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Fire Testing of Upholstered Furniture
This standard is issued under the fixed designation E 1537; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 1.11 This standard does not purport to address all of the
1.1 This is a fire-test-response standard. safety concerns, if any, associated with its use. It is the

1.2 The purpose of this test method is to determine théesponsibility of the user of this standard to establish appro-
burning behavior of upholstered furniture used in publicPriate safety and health practices and determine the applica-
occupancies by measuring specific fire-test responses when tRéity of regulatory limitations prior to use.
specimen of furniture is subjected to a specified ﬂaming2 Referenced Documents
ignition source under well-ventilated conditions. '

1.3 Data are obtained describing the burning behavior from 2-1 ASTM Standards: _

a specific ignition source until all burning has ceased, a period D 123 Terminology Relating to Textilés o
of 1 h has elapsed, or flashover appears inevitable. E 84_ 'I_'est Meth_od for Surface Burning Characteristics of

1.4 This test method does not provide information on the _Building Materials
fire performance of upholstered furniture in fire conditions E 176 Terminology of Fire Standards .
other than those conditions specified. In particular, this test E 380 Practice for Use of the International System of Units

method does not apply to smoldering ignition by cigarettes. _(S!) (the Modernized Metric Systefh)

See X1.6 for further information. E 800 Gu[de fqr Measurement of Gases Present or Gener-
1.5 The rate of heat release of the burning specimen is _ated During Fire3 o

measured by an oxygen consumption method. See X1.6.4 for E 1354 Test Method for Heat and Visible Smoke Release

further information. Rates.for Mate_nals and Products Using an Oxygen Con-
1.6 The production of light obscuring smoke is measured _SUmption Calorlm(.etér

and the concentrations of certain toxic gas species in the 2-2 SO Standards:

combustion gases are determined. See X1.6.5 for further SO 3261 Fire Tests—Vocabuldry _ _

information. ISO 4880 Burning Behaviour of Textiles and Textile

1.7 The burning behavior is visually documented by photo- _ Products—Vocabulafy

graphic or video recordings, whenever possible. ISO 9705 Fire Tests—Full Scale Room Test for Surface
1.8 The system of units to be used in referee decisions is the Product$ _

Sl system of units, see Practice E 380 only. The units given in 2-3 UL Standard: _

parentheses are for information only. UL 1056 Fire Test of Upholstered Furnit§re

1.9 This standard is used to measure and describe the 2-4 CA Standard: N
response of materials, products, or assemblies to heat and CA Technical Bulletin 133 Flammability Test Procedure for

flame under controlled conditions, but does not by itself _ Seating Furniture for Use in Public Occupanéies

incorporate all factors required for fire hazard or fire risk 22 BSIIStanda.rd:. ,
assessment of the materials, products or assemblies underBS 5852: Part 2: Fire Tests for Furniture, Part 2. Methods of

actual fire conditions Test for the Ignitability of Upholstered Composites for

1.10 Fire testing of products and materials is inherently Seating by Flame Sources
hazardous, and adequate safeguards for personnel and prop- 2:6 Nordtest Standard:
erty shall be employed in conducting these tests. This test
method may involve hazardous materials, operations, an
equipment 2 Annual Book of ASTM Standardgol 07.01.

2 Annual Book of ASTM Standardgol 04.07.

4 Annual Book of ASTM Standardgol 14.02.

S Available from American National Standards Institute (ANSI), 25 W. 43rd St.,
4th Floor, New York, NY 10036.

1 This test method is under the jurisdiction of ASTM Committee EO5 on Fire  © Available from Underwriters Laboratories (UL), Corporate Progress, 333
Standards and is the direct responsibility of Subcommittee E05.15 on Furnishingfingsten Rd., Northbrook, IL 60062.

and Contents. 7 Available from State of California, Department of Consumer Affairs, 3485
Current edition approved Sept. 10, 2002. Published November 2002. OriginallfDrange Grove Avenue, North Highlands, CA 95660.
published as E 1537 — 93. Last previous edition E 1537 — 02. 8 Available from British Standards Institution, 2 Park St., London W1A 2B5, UK.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.



A E 1537 — 02a
“afl

Nordtest Method NT Fire 032 Upholstered Furniture: Burn-5. Significance and Use

ing Behavior—Full Scale Tedt 5.1 This test method provides a means to measure a variety
of fire-test-response characteristics resulting from burning a
o specimen of upholstered furniture. The upholstered furniture
3.1 Definitions: o specimen is allowed to burn freely under well-ventilated
3.1.1 For definitions of terms used in this test method an¢onditions after ignition using a propane gas burner. The most
associated with fire issues, refer to the terminology containeghportant fire-test-response characteristic measured is the rate

in Terminology E 176 and in ISO 3261. of heat release, which quantifies the intensity of the fire
3.1.2 For definitions of terms used in this test method a”‘generated.

associated with textile issues refer to the terminology contained 5 2 The rate of heat release is measured by the principle of

3. Terminology

in Terminology D 123. 3 . oxygen consumption. The assumptions and limitations of
3.2 Definitions of Terms Specific to This Standard: oxygen depletion calorimetry are discussed in Annex A4, and
3.2.1 product n—the upholstered furniture for which infor- i, particular in A4.1.2.

mation is required. 5.3 Other fire-test-response characteristics are measured,

3.2.2 specimenn—manufactured item of the product, rep- namely smoke obscuration and combustion gas release, as they
resentative prototype of the product, or mock-up of theyre also important in making decisions on fire safety.
product. , 5.4 The most important gaseous components of smoke are

3.2.2.1 Discussior—The mock-up shall be constructed as the carbon oxides, present in all fires. They are indicators of the
described in Annex AL. _ _ _ toxicity of the atmosphere and of the completeness of combus-

3.2.3 upholsteredadj—covered with material (as fabric or tjon. Measurement of concentrations of carbon oxides are
padding) to provide a soft surface. _ S useful for two purposes: as part of fire hazard assessment

3.2.4 upholstered seating furnituren—a unit of interior  cajcylations and to improve the accuracy of heat release
furnishing that (1) contains any surface that is covered, inneasurements. Other toxic combustion gases, which are spe-
whole or in part, with a fabric or other upholstery cover cific to certain materials, are less crucial for determining
material, (2) contains upholstery material, and (3) is intende¢ompustion completeness and are optional measures, but fire
or promoted for sitting upon. hazard assessment often requires their measurement.

3.2.5 upholstery cover materiah—the outermost layer of 5.5 The type of ignition chosen (a flaming source) is
fabric or related materials used to enclose the main sUPPOEymmon in both accidental and intentional fires in public
system, or upholstery materials, or both, used in the furniturgccupancies. This test method is thus applicable to upholstered
unit. _ _ _ furniture in public occupancies. Such facilities include, but are

3.2.6 upholstery materialn—the padding, stuffing, or fill- ot |imited to, jails, prisons, nursing care homes, health care
ing material used in a furniture unit, which may be either loosegjjities, public auditoriums, hotels, and motels.
or attached, enclosed by an upholstery cover material, or 5 g |t has been shown that if the gas burner is used at a flow
located between the upholstery cover material and Suppofhte of 13 L/min for 80 s (equivalent to 19.3 kW), as is the case
system, if present. o _ o in California Technical Bulletin (CA TB) 133, it approximates

3.2.6.1 Discussior—This includes, but is not limited t0, the ignition propensity of five crumpled sheets of newspaper
material, such as foams, cotton batting, polyester fiberfilljgcated on the seating cushion.
bonded cellulose, or down. 5.7 This test method specifies both a particular flow rate of
4. Summary of Test Method propane gas and a period of gas flow. If thg ignition conditions

) ) ] are changed, the results would then deviate from the model

4.1 This test method determines a number of fire-testyalected for this test.
response characteristics from a full-scale specimen of uphol- 5 g This test method is not applicable to ignition of uphol-
stered furniture ignited with a propane gas burner. Measuresiered furniture by cigarettes.
ments to be made include rate of heat and smoke release, totals g one of the following three test configurations is to be
amount of heat and smoke released, rate and concentration @éaq in this test method:

carbon oxides released, and rate and amount of mass ofg g1 A A test room with the following dimensions: 3.66
specimen lost. Other optional measurements are also describq@ 2.44 by 2.44 m high.

4.2 Three options are provided, in all of which the uphol- "5 g 5 B~ A test room with the following dimensions: 3.66
stered furniture specimen to be tested is placed on a weighing, 3 o5 by 2.44 m high.
platform and measurements of heat release, smoke release, ané g 3 c__an open calorimeter (or furniture calorimeter).

combustion gas release are made in an exhaust duct. 5.10 Measurements in the three test configurations listed in
4.3 In Options A and B the duct is located outside theg g haye been shown to give similar results for heat release in

doorway of a test room. In Option C the duct is located directly;q duct, for heat release rates lower than 600 kW (see X1.4)
over the specimen. (1).10

4.4 Additional (optional) instrumentation placed in the test
room is also described.

19The boldface numbers in parentheses refer to a list of references at the end of
9 Available from Nordtest, PO Box 22, SF-00341, Helsingfors, Finland. the text.
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5.11 Measurements of temperatures, gas concentrations, and — 076 m
smoke obscuration in the room, which are optional in this test 4+—r A
method, are dependent on room size.

5.12 This test method has been designed to give details for
the means to build and operate equipment capable of running
tests as required by CA TB 133. This test method is, however,
more general than that technical bulletin. TEST BURN ROOM

6. Test Specimen

6.1 The test specimen consists of a full-size manufactured
item of upholstered furniture, a representative prototype of the A
upholstered furniture, or a mock-up of the upholstered furni-
ture, constructed in accordance with Annex Al.

6.2 When a full-scale upholstered furniture mock-up is
used, the mock-up shall in all possible respects reflect the

Smoke Obscuration Smoke Obscuration
l: Light Source Detector [ ]366m

1i2m

construction of the actual furniture that it is intended to X
represent.
7. Room Layout and Instrumentation Furniture O
7.1 Test Room Layout (Test Configuration—-Ajhe test Specimen ) +
room shall have dimensions of 2.44:m25 mm by 3.66 m+ v 2 44
25 mm by 2.44 mt 25 mm high (8 by 12 by 8 ft high). The < a7 m >

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 X 1.2 m Thermocouple
Annex A2, outside of the room doorway, such that it collects all
the combustion gases. There shall be no obstructions to the air
supply to the test setup. Note 1—See text for tolerances; room instrumentation is optional.

FIG. 1 Test Room Configuration for Option A for Iltems of
Furniture Less Than 1 m Across

l:i Location of Smoke Obscuration Monitor

+ Ceiling Thermocouple

00 Gas Sampling Line

Note 1—Both Type X gypsum wallboard and calcium silicate wall-
board with a thickness of at least 13 mm (0.5 in.) have been found
acceptable. If the thickness of the wallboard is larger, it will not affect the
results of this test. 7.6 Test Room Instrumentation (Optional)

7.2 Test Room Layout (Test Configuration—BJhe test 7.6.1 Location of optional test room instruments is de-
room shall have dimensions of 3.05:m25 mm by 3.66 mt scribed in Figs. 1-4.

25 mm by 2.44 m+ 25 mm high (10 by 12 by 8 ft high). The ~ 7.6.2 Carry out optional room temperature measurements
room shall have no openings other than a doorway openingith chromel-alumel Type K thermocouples, shielded against
0.97 mt 6.4 mm by 2.06 m= 6.4 mm (38 by 81 in.), located high heat with insulation resisting up to 1200°C. Use a wire
as indicated in Fig. 2, and other small openings, as necessagage in the range of 24 to 30 AWG (0.51 to 0.36 mm) diameter,
to make test measurements. Construct the test room of woodamd mount the thermocouples in two test locations:

or metal studs, and line it with fire-rated gypsum wallboard or 7.6.2.1 Over the geometric center of the igniter, 25 mm (1
calcium silicate wallboard. Position a hood, as described irin.) below the ceiling (ceiling thermocouple), and

Annex A2, outside of the room doorway, such that it collects all 7.6.2.2 At a distance of 0.91 m (3 ft) in front of the center
the combustion gases. There shall be no obstructions to the aif the igniter, away from the furniture specimen, and 1.22 m (4
supply to the test set-up. (See Note 1.) ft) below the ceiling.

7.3 Open Calorimeter Layout (Test Configuration-€JThe 7.6.3 Carry out optional optical density of smoke measure-
area surrounding the test specimen shall be sufficiently largments with a smoke obscuration monitor, placed at a height of
that there are no heat radiation effects from the walls or any..22 m (4 ft) above the floor level. A white light or laser
other nearby objects. The airflow to the test specimen shall bphotometer system similar to that described for the duct is also
symmetrical from all sides. suitable (see 8.2.4 or Annex A3).

7.4 General Discussion of Room LayedHeat release 7.6.4 Carry out optional carbon monoxide concentration
measurements in the duct, made in Options A, B, and C haveeasurements with a gas sampling line located 165 mm (6.5
been shown to give similar results for heat release rates loweén.) below the ceiling and 165 mm (6.5 in.) from each wall of

than 600 kW (see X1.4(1). the corner where the specimen is placed.
7.5 Other Test Room FurnishingsThe test room shall 7.7 Location of Specimen
contain no furnishings except for the item to be tested. 7.7.1 Test Configurations A or:B
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4————305m— ) — 076 m
«— 4
o A
Furniture
Specimen
x TEST BURN ROOM
TEST BURN HOOM Smoke Obscuration Smoke Obscuration
L] Light Source Detector | ]3.66 m
Smoke Obscuration Smoke Obscuration T
T C Light Source Dstector | 366 m 12m
1i2m
X
+
| specimen |
o v
v
P 2.44 m »
| v
¢ 0.97 m ¢ [:1 Location of Smoke Obscuration Monitor
/ \J
+ Ceiling Thermocouple
X 1.2 m Thermocouple
[:j Location of Smoke Obscuration Monitor O Gas Sampling Line

Note 1—See text for tolerances; room instrumentation is optional.
+ Celling Thermocouple FIG. 3 Test Room Configuration for Option A for Items of

Furniture Between 1 and 2.44 m Across
x 1.2 m Thermocouple

O Gas Sampling LI .
as Sampling tine 7.8.2 Construct the 2568 10 by 250+ 10 mm (approxi-
mately 10 by 10 in.) square burner of 31 mm (0.5 in.)
for tol . _ on is optional outside diameter stainless steel tubing, with 0:89.05 mm
Nore 1—See text for tolerances; room instrumentation is optional. -y 035 in ) wall thickness (see Fig. 5). The front side shall have
FIG. 2 Test Room Configuration for Option B for Items of . . .
Furniture Less Than 1 m Across 14 holes pointing straight out and spaced43 mm (0.5 in.)
apart and nine holes pointing straight down and spaced 13
mm (0.5 in.) apart. The right and left sides shall have six holes
7.7.1.1 Position the furniture specimen on a weighing platP°inting straight out and spaced 31 mm (0.5in.) apart and
form in a corner so that the furniture is at a distance of betweefPUr holes pointing inward at a 45° angle and spaced-58
0.10 and 0.25 m (4 and 10 in.) from both walls. mm (2in.) apart. All ho_Ies shall be_ of 1 0.05 mm_(0.039 in.)
7.7.1.2 The location for the furniture specimen is such thag|ameter (see Fig. 5, Fig. 6, and Fig. 7). The straight arm of the

it faces the wall containing the doorway, with the preferreg®urner shall be 1.0% 0.05 m (42 in.) long arold welded on to
location at the greatest distance from the doorway. the rear of the front side (see Fig. 5) at a 30° angle. Mount the

7.7.1.3 If the furniture specimen is no more than 1.0 m (40PUrner on an adjustable height pole at a height of 618 mm
in.) in width, refer to Fig. 1 or 2 for the furniture specimen (18 = 0.5 in.) and balance it by a counterweight or other
location. If the furniture specimen is more than 1.0 m (40 in.)@PPropriate mechanism (see Fig. 8).
in width, refer to Fig. 3 or Fig. 4. NoTe 2—Caution: It is common for the burner holes to become
7.7.1.4 These test configurations shall not be used to testogged up following a test. Inspect burner holes after each test, and clean
furniture specimens that are more than 2.44 m (8 ft) in lengththoroughly, if required. Take care not to enlarge the holes when cleaning
7.7.2 Test Configuration € them.
7.7.2.1 Position the furniture specimen on a weighing plat- 7.8.3 The burner is described in detail in Rg).
form underneath the hood. 7.8.4 Use propane gas, with a known net heat of combustion
7.7.2.2 This test method, in Test Configuration C, is suitableof 2050 = 50 kJ/mol, as a fuel for this ignition source. Meter
for furniture specimens more than 2.44 m (8 ft) in length onlythe flow rate of propane and keep it constant throughout the
if the hood is large enough to collect all the smoke generatedest.

7.8 Ignition Source 7.8.5 Use the gas burner at a flow rate of £3.25 L/min
7.8.1 Use a square gas burner, as described in Figs. 5 andfér a total of 80 s. Measure the gas flow rate at a pressure of
and Fig. 7. 101 + 5 kPa (standard atmospheric pressure, measured at the
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<4 3.05 m » 14 HOLES POINT,
h 4 STRAIGHT OUT FRONT
+ - 250 ‘e
specimen [ 40.5 169 — 1€ 40.53
65
« e
A 0Q09g4AQ000
TEST BURN ROOM
925 4 HOLES WELD SEAM |o
Smoke Obscuration Smoke Obscuration 1.66 $ 45°
E Light Source Detector :l 65 m 50 INWARD
b
T 13 fol—Y 9HOLES POINT |5
250 25 STRAIGHT DOWN; [ ¢
1.2 m b Y MIDDLE HOLE <
Sl y CENTERED; SAME [ [ 13
25 13 MM SPACING
ol Y 4 A
b A /O q
4 HOLES
50 45° INWARD
i SPACED AS
925 [ 1o AT LEFT ° | ¢ioLes
0.87 m \ﬂ ,Z J POINT
/ . v
o/ [] [ 4] STRAIGH
A 4 / out
6 HOLES POINT BACK
|___1 Location of Smoke Obscuration Monitor STRAIGHT OUT
BEND RADII NOT CRITICAL
4+ Caeiling Thermocouple BUT SECTIONS WITH HOLES
SHOULD BE STRAIGHT
x 1.2 m Thermocouple /1/
0O Gas Sampling Line
Note 1—See text for tolerances; room instrumentation is optional.
FIG. 4 Test Room Configuration for Option B for Items of

Furniture Between 1 and 2.44 m Across

Note 1—All tubing 13 mm outside diameter, stainless steel, 0.89 mm
wall thickness.

° . Note 2—All holes 1 mm in diameter.
flow gage) and a temperature of 205°C. The approximate Note 3—All units are mm unless otherwise noted.

ratio of heat release rate output to gas flow rate is 1.485 kW Nore 4—See text for tolerances.
min/L, under standard conditions. FIG. 5 Plan View of Square Gas Burner

7.9 Location of Gas Burner

7.9.1 If the furniture specimen is less than 1.0 m wide
(overall), place the gas burner at the center of the furniture
seating surface, 5¢ 5 mm (2 = 0.2 in.) away from the
furniture back and 25 5 mm (1= 0.2 in.) above the seating
surface.

7.9.2 Test any specimen over 1.0 m wide with the gas
burner located at 12% 10 mm (5% 0.4 in.) from the side of
the piece of furniture, 5& 5 mm (2+ 0.2 in.) away from the
furniture back and 25- 5 mm (1+ 0.2 in.) above the seating
surface.

7.9.3 In order to facilitate repeatability and reproducibility,
it has been found useful to determine the exact location of the
gas burner on the furniture by using a back line marker gage. (-~ © 0 90 0-° @,

7.10 Mass Loss Measurements FIG. 6 Side View of Square Gas Burner

7.10.1 Use a weighing platform to continuously measure the
mass of the burning specimen. Construct a weighing platform,
consisting of a horizontal thermal barrier, as described in 7.10.3 The barrier shall consist of a galvanized steel pan
7.10.2 and 7.10.3, and placed on top of a mass measuringith gypsum board lining placed under the furniture specimen.
device. The pan shall be constructed of nominally 1.6—mii (n.)

7.10.2 Construct a thermal barrier large enough to preverthick steel, and have dimensions of no less than 1.0 by 1.0 m
melting or falling material from the tested furniture specimen(which corresponds to approximately 39 by 39 in.), with a
from falling off the thermal barrier. The barrier shall be used touniform raised lip of the same material, 1066 10 mm
protect the load cell. (approximately 4 in.) high, on each side, to catch falling
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the combustion products leaving the burning specimen are
collected. Design the capacity of the evacuation system so as to
exhaust all combustion gases leaving the furniture specimen
(see A2.1.4).
as 8.1.3 Place probes for sampling of combustion gas and for

PRONT S10E BACK measurement of flow rate in accordance with 8.2.
FIG. 7 Cross-sectional View of Each Side of Square Gas Burner 8.1.4 Measure all combustion product (smoke obscuration
and gas concentrations) at a position in the exhaust duct where
the exhaust is uniformly mixed and there is a nearly uniform
velocity across the duct section. A distance of 10 to 30 duct
diameters is satisfactory for this purpose.

8.2 Details of Instrumentation in Exhaust Duct

8.2.1 The following specifications are minimum require-
ments for exhaust duct instrumentation. Additional information
S0ma 4oomm is found in Annex AS.
@ 8.2.2 Flow Rate—Measure the flow rate in the exhaust duct

by means of a bidirectional probe located at the center line of

L the duct (see A3.1 for further details). Measure the flow rate in

7 the exhaust duct with an accuracy of at least %. The
/ response time to a stepwise change of the duct flow rate shall
2o be a maximum b_5 s toreach 90.% of the final value.
8.2.3 Combustion Gas Analysis
8.2.3.1 Sampling Line— Make the sampling line tubes of a
material not influencing the concentration of the combustion
gas species to be analyzed. The recommended sequence of the
Note 1—See text for tolerances. gas train is: sampling probe, soot filter, cold trap, gas path
FIG. 8 Positioning of Square Gas Burner on a Chair pump, vent valve, plastic drying column and carbon dioxide
removal columns (if used), flow controller and oxygen ana-
material. The bottom of the pan shall be covered by a tightyzer (see Fig. 9 and A3.2 for further details). The gas train
fitting section of standard gypsum board (finish side up), ofshall also include appropriate spanning and zeroing facilities.
nominally 13 mm (0.5 in.) thickness. The gypsum board shall 8.2.3.2 Oxygen MeasuremestMeasure the oxygen con-
be clean before the start of a test; the board shall be replacegntration with an accuracy of at leas0.04 % of full scale in
for each test. Pans with dimensions of 2.1 by 2.1+ 0.1  the output range of 0 to 21 vol % oxygen, a10.01 vol %

m (4 ft = 4in. by 8 ft= 4 in.) have been found satisfactory for oxygen, in order to have adequate measurements of rate of heat
testing large furniture specimens. release. Take the combustion gas sample from the end of the
7.10.4 Measure the specimen mass continuously with @ampling line. Calculate the time delay, including the time
device capable of an accuracy of no less thalb0 g, up to at  constant of the instrument, from the test room; it is a function
least 90 kg. Install it in such a way that neither the heat fronof the exhaust duct flow rate. It shall be a maximum of 30 s.
the burning specimen nor any eccentricity of the load affect th¢See A3.3 for further details.) A discussion of the calculations

accuracy. Do not make any range shifts during measurement®r rate of heat release is given in Annex A4.
Install all parts of the mass measuring device below the top 8.2.3.3 Carbon Monoxide and Carbon Dioxide
level of the thermal barrier. Measuremert-Measure the combustion gas species with an
7.10.5 The distance from the upper surface of the thermahstrument having an accuracy of at leasf.1 vol % for
barrier to floor level shall not exceed 0.5 m (20 in.). The areaarbon dioxide and+0.02 vol % for carbon monoxide. A
between the thermal barrier and the floor level shall be shieldesuitable output range is 0 to 1 vol % for carbon monoxide and
in order to avoid lifting forces, due to fire induced air flow, that 0 to 6 vol % for carbon dioxide. Take the combustion gas
influence the measurement.

8. Exhaust Collection System

8.1 General

8.1.1 The exhaust collection system shall consist of a
blower, steel hood, duct, bidirectional probe, thermocouple(s),
oxygen measurement system, smoke obscuration measurifif®*
system (white light photocell lamp/detector or laser), and Soot
combustion gas sampling and analysis system. It shall be Separation
constructed as shown in Fig. A2.1 and as explained in Annex Chamber i
A2 . To COgvand Cco

8.1.2 The system for collecting the combustion products Analyzers ‘ressure pansdveer
shall have a capacity and be designed in such a way that all of FIG. 9 Schematic of Gas Train

000> To Optional H,0,
HCI, THC Analyzers

O2
Analyzer*

Flow
Controller

Outflow

D
7 um Filter
Rotameter
i Removal
Media NOTE: Rotameter is on outlet
of O, analyzer
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sample from the end of the sampling line. Calculate the timdor the burner flame shall not be premixed with air. Meter the
delay, including the time constant of the instrument, from theflow rate of gas and keep it constant throughout the calibration
test room; it is a function of the exhaust duct flow rate. It shalltest.
be a maximum of 30 s. (See A3.3 for further details.) 9.2.3 Another suitable calibration burner is a pipe, with an
8.2.4 Smoke Obscuration Measuremeshstall an optical  inner diameter of 106 1.5 mm (4 in.), supplied with gas from
system for measurement of light obscuration across the cefpeneath (see ISO 9705). The gas for the burner flame shall not
terline of the exhaust duct. Determine the optical density of thée premixed with air.
smoke by measuring the light transmitted with a photometer 9.2.4 Obtain a minimum of two calibration points. Obtain a
system consisting of a lamp, plano convex lenses, an apertur@wer heat release rate value of 40 kW and then a higher heat
a photocell, and an appropriate power supply. See Fig. 10 anelease rate value of 160 kW. Approximate propane flow rates
A3.4 for further details. Construct the system so that soofor any required heat release rate value are estimated using the
deposits on the optics during a test do not reduce the lighfollowing constant: 1.485 kW min/L, determined at a pressure
transmission by more than 5 %. Alternatively, instrumentationof 101 = 5 kPa (standard atmospheric pressure, measured at
using a laser beam system, with an 0.5 to 2.0 mW helium-neothe flow gage) and a temperature of 205°C. Accurate flow
laser, instead of white light system is also acceptable. See Figates of propane gas are calculated using the mass flow rate (Eq
11 and A3.4 for further details. It has been shown that whiteA5.1 or Eq A5.2).
light and laser systems will give similar results (see Refs 925 Take measurements at least onceye6es and start 1

(3-6)). min prior to ignition of the burner. Determine the average rate
o of heat release over a period of at least 1 min by the oxygen
9. Calibration consumption method and calculating the heat release rate from

9.1 Calibrate all instruments carefully with standard sourcedN® 9as mass flow rate and the net heat of combus(t)ion. The
after initial installation. Among the instruments to be calibrategdifference between the two values shall not exceed 5 %. Make

are load cells or weighing platforms, smoke meters, flow ofthis comparison only after steady state conditions have been

velocity transducers, and gas analyzers. Perform recalibratidigached.

tests on the entire system, for example, using standard output9-2.6 Perform a calibration test according to 9.5 prior to
burners. each continuous test series. Perform a full basic calibration on

9.2 Heat Release a new system or when modifications are introduced.

9.2.1 Perform the calibration of the heat release instrumen- 9.2.7 When calibrating a new system, or when modifica-

tation in the exhaust duct by burning propane or methane ga&ons a:cr(:hlntroduceq, Itis rteconlem(a?d(fad”to ghec;k tthe respons.e
and comparing the heat release rates calculated from trfne of the measuring system by the following test sequence:

metered gas input and those calculated from the measured Tme min Burner Output, kW

R . 0to5 0

oxygen consumption. The value of net heat of combustion for 5 to 10 40
methane is 50.0 MJ/kg and that for propane is 46.5 MJ/kg. 10to0 15 160
15 to 20 0

Position the burner in the same location where the upholstered
furniture specimen is to be placed during the test. Measure the Take measurements at least once every 6 s. The response of
gas flow rate at a pressure of 10 & 5 kPa (standard the system to a stepwise change of the heat output from the
atmospheric pressure, measured at the flow gage) and wurner shall be a maximum of 12 s to 90 % of final value.
temperature of 2G= 5°C. 9.2.8 Check the precision of the system at various flow rates
9.2.2 Asuitable calibration burner is a sand diffusion burnerpy increasing the flow in the exhaust duct in four steps, starting
with a 0.3 by 0.3-m (12 by 12-in.) top surface and a 0.15-mfrom 0.25 nis* (at 0.1 MPa and 25°C) up to maximum. The
(6-in.) depth. Construct such a gas burner with a 25 mm (1 in.)ecommended heat output from the burner is 160 kW. The
thick plenum. Alternatively, use a minimum 100 mm (4 in.) change in measured rate of heat release, comparing time
layer of Ottawa sand to provide the horizontal surface througlwerage values over 1 min, shall not be more than 10 % of the
which the gas is supplied. This type of burner is shown in Figactual heat output from the burner.
12. The gas supply to the burner shall be propane, of the sameg 2 9 The use of a higher rate of heat release for calibration,
quality as that used for the ignition burner, or methane. The gag,, example 500 kW, will generally lead to higher accuracy in
test results.

9.3 Mass Loss-Perform calibration of the mass measuring

wall of device by loading the weighing platform with known masses
duct corresponding to the measuring range of interest, to ensure that
' x Aperture the requirements of accuracy in 7.10.3 are fulfilled. Carry out

this calibration daily, prior to testing.

9.4 Smoke ObscuratierCalibrate the smoke meter ini-
tially to read correctly for two neutral density filters of

Smoke Detector significantly different values and also at 100 % transmission.
partictes Once this calibration is set, only the zero value of extinction
FIG. 10 Optical System, Using a White Light coefficient (100 % transmission) needs to be verified each day,
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FIG. 12 Calibration Gas Burner

10. Conditioning

10.1 Prior to testing, condition the specimen for at least 48
h in an atmosphere at a temperature of2B°C (70 = 5°F)
and a relative humidity of less than 555 %. Test specimens
within 10 min of removal from such conditions if test room
conditions differ from the above.

11. Procedure

11.1 Initial Conditions

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

11.1.2 The horizontal air flow, measured at 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 Ths

11.1.3 Position the specimen to be tested centrally on the
weighing platform.

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

11.2 Test Procedure

11.2.1 Place the square gas burner above the seat cushion, as
specified in 7.9.

11.2.2 Start all recording and measuring devices 2 min
before starting the ignition burner.

11.2.3 Light the ignition burner.

11.2.4 Expose the specimen to the gas burner flames for 80
s, at a flow rate of 13 L/min, determine at a pressure of 01
5 kPa (standard atmospheric pressure, measured at the flow
gage) and a temperature of 205°C.

11.2.5 After the specified burning period extinguish the gas
flame and remove the burner.

11.2.6 Perform a photographic or a video recording before
and during each test. A clock shall appear in all photographic
records, giving time to the nearest 1 s.

11.2.7 During the test record the following events and the
time when they occur, with respect to the time of ignition of the
burner:

prior to testing. Investigate any excessive departure from the 11.2.7.1 Ignition of the specimen,

zero line at the end of a test, and correct it.
9.5 Gas Analysis— Calibrate gas analyzers daily, prior to
testing (see Guide E 800 for further guidance).

11.2.7.2 Position of flame front,
11.2.7.3 Melting and dripping,
11.2.7.4 Occurrence of pool fire under the specimen,
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11.2.7.5 General description of the burning behavior, and 13.2.1.13 Average yield of carbon monoxide (in g CO/g

11.2.7.6 Any other event of special interest. fuel) (optional),

11.2.8 Terminate the test after the first of: 13.2.1.14 Average yield of carbon dioxide (in g g®fuel)
11.2.8.1 Burning has ceased, (optional),

11.2.8.2 One hour of testing has elapsed, or 13.2.1.15 Carbon monoxide/carbon dioxide molar yield ra-
11.2.8.3 Flashover appears inevitable. tio (optional),

11.2.9 Note, from visual inspection of the specimen after the 13.2.1.16 Average yield of any other measured combustion
test, the approximate percentage of each surface that wams (in g combustion gas/g fuel) (optional), and
burned or charred, and the approximate depth of fire damage. 13.2.1.17 Report smoke obscuration, carbon monoxide, and
temperature measurements in the room in the same fashion, if
12. Calculation they have been made (optional).

12.1 Considerations for heat release measurements are pre-3-2-2 Graphical Results (Optional) ,
sented in Annex A4. Calculate heat release data, using the 13-2.2.1 Plot of rate of heat release versus time,
equations presented in A5.1. The testing laboratory shall 13.2.2.2 Plot of rate of smoke release versus time,
choose one of the equations in Annex A5 to calculate heat 13-2-2.3 Plot of optical density versus time,

release. 13.2.2.4 Plot of mass loss versus time, _
12.2 Calculate smoke release data using the equations 13.2.2.5 Plot of concentration of carbon monoxide versus
presented in A5.2. time, _ o
12.3 Calculate gas yield data using the equations present?d13-2-2-6 Plot of concentration of carbon dioxide versus
in A5.3. Ime,
13.2.2.7 Plots of concentration of any other measured com-
bustion gas versus time
13. Test Report '
P o . 13.2.2.8 Plot of mass flow rate in the exhaust duct versus
13.1 Report the following information: time

13.1.1 Descriptive Information

13.1.1.1 Name and address of the testing laboratory,

13.1.1.2 Date and identification number of the report,

13.1.1.3 Name and address of the test requester,

13.1.1.4 Test option used: A, B or C,

13.1.1.5 Name of product manufacturer or supplier, if
known, a

13.1.1.6 Name or other identification marks and description
of the product,

13.1.1.7 Density, or mass per unit surface area, total masd4. Precision and Bias

thickness of the main components in the specimen, and mass 0f14.1 Precision—The precision of this test method has not

13.2.2.9 Plot of duct temperature versus time, and

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

13.2.3 Descriptive Results

13.2.3.1 Photographs or videotape of the fire development,

nd
13.2.3.2 All available information requested in 11.2.7.

combustible portion of specimen, if known, been determined. Table 1 and Table 2 show the precision
13.1.1.8 Description of the specimen, if different from the obtained in an interlaboratory round-robin evaluation con-
product, ducted with four laboratories, using four sets of upholstered
13.1.1.9 Conditioning of the specimens, chairs (labeled U1 to U4), supplied by different manufacturers,
13.1.1.10 Date of test, and and all commercially available. Two of the laboratories con-
13.1.1.11 Test number and any special remarks. ducted the tests using the “ASTM room,” and the other two
13.2 Test Results(see also Annex Al): used the “California room.” The data obtained from all four
13.2.1 Table of Numerical Results Containing laboratories were analyzed. In Table 2, outliers and “obviously
13.2.1.1 Peak rate of heat release (in kW) and the time dhcorrect data” were excluded, using standard statistical con-
which it occurred, siderations and information from the test lab reports submitted.
13.2.1.2 Total heat released (in MJ), It should be noted that some tests in some laboratories were
13.2.1.3 Peak rate of smoke release (fisif) and the time  incorrectly terminated before the mandated end point, after
at which it occurred, some guidelines were exceeded. The complete set of major
13.2.1.4 Total smoke released (irf)m data was also analyzed, without eliminating any data point,
13.2.1.5 Total mass loss (in kg), with the statistical analysis included as Table 3. It is possible to
13.2.1.6 Total percentage of mass loss (in %), conduct an analysis of the data that excludes all incorrect data
13.2.1.7 Peak concentration of carbon monoxide (in ppm)but does not exclude outliers, but that was not done. A research
13.2.1.8 Peak temperatures (in °C), report has been submitted to ASTM that includes all the
13.2.1.9 Equations used to calculate rate of heat release, information required for a full understanding of results. The
13.2.1.10 Peak optical density of smoke (optional), user is encouraged to consult this research report entitled, “Test
13.2.1.11 Average optical density of smoke, over the 10 mirMethods E 1537 and E 1822 Interlaboratory Study, Prepared
period including the peak (optional), by: ASTM EO05.15” (2001). The abbreviations used are as
13.2.1.12 Total percentage of combustible mass loss (in %pllows: peak rate of heat release (Pk RHR), total heat released
(optional), (THR), mass loss at 10 min (Mass Loss @ 10), peak rate of
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TABLE 1 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation Excluding Outliers and Incorrect Data

Chair Property/Units Average STD repeat STD Repro R R RSD repeat RSD Repro
Ul Pk RHR/KW 25.2 3.9 4.1 11.0 11.6 15.5 16.5
u2 Pk RHR/kKW 799.7 364.3 364.3 1020.0 1020.0 57.5 57.5
U3 Pk RHR/KW 21.7 7.7 7.7 21.4 21.4 35.3 35.3
U4 Pk RHR/KW 37.8 18.9 18.9 52.8 52.8 50.0 50.0
Ul THR @ 10/MJ 25 1.2 1.3 3.5 3.5 48.6 49.6
u2 THR @ 10/MJ 76.6 26.3 28.3 73.6 79.4 34.4 37.0
U3 THR @ 10/MJ 1.7 1.3 1.3 3.5 3.5 68.6 68.6
U4 THR @ 10/MJ 3.1 1.5 1.5 4.2 4.2 48.6 48.6
Ul time to Pk RHR/s 141.6 17.0 52.3 47.7 146.3 12.0 36.9
u2 time to Pk RHR/s 229.3 40.6 78.7 113.5 220.3 17.7 34.3
u3 time to Pk RHR/s 108.4 29.6 54.2 82.8 151.6 27.3 49.9
U4 time to Pk RHR/s 112.2 28.1 58.8 78.6 164.6 25.0 52.4
Ul Mass Loss @ 10/kg 0.1 0.02 0.03 0.05 0.09 18.7 31.7
U2 Mass Loss @ 10/kg 2.8 2.0 2.0 5.5 55 71.1 71.1
U3 Mass Loss @ 10/kg 0.1 0.1 0.1 0.2 0.2 61.8 61.8
U4 Mass Loss @ 10/kg 0.4 0.07 0.2 0.2 0.7 18.6 64.6
Ul Pk RSR, m?/s 2.0 0.2 1.3 0.4 3.6 7.8 64.6
U2 Pk RSR, m?/s 6.1 1.7 3.4 4.8 9.5 28.2 55.6
U3 Pk RSR, m?/s 1.4 0.9 1.0 24 2.7 63.9 71.9
U4 Pk RSR, m?/s 1.7 2.5 2.5 7.0 7.0 143.3 143.3
Ul TSR, m? 238.8 180.2 243.8 504.5 682.5 75.5 102.1
U2 TSR, m? 862.8 393.6 571.9 1102.1 1601.3 45.6 66.3
U3 TSR, m? 160.1 35.8 93.0 100.1 260.3 22.3 58.1
U4 TSR, m? 543.3 546.9 622.7 1531.4 1743.7 100.7 114.6
Ul time to Pk RSR/s 80.2 19.2 19.2 53.6 53.6 23.9 23.9
u2 time to Pk RSR/s 207.3 18.0 23.6 50.5 66.0 8.7 11.4
U3 time to Pk RSR/s 85.3 6.9 6.9 19.3 19.3 8.1 8.1
U4 time to Pk RSR/s 96.8 9.4 11.8 26.3 329 9.7 12.2

smoke release (Pk RSR), total smoke released (RSR), standatd % compared to the true value. For homogeneous materials
deviation for repeatibility and reproducibility (STD repeat andwith only a single pyrolysis mechanism, this uncertainty is
STD Repro), relative standard deviation for repeatibility andreduced by determining the net heat of combustion from
reproducibility (RSD repeat and RSD Repro), repeatability (r)oxygen bomb measurements and the stoichiometric oxygen/
and reproducibility (R). fuel mass ratio from ultimate elemental analysis. For testing
14.2 Bias relevant to this standard, this is not practical, since specimens
14.2.1 No information is presented on the bias of theare finished products, some of which are nonhomogeneous and
procedure in this test method because correct values afapable of exhibiting degradation reactions. Therefore, for
fire-test-response characteristics of upholstered furniture camknown specimens, &5 % accuracy limit is seen. For
only be defined in terms of a test method. Within thisreference materials, however, careful determination of the net
limitation, this test method has no known bias and can béieat released per unit of oxygen consumed can make this
accepted as a reference method. source of uncertainty substantially less.
14.2.2 For solid specimens of unknown chemical composi-
tion, as used in building materials, furnishings, and commori-2. Keywords
occupant fuel load, it has been documented that the use of the15.1 calorimetry; carbon dioxide; carbon monoxide; fire;
oxygen consumption standard value of 13.1 MJ/kg oxygen fofire-test-response; heat release; ignition; mock-up; oxygen
the net amount of heat released per unit of oxygen consumembnsumption; smoke obscuration; toxic combustion gases;
for complete consumption, results in an expected error band afpholstered furniture

10
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TABLE 2 Intralaboratory and Interlaboratory Precision Results of Round Robin Evaluation

Chair | # of labs | Average | STD repeat | STD Repro | r | R | RSD repeat | RSD Repro
Peak RHR/KW
Ul 3 32.2 21.2 23.6 59.4 66.1 65.8 73.3
U2 4 632.7 182.3 467.8 510.4 1309.8 28.8 73.9
U3 4 21.7 3.9 4.0 10.8 11.3 17.7 18.6
U4 4 152.7 233.1 233.1 652.7 652.7 152.7 152.7
Total Heat Released @ 10 min/MJ
Ul 3 2.54 0.89 15 25 4.2 35.0 59.1
u2 4 60.25 13.29 44.18 37.2 123.7 22.1 73.3
U3 4 1.83 0.63 0.89 1.8 25 34.4 48.6
U4 4 3.1 0.79 1.23 2.2 34 25.5 39.7
time to peak RHR/s
Ul 3 210.1 205.9 205.9 576.5 576.5 98.0 98.0
u2 4 230.1 22.2 124.6 62.2 348.9 9.6 54.2
U3 4 108.4 15.2 84.9 42.6 237.7 14.0 78.3
U4 4 418.8 648.2 648.2 1815.0 1815.0 154.8 154.8
Mass Loss @ 10 min/kg
Ul 3 0.14 0.11 0.13 0.3 0.4 78.6 92.9
u2 4 2.73 1.01 1.55 2.8 4.3 37.0 56.8
U3 4 0.11 0.04 0.05 0.1 0.1 36.4 45.5
U4 4 0.74 0.91 1.06 25 3.0 123.0 143.2
Peak RSR/m?/s
Ul 3 2.01 0.12 2.23 0.3 6.2 6.0 110.9
U2 3 1.78 1.54 5.67 4.3 15.9 86.5 318.5
U3 4 1.47 0.23 1.38 0.6 3.9 15.6 93.9
U4 4 1.74 2.23 2.38 6.2 6.7 128.2 136.8
Total Smoke Released @ 10 min/m?
Ul 3 238 180 368 504.0 1030.4 75.6 154.6
U2 3 689 731 388 2046.8 2486.4 106.1 128.9
U3 4 159.8 18.2 154 51.0 431.2 11.4 96.4
U4 4 286.2 115.1 354 322.3 991.2 40.2 123.7
Total Smoke Released entire test/m?
Ul 3 239 180 367 504.0 1027.6 75.3 153.6
U2 3 929 381 983 1066.8 2752.4 41.0 105.8
U3 4 160.2 18.3 154 51.2 431.2 11.4 96.1
U4 4 529 496 865 1388.8 2422.0 93.8 163.5
time to peak RSR/s
Ul 3 136.8 170 171.4 476.0 479.9 124.3 125.3
U2 3 208.4 14 33 39.2 92.4 6.7 15.8
U3 4 85.3 4.26 4.38 11.9 12.3 5.0 5.1
u4 4 240.3 336.8 336.8 943.0 943.0 140.2 140.2
ANNEXES

(Mandatory Information)

Al. DESIGN OF MOCK-UP

Al.1 Inlieu of testing finished products, full-scale mock-up plane. The test frame shall be adjustable to accommodate test
testing is performed on mock-ups constructed according to theushions of various thicknesses and sizes, with or without arm
following specimen construction directives: cushions.

Al1.1.1 The test specimen shall consist of component cush- A1.1.3 Component back, seat, and arm cushions shall be
ions that duplicate the thickness, construction, and desigoonstructed into mock-up designs of the actual article of
features of a product suitable for use. furniture. Construction shall duplicate all layers found in the

A1.1.2 A metal test frame (see Fig. AL.1 and Fig. Al.2)actual article of furniture. Cushion construction shall consist of
shall be used to support seat and back cushions and, #ither:
necessary, arm cushions. The test frame shall be of steel
construction. The back wall shall be constructed so that it i
adjustable to a maximum angle of 135° from the horizontal

Al1.1.3.1 Manufacturer’'s prefabricated cushions of the ap-
ropriate size, or

11



AfY £ 1537 — 02a
“afl

Adjustable Back—_
/] % 53003
21"
Moveable Side Arms
™ 940mm
37"
:Z'iOmx;l_') ASea( Base
400mm
(16")
\Slo(s for Arm Adjustment
Legs : /
510mm
Base Frame AZOH)
910mm
(36',') Tolerance + 15mm
(0.5)
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FIG. A1.2 Metal Test Frame (End View)

A1.1.3.2 Custom-made cushions of the appropriate size.
Cushions are constructed by covering the face and four edges

12

of the filling material with the interliners, if appropriate, and
cover fabric. On the back of each cushion, a 50 mm (2 in.)
overlap of the cover fabric is stapled together, and a wire is
loosely woven through the fabric edges and drawn to produce
a close fit (see Fig. A1.3).

Al1.1.4 The constructed seat cushion shall be placed hori-
zontally on the seat area of the test frame and pushed against
the back of the frame. The constructed back cushion shall then
be placed vertically against the back support of the test frame.
The back cushion shall be held in place by wire to prevent it
from falling forward. If arm cushions are used, the constructed
arm cushions shall be placed between the seat cushion and the
arm supports of the test frame. However, the placement of the
seat, back, and arm cushions shall be done to most closely
duplicate the design features of the completed article of
furniture. If any plastic frames or decorative parts are to be
used, they shall also be included in the mock-up tested.

A1.1.5 The frame shall have a total length of 0.9 m (36 in.),
a width of 0.5 m (20 in.), and an overall height of 0.93 m (37
in.). The back shall be hinged with 0.4 m (16 in.) from the seat
to the floor and 0.53 m (21 in.) above the seat. The moveable
side arms shall be 0.37 m (14.5 in.) high and 0.50 m (20 in.)
wide (see Fig. Al.1). The tolerances of all measures shall be 12
mm (0.5 in.). The bottom of the frame shall be covered with a
wire net having 45+ 5 mm mesh size.

Al1.1.6 The constructed cushions shall be 450 by 450 by 50
mm nominal thickness (18 by 18 by 2 in.). The thickness of the
cushions may vary due to type of filling, presence of interliner,
and type of fabric. The given cushion sizes are nominal for 50
mm foam thickness and shall be slightly adjusted to fit a given
test set-up.

y

ISOmm (2")

e

P
(18"

Tolerance X y5pm (1™)

FIG. A1.3 Back View of Constructed Cushion
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A2. DESIGN OF EXHAUST SYSTEM

A2.1 Hood and Exhaust Duct, Recommended Design:

A2.1.1 The combustion gases from the burning specimefV0 plates approximately 0.5 by 0.9 m are located (see Fig.
shall be collected by a hood. Below, a system is described th&?2.1) to increase mixing of the combustion gases. The hood
has been tested in practice and proven to fulfill the specificashall be designed and manufactured so that no leakage exists.

tions given in this test method.

m, depending on building constraints. In the plenum chamber

A suitable means of mounting the laser beam together with the

A2.1.2 The hood is located just outside the room doorwaycombustion gas sampling probes is shown in Fig. A2.2.
The bottom dimensions of the hood are 2.4 by 2.4 m (8 by 8ft) A2.1.3 An exhaust duct is connected with the plenum
and the height 1.0 m (see Fig. A2.1). The hood feeds into @namber. The inner diameter of the exhaust duct is 205
plenum having a 0.9 by 0.9 m cross section area. The plenumym, (16 in.). To facilitate flow measurements, guide vanes, if
has a height of 0.9 m. The maximum acceptable height is 1'ﬁeeded, are located at both ends of the exhaust duct (see Fig.

A2.1). Alternatively, the rectilinear part of the exhaust duct

Sanae cB A | Gpening & 400 must have such a length that a fully developed flow profile is
s !H“ - tu::°° Saee K _ established at the point of measurement. The exhaust duct is
qEE T = . connected to an evacuation system.
Yy ST T ma-w N o A2.1.4 The capacity of the evacuation system shall be
@'{335}:\”“"” LIP3 I designed to exhaust all combustion gases leaving the specimen.
T‘—-*A as analysis Hood gfafargm , g This requires an exhaust capacity of at least 2.7 k¢sbout
gas Sleaning Opening > g [ 4 8000 m°h™* at standard atmospheric conditions) corresponding

2440 x 2440~ 7

Frame of steel
rofile
0 x 100 x 3,2

Steel plates
1000 x 2440
{optional)

Dimensions in millimeters

to a driving under pressure of about 2 kPa at the end of the
duct. It shall be possible to control the exhaust flow from about
0.5 kgs* up to maximum flow, as stated above, during the test
process. The system shall be capable of measuring low rates of
heat release with sufficient sensitivity. If concentration gradi-

2 240/ \5 340

4 Steel plates
395 x 400

R

ents are found to exist, mixing vanes are an adequate means of
addressing the problem.

A2.1.5 Use of an alternative exhaust system design is
limited to those systems shown to produce equivalent results.
Equivalency is demonstrated by meeting the calibration re-
quirements under Section 9. Exhaust system designs based on
natural convection are not permitted.

Details of exhaust system

G' = min 335°mm

Section A-A , C = min 30mm

Cross Section of Guide Vanes

Note 1—Details of exhaust system: A = 3350 mm, min and B,
C = 30 mm, min.
FIG. A2.1 Design of Hood and Exhaust System

13
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LASER EXTINCTION MASS SAMPLING

BEAM PORT
BI-DIRECTIONAL PROBE

SMOKE THERMOCOUPLE

/
2

GAS SAMPLING PROBE !
LASER MOUNTING FLOW THERMOCOUPLE

—L1
—f>-

YIEW OF GAS SAMPLING PROBE.HOCLES
DOWNSTREAM TO AVOID CLOGGING

FIG. A2.2 Recommendations for Mounting the Laser Beam and Other Instrumentation in Exhaust Duct

A3. INSTRUMENTATION IN EXHAUST DUCT

A3.1 Flow: couple, shielded against high heat with insulation resisting up
A3.1.1 The flow shall be measured by a bidirectional probe® 1200°C. The wire gage shall be in the range 24 AWG (0.51
located at the center line of the duct. The probe shown in Fighm diameter) to 30 AWG (0.36 mm diameter). The thermo-
A3.1 consists of a stainless steel cylinder, 32 mm long and witi§ouple shall not be allowed to disturb the flow pattern around
an inner diameter of 14 mm. The cylinder has a massive walfih€ bidirectional probe.
in the center, dividing it into two chambers. The pressure ) ]
difference between the two chambers is measured by a pressure®3-2 Sampling Line:
transducer. A3.2.1 The sampling probe shall be located in a position
A3.1.2 The pressure transducer shall have an accuracy of athere the exhaust duct flow is well-mixed. The probe shall
least+5 Pa and be of the capacitance type. A suitable range dfave a cylindrical cross section so as to minimize disturbance
measurement is 0 to 2000 Pa. of the air flow in the duct. Collect the combustion gas samples
A3.1.3 Gas temperature in the immediate vicinity of theacross the entire diameter of the exhaust duct (see Fig. A3.2).
probe is measured by a Chromel-Alumel Type K thermo- A3.2.2 Manufacture the sampling line, Fig. 9, from corro-
sion resistant material, for example polytetrafluoroethylene.

,_7.26mm VARIABLE LENGTH SUPPORT TUBES  Remove the particulates contained in the combustion gases
0.286") (TO AP INSTRUMENT) S . . .
with inert filters, to the degree required by the gas analysis
equipment. Carry out the filtering procedure in more than one
4.70mm_’ |
(0.185%)
/WELO
4 > ZZ
o 1.83mml ple flow —
i 00727 ®10
VAD S A9 a4 WA A A &
€'ot~—o1L=2D
€3
gg_' Exhaust duct
FIG. A3.1 Bidirectional Probe FIG. A3.2 Sampling Probe
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step. Cool the combustion gas mixture to a maximum of 10°Caccount for the time required for gas analyzer response and for

The combustion gas samples taken to each analyzer shall sembustion gas transit time within the sampling system. For

completely dried. each gas analyzer used, determine the system delay time for the
A3.2.3 Transport the combustion gases by a pump, such amalyzer to reach a 90 % response to a step change in the gas

a diaphragm pump (coated with polytetrafluoroethylene)concentration.

which does not emit oil, grease, or similar products. The )

presence of such products in the stream will contaminate the A3-4 Smoke Obscuration:

combustion gas mixture. Alternate pumps shown to have the A3.4.1 A suitable light measuring system based on white

same effect are acceptable, but they have often been shownlight has the following components: a lamp, plano convex

need frequent replacement. lenses, an aperture, a photocell, and an appropriate power
A3.2.4 A suitable sampling probe is shown in Fig. A3.2. supply. Mount lenses, lamp, and photocell inside two housings,

This sampling probe is of the bar type. When a bar type probécated on the exhaust duct, diametrically opposite each other.

is not used, a ring type sampling probe is also acceptable. A3.4.2 Use a lamp of the incandescent filament type, which

However, ring sampling probes will not allow combustion gasoperates at a color temperature of 2860100 K. Supply the

samples to be collected across the whole diameter of the dudamp with stabilized direct current, stable withit0.2 %

The sampling line is shown in Fig. 9. A pump with a capacity (including temperature, short-term, and long-term stability).

of 10 to 50 Lmin* is suitable, as each combustion gas analysisenter the resultant light beam on the photocell.

instrument consumes about 1 LitnThe pump shall generate  A3.4.3 Select the lens system such that the legsaccord-

a pressure differential of at least 10 kPa to reduce the risk ofg to Fig. 10, has a diametetl, chosen with regard to the focal

smoke clogging of the filters. The intake of the sampling probdength,f, of L, so thatd/f = 0.04.

is turned downstream in order to avoid soot clogging in the A3.4.4 Place the aperture in the focus of the lehs,

probe. according to Fig. 10.
A3.2.5 There shall be a soot filter capable of removing all A3.4.5 The detector shall have a spectrally distributed
particles >25 pym in size. response according to the CIE photopic curve. The detector

A3.2.6 The recommended approach to a cooling column (tshall be linear within 5 % over an output range of at least 3.5
remove water from the combustion gases) is to use a refrigefdecades. Check this linearity periodically with calibrated
ated column and separation chamber with a drain plug fronoptical filters, covering the entire range of the instrument.
which the collected water is removed from time to time (see A3.4.6 The system described below is an example of a light
Fig. 9). Alternate devices shown to give equivalent results areneasuring system that has been found to be satisfactory:

also acceptable. A3.4.6.1 Lenses—Plano convex, diameter 40 mm, focal
A3.2.7 If carbon dioxide is to be removed, use carbonlength 50 mm.
dioxide removal media, as indicated in Fig. 9. A3.4.6.2 Lamp—Osram Halo Stars, 64410: 6 V, 10 W.
) . A3.4.6.3 Photocel|] United Detector Technology: PIN 10
A3.3 Combustion Gas Analysis: AP.

A3.3.1 Oxygen ConcentratierUse an oxygen analyzer, A3.4.6.4 Voltage Suppk~ Gresham Lion Ltd: G< 012
meeting the specifications under 8.2.3.2, preferably of thenodel.
paramagnetic type, and including an absolute pressure trans-A3.4.7 The system shall be designed to be purged against
ducer to compensate for gas pressure variations. Locate sbot deposits. The use of holes in the periphery of the two
rotameter on the outlet of the oxygen analyzer (see Fig. 9). housings is a means of achieving this objective.

A3.3.2 Carbon Monoxide and Dioxide Concentratien A3.4.8 An acceptable alternate system for measurements of
Analyzers found suitable are nondispersive infrared analyzersmoke obscuration uses a helium-neon laser, and silicon
See Guide E 800 for further guidance. photodiodes as main beam and reference detectors, respec-

A3.3.3 Other Combustion GasesThe concentration of tively, and appropriate electronics to derive an extinction
other combustion gases, for example, water, total hydrocarborpefficient and to set a zero reading. The system is designed for
nitrogen oxide, hydrogen cyanide, or hydrogen chloride shalsplit yoke mounting in two pieces that are rigidly coupled
be measured when required for special purposes. See Guitlegether, but resiliently attached to the exhaust duct by means
E 800 for details of suitable analyzers. of refractory gasketing. The assembly will project a 0.5 to 2.0

A3.3.4 Time Shit— Combustion gas concentration mea- mW helium-neon laser beam horizontally across the exhaust
surements require the use of appropriate time shifts in order tduct (see Fig. 11).
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A4. CONSIDERATIONS FOR HEAT RELEASE MEASUREMENTS

A4.1 Measurement of Rate of Heat Release by Oxygen A4.1.2 It must be emphasized that the analysis is approxi-
Consumption: mate. The following list describes the main simplifying as-

A4.1.1 Introduction— In 1917, Thornton(7) showed that SUMPtions made:
for a large number of organic fuels, a more or less constant net A4.1.2.1 Thg amount of energy releas_,ed by complete com-
amount of heat is released per unit of oxygen consumed f usEon fper unit of oxygen consumed is taken Bs: 13.1
complete combustion. Huggeg) obtained an average value MJ/kg of O,. . :
for this constant of 13.1 MJ/kg of OThis value may be used A4.1.2.2 All combustion gases are considered to behave as

for practical applications and is accurate, with very few!'d€al gases, in other words 1 mol of any gas is assumed to
exceptions, to within=5 %. occupy a constant volume at the same pressure and tempera-

; N o . ture.
A4.1.1.1 Thornton’s rule implies that it is sufficient to A4.1.2.3 Incoming air consists of DCO ,, H,0, and N
measure the oxygen consumed in a combustion system in ordﬂI in'e}t .gases which do not take part fn tﬁe’combu'stion
to determine the net heat released. This is particularly usefl.}l '

for full-scale fire test applications. For example, for compart- eactions, are lumped into the nitrogen.
. Y : nple, P A4.1.2.4 The Q, CO,, and CO are measured on a dry basis,
ment fires, the oxygen consumption technique is much more

g . Ih other words, water vapor is removed from the sample before
accurate and easier to implement than methods based A mbustion aas analvsis measurements are made
measuring all the terms in a heat balance of the compartmen?. A413 In gt]he anal);/sis 1o follow. initial emphasié will be
A4.1.1.2 Perhaps the first application of theddnsumption - 5064 on the flow rate measurement. Equations to calculate
principle in fire research was by Park®) using Test Method g,y rate are applicable unless otherwise indicated, irrespective
E, 84, the tunnel test. Later, Sensenlg applied 't, to an intermesg e configuration of the combustion gas analysis system. In
diate scale room tegi0). During the late seventies and early subsequent sections, distinction is made between various
eighties, the @ consumption technique was refined at the .qpustion gas analyzer combinations.
National Institute for Standards and Technology (NIST, for-
merly National Bureau of Standards). A paper by Pafi4)
gives equations to calculate rate of heat release hydd- , )
sumption for various applications. The technique is now used A4-2.1 Mainly two techniques are used to measure mass
extensively in many laboratories all over the world, both inflow rate in the exhaust duct of full-scale fire tests. .
bench-scalé12) and full-scale(13)!* fire test applications. A4.2.2 The first technique measures mass flow rate via the
A4.1.1.3 The objective of this annex is to provide a com-Pressure drop across, and temperature at, an orifice plate (see

prehensive set of equations and guidelines to determine the ra A5.1). If the test is conducted within a narrow range of

of heat release in full-scale fire tests based on thedbsump- conditions, the OFiﬁce plate coeflicienc, .i.s approximately_
tion principle. The approach followed here is somewhatconstant. Determine the value of the orifice plate coefficient

different from ParkeK11) as the emphasis is on full-scale fire using a b“mef calibration or an aIt_ernatlve method that
test applications and the use of volumetric flow rates ié)rowdes equivalent results. However, if flow rates are varied

avoided. Volumetric flow rates require specification of tem—during a test or if temperature changes are considerable, effect
perature and pressure. Various investigators have used differet C of the Reynolds number and pressure at the downstream

combinations of reference pressure and temperature. This leati'® Of the orifice plate must be taken into account. Information

to confusion, which is greatly minimized if mass flow rates are?" such corrections and on various design options (for ex-

used ample, location of the pressure taps) are found in Ref).

A4.1.1.4 The basic requirement is that all combustion prod- A4.2.3 The other technique is to measure velocity at one

ucts be collected in a hood and removed through an exhau int in the duct, usually along the center line. The flow rate is
duct. At a distance downstream of the hood sufficient for en calculated using a predetermined shape of the velocity

adequate mixing, both flow rate and composition of theprofile in the duct. The latter is obtained by measuring velocity

combustion gases are measured. We assume it is not possible {2 suficient number of representative points over the diam-
gas . ' > notp e1ér or cross section of the duct prior to any fire tests. Detailed
measure the air flow rate into the system, as this is genera:_lgh

A4.2 Flow Rate Measurements:

the case for full-scale fire tests. The differences in treatme rocedures to obtain this profile are described). Usually,
and equations to be used are méinl due 1o the extent to whid onditions in full-scale fire tests are such that the flow in the
combgstion as analvsis is made yAt least Ball be mea- ct is turbulent, resulting in a shape fackor( = ratio of the
9 alysis 1 - AL leas! ) average velocity to the velocity along the centerline) close to 1.
sured, but, if additional instrumentation is available, heat A4.2 4 Due to considerable soot broduction in manv fires
release rate measurements will be more accurate by measurinﬁ o P Any ’
" priot static tubes cannot be used because of clogging of the
CO, and CO additionally. i : : ;
holes. This is unlikely to cause a problem in a test of a single
item of upholstered furniture, but is worth bearing in mind. In
order to deal with this problem, a more robust bidirectional
11 ASTM “Proposed Method for Room Fire Test of Wall and Ceiling Materials _prObe was deS|g_ned by McCaffr_ey and HeSkeﬂ@- This
and Assemblies, ASTM Annual Book of Standardéol 04.07, p. 958, 1983. involves measuring the differential pressure across the probe
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and the centerline velocity (see Eq A5.2), and is valid in the A4.4 Rate of Heat Release Measurement if Oxygen and
range of Reynolds numberRe Carbon Dioxide are Being MeasuredThis case is similar to
40 < Re< 3800 that covered in Eq A5.3. It is now assumed that only water
vapor is trapped before the sample reaches the combustion gas
nalyzers. Again, the equations are derived on the basis of
onservation of nitrogen. The mole fraction of CQOn the
incoming air is taken to be 330 ppm. A new equation is now
Re> 3800 needed, of course, for the oxygen depletion factor: Eq A5.4.
Again the equation for rate of heat release (see Eq A5.3) is
In this casd(R8 is taken as a constant (1.08), which greatly accurate to withint5 %, provided combustion is complete; in
simplifies the calculations. This equation (see Eq A5.2) isother words, all carbon is converted to €O
generally preferred for full-scale measurements of heat release :
rate. Further details of this and of all other calculations A4 Rateof Heat Release Measurement if Oxygen, Carbon
discussed in this annex are found in a paper by Janga@ps Dioxide, and Carbon Monoxide are Being Measurethis
For additional details see 1SO 9705. case reverts to that covered in A2.4 if CO production is
negligible. Taking CO into account, however, changes the
gquations. It means that a new oxygen depletion factor is
required, Eq A5.6, as well as a new rate of heat release
equation altogether, Eq A5.7.

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

A4.3 Rate of Heat Release Measurement if Only Oxygen i
Measured:

A4.3.1 In this case all water vapor and ¢ére eliminated
by the use of appropriate filtering media. This leads to the A4.6 Calculation of Heat Released by Igniting Fuel:

assumption that the sample combustion gas only consists of O a4.6.1 Part of the oxygen depletion in the exhaust duct is
and N.. This is approximately true provided CO production is gqye to the combustion of the ignition source fuel. This part
negligible. As the composition of the incoming air is unlikely myst be subtracted from the total oxygen depletion in order to
to change during a test, and as the temperatures in buildingetermine the net rate of heat release of the specimen.
fires are usually not high enough to generate noticeable a4.6.2 Fora gas burner, Janssens has derived an equation to
amounts of nitrogen oxides by nitrogen fixation, the moletake into account this valu@ 7). However, in view of the delay
fraction of G; in the air, as measured by the analyzer prior tojn response of the instrumentation in the exhaust duct, the
atest, can be written on the basis oféhd N, exclusively. The  proplem of filling of an enclosure, and other experimental
mole fraction of Q in the exhaust combustion gases, asgifficulties, it is recommended that the best way to measure the
measured by the oxygen analyzer, can be written likewise. Aget heat released by the specimen is to subtract from the heat
nitrogen is conserved and does not participate in the combughtained in the equations the heat release measured in the
tion reactions, the equations are derived on the basis of itga|ipration. This heat yields a baseline rate of heat release
conservation. curve.
A4.3.2 In this case the rate of heat released (in kW) is
calculated as a function of the heat released per unit of oxygen A4.7 Conclusions:
consumed K, 13.1 MJ/kg of Q), the ratio of the molecular ~ A4.7.1 Depending on the configuration of combustion gas
weight of oxygen i/,, 32.0 kg/kmol) and the molecular weight analyzers and the type of flow rate measurement, one of the
of the incoming air i/ ,, generally taken as 28.97 kg/kmol), the following procedures shall be used to calculate rate of heat
mass flow rate of the incoming air (in kg/s) and the humidityrelease:
of the incoming air. The flow rate measured is that of the smoke A4.7.2 Case +-Only 0, is measured:
within the exhaust duct and not that of the incoming air. In A4.7.2.1 Calculate the mass flow rate of the exhaust com-
order to find a relation between the two it is necessary to definpustion gases,
the oxygen depletion factor. The oxygen depletion factor is the A4.7.2.2 Calculate the oxygen depletion factor, and
fraction of the incoming air that is fully depleted of its oxygen A4.7.2.3 Calculate the rate of heat release.
(see Eq A5.3). It has been demonstrated (see Appendix in TestA4.7.3 Case 2-Both O, and CQ are measured:
Method E 1354) that the rate of heat release is a functidd, of ~ A4.7.3.1 Calculate the mass flow rate of the exhaust com-
M;, M,, and the oxygen depletion factor, plus the expansiorpustion gases as in A4.7.2,
factor. The expansion factor has to be assigned, and a recom-A4.7.3.2 Calculate the new oxygen depletion factor, and
mended value is 1.105, the value for methane. The value for A4.7.3.3 Calculate the new rate of heat release.
propane is 1.084, that for carbon in dry air is 1.0, and that for A4.7.4 Case 3-O ,, CO,, and CO are measured:
hydrogen is 1.21. A4.7.4.1 Calculate the mass flow rate of the exhaust com-
A4.3.3 The resulting equation (Eq A5.4) is expected to bebustion gases as in A4.7.2,
accurate to withint5 %, provided combustion is complete; in  A4.7.4.2 Calculate the new oxygen depletion factor, and
other words, all carbon is converted to Crrors will be A4.7.4.3 Calculate the new rate of heat release.
larger if CO or soot production is considerable or if a A4.7.5 Carbon dioxide is eliminated from the combustion
significant amount of the combustion products are other thagas sample because it influences the oxygen measurement. If a
CO, and H,0. Itis unlikely that these errors will be of concern CO, analyzer is used, this eliminates the need for removal of
for a single item of upholstered furniture. CO, from the combustion gas sample. This is mainly of
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practical importance as the scrubbing agent used to removmplementation of a water vapor analyzer is not straightfor-
CO, usually requires careful handling and is rather expensiveward because sampling lines, filters, etc. must be heated to
If significant amounts of CO are produced (for example, at oravoid condensation. Thus, the use of a water vapor analyzer
beyond flashover in ventilation controlled room fires), accu-precludes the estimation of the expansion factor. For this test
racy of the rate of heat release measurement is greatiy\ethod, the use of water analyzers is not recommended.
improved if CO is measured.

A4.7.6 The presence of a water vapor analyzer simplifies
the analysis and improves accuracy even more. Unfortunately,

A5. MEASUREMENT EQUATIONS

A5.1 Rate of Heat ReleaseSymbols are explained in - = 1-¢  Xeo me
AB.4. Q(t)—[EXd)—(Eco—E)X > Xx—q]xm
M
A5.1.1 Flow Rate X X (L= Xi0) X X (A5.7)
A5.1.1.1 Pressure Drop Measurement (see Eq A5.1) ?
. Ap
me=C X [Te] (A5.1) A5.2 Smoke Measurement Equations:
. A5.2.1 Optical Density (OD)(see Eq A5.8):
A5.1.1.2 Velocity Measurement (see Eq A5.2): oD = log[ly/I] (A5.8)
: A Xk Ap
m, = 26.54X m X [T] (A5.2) . . .
( e Ab.2.2 Extinction Coefficient (kYsee Eq A5.9):

k= (1/L,) X In(I/) (A5.9)
The preferred measurement method uses EqA5.1. If Eq A5.2

is used, determink . daily, by calibration.

A5.1.2 Case 1-Only O, concentration measurements are A5.2.3 The volumetric flow rate is calculated as the product

used. Calculate the rate of heat release in accordance with & the mass flow rate and the density of ar, atthe correspoqd-
A5 3 ing temperature. Thus, both the volumetric flow and the density

of air must undergo temperature corrections. The volumetric
ﬁ)] " [ X5, = %o, duct flow rate (V) is adjusted because it is measured in the

Q) = Ex1.10xC [ 1.105—-1.5X% on] X (1= Xuo) exhaust duct, but required at the temperature near the photo-

Te
(A5.3) detector, as shown in Eq A5.10:
Set the value of E for the test specimen equal to 2310 NIV Ts
. . = VeX (T (A5.10)
kJ/kg unless a more exact value is known for the test material. e

A5.1.3 Case 2—Only O, and CQ concentration measure-
ments are used. Calculate the mass flow rate in accordanceA5.2.4 The density of air is adjusted between the literature
with Eq A5.1 or Eq A5.2 and the oxygen depletion factor invalue, measured at 273.15 K, and the value at the temperature

accordance with Eq A5.4: in the exhaust duct, as shown in Eq A5.11:
. B B v 273.15
_ %o, X [10 Xeo,] = Xo, X [1 = Xeo ] (A5.4) P=Po X —F (A5.11)
X0, X [1 = Xo, = Xco ]
d the rate of heat release | d ith Eq A5.5: _, "M

and the rate ot heat release In accordance with £ A9-9- the final equation for the volumetric flow rate is Eq A5.12:
. _ d . M02 o o o . A T
Q(t)fEXmeEXWX(l_XHZO_XCOZ)XXOZ VS:Z_EX2739_15 (A512)

(A5.5)

AS.1.4 Case 3— O, and CQ and CO concentration mea-  pate of smoke release (RSR) is defined by Eq A5.13:
surements are used. Calculate the mass flow rate in accordance

with Eq A5.1 or Eq A5.2 and the oxygen depletion factor in RSR= [V, X K] (A5.13)
accordance with Eq A5.6:

_ X0, X1 = Xgo, = Xeol = Xo, X [1 — Xeo]
XZDZX[]-_XOQ_XCOZ_XCO]

Total smoke released (TSR) is defined by Eq A5.14:

(A5.6)
TsR= [ RsRadt (A5.14)

Finally calculate the rate of heat release in accordance with
Eq A5.7: A5.3 Gas Yield Measurement Calculations:
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A5.3.1 Calculate the gas yield§) Using the following Eq |

A5.15: P

_ Jmass flow rate of ggst
x " mass loss of specimen

Me
(A5.15)

A5.3.1.1 The numerator in this equation is calculated by
summing 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 M,
scans, as shown in Eq A5.16:

M, Mco
(Zi([x]; X My;)X At)) X 0.001X 7
b= mass loss of specimen MCOZ
(A5.16)
H,O
A5.3.1.2 In this equationx], the concentration of gas is MCN,Z
expressed in ppnmm ., the mass flow rate, calculated by Eq OD'

A5.1 or Eq A5.2, is expressed in kg/sl, is the molecular AP
weight of gas species At is the scan period and mass loss of
specimen is the mass lost over the period over which the ga&(t)
yield is calculated, and is expressed in g, with 0.001 aRSR
conversion factor to account for the unit changes. Te

A5.3.2 Gas concentrations shall be reported on a dry gasl-
basis, unless water concentrations are being measured.

TSR
A5.4 Symbols: V,
- : V,
A = Cross sectional area of duct s
C = Orifice plate coefficient (kf°m*?K*/?),
E = Net heat released for complete combustion, per
unit of oxygen consumed (13 100 kJ/kg)O x]
Eco = Net heat released for complete combustion per
unit of oxygen consumed, for CO (17 600 kJ/kg X
0,). CO,
f(Re) = Reynolds number correction (hondimensional). N
fy = Yield of gasx (g/9). H,0
I = Light intensity for a parallel light beam having
traversed a certain length of smoky environment “*©:
and reaching photodetector (nondimensional).
lo = Light intensity for a beam of parallel light rays, Xo,
measured in a smoke-free environment, with a
detector having the same spectral sensitivity as «
the human eye and reaching the photodetector
(nondimensional). P
K = Extinction coefficient (1/m).
[ = Melocity profile shape factor (hondimensional). s)o
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Light path length of beam through smoky envi-
ronment (m).

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

C (A p/T)*? mass flow rate, by measurement of
pressure drop, in kg/s, in accordance with Eq
A5.1.

(26.54x A X kJd(f (Re)) X (a/ T2 mass flow
rate, by measurement of velocity drop, in kg/s,
in accordance with A5.2.

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).

Molecular weight of water (18 kg/kmol).
Molecular weight of nitrogen (28 kg/kmol).
Molecular weight of oxygen (32 kg/kmol).
Optical density (nondimensional).

Pressure drop across the orifice plate or bi-
directional probe (in Pa).

Heat release rate, as a function of time (in kW).
Rate of smoke release frs).

Combustion gas temperature at the orifice plate
(K).

Combustion gas temperature (near photodetec-
tor) (K).

Total smoke released @n

Volumetric flow rate in exhaust duct (at measur-
ing location of mass flow rate) (fs).

Volumetric flow rate at location of smoke meter
(value adjusted for smoke measurement calcu-
lations) (n¥/s).

Concentration of gas (ppm).

Measured mole fraction of CO in exhaust flow
(nondimensional).

Measured mole fraction of COn exhaust flow
(nondimensional).

Measured mole fraction of 4@ in incoming air
(nondimensional).

Measured mole fraction of On exhaust flow
(nondimensional).

Measured mole fraction of £in incoming air
(nondimensional).

Combustion expansion factor (non dimensional;
normally a value of 1.105).

density of air at the temperature in exhaust duct
(in kg/m?).

density of air at 273.15 K (1.293 (kgAp.

oxygen depletion factor (non dimensional).
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APPENDIXES

(Nonmandatory Information)

X1. COMMENTARY

X1.1 Introduction—This commentary is provided to give furniture items. It is, therefore of considerable importance to
some insight into the development of the test method and tdevelop a test procedure that can determine the contribution of

describe a rationale for various features used. individual upholstered furniture items to a fire. A recent study
investigated the hazards due to furniture fires and the applica-
X1.2 Measurements: bility of a full scale test similar to that described here for
X1.2.1 Rate of Heat Release assessing such fire hazd&9). This standard is a more specific

X1.2.1.1 The rate of heat release is one of the mostescription of the test procedure used for compliance with CA
important variables, and may be even the single most importaritB 133, but it is generic enough that it can be used in other
variable, in determining the hazard from a f{fg 18-21) In  fashions.
particular, the rate of heat release is a measure of the intensity S
of the fire. The rate of heat release and the amount of heat <+# Tt Facility: i
released will determine the extent to which other materials, X1.4.1 It has been determined that the rate of heat release of
products, or assemblies in the fire compartment will be ignited/Pholstered furniture in the standard ASTM room (used in
and spread the fire further. Thus, an item that releases heat vegption A of this test method; 8 by 12 by 8 ft (2.44 by 3.66 by
rapidly (that is, has a high rate of heat release) is more likely-44 M) high) and in the room described in CATB 133 (used
to ignite a nearby article than one that has a low rate of hedf Option B of this test method; 10 by 12 by 8 ft (3.05 by 3.66
release. The amount of smoke generated is usually a direBY 2-44 m) high) and in a furniture calorimeter (such as those
function of the heat release rate. described in UL 1056 or in Nordtest NT Fire 032), are Similar,

X1.2.1.2 Itis important to point out that the heat released bynless the heat release rate exceeds 60QRWt is of interest
a product made up of more than one material can often not bt the rate of heat release criterion of CATB 133 can be met
predicted from the individual heats released by the individuaPy using a furniture calorimeter or a room of different
components. Some recent literature describes heat release @ynensions than the one specified in the standard. In the United
materials(22, 23)and the entire issue of heat release (a@®.  Kingdom, instead of fire testing of full scale upholstered

X1.2.1.3 The rate of heat release can be determined bfgirniture, composites are tested by means of a test of mock-up
measuring the oxygen concentration in a fire atmosptigre ~ furniture, BS 5852, Part 2, that places a wood crib on a cushion
25, 26) Oxygen concentration measurement devices, of th&ith a cover and furniture filling. . _
paramagnetic type, are now sufficiently precise to measure the X1.4.2 It has also been determined that the increase in

small differences in oxygen concentration needed for determirf€mperature in the fire room can be represented by the rate of
ing rate of heat release. heat release measured in the duct: a rate of heat release of 65

X1.2.2 Smoke Obscuration kW is roughly equivalent to an increase in temperature of
X1.2.2.1 The visibility in a fire atmosphere will adversely 111°C (200°F) at a location 25 mm below the ceiling of the CA
affect the ability of victims to escape and the ability of fire TB 133 room, directly above the burning itef80).
brigades to fight the fire. X1.4.3 In several experimental arrangements, for examp[e,
X1.2.2.2 It has been shown that the smoke release measurédt TB 133, measurements of gases such as carbon monoxide
with a laser beam and with a white light system are equivalen@re customarily done by placing sampling probes in the test
unless the scanning time is very long (>5 s). This has beefP0m. More recently, it has been recognized that th.|s makes the
determined both in small scale instrumer(®& 4) and in results apparatus dependent. In other words, if the room
full-scale cable tray testing facilitie, 6). dimensions are changed, the same burning item will register
X1.2.3 Smoke Toxicity- The victims of a fire are often different gas concentrations. _
overcome by the toxicity of the atmosphere. This is determined X1.4.4 Current practice recommends that combustion gas
by the concentration of smoke (see Terminology E 176) and bynéasurements be made in the exhaust collection duct. If the
the toxicity of its individual components. The overall amount9ases are all collected by the exhaust system and are properly
of smoke generated can be measured by means of the mass 183&€d, such instrumentation offers the possibility of a largely
rate, which is equivalent to the rate of smoke generation. Th@Pparatus-independent measurement.
single most important individual toxicant in a fire atmosphere X1.4.5 The variable that is fully independent of (reason-
is carbon monoxide, which is present in all fires, together witr@Pl€) variations in magnitudes such as room size, room
carbon dioxide and watef27, 28) Some other combustion geometry, and duct air flow rate is the gas yield. For any:gas
gases, such as acrolein, hydrogen cyanide, and hydrogdhe Yield is computed as shown in Eq A5.15 and Eq A5.16. If

chloride, are also frequently present and may thus also cobe flow rate is constant, the numerator of this equation is
tribute to the toxicity of the fire atmosphere. simply the product of the mass flow rate and the time period.

This gas yield is nondimensional.
X1.3 Upholstered Furniture-Fire statistics have shown  X1.4.6 In order to obtain gas yields it is necessary, thus, to
that a significant proportion of fires start in upholsteredmeasure mass losses, with a load cell, as well as concentrations
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of the gas species in question, but requires the measurement ofX1.6.1 This test method is not applicable to ignition by

the mass of the burning sample. cigarettes or by any other smoldering source.
X1.4.7 An example of the application of gas yields to fire  X1.6.2 The ignition source in this test method is a flaming
hazard analysis is found in R€30). source and it has been shown that upholstered furniture,

particularly in public occupancies, is often involved in fires
with flaming ignition sources. Moreover, this ignition source
X1.5.1 It has been determined that the ignition sourcehas been shown to be able to distinguish between different
described here, when used at a propane flow rate of 13 L/mitkinds of upholstered furniture items. However, it is not known
for 80 s, is an adequate (and more reproducible) substitute feghat fraction of actual flaming upholstered furniture fires occur
the traditional ignition source formerly used in CA TB 133 with ignitions more or less intense than the one used here.
(five sheets of newspaper, each formed into a loose wad, yq g 3 |t is not known whether the results of this test
covered by a sheet metal and wire mesh box and ignited with, oo will be equally valid when it is carried out under
a match)(2). The January 1991 version of CA TB 133 has ¢4 qitions different from the specified ones. In particular, it is

relegated the newspaper ignition source to a secondary rolé 83 jear whether the use of a different ignition source, or the
a screening test. There has been no work done to determine tg e jgnition source but with a different duration of flame

applicability of the square burner defined here under an¥ynosure or with a different gas flow rate, will change the
conditions other than those that mirror the CA TB 133 ignition g 5.

source. _
X1.5.2 The gas burner can, of course, be used at other gas.Xl'6'4 The value of rate of heat release corresponding to the

flow rates or for other time periods. However, the range ofcrltical limit between propagating upholstered furniture fires

applicability of such an ignition source has yet to be deter—and nonpropagating fires is not known.

X1.5 Ignition Source:

mined. X1.6.5 There is not, as yet, a known direct correlation
between smoke obscuration or smoke toxicity measurements in
X1.6 Limitations: the exhaust duct and overall fire hazard.

X2. METHOD OF DETERMINING SUITABILITY OF OXYGEN ANALYZERS FOR MAKING HEAT RELEASE
MEASUREMENTS

X2.1 General—The type of oxygen analyzer best suited for of data. Extrapolate the line back through the first minute of
fire gas analysis is of the paramagnetic type. Electrochemicalata. The difference between the readings at 1 min and at 20
analyzers or analyzers using zirconia sensors have generaliyin on the fitted straight line represents the short-term drift.
been found not to have adequate sensitivity or suitability forRecord the drift in units of parts per million of oxygen.
this type of work. The normal range of the instrument to be X2.2.5 The noise is represented by the root-mean-square
used is 0 to 25 vol % oxygen. The linearity of paramagnetiodeviation around the fitted straight line. Calculate that root-
analyzers is normally better than can be checked by a usenean-square value and record it in units of parts per million of
laboratory; thus verifying the linearity is not necessary. It isoxygen.
important, however, to confirm the noise and short-term drift of X2.2.6 The analyzer is suitable for use in heat release
the instrument used. measurements if the sum of the drift plus the noise terms is

X2.9 Procedure: =50 ppm oxygen (note that both terms shall be expressed as

positive numbers).

X2.2.1 Connect two gas bottles having different levels of
oxygen approximately two percentage points apart (for ex- X2.3 Additional Precautions-A paramagnetic oxygen
ample, 15 and 17 vol %, or normal, clean, dry air, and 19 %) tanalyzer is directly sensitive to barometric pressure changes at
a selector valve at the inlet of the analyzer. its outlet port and to flow rate fluctuations in the sample supply

X2.2.2 Connect the electrical power and let the analyzestream. It is essential that the flow rate be regulated. Use either
warm up for up to 24 h with one of the test gases from X2.2.1a flow rate regulator of the mechanical diaphragm type or an
flowing through it. electrical mass flow rate controller. In order to protect against

X2.2.3 Connect a data acquisition system to the output oérrors due to changes in barometric pressure, one of the
the analyzer. Quickly switch from the first gas bottle to thefollowing procedures should be used) (control the back
second bottle, and immediately start collecting data, taking onpressure to the analyzer with a back pressure regulator of the
data point per second. Collect data for 20 min. absolute-pressure type ob)(electrically measure the actual

X2.2.4 Determine the drift by using a least-squares analysipressure at the detector element and provide a signal correction
fitting procedures to pass a straight line through the last 19 mifor the analyzer output.
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