —
Table 2 and Table 3 show the precision obtained in an
interlaboratoryround-robinevaluationconducted with4labo-
ratories,usingthreesetsofstackingchairs(labeledS1toS3),
stackedingroupsof5fortest,suppliedbydifferentmanufac-
turers,andallcommerciallyavailable. Twoofthelaboratories
conductedthetestsusingthe "ASTMroom ",andtheothertwo
used the "Californiaroom ". The data obtained from all four
laboratorieswereanalyzed.InTable2,outliersand "obviously
incorrectdata” were excluded, using standard statistical con-
siderationsandinformationfromthetestlabreportssubmitted.

It should be noted that some tests in some laboratories were
incorrectly terminated before the mandated end point, after
some guidelines were exceeded. The complete set of major
data was also analyzed, without eliminating any data point,
withthestatisticalanalysisincludedasTable3.Itispossibleto
conductananalysisofthedatathatexcludesallincorrectdata
but does not exclude outliers, but that was not done. A
ResearchReporthasbeensubmittedtoASTMwhichincludes
alltheinformationrequiredforafullunderstandingofresults.
Theuserisencouragedtoconsultthisresearchreportentitled:
"Test Methods E 1537 & E 1822 Interlaboratory Precision
Study,Preparedby:ASTMEO05.15 " (2001).Theabbreviations
usedareasfollows: peakrateofheatrelease (PkRHR), total
heatreleased (THR), masslossat 10min(MassLoss @ 10),
peak rate of smoke release (Pk RSR), total smoke released
(RSR),standarddeviationforrepeatabilityandreproducibility
(STDrepeatand STD Repro), relative standard deviation for
repeatabilityandreproducibility(RSDrepeatandRSDRepro),
repeatability (r) and Reproducibility (Repro).

13.2 Bias:

13.2.1 No information is presented on the bias of the
procedure in this test method because correct values of
fire-test-responsecharacteristics of stacked chairscanonly be
definedin terms of atest method. Within this limitation, this
testmethodhasnoknownbiasandisacceptableasareference
testmethod.

13.2.2 Forsolidtestspecimensofunknownchemicalcom-
position, asusedinbuilding materials, furnishings, and com-
monoccupantfuelload,ithasbeendocumentedthattheuseof
theoxygenconsumptionstandardvalueof13.1MJ/kgoxygen
for the net amount of heat released per unit of oxygen
consumed for complete consumption, results in an expected
errorbandof *=5% comparedtothetruevalue. Forhomoge-
neous materials with only asingle pyrolysis mechanism, this
uncertaintyisreducedbydeterminingthenetheatofcombus-
tion from oxygen-bomb measurements and the stoichiometric
oxygen/fuel mass ratio from ultimate elemental analysis. For
testingrelevanttothistestmethod, thisisnotpractical, since
the test specimens are finished products, some of which are
nonhomogeneous and capable of exhibiting degradationreac-
tions. Therefore, for unknown test specimens, a *+5% accu-
racy limitis observed. Forreference materials, however, itis
likely that careful determination of the net heat released per
unitofoxygenconsumedwillmakethissourceofuncertainty
substantiallyless.

14. Keywords

14.1 calorimetry; carbon dioxide; carbon monoxide; chair;
fire; fire testing; fire-test response; furniture; heat release;
ignition; oxygen consumption; smoke obscuration; stacked
chair; stacking chair; toxiccombustion gases

TABLE 2 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation Excluding Outliers and Incorrect Data

Stack Property/Units Average STD repeat STD Repro r R RSD repeat RSD Repro
S1 Pk RHR/KW 14.7 4.3 4.3 12.0 12.0 29.2 29.2
S2 Pk RHR/KW 23.6 8.7 8.7 24.5 24.5 37.0 37.0
S3 Pk RHR/KW 503.4 156.4 156.4 437.8 437.8 31.1 31.1
S1 THR @ 10/MJ 1.7 1.6 1.6 4.4 4.4 94.4 94.4
S2 THR @ 10/MJ 3.8 21 2.1 5.8 5.8 53.8 53.8
S3 THR @ 10/MJ 70.8 39.8 39.8 111.6 111.6 56.3 56.3
S1 time to Pk RHR/s 110.9 29.9 64.7 83.8 181.1 27.0 58.3
S2 time to Pk RHR/s 436.0 745.2 745.2 2086.5 2086.5 170.9 170.9
S3 time to Pk RHR/s 595.5 131.2 131.2 367.3 367.3 22.0 22.0
Si Mass Loss @ 10/kg 0.2 0.3 0.3 0.8 0.8 167.0 167.0
S2 Mass Loss @ 10/kg 0.3 0.1 0.2 0.4 0.6 49.9 75.6
S3 Mass Loss @ 10/kg 7.2 24 24 6.6 6.6 32.6 32.6
Si Pk RSR, m?/s 0.6 1.1 1.1 3.1 21 174.3 174.3
S2 Pk RSR, m?/s 1.0 0.7 0.9 1.9 2.4 67.7 85.1
S3 Pk RSR, m?/s 1.9 0.7 0.7 2.0 2.0 37.0 37.0
S1 TSR, m? 91.6 45.4 78.3 1271 219.3 49.6 85.5
S2 TSR, m? 78.2 61.1 64.5 1711 180.6 78.1 82.4
S3 TSR, m? 697.1 210.1 350.1 588.2 980.3 30.1 50.2
S1 time to Pk RSR/s 119.9 45.1 451 126.3 126.3 137.6 137.6
S2 time to Pk RSR/s 82.9 6.0 6.0 16.9 16.9 7.3 7.3
S3 time to Pk RSR/s 793.2 955.8 955.8 2676.3 2676.3 120.5 120.5

10
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TABLE 3 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation of Without Excluding Outliers or Incorrect

Data
Stack | # labs | Average | STD repeat | STD Repro | r | R | RSD repeat | RSD Repro
Peak RHr/kW
S 4 63.2 86.02 119.3 240.9 334.0 136.1 188.8
S2 4 38.2 50.8 53.2 142.2 149.0 133.0 139.3
S3 4 505.7 78.9 163.6 220.9 458.1 15.6 32.4
Total Heat Released @ 10 min/MJ
S1 4 1.74 0.79 0.79 2.2 2.2 45.4 45.4
S2 4 3.73 1.1 2.08 3.1 5.8 29.8 55.8
S3 4 715 20.8 46.7 58.2 130.8 29.1 65.3
time to peak RHR/s
S1 4 349 430 556 1204.0 1556.8 123.2 159.3
S2 4 631 820 979 2296.0 2741.2 130.0 155.2
S3 4 592 72.8 173.7 203.8 486.4 12.3 29.3
Mass Loss @ 10 min/kg
S1 4 0.19 0.15 0.24 0.4 0.7 78.9 126.3
S2 4 1.47 411 4.29 11.5 12.0 279.6 291.8
S3 4 7.15 1.16 4.73 3.2 13.2 16.2 66.2
Peak RSR/m?/s
St 4 0.71 0.55 0.78 1.5 2.2 77.5 109.9
S2 4 1.02 0.68 1.27 1.9 3.6 66.7 124.5
S3 4 4.32 3.78 5.97 10.6 16.7 87.5 138.2
Total Smoke Released @ 10 min/m?
S1 4 68.3 74.3 92.3 208.0 258.4 108.8 135.1
S2 4 259 52.8 433 147.8 1212.4 20.4 167.2
S3 4 929 964 10010 2699.2 28028.0 103.8 1077.5
Total Smoke Released entire test/m?
S 4 177.5 299.6 301.5 838.9 844.2 168.8 169.9
S2 4 1539 1165 3073 3262.0 8604.4 75.7 199.7
S3 4 816 484 721 1355.2 2018.8 59.3 88.4
time to peak RSR/s
S1 4 218 201 264 562.8 739.2 92.2 1211
S2 4 442 804 969 2251.2 2713.2 181.9 219.2
S3 4 715 509 717 1425.2 2007.6 71.2 100.3
ANNEXES
(Mandatory Information)
Al. DESIGN OF EXHAUST SYSTEM
Al.1 Design of Hood and Exhaust Duct: combustion gases. Alternative gas mixing methods are accept-

Al.1.1 Collect the combustion gases from the burning test
specimen by means of a hood. A system is described as follows
which has been tested in practice and proven to fulfill the
specifications given in this test method.

A1.1.2 The hood is located just outside the room doorway.
The following bottom dimensions of the hood have been found
satisfactory: 2.4 by 2.4 m (8 by 8 ft), with the height of the
hood itself of 1.0 m (3 ft—4 in.), (see Fig. 5). The hood feeds
into a plenum having a 0.9 by 0.9-m (3 by 3-ft) cross sectional
area. The plenum has a height of 0.9 m (3 ft). The maximum
acceptable plenum height is 1.8 m (6 ft), depending on building
constraints. A system with different dimensions is acceptable,
provided that equivalence has been demonstrated.

A1.1.3 In the plenum chamber, it has been found that the
incorporation of two plates approximately 0.5 by 0.9 m in size,
see Fig. 5, is a satisfactory way of increasing mixing of the
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able if equivalence has been demonstrated. Design and manu-
facture the hood so that no leakage exists.

Al.1.4 If alaser beam is used, a suitable means of mounting
the beam together with the combustion gas sampling probes is
shown in Fig. Al.1.

A1.1.5 Connect an exhaust duct to the plenum chamber. The
inner diameter of the exhaust duct is 0.4 to 1.0 m (16 to 40 in.).
To facilitate flow measurements, guide vanes, if needed, are
located at both ends of the exhaust duct, Fig. 8. Alternatively,
the rectilinear part of the exhaust duct must have a length such
that a fully developed flow profile is established at the point of
measurement. Connect the exhaust duct to an evacuation
system.

Al.1.6 Design the capacity of the evacuation system to
exhaust minimally all combustion gases leaving the test
specimen. This requires an exhaust capacity of at least 2.7
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kg/s™' (approximately 8000 m */h™"' at standard atmospheric

conditions) corresponding to a driving under pressure of
approximately2kPaattheendoftheduct.Provideameansof
controllingtheexhaustflowfromapproximately0.5kg/s
tomaximumflow,asstatedpreviously,duringthetestprocess.
Ensurethatthemeasurementsystemhasasensitivitysufficient
for measuring low rates of heat release. Mixing vanes in the
ductareanadequatemeansofsolvingthe problemifconcen-
tration gradients are found toexist.

A1.1.7 Analternativeexhaustsystemdesignisacceptableif
it is shown to produce equivalent results. Equivalency is
demonstratedbymeetingthecalibrationrequirementsgivenin
Section8.Exhaustsystemdesignsbasedonnaturalconvection
are unacceptable.

A2. INSTRUMENTATIONINEXHAUSTDUCT

A2.1 FlowMeasurement:

A2.1.1 Onetechnique for measuring the flow is abidirec-
tional probe located at the center line of the duct. The probe
showninFig.A2.1consistsofastainlesssteelcylinder44mm
(1.75in.)longandwithaninnerdiameterof22mm(0.875in.).
The cylinder has a solid diaphragm in the center, dividing it
into two chambers. The pressure difference between the two
chambersismeasured by adifferential pressure transducer.

A2.1.2 Useadifferential pressuretransducer withanaccu-
racy of at least  *=0.25 Pa (0.001 in. of water) and of the
capacitancetype.AsuitablerangeofmeasurementisfromOto
150Pa.

A2.1.3 Placeonethermocouplewithin152mm(6in.)ofthe
bidirectional probe. Use an Inconel sheathed thermocouple,
Type KChromel-Alumel. The wire gageshallbeintherange
from 24 to 30 AWG (0.51 to 0.36 mm diameter). Place the
thermocouple wire, within 13mm (0.5in.) ofthebead,along
expected isotherms to minimize conduction errors. Use an
insulationbetweentheChromelandAlumelwiresthatisstable
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toatleast1 100°C(2000°F).Ensurethatthethermocoupledoes
notdisturbthe flow patternaround the bidirectional probe.

A2.2  Sampling Line:

A2.2.1 Place the sampling probe in a position where the
exhaustductflowisuniformlymixed.Constructtheprobewith
acylindrical cross section to minimize disturbance of the air
flowintheduct.Collectthecombustiongassamplesacrossthe
entirediameteroftheexhaustduct(seeFig.A2.2).

A2.2.2 Remove the particulates contained in the combus-
tion gases withinertfilters, tothe degreerequired by the gas
analysis equipment. Conduct the filtering procedure in more
thanonestep.Coolthecombustiongasmixturetoamaximum
of 10°C. The combustion gas samples taken toeach analyzer
shallbedriedcompletely.

A2.2.3 Transport the combustion gases by apump. Use a
pump that does not allow the gases to contact oil, grease, or
similarproducts,allofwhichcancontaminatethegasmixture.
A diaphragm pump (coated with polytetrafluoroethylene) is

-1 up
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suitable. Alternative pumps shown to have the same effect are
acceptable, but they have often been shown to need frequent
replacement.

A2.2.4 Suitable sampling probes are shown in Fig. A2.2 and
Fig. A2.3. These sampling probes are of the bar and cross type.
Ring-type sampling probes are also acceptable, although they
do not collect gas samples across the full diameter of the duct.
Turn the intake of the sampling probe downstream to avoid
soot clogging the probe.

A2.2.5 A suitable pump has a capacity of 10 to 50 L/min ~
at 10 kPa (minimum), as each gas analysis instrument con-
sumes approximately 1 L/min~'. A pressure differential of at
least 10 kPa, as generated by the pump, reduces the risk of
smoke clogging the filters.

A2.2.6 Install a soot filter, capable of removing all particles
>25 um in size.

A2.2.7 The most satisfactory means of cooling and drying
the combustion gases is to use a refrigerated column. The
recommended approach is to use a refrigerated column and
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FIG. A2.3 Sampling Probe of the Cross-Shaped Type

A 4

separation chamber with a drain plug from which the collected
water is removed from time to time (see Fig. 6). Alternate
devices show to give equivalent results are also acceptable.

A2.2.8 If carbon dioxide is to be removed, use carbon
dioxide removal media, as indicated in Fig. 6.

A2.3 Combustion Gas Analysis:

A2.3.1 Oxygen Concentration—Use an oxygen analyzer,
meeting the specifications given in 6.6.2.1, preferably of the
paramagnetic type and including an absolute pressure trans-
ducer to compensate for gas pressure variations. Locate a
rotameter on the outlet of the oxygen analyzer (see Fig. 6).

A2.3.2 Carbon Monoxide and Dioxide Concentration—
Analyzers found suitable are nondispersive infrared analyzers.
See Guide E 800 for further guidance.

A2.3.3 Other Combustion Gases—Use Guide E 800 for
details of suitable analyzers when the optional measurements
of the concentrations of other combustion gases, such as water,
total hydrocarbon, nitrogen oxide, hydrogen cyanide, or hydro-
gen chloride, are to be made.

A2.3.4 Time Shift— Combustion gas concentration mea-
surements require the use of appropriate time shifts to account
for gas analyzer response and for combustion gas transit time
within the sampling system. For each gas analyzer used,
determine the system delay time for the analyzer to reach a
90 % response to a step change in the gas concentration.
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A2.4 SmokeObscuration:

A2.4.1 WhiteLightSystem :

A2.4.1.1 One suitable light measuring system based on
white light has the following components: a lamp, plano
convex lenses, an aperture, a photocell, and an appropriate
power supply. Mount the lenses, lamp, and photocell inside
two housings, located on the exhaust duct, diametrically
opposite each other. Ithas been found that, in some cases, a
systemconsistingsolelyofawhitelightandaphotocell,along
theexhaustduct,acrossfromeachotherandatanangletothe
vertical,issatisfactory,insomecases.

A2.4.1.2 Use a lamp of the incandescent filament type,
whichoperatesatacolortemperatureof2900 * 100K.Supply
the lamp with stabilized direct current, stable within *+0.2%
(including temperature, short-term, and long-term stability).
Centertheresultantlightbeamonthephotocell. SeeA2.4.1.6
foranexampleofasystemthathasbeenfoundsuitable.

A2.4.1.3 Select the lens system such that the lens L,, in
accordancewithFig.7,hasadiameter, d,chosenwithregard
tothefocallength, f, of L, sothat d/f = 0.04.SeeA2.4.1.6for
anexampleofasystemthathasbeenfoundsuitable.

A2.4.1.4 Place the aperture in the focus of lens L, in
accordance with Fig. 7. See A2.4.1.6for an example of a
systemthathasbeenfoundsuitable.

A2.4.1.5 Use a detector with a spectrally distributed re-
sponsein accordance with the CIE photopic curve and linear

withinS%overanoutputrangeofatleast3.5decades.Check
this linearity over the entire range of the instrument periodi-
cally with calibrated optical filters. See A2.4.1.6 for an
exampleofasystemthathasbeenfoundsuitable.

A2.4.1.6 The following system is an example of a light
measuring systemthathasbeenfoundtobesatisfactory:

A2.4.1.7 Lenses—Plano convex, 40-mm diameter, 50-mm
focallength.

A2.4.1.8 Lamp—Osram Halo Stars, 64410,6V, 10 W, or
equivalent.

A2.4.1.9 Photocell—United Detector Technology, PIN 10
AP, orequivalent.

A2.4.1.10 Voltage Supply — Gresham Lion Ltd, Model
G X 012,0requivalent.

A2.4.1.11 Designasystemthatispurgedeasilyagainstsoot
deposits.Theuseofholesintheperipheryofthetwohousings
isameansofachievingthisobjective.

A2.4.2 LaserSystem —Anacceptable alternate system for
measurementsofsmokeobscurationusesahelium-neonlaser,
siliconphotodiodesasmainbeam,andreferencedetectorsand
appropriate electronics toderive an extinction coefficientand
to seta zero reading. The system is designed for split yoke
mountingintwopieces,whicharerigidlycoupledtogether,but
resilientlyattachedtotheexhaustductbyrefractorygasketing.
Projecta0.5t02.0mW helium-neonlaserbeamhorizontally
acrosstheexhaustduct(seeFig.8).

A3. CONSIDERATIONSFORHEATRELEASEMEASUREMENTS

A3.1 Measurement of Rate of Heat Release by Oxygen
Consumption:

A3.1.1 Introduction—1In 1917, Thornton (6) showed that
foralargenumberoforganicfuels,amoreorlessconstantnet
amount of heatis released per unit of oxygen consumed for
complete combustion. Huggett (7) obtained anaverage value
forthisconstantof13.1MJ/kgofO ».Thisvaluemaybeused
for practical applications and is accurate, with very few
exceptions,towithin  *5 %.

A3.1.2 Thornton’s rule indicates that it is sufficient to
measuretheoxygenconsumedinacombustionsysteminorder
todetermine the netheatreleased. Thisis particularly useful
forfull-scalefiretestapplications. Forexample, forcompart-
ment fires, the oxygen consumption technique is much more
accurate and easier to implement than methods based on
measuring all of the terms in a heat balance of the compart-
ment.

A3.1.3 Perhapsthefirstapplicationoftheoxygenconsump-
tion principle in fire research was by Parker (8) using Test
Method E 84 (tunnel test). Later, Sensenig applied it to an
intermediatescaleroomtest  (9).Duringthelateseventiesand
earlyeighties,theO , consumptiontechniquewasrefinedatthe
National Institute for Standards and Technology (NIST, for-
merly National Bureau of Standards). A paper by Parker
provides equations for calculating the rate of heat release by
oxygenconsumptionforvariousapplications.Thetechniqueis

(10)
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nowusedextensivelyinmanylaboratoriesalloverthe world,
bothinbench-scale (11) andfull-scale (12,13) firetestappli-
cations.

A3.1.4 Theobjectiveofthissectionistoprovideacompre-
hensivesetofequationsandguidelinesfordeterminingtherate
ofheatreleaseinfull-scalefiretestsbasedontheO , consump-
tion principle. The approach followed here is somewhat
differentfromParker (10) astheemphasisisonfull-scalefire
test applications and the use of volumetric flow rates is
avoided. Volumetric flow rates require specification of tem-
peratureandpressure.Variousinvestigatorshaveuseddifferent
combinationsofreferencepressureandtemperature.Thisleads
toconfusion, thatis greatly minimized if mass flow rates are
used.

A3.1.5 Thebasicrequirementis that all combustion prod-
ucts be collected in ahood and removed through an exhaust
duct. At a distance downstream of the hood sufficient for
adequatemixing,boththeflowrateandthecompositionofthe
combustiongasesaremeasured.Itisassumedherethatitisnot
possibletomeasuretheairflowrateintothesystem,asthisis
generally the case for full-scale fire tests. The differences in
treatmentandequationstobeusedareduemainlytotheextent
to which combustion gas analysis is made. Oxygen shall be
measured in all cases. However, heat release rate measure-
ments will be more accurate by measuring carbon dioxide
(CO,)andcarbonmonoxide (CO)additionally.
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A3.1.6 It must be emphasized that the analysis is approxi-
mate. The following list describes the main simplifying as-
sumptions made:

A3.1.6.1 The amount of energy released by complete com-
bustion per unit of oxygen consumed is taken as: E =13.1
MJ/kg of O,.

A3.1.6.2 All combustion gases are considered to behave as
ideal gases. In other words one mole of any gas is assumed to
occupy a constant volume at the same pressure and tempera-
ture.

A3.1.6.3 Incoming air consists of O,, CO ,, H,0O, and N,.
Concentrations of all inert gases that do not take part in the
combustion reactions are included with that of the nitrogen.

A3.1.6.4 The O,, CO,, and CO are measured on a dry basis.
In other words water vapor is removed from the sample before
combustion gas analysis measurements are made.

A3.1.7 In the analysis to follow, initial emphasis will be
placed on the flow rate measurement. Equations for calculating
flow rate are applicable, unless otherwise indicated, regardless
of the configuration of the combustion gas analysis system.
Distinction is made, in subsequent sections, between various
combustion gas analyzer combinations.

A3.2 Flow Measurements:

A3.2.1 Two techniques are most often used to measure mass
flow rate in the exhaust duct of full-scale fire tests.

A3.2.2 The first technique measures mass flow rate by way
of the pressure drop across, and temperature at, an orifice plate
(see Eq A4.1). If the test is conducted within a narrow range of
conditions, the orifice-plate coefficient, C, is approximately
constant. Determine the value of the orifice-plate coefficient
using a gas burner calibration or an alternative method that
provides equivalent results. However, if flow rates are varied
during a test or if temperature changes are considerable, the
effect on Cof the Reynolds number and pressure at the
downstream side of the orifice plate must be taken into
account. Information on such corrections and on various design
options (for example the location of the pressure taps) are
found in Ref (14).

A3.2.3 The second technique is to measure velocity at one
point in the duct, usually along the centerline. The flow rate is
then calculated using a predetermined shape of the velocity
profile in the duct. The latter is obtained by measuring velocity
at a sufficient number of representative points over the diam-
eter or cross section of the duct prior to any fire tests. Detailed
procedures for obtaining this profile are described in (15).
Usually, conditions in full-scale fire tests are such that the flow
in the duct is turbulent, resulting in a shape factor k, ( =ratio
of the average velocity to the velocity along the centerline)
close to one.

A3.2.4 Due to considerable soot production in many fires,
pitot static tubes cannot be used because of the potential for
clogging of the holes. In order to deal with this problem, a
more robust bidirectional probe was designed by McCaftrey
and Heskestad (16). This involves measuring the differential
pressure across the probe and the centerline velocity (see Eq
A4.2), and is valid in the range of Reynolds numbers, Re:

40 < Re < 3800 (A3.1)

15

In many full-scale fire test applications, duct diameter and
flow rate are such that the Reynolds number is:

Re > 3800 (A3.2)

In this case, f{Re) is taken as a constant (1.08) that simplifies
the calculations greatly. In the system described, the Reynolds
number is usually greater than 3800 so that f{fRe) = 1.08.
Further details of this and of all other calculations discussed in
this annex are presented in a paper by Janssens (17). For
additional details, see also ISO 9705.

A3.3 Rate of Heat Release Measurement if Only Oxygen
Concentration Measurements are Used for Calculation:

A3.3.1 In this case, all water vapor and CO, are eliminated
by the use of appropriate filtering media. This leads to the
assumption that the sample combustion gas consists of O, and
N , only. This is approximately true provided CO production is
negligible. Since the composition of the incoming air is
unlikely to change during a test, and since the temperatures in
building fires are usually not high enough to generate notice-
able amounts of nitrogen oxides by nitrogen fixation, the mole
fraction of O, in the air as measured by the analyzer prior to a
test is written on the basis of O, and N, exclusively. The mole
fraction of O, in the exhaust combustion gases, as measured by
the oxygen analyzer, is written in a similar manner. As nitrogen
is conserved and does not participate in the combustion
reactions, the equations are derived on the basis of its conser-
vation.

A3.3.2 In this case the rate of heat released (in kilowatts) is
calculated as a function of the heat released per unit of oxygen
consumed (E, 13.1 MJ/kg of O,), the ratio of the molecular
weight of oxygen (M, 32.0 kg/kmol) and the molecular weight
of the incoming air (M,, generally taken as 28.97 kg/kmol),
and the mass flow rate of the incoming air (in kg/s). The flow
rate measured is that of the smoke within the exhaust duct and
not that of the incoming air. In order to find a relation between
the two, it is necessary to define the oxygen depletion factor.
The oxygen depletion factor is the fraction of the incoming air
which is fully depleted of its oxygen (see Eq A4.4). It has been
demonstrated (see the appendix in Test Method E 1354), that
the rate of heat release is a function of E, M,, M,, and the
oxygen depletion factor, plus the expansion factor.

A3.3.2.1 The expansion factor value must be assigned. Use
1.105, the value for methane for testing. Other values are 1.084
(for propane), 1.0 (for carbon in dry air), and 1.21 (for
hydrogen). Use 1.084 for calibrations made with propane gas.

A3.3.3 The resulting equation, Eq A4.5, is expected to be
accurate to within =5 % provided combustion is complete. In
other words all the carbon is converted to CO,. Errors will be
greater if CO or soot production is considerable or if a
significant amount of the combustion products is other than
CO, and H ,0. It is unlikely that these errors will be of concern
for a single stack of chairs.

A3.4 Rate of Heat Release Measurement if Oxygen and
Carbon Dioxide Concentration Measurements are Used for
Calculation—This case is similar to that covered in the former
section. It is now assumed that only water vapor is trapped
before the sample reaches the combustion gas analyzers.
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Again,theequations,arederivedonthebasisofconservation

of nitrogen. The mole fractionof CO  , intheincomingairis
takentobe 330 ppm. Anew equationisnowrequired forthe
oxygendepletionfactor: EqA4.7. Againtheequation forrate

of heat release (see Eq A4.6) is accurate to within 5%
provided combustion is complete. In other words, all of the
carbonisconvertedtoCO .

A3.5 RateofHeatReleaseMeasurementifOxygen,Carbon
Dioxide, and CarbonMonoxide Concentration Measurements
areUsedforCalculation —Thiscaserevertstothatcoveredin
A3.4if COproductionisnegligible. Taking COintoaccount,
however, changes the equations. It means thatanew oxygen
depletionfactorisrequired, EqA4.7,aswellasanewrateof
heatreleaseequationaltogether,EqA4.8.

A3.6 CalculationofHeatReleasedbyIgniting Fuel:

A3.6.1 Partofthe oxygendepletionin the exhaustductis
due to the combustion of the ignition source fuel. This part
mustbesubtractedfromthetotaloxygendepletioninorderto
determinethenetrate ofheatrelease of thetestspecimen.

A3.6.2 For a gas burner, Janssens (17) has derived an
equation to take into account this value. This equation is
acceptable, but its use is accompanied by some difficulties,
suchasthedelayintheresponseoftheinstrumentationinthe
exhaustduct,theproblemoffillingofanenclosure,andother
experimentaldifficulties. Asimpleralternativewayofmeasur-
ingthenetheatreleasedbythetestspecimenistosubtractthe
heatreleasemeasuredinthecalibrationfromtheheatobtained
intheequations.Thisheatyieldsabaselinerateofheatrelease
curve.

A3.7 Conclusions:

A3.7.1 Depending on the configuration of combustion gas
analyzers and the type of flow rate measurement, one of the
followingproceduresshallbeusedtocalculatetherateofheat
release:

A3.7.2 Case I —Only O , concentration measurements are
used:

A3.7.2.1 Calculate the mass flow rate of the exhaust com-
bustion gases,

A3.7.2.2 Calculatethe oxygendepletionfactor,and

A3.7.2.3 Calculatetherate ofheatrelease.

A3.7.3 Case2 —BothO , andCO , concentration measure-
mentsareused:

A3.7.3.1 Calculate the mass flow rate of the exhaust com-
bustiongasesasinA3.7.2,

A3.7.3.2 Calculatethenew oxygendepletionfactor,and

A3.7.3.3 Calculatethenewrate ofheatrelease.

A3.7.4 Case3 —0,, CO,,and CO concentration measure-
mentsareused:

A3.7.4.1 Calculate the mass flow rate of the exhaust com-
bustiongasesasinA3.7.2,

A3.7.4.2 Calculatethe new oxygendepletionfactor,and

A3.7.4.3 Calculatethenewrate ofheatrelease.

A3.7.5IfaCO , analyzerisused,thiseliminatesthe need
forremovalof CO , fromthecombustion gassample. Thisis
mainlyofpracticalimportancesincethescrubbingagentused
toremoveCO , usuallyrequirescarefulhandlingandisrather
expensive. If significant amounts of CO are produced (for
exampleatorbeyondflashoverinventilation-controlledroom
fires), theaccuracy of therate ofheatrelease measurementis
improvedif COismeasured.

A3.7.6 The presence of a water vapor analyzer simplifies
theanalysisandimprovesaccuracyevenmore. Unfortunately,
the implementation of a water vapor analyzeris not straight-
forwardbecausesamplinglines, filters, etc. mustbeheatedto
preventcondensation. Theuseofawatervaporanalyzer,thus,
precludestheneedtoestimatetheexpansionfactor. However,
for this test method, the use of water analyzers is not
recommended.

A4. MEASUREMENTEQUATIONS

A4l
A4.4):

A4.1.1 FlowRate :
A4.1.1.1 Pressure Drop Measurement

Rate of Heat Release (Symbols are Explained in

(seeEqA4.1):

R (R
m, = C* [7] (A4.1)
A4.1.1.2 VelocityMeasurement (seeEqA4.2):
o ATk Ap
1, = 26.54% S0 [T] (A4.2)

IfEqA4.2isused,determine k& . wheneverthebidirectional
probe or the duct are replaced. Do this by correlating the
velocity measured by thebidirectional probe withareference
method, suchasapitot-static tube.

A4.1.1.3 The function of the Reynolds number f(Re) has
beendescribed,by McCaffreyand Heskestad ~ (8),asrespond-
ingtoEqA4.3:
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f(Re) =1.533 — 1.366 X 10 > Re
+ 1.688 X 10° Re* — 9.705 X 10! Re?
+2.55510 "B Re* —2.484 x 1077 RE®

A4.1.1.4Tf Re >3800,then f(Re) =1.08.

A4.1.2 Case I —Only O , concentration measurements are
used. Calculatetherate ofheatreleaseinaccordance withEq
Ad.4:

(A4.3)

. Ap Xo, — X5) .
Q(I):EXI.IOXC [zj[#ji‘x%}xﬂxwo)
(A4.4)
SetthevalueofEforthetestspecimenequalto13.1 X 10°

kJ/kgunlessamoreexactvalueisknownforthetestmaterial.

A4.1.3 Case2 —OnlyO , andCO , concentration measure-
ments are used. Calculate the mass flow rate in accordance
withEqA4.1 or EqA4.2 and the oxygen depletion factorin
accordance withEqA4.5:
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 Xo, X [1 = Xeo,] = Xo, X [1 = Xcp,]
Xy, X [1 = X0, = Xco,)

(A4.5)
and the rate of heat release in accordance with Eq A4.6:

Mo . . .
7 X (1= Xy = Xco) X Xo,

)~ ™e 1,
(A4.6)

00 = E X 'ty X i, X

A4.1.4 Case 3—0, and CO, and CO concentration mea-

surements are used. Calculate the mass flow rate in accordance

with Eq A4.1 or Eq A4.2 and the oxygen depletion factor in Eq

A4.7:

X, X [1 = Xeo, = Xcol = Xo, X [1 = Xcp,]
XZ)Z X[l = on - Xco2 - Xco]

(A4.7)

Finally, calculate the rate of heat release in accordance with
Eq A4.8:

mé’
1+ dX (a—1)

. 1 - X,
Q(l)z[EX(b_(ECO_E)X 2¢XX_COO]

M07 3 o
X 37 X (1= Xy X X o, (A4.8)
A4.2 Smoke Measurement Equations:
A4.2.1 Optical Density (OD) (See Eq A4.9):
OD = log [1,/1] (A4.9)
A4.2.2 Extinction Coefficient (k) (See Eq A4.10):
k= (I/L[,) * 1n (Ip/) (A4.10)

A4.2.3 The volumetric flow rate is calculated as the product
of the mass flow rate and the density of air, at the correspond-
ing temperature. Thus, both the volumetric flow and the density
of air must undergo temperature corrections. The volumetric
duct flow rate ( V) is adjusted because it is measured in the
exhaust duct, but required at the temperature near the photo-
detector, as shown in Eq A4.11:

.. T
= (z)

A4.2.4 The density of air is adjusted between the literature
value, measured at 273.15 K, and the value at the temperature
in the exhaust duct, as shown in Eq A4.12:

_ 27315
P = Po Te

(Ad.11)

(A4.12)

A4.2.5 Then, the final equation for the volumetric flow rate
is Eq A4.13:

= Dew e A4.13
V=5, 2715 (A4.13)
A4.2.6 Rate of smoke release (RSR) is defined by Eq A4.14:
RSR = [V, * k] (A4.14)

A4.2.7 Total smoke released (TSR) is defined by Eq A4.15:

TSR = f RSR dt (A4.15)

A4.3 Gas Yield Measurement Calculations:
A4.3.1 Calculate the gas yields (f) using Eq A4.16:

17

f mass flow rate of gas, dt
fi= mass loss of array of test specimens

(A4.16)

A4.3.2 The numerator in this equation is calculated by
adding the product of the fraction of combustion gas by the
total mass flow rate, measured at each scan, multiplying it by
the total time period involved, and dividing by the number of
scans, as shown in Eq A4.17:

(S0,

mass loss of array of test specimens

* * *MX
o * At)) *0.001 * 7

a

f.= (A4.17)

A4.3.3 In this equation, [x], the concentration of gas x, is
expressed in part per million, m ,, the mass flow rate, calculated
by Eq A4.1 or Eq A4.2, is expressed in kilograms per second,
M, is the molecular weight of gas species x, M, is the
molecular weight of exhaust air (29 kg/kmol), At is the scan
period and mass loss of the test specimen is the mass lost over
the period over which the gas yield is calculated, and is
expressed in grams, with 0.001 a conversion factor, to account
for the unit changes.

A4.3.4 Report gas concentrations on a dry gas basis, unless
water concentrations are being measured.

A4.4  Symbols:

Cross-sectional area of duct (in m?).

Orifice plate coefficient (in kg'’* m"? K'?).
Net heat released for complete combustion per
unit of oxygen consumed (13 100 kl/kg O »,).

= Net heat released for complete combustion per
unit of oxygen consumed for CO (17 600 kl/kg
0,).

Reynolds number correction (nondimensional).
Yield of gas x (in g/g).

Light intensity for a parallel light beam having
traversed a certain length of smoky environment
and reaching photodetector (nondimensional).
= Light intensity for a beam of parallel light rays,
measured in a smoke-free environment, with a
detector having the same spectral sensitivity as
the human eye and reaching the photodetector
(nondimensional).

Extinction coefficient (in 1/m).

Velocity profile shape factor (nondimensional).
Light path length of beam through smoky envi-
ronment (in m).

Mass flow rate in exhaust duct (in kg/s).

(Ap/T ,)"">—Mass flow rate, by measurement of
pressure drop, in kg/s, according to Ec} A4.1.
(26.54 X A X kJ( f(Re)) X (a/T,) '*—Mass
flow rate, by measurement of velocity drop, in
kg/s, according to Eq A4.2.

Molecular weight of incoming and exhaust air
(29 kg/kmol).

Molecular weight of carbon monoxide (28 kg/
kmol).

= Molecular weight of carbon dioxide (44 kg/
kmol).

gj o
o
[ [T

o
TTRT

~
|

3.
Il
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n’
My o = Molecularweightof water (18 kg/kmol). [x] = Concentrationofgas x (inppm).
N, = Molecularweightofnitrogen (28 kg/kmol). Xco = Measured mole fraction of COinexhaustflow
Mg 2 = Molecularweightofoxygen (32kg/kmol). (nondimensional).
oD = Opticaldensity (nondimensional). Xco, = Measuredmolefractionof CO , inexhaustflow
AP = Pressuredropacrosstheorificeplateorbidirec- (nondimensional).
' tional probe (inPa). X H,OQ = MeasuredmolefractionofH ,Oinincomingair

o) = Heatreleaserate,asafunctionoftime (inkW). ) (nondimensional).
RSR = Rateofsmokerelease(inm  %/s). Xo, = Measured mole fractionof O, inexhaust flow
T, = Combustion gastemperatureattheorifice plate (nondimensional).

(inK). X0, = Measured mole fractionof O, inincoming air
T, = Combustion gas temperature (near photodetec- ) (nondimensional).

tor) (inK). o = Combustion expansion factor (nondimensional;
TSR = Totalsmokereleased(inm  2). normallyavalueof1.105).
Vv, = Volumetricflowrateinexhaustduct(atmeasur- p = Densityofairatthetemperatureinexhaustduct

. inglocationofmass flowrate) (inm 3/s). (inkg/m 3).

V, = Volumetricflowrateatlocationofsmokemeter P, = Densityofairat273.15K (1.293 (kg/m ).

(valueadjustedforsmokemeasurementcalcula- ¢ = Oxygendepletionfactor (nondimensional).

tions) (inm 3/s).

APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction—This commentary is provided to give
some insight into the development of the test method and to
describearationaleforvariousfeaturesused.Itisnotrecom-
mended that this testmethod be used forregulatory purposes
untilmoreexperiencehasbeen gained.

X1.2 Measurements:

X1.2.1 RateofHeatRelease

X1.2.1.1 The rate of heat release is one of the most
importantvariables,andmaybeeventhesinglemostimportant
variable, in determining the hazard from a fire (18-22). In
particular,therateofheatreleaseisameasureoftheintensity
of the fire. The rate of heat release and the amount of heat
released will determine the extent to which other materials,
products,orassembliesinthefirecompartmentwillbeignited
andspreadthefirefurther.Thus,anitemthatreleasesheatvery
rapidly (thatis,hasahighrateofheatrelease)ismorelikely
toigniteanearby article thanone thathas alowrate of heat
release. The masslossrateis usually adirect function of the
heatreleaserate.

X1.2.1.2 Itisimportanttopointoutthattheheatreleasedby
aproductmadeupofmorethanonematerialcanoftennotbe
predicted fromtheindividualheatsreleased by theindividual
components. Some recent literature describes heat release by
materials (23,24) and theentireissueofheatreleaserate (25).

X1.2.1.3 The rate of heat release can be determined by
measuring the oxygen concentration in a fire atmosphere
(26-28) .Oxygen concentration measurement devices, of the
paramagnetictype,arenowsufficiently precisetomeasurethe
smalldifferencesinoxygenconcentrationneededfordetermin-
ingtherateofheatrelease.
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X1.2.1.4 Heatrelease, smoke release, and combustion gas
releasemeasurementsintheduct,andmasslossmeasurements,
madeinroomsofaheightof2.44 + 25mm (8 ft), withone
horizontal dimension of between 2.41 mand 3.69 m and the
otherhorizontaldimensionsuchthatthetotal floorareaofthe
test room lies between 8.7 and 11.4 m 2 are likely to be
equivalent.Similarly,thoseresults,whenmeasuredinanopen
calorimeter, will alsobeequivalent.

X1.2.2 Smoke Obscuration —The visibility in a fire atmo-
spherewilladverselyaffecttheabilityofvictimstoescapeand
theability of fire fighters to fight the fire.

X1.2.2.1 Ithasbeenshownthatthesmokereleasemeasured
withalaserbeamandwithawhitelightsystemareequivalent,
unless the scanning time is very long (>5 s). This has been
determined both in small-scale instruments  (2,3) and in full-
scalecabletraytestingfacilities  (4,5).

X1.2.2.2 TheBeer-Lambertequationthatrelatesconcentra-
tion of particles to light beam attenuation is defined for
individual wavelengths. Theoretically, thus, amonochromatic
light beam, as from a laser, will yield more accurate results
thanapolychromaticlightbeam, asfrom whitelight.

X1.2.3 Smoke Toxicity — The victims of a fire are often
overcomebythetoxicityoftheatmosphere.Thisisdetermined
bytheconcentrationofsmoke(seeTerminologyE176)andby
the toxicity ofitsindividual components. The overallamount
ofsmokegeneratedcanbemeasuredbymeansofthemassloss
rate,whichisequivalenttotherateofsmokegeneration.Inthe
majorityoffires,thesinglemostimportantindividualtoxicant
inafireatmosphereiscarbonmonoxide,whichispresentinall
fires together with carbon dioxide and water (29,30). Some
other combustion gases, such as acrolein, hydrogen cyanide,
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and hydrogen chloride, are also frequently present and thus
may also contribute to the toxicity of the fire atmosphere.

X1.3 Stacked Chairs:

X1.3.1 Several studies have shown that a fire involving a
stack of chairs can be significantly more severe than a fire
involving a single chair of the same type (31-34). In many
public buildings, in facilities such as auditoriums, ballrooms,
or large meeting rooms, it is common to have hundreds of units
of moveable furniture. In such facilities, which are often used
for a multitude of purposes, stacking chairs are often present in
a variety of configurations. When in use, the floor surface of a
large ballroom, for example, may be covered by hundreds of
stacking-type chairs in an unstacked configuration. However,
during cleaning, or when the facility is used for convention
purposes, the chairs are usually stacked along the walls of the
rooms, in passageways, or in storage areas. Often, the stacks
may be 16 or more chairs high, in row after row. The potential
fuel load presented by such an array of stacked chairs can be
significant. Even lightly padded chairs, with less than 1 kg of
combustibles each, may present a challenging fuel package
when 5000 or more chairs are stacked in close proximity. It is,
therefore, of considerable importance to develop a test proce-
dure that can determine the contribution to a fire of chairs in a
stacked configuration.

X1.3.2 The potential for a serious fire from stacked chairs
can also be affected by chair design. Many stacking chairs are
designed to prevent the bottom of one chair from contacting the
top of the chair below it when stacked. It is common for
stacking chairs to be structurally designed with a gap of 12 to
100 mm (0.5 to 4 in.) between chair backs and adjacent seating
surfaces, when in the stacked configuration. Under these
conditions, and from a fire dynamics point of view, stacked
chairs create an ideal fuel array for promoting a rapidly
developing fire, in a fashion not dissimilar to sticks placed in a
fireplace in the form of a well ventilated pile (or array).

X1.3.3 Work on stacking chairs conducted at the California
Bureau of Home Furnishings and Thermal Insulation has
shown that, when tested individually, stacking chairs often
comply with the requirements of severe fire tests such as
California Technical Bulletin 133 (described in Test Method
E 1537), even though all combustibles are consumed. The
criteria referred to are peak heat release rates of less than 80
kW and total heat release values of less than 25 MJ, over the
first 10 min of the test. It is apparent, thus, that many stacking
chairs, individually, contain insufficient fuel to fail the criteria
of tests such as CA TB 133, even when totally destroyed. Thus,
when such stacking chairs are used, and stored, individually,
there is little concern over their fire behavior, and the potential
fire hazard resulting from individual chairs with low fuel load
may be acceptable. However, as stated, although stacking
chairs are sat upon individually, they are frequently stacked for
storage, or when not in use, in a dense fuel configuration. The
test results obtained by the California Bureau of Home
Furnishings and Thermal Insulation (35) indicate that it is
possible for public facilities to have hundreds of stacking
chairs that comply individually with the above heat release
criteria, yet which have not been specifically modified for
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improved fire performance. Under such circumstances, there is
a potential for a serious fire, should stacks of chairs become
involved.

X1.3.4 A recent study investigated the hazards due to
seating furniture fires and the applicability of the full-scale test
described here for assessing such fire hazard from individual
items of furniture (36), and that has resulted in the promulga-
tion of Test Method E 1537. Similar studies have also been
performed for mattresses and bed clothing systems (37,38), and
that has resulted in the development of Test Method E 1590.
The present test method, thus, addresses one aspect of furniture
fires which had not yet been addressed.

X1.4 Test Facility:

X1.4.1 It has been determined that the rate of heat release of
upholstered furniture in the standard ASTM room (used in Test
Configuration A of this test method; 8 by 12 by 8 ft high) and
in the room described in CA TB 129 and 133 (used in Test
Configuration B of this test method; 10 by 12 by 8 ft high) and
in a furniture calorimeter (such as those described in UL 1056,
in UL 1895, or in Nordtest NT Fire 032) are similar unless the
heat release rate exceeds 600 kW (1). It is of interest that the
rate of heat release criteria of CATB 129 or CATB 133 can be
met by using a furniture calorimeter or a room of different
dimensions than the one specified in the test method. This
concept has also been incorporated into Test Method E 1537,
for real-scale upholstered furniture items and Test Method
E 1590, for real scale mattresses.

X1.4.2 It has also been determined that the increase in
temperature in the fire room can be represented by the rate of
heat release measured in the duct: a rate of heat release of 65
kW is roughly equivalent to an increase in temperature of
111°C (200°F) at a location 25 mm below the ceiling of the
room in Test Configuration B of this test method, directly
above the burning item (39).

X1.4.3 Current practice recommends that combustion gas
measurements be made in the exhaust collection duct. If the
gases are all collected by the exhaust system and are properly
mixed, such instrumentation offers the possibility of a largely
apparatus-independent measurement.

X1.4.4 The variable that is fully independent of (reason-
able) variations in magnitudes such as room size, room
geometry, and duct air flow rate is the gas yield. For any gas x,
the yield is computed as shown in Eq A4.15 and Eq A4.16. If
the flow rate is constant, the numerator of this equation is
simply the product of the mass flow rate and the time period.
This gas yield is nondimensional.

X1.4.5 In order to obtain gas yields it is necessary, thus, to
measure mass losses, with a load cell of the burning test
specimen, as well as concentrations of the gas species in
question.

X1.4.6 An example of the application of gas yields to fire
hazard analysis is found in Ref (39).

X1.5 Ignition Source:

X1.5.1 It has been determined that a square gas burner
ignition source, when used at a propane flow rate of 13 L/min,
for 80 s, is an adequate (and more reproducible) substitute for
the traditional newspaper ignition source formerly used in CA
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TB 133 (five sheets of newspaper, each formed into a loose
wad,coveredbyasheetmetaland wiremeshboxandignited
withamatch) (40).TheJanuary 1991 versionof CATB 133
thus relegated the newspaper ignition source to a secondary
role as a screening test. There has been no work done to
determinetheapplicabilityofthatsquareburnerdefinedunder
any conditions otherthan those whichmirrorthe CATB 133
ignitionsource.

X1.5.2 Theburnerdescribedinthistestmethodisidentical
tothatusedinTestMethodE1590.Ithasbeenshownthatthis

burner,whenusedatapropanegasflowrateof 12L/min, for
80s,isadequatefortheignitionofstackedchairs (35) andof
mattresses, whenusedfor180s  (38).

X1.5.3 The gas burner defined can, of course, be used at
other gas flow rates or for other time periods. However, the
rangeofapplicability of suchanignitionsourcehasyettobe
determined.

X2. Method of Determining Suitability of Oxygen Analyzersfor Making Heat Release Measurements

X2.1 General—Thetypeofoxygenanalyzerbestsuitedfor
fire gasanalysisis of the paramagnetic type. Electrochemical
analyzers or analyzers using zirconia sensors have generally
been found not to have adequate sensitivity or suitability for
this type of work. The normal range of the instrument to be
usedis 0to 25 vol % oxygen. The linearity of paramagnetic
analyzers is normally better than can be checked by a user
laboratory, thus verifying theirlinearity isnotnecessary. Itis
important,however,toconfirmthenoiseandshort-termdriftof
theinstrumentused.

X2.2 Procedure:

X2.2.1 Connect two different gas bottles having approxi-
mately two percentage points apart (15 and 17 vol %) to a
selectorvalveattheinletoftheanalyzer.

X2.2.2 Connect the electrical power and let the analyzer
warm up for 24 h with one of the test gases from X2.2.1
flowingthroughit.

X2.2.3 Connectadataacquisition system to the output of
the analyzer. Quickly switch from the first gas bottle to the
secondbottleandimmediatelystartcollectingdata,takingone
datapointpersecond. Collectdatafor20min.

X2.2.4 Determinethedriftbyusingaleast-squaresanalysis
fittingproceduretopassastraightlinethroughthelast19min
of data. Extrapolate the line back through the first minute of

data. The difference between the readings at O min and at 20
min on the fitted straight line represents the short-term drift.
Recordthedriftinunits of parts permillionof oxygen.

X2.2.5 The noise is represented by the root-mean-square
deviation around the fitted straight line. Calculate the root-
mean-squarevalueandrecorditinunitsofpartspermillionof
oxygen.

X2.2.6 The analyzer is suitable for use in heat release
measurements if the sum of the drift plus the noise terms is
=50ppmoxygen.

Note X2.1—Bothterms mustbeexpressedas positivenumbers.

X2.3 Additional Precautions —A paramagnetic oxygen
analyzerisdirectlysensitivetobarometricpressurechangesat
itsoutlet portand flow rate fluctuations in the sample supply
stream.Itisessentialthattheflowrateberegulated. Useeither
aflowrateregulator of the mechanical diaphragmtypeoran
electronic mass flow controller. To protect against errors to
changes in barometric pressure, one of the following proce-
dures should be used: (a) control the back pressure to the
analyzer with a back pressure regulator of the absolute-
pressuretype,or(b)electricallymeasuretheactualpressureat
the detector element and provide a signal correction for the
analyzeroutput.

X3. SMALLSCALESCREENING OFMATERIALS

X3.1 Studies on the flammability performance of uphol-
steredfurnitureindicatethatbench-scalefiretestsareusefulfor
preliminary evaluations of component materials for substitu-

tion purposes. For acomplete description of the bench-scale
testmethod, see TestMethod E1474.

X4. TABLESX4.1THROUGHX4.6 CONTAINTHEINDIVIDUALRESULTS OFAREPEATABILITYSTUDY, WITHSIXSETS
OFSTACKED CHAIRSINONELABORATORY

X4.1 Chair Set I —The chair used was a metal-framed
chair,withupholsteredplasticshellseatandback,andgap.All
tests were conducted in Test Configuration C (furniture calo-
rimeter).Test1 A:stackwasextinguishedat11.0min,anddata
beyondthatwerediscarded.Test1B:stackwasextinguishedat
11.0min,anddatabeyondthatwerediscarded.Test1C:stack

felloverat9.5minand wasextinguishedat9.9minanddata
beyond that point were discarded. The test endpoint was
reached by external extinguishment because flashover ap-
pearedinevitable,asrequiredbythetestprocedure.Itislikely
thatmeasuredvalueswouldhavebeenhigherthanthereported
valuesifthetesthadnotbeenextinguishedexternally.
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TABLE X4.1 Stacking Chair Test Results—Chair Set 1 TABLE X4.5 Stacking Chair Test Results—Chair Set 5
(See X4.1)* (See X4.5)*
Time to Peak Peak .
" Peak el 8K potal Peak nital Heat %2 Smoke O  Mass _ Ml
Initial Heat Smoke Mass Smoke Peak Heat
Heat Smoke Heat Mass, Release FieleaseR Loss,
Mass, Release Release Loss, Released, eleased, Release
Released, Released, Release kg Rate, Rate, > kg X
kg Rate, Rate, > kg > m Rate, min
MJ > m Rate, kW m?/s
kW m?4/s min
Test A 42.32 1048 366 3.0 769 19.78 14.9
Test A 55.74 982 39 12.6 678 1.37 6.1 Test B 41.49 1082 296 1.8 525 15.16 13.9
Test B 54.79 1624 110 13.0 1377 3.98 11.0 Test C 39.70 942 237 1.9 617 14.61 13.3
Test C 55.49 1602 81 13.2 923 1.81 9.9 Avg 4117 1024 299 2.2 637 16.52 14.0
Avg 55.34 1403 77 12.9 993 2.39 9.0 STD 1.34 73 64 0.7 123 2.84 0.8
STD 0.50 364 36 0.3 356 1.38 2.6 RSD% 3 7 21 29 19 17 6
RSD% 1 26 46 2 37 58 29

A The test endpoint was reached by external extinguishment because flashover
appeared inevitable, as required by the test procedure. It is likely that measured
values would have been higher than the reported values if the test had not been
extinguished externally.

TABLE X4.2 Stacking Chair Test Results—Chair Set 2 (See X4.2)

Peak Total Peak Total Time to
. Smoke Peak
Initial Heat Heat Release Smoke Mass Heat
Mass, kg Rel Rel d, Rel d, Loss, kg
Rate, > Release
Rate, kW MJ > .
m?/s Rate, min
Test A 32.35 714 269 5.1 1679 5.74 9.0
Test B 32.61 661 270 45 2066 6.10 7.5
Test C 31.50 1057 288 5.9 1760 4.94 5.6
Avg 32.15 810 276 5.2 1835 5.59 7.4
STD 0.58 215 11 0.7 204 0.59 1.7
RSD% 2 27 4 14 " 11 23
TABLE X4.3 Stacking Chair Test Results—Chair Set 3
(See X4.3)*
Peak Time to
. Peak Heat Total Total Peak
Initial Smoke Mass
Release  Heat Smoke Heat
Mass, Release Loss,
K Rate, Released, Rate Released, K Release
9 KW MJ o m2 9 Rate,
m?4/s )
min
Test A 30.04 1089 101 2.7 818 5.04 101
Test B 30.24 567 303 1.7 734 12.10 12.8
Test C 29.74 603 320 1.2 799 13.15 9.1
Avg 30.00 585 312 1.4 766 12.63 11.0
STD 0.36 25 11 0.7 46 0.75 2.6
RSD% 1 4 4 14 6 6 24

A Test 3A is not included in the repeatability analysis because a different test
configuration was used.

TABLE X4.4 Stacking Chair Test Results—Chair Set 4 (See X4.4)

Peak Total Peak Total Time to

Initial Heat Smoke Mass Peak
Heat Smoke
Mass, Release Release Loss, Heat
Released, Released,

kg Rate, MJ Rate, m2 kg Release

kw m?/s Rate, min
Test A 30.44 278 324 0.9 689 12.88 29.5
Test B 30.74 323 339 1.2 1128 29.80 17.5
Test C 30.19 258 321 0.7 1032 28.10 22.2
Avg 30.46 286 328 0.9 950 23.59 23.1
STD 0.28 33 9 0.2 231 9.32 6.0

RSD% 1 12 3 24 24 39 26

X4.2 Chair Set 2—The chair used was a metal-framed

chair, with plastic shell seat and back, and gap; mixed colors.
All tests were conducted in Test Configuration C (furniture
calorimeter). Stack 2C: the backs of these chairs ignited sooner
than the backs of other chairs.

A The test endpoint was reached by external extinguishment because flashover
appeared inevitable, as required by the test procedure. It is likely that measured
values would have been higher than the reported values if the test had not been
extinguished externally.

TABLE X4.6 Stacking Chair Test Results—Chair Set 6 (See X4.6)

Time
Peak Peak Total to
Initial Heat Total Heat Smoke Mass Peak
Ral Ral Bal Smoke
Mass, F I d, F Released Loss, Heat
kg Rate, MJ Rate, 5 Release
KW m2/s m Rate,
min
Test A 36.74 1150 300 7.4 2074 7.58 75
Test B 37.29 1099 314 8.2 2425 7.24 9.5
Test C 36.67 963 291 7.5 2255 7.37 7.3
Avg 36.90 1071 302 7.7 2251 7.40 8.1
STD 0.34 97 12 0.4 176 0.17 1.2
RSD% 1 9 4 5 8 2 15

X4.3 Chair Set 3—The chair used was a metal-framed
chair with upholstered seat and back and gap (which differs
from that used in Set 4 solely in the absence of a barrier
between fabric cover and padding). All tests were conducted in
Test Configuration C (furniture calorimeter), except for Test
3A that was conducted in Test Configuration A (3.7 by 2.4 by
24 m (12 by 8 by 8 ft) room ). Test 3A: tested in Test
Configuration A (room) and went to flashover at 10 min; fire
was extinguished at 10.5 min. The data from this test are not
included in the repeatability analysis. This chair is an example
of stacks for which there will be a difference in test results
depending on the test configuration used.

X4.4  Chair Set 4—The chair used was a metal-framed
chair, with upholstered plastic shell seat and back, and gap,
identical to that used in Stack 3, except for the added barrier
between cover fabric and padding. All tests were conducted in
Test Configuration C (furniture calorimeter). Test 4B: backs of
these chairs ignited sooner than backs of other chairs.

X4.5 Chair Set 5—The chair used was a metal-framed
chair, with upholstered seat and back; plus plastic seat cap. All
tests were conducted in Test Configuration C (furniture calo-
rimeter). Test SA: stack fell over at 18.1 min, and data beyond
that point were discarded. Test 5B: stack fell over at 14.8 min
and data beyond that point were discarded. Test 5C: stack fell
over at 14.3 min, and data beyond that point were discarded.
The test endpoint was reached by external extinguishment
because flashover appeared inevitable, as required by the test
procedure. It is likely that measured values would have been
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higher than the reported values if the test had not been
extinguishedexternally.

X4.6  Chair Set 6 —The chair used was a metal-framed
chair,plasticshellseatandback,andgap;singlecolor.Alltests
wereconductedinTestConfigurationC(furniturecalorimeter).
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