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This edition of NFPA 266, Standard Method of Test for Fire Characteristics of Upholstered Furniture
Exposed to Flaming Ignition Source, was prepared by the Technical Committee on Fire Tests and
acted on by the National Fire Protection Association, Inc., at its Fall Meeting held November
17–19, 1997, in Kansas City, MO. It was issued by the Standards Council on January 16, 1998,
with an effective date of February 6, 1998, and supersedes all previous editions.

Changes other than editorial are indicated by a vertical rule in the margin of the pages on
which they appear. These lines are included as an aid to the user in identifying changes from
the previous edition.

This edition of NFPA 266 was approved as an American National Standard on March 31,
1998.

Origin and Development of NFPA 266

NFPA 266 was created as a new standard in 1994 to represent the current testing proce-
dures for fire characteristics of upholstered furniture exposed to a flaming ignition source.
This procedure was developed in response to the need to investigate the fire performance of
upholstered furniture when exposed to a flaming ignition source. The performance data,
heat release measurements, smoke density measurements, weight loss, and generation of car-
bon monoxide have been found to be useful in assessing the fire hazard of upholstered fur-
niture. This standard was originally developed by research conducted by the National
Institute of Standards and Technology (NIST) using a furniture calorimeter, Underwriters
Laboratories Inc. (UL), and the California Bureau of Home Furnishings and Thermal Insu-
lation (BHFTI).

This 1998 edition contains only minor changes, which are incorporated with some editorial
clarifications. A new appendix item, A-2-1.2, was added to assist the document user by high-
lighting that fabric styles can have an effect on the peak heat release rates.
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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Appendix D.

Chapter 1 General

1-1 Scope.  

1-1.1 This test method, using a full-scale furniture calorime-
ter, shall be used to determine heat release, smoke density,
weight loss, and generation of carbon monoxide of uphol-
stered furniture or full-scale mock-up of furniture.

1-1.2 This test procedure shall be used to determine perfor-
mance of upholstered furniture exposed to a flaming ignition
source. This performance data has been found to be useful in
assessing the fire hazard of upholstered furniture in occupan-
cies that are identified as or considered to be public occupan-
cies. Such occupancies include jails, prisons, nursing care
homes, health care facilities, public auditoriums, and the pub-
lic gathering areas of hotels and motels.

1-1.3 Heat release rate is indicated by measurement of oxygen
depletion, and smoke generation is determined by smoke density
measurement systems. Weight loss and carbon monoxide (CO)
and carbon dioxide (CO2) evolution are continuously recorded.

1-1.4* While this test method utilizes a full-scale furniture cal-
orimeter, research has shown that both ASTM E 1537, Stan-
dard Method for Fire Testing of Real Scale Upholstered Furniture
Items, and California Technical Bulletin 133, Flammability Test
Procedure for Seating Furniture for Use in Public Occupancies, pro-
vide comparable results for test specimens having heat release
rates of 600 kW or less.

1-1.5 With respect to measurement of smoke and CO produc-
tion, a quantitative relationship has not been established
between measurements taken in the duct of the calorimeter
exhaust system and measurements taken within the room.
Accordingly, results of measurements of CO and smoke taken
at different locations in different test environments shall not
be considered equivalent.

1-2 Significance and Use.  

1-2.1 This test method shall be used to determine the result-
ing fire performance characteristics of upholstered furniture
or full-scale mock-ups when exposed to a standard flaming
ignition source.

1-2.2 The results from this procedure provide information
that shall be permitted to be used as an aid in the selection of
upholstered furniture items that provide less contribution of
heat, flame, smoke, and gases to fire scenarios.

1-2.3 Heat and smoke release rate measurements are sources
of useful information for product development. They provide

a quantitative measure of specific changes in fire performance
caused by product modifications.

1-2.4* For upholstered furniture products containing only
wood or a metal frame, or a combination of both, the proce-
dure using a mock-up sample provides an indication of the
open-flame performance of the finished article. For uphol-
stered furniture products containing plastic frames and plastic
decorative parts or special construction features, a mock-up
sample is not always an accurate indicator of the open-flame
performance of the finished article.

1-3 Summary of Test Method.  

1-3.1 This procedure shall provide for exposure of full-size
upholstered furniture specimens or furniture mock-ups to a
standard flaming ignition source in a full-scale furniture calo-
rimeter.

1-3.2 The standard ignition source shall be a gas burner.

1-3.3 Determinations shall be made and recorded for param-
eters that include density of smoke, concentrations of carbon
monoxide and carbon dioxide, weight loss, heat release rate,
and total heat release.

1-4 Definitions.  
Shall. Indicates a mandatory requirement.
Should. Indicates a recommendation or that which is

advised but not required.
Standard. A document, the main text of which contains

only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in an
appendix, footnote, or fine-print note and are not to be con-
sidered a part of the requirements of a standard.

1-5 Units.  

1-5.1 Metric units of measurement in this standard are in
accordance with the modernized metric system known as the
International System of Units (SI).

1-5.2 If a value for measurement as given in this standard is
followed by an equivalent value in other units, the first stated
shall be regarded as the requirement. A given equivalent value
shall be considered as approximate.

Chapter 2 Test Specimens

2-1 Size and Preparation.  

2-1.1* The test specimen shall consist of the actual uphol-
stered furniture item or a full-scale mock-up of the furniture.

2-1.2* The construction of any full-scale mock-up uphol-
stered furniture shall simulate the actual construction of the
upholstered item.

2-1.3 The test specimen for a full-scale mock-up shall consist
of component cushions that duplicate the thickness, construc-
tion, and design features of the product.

2-1.4 In the case of mock-up testing, a metal test frame [see Fig-
ure 2-1.4(a) and Figure 2-1.4(b)] shall be used to support the seat
and back cushions and, if necessary, arm cushions. The chair
frame shall be constructed of slotted L-angle iron and slotted
flat-angle iron. The back shall be constructed so that it is
adjustable to a maximum angle of 135 degrees ± 2 degrees
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from the horizontal plane. The test frame shall be adjustable
to accommodate test cushions of various thicknesses and sizes,
with or without arm cushions.

Figure 2-1.4(a) Metal test frame.

Figure 2-1.4(b) Metal test frame (end view).

2-1.5 Component back, seat, and arm cushions shall be con-
structed into mock-up designs of the actual article of furni-
ture. Construction shall duplicate all layers found in the actual
article of furniture. Cushion construction shall consist of
either a manufacturer’s prefabricated cushion of the appro-
priate size or custom-made cushions. Custom-made cushions
shall be constructed by covering all six faces of the filling mate-
rial with the appropriate interliners and cover fabric.

2-1.6 In the case of mock-up testing, the constructed seat
cushion shall be placed horizontally on the seat area of the test
frame and pushed against the back of the frame. The con-
structed 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.

2-1.7 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 simulate the design features of the
completed article of furniture.

2-2 Conditioning.  The test specimen shall be conditioned for
at least 48 hours prior to testing at 23°C ± 3°C (73°F ± 5°F) and
a relative humidity of 50 percent ± 5 percent. Test specimens
shall be tested within 10 minutes of removal from such condi-
tions if the test conditions differ from those specified in this
section.

Chapter 3 Test Equipment and Instrumentation

3-1 Ignition Source.  

3-1.1 A 250 mm ± 10 mm × 250 mm ± 10 mm (10 in. ± 0.39 in.
×10 in. ± 0.39 in.) burner shall be used as the ignition source
in this test method. The burner shall be constructed of 13 mm
± 1 mm (0.5 in. ± 0.039 in.) outside diameter stainless steel
tubing with 0.89 mm ± 0.05 mm (0.034 in. ± 0.002 in.) wall
thickness [see Figure 3-1.1(a)]. The front side shall have 14
holes pointing straight out and spaced 13 mm ± 1 mm (0.5 in.
± 0.039 in.) apart. The right and left sides shall have 6 holes
pointing straight out and spaced 13 mm ± 1 mm (0.5 in. ±
0.039 in.) apart, and 4 holes pointing inward at an angle of 45
degrees ± 2 degrees and spaced 50 mm ± 2 mm (2 in. ± 0.076
in.) apart. All holes shall be 1 mm ± 0.1 mm (0.039 in. ± 0.0039
in.) in diameter [see Figure 3-1.1(b)]. The 1.07 m ± 0.2 m (42 in.
± 7.9 in.) straight arm of the burner shall be welded onto the
rear of the front side [see Figure 3-1.1(c)] at a 30 degree angle.
The burner shall be mounted on an adjustable height pole
and shall be balanced by a counterweight or other appropriate
mechanism. [See Figure 3-1.1(d).]

3-1.2 The gas burner shall utilize commercial-grade propane
gas as fuel.

3-2 Collection — Exhaust System.  

3-2.1 The hood shall be installed centrally above the weight-
measuring system and test specimen. The face dimensions of
the hood shall be 2.6 m ± 0.1 m × 2.6 m ± 0.1 m (8.53 ft ± 0.32
ft × 8.53 ft ± 0.32 ft), and the depth shall be 1.1 m ± 0.1 m (3.6
ft ± 0.32 ft). The hood shall exhaust into a plenum having a 0.9
m ± 0.05 m × 0.9 m ± 0.05 m (2.9 ft ± 0.16 ft × 2.9 ft ± 0.16 ft)
cross section (see Figure 3-2.1). Other hood sizes shall be per-
mitted, provided they produce equivalent test results. The dis-
tance between the lower edge of the hood and the weight-
measuring system shall be 2.4 m (7.87 ft).

3-2.2* The exhaust duct connected to the plenum shall be a
minimum of 406 mm (15.8 in.) in diameter and shall have a
minimum circular aperture of 305 mm (11.9 in.) at its
entrance.

3-2.3 The exhaust system shall have sufficient exhaust capac-
ity to collect all products of combustion developed by the
burning specimen. The exhaust hood system shall be capable
of being operated within a range that varies from a minimum
rate of 0.47 m3/sec (16.6 ft3/sec) to a maximum rate of at least
2.4 m3/sec (84.8 ft3/sec).

3-2.4 An alternate exhaust system design shall be permitted to
be used if it has been shown to produce equivalent results.
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Back
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Figure 3-1.1(a) Plan view of square gas burner.

Figure 3-1.1(b) Cross-sectional view of each side of square gas burner.

3-3 Velocity Measuring Instruments.  

3-3.1 The velocity in the exhaust duct shall be determined by
measuring the differential pressure in the flow path using a
bidirectional probe, as shown in Figure 3-3.1, connected to an
electronic pressure gauge or an equivalent measuring system.
The probe shall consist of a stainless steel cylinder with a solid
diaphragm in the center that divides it into two chambers. The
probe shall measure 44 mm (1.7 in.) long and have an inside
diameter of 22 mm (0.86 in.). The pressure taps on either side
of the diaphragm shall support the probe. Figure 3-1.1(c) Side view of square gas burner.

40.5 mm
(1.58 in.)

250 mm (10 in.)

169 mm (6.6 in.)

6.5 mm
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Figure 3-1.1(d) Positioning of square gas burner on the chair.

Figure 3-2.1 Collection hood and exhaust duct.

3-3.2 The axis of the probe shall be located at the centerline
of the duct a minimum of 10 diameters downstream from the
last turn in the duct. The taps shall be connected to a pressure
transducer with a minimum resolution of 0.25 Pa (0.001 in. of
water).

3-3.3 The temperature of the exhaust gas shall be measured
upstream 152 mm ± 15 mm (5.9 in. ± 0.6 in.) from the probe
at the centerline of the duct with a No. 28 AWG (0.08 mm2),
Type K thermocouple with an inconel sheath having a 16-
mm (0.62-in.) outside diameter and a thickness of 3 mm
(0.12 in.).

Figure 3-3.1 Bidirectional probe.

3-4 Gas Sampling and Analysis Equipment.  

3-4.1* A stainless steel gas sampling tube shall be located at
least 10 diameters downstream from the last turn in the duct
to obtain a continuously flowing sample for determining the
oxygen concentration of the exhaust gas as a function of time.
A suitable filter and cold trap shall be placed in line ahead of
the analyzer to remove particulates and water. The oxygen
analyzer shall be of the paramagnetic type and shall be capa-
ble of measuring the oxygen concentration in a range of from
0 percent to 21 percent with an accuracy of ±0.2 percent of
full-scale setting. The signal from the oxygen analyzer shall
attain 90 percent of the calibration value within 30 seconds
after introducing a step change in composition of the gas
stream flowing past the inlet to the sampling tube.

3-4.2* The gas sampling tube shall be located and defined as
in 3-4.1. The carbon monoxide analyzer shall be capable of
measuring the carbon monoxide in a range of from 0 percent
to 1.0 percent with an accuracy of ±0.02 percent of full-scale
setting. The signal from the analyzer shall attain 90 percent of
the calibration value within 30 seconds after introducing a
step change in composition of the gas stream flowing past the
inlet to the sampling tube.

3-4.3* The gas sampling tube shall be as located and
described in 3-4.1. The carbon dioxide analyzer shall be capa-
ble of measuring the carbon dioxide concentration in a range
of from 0 percent to 10 percent with an accuracy of ±0.2 per-
cent of full-scale setting. The signal from the analyzer shall
attain 90 percent of the calibration value within 30 seconds
after introducing a step change in composition of the gas
stream flowing past the inlet to the sampling tube.

3-5 Smoke Density Measuring Instruments.  

3-5.1 The smoke density measuring system shall be a white
light system.

3-5.2 The lamp shall be of the incandescent filament type and
shall operate at a color temperature of 2900 K ± 100 K. The
lamp shall be supplied with stabilized direct current, stable
within ±0.2 percent, including temperature and short-term
and long-term stability.

51 mm (2 in.)

25.4-mm (1-in.) gap

457 mm
(18 in.)

Counterweight

L ≈ 1067 mm (42 in.)

30°

L

Specimen on weigh frame
centered beneath steel
collection/exhaust hood

Steel collection/exhaust hood

Nominal 406 mm ± 3 mm (16 in. ± 0.12 in.)
diameter steel duct

Blower and instrumentation

located downstream in duct

Variable length
support tubes
(10 ∆P instrument)

7.25 mm
(0.285 in.)

4.70 mm
(0.185 in.)

Weld

D

L = 2D

0.91 mm (0.036 in.)

1.83 mm
(0.072 in.)
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3-5.3 The lens system shall be selected such that the lens shall
have a diameter, d, chosen with regard to the focal length, f, so
that d/f ≤ 0.04.

3-5.4 The aperture shall be placed in the focus of the lens.

3-5.5 The detector shall have a spectrally distributed response
according to the CIE photopic curve. The detector shall be lin-
ear within 5 percent over an output range of at least 3.5
decades. This linearity shall be checked periodically with cali-
brated optical filters and shall cover the entire range of the
instrument.

3-5.6 The system shall be mounted on a horizontal section of
duct at a point where it will be preceded by a straight run of
duct [at least 12 diameters or 5.2 m (17 ft)] and with the light
beam directed upward along the vertical axis of the duct. A
photoelectric cell, whose output is directly proportional to the
amount of light received, shall be mounted over the light
source and connected to a recording device. The recording
device shall have an accuracy within ±1 percent of full scale for
indicating changes in the attenuation of incident light result-
ing from the passage of smoke, particulate, and other efflu-
ents. The distance between the light source lens and the
photocell lens shall be 914 mm ± 102 mm (35.6 in. ± 3.9 in.).
The cylindrical light beam shall pass through 76 mm ± 3 mm
(2.9 in. ± 0.12 in.) diameter openings at the top and bottom of
the duct, with the resultant light beam centered on the photo-
cell.

3-5.7* An alternate smoke density measuring system shall be
permitted to be used if it has been shown to produce equiva-
lent results.

3-6 Weighing Platform.  

3-6.1 Mass loss rate of the burning specimen shall be mea-
sured during the test by means of a weight-measuring device.

3-6.2 A weighing platform shall be used to support the test
specimen during the test. A reinforced inorganic board hav-
ing the dimensions 1.2 m ± 0.1 m × 2.4 m ± 0.1 m (3.9 ft ± 0.32
ft × 7.87 ft ± 0.32 ft) shall be located on top of the weighing
platform. The weighing platform perimeter shall have a rim
extending 0.1 m ± 10 mm (0.32 ft ± 0.38 ft) above the top sur-
face of the inorganic board to prevent spillage of test material.

3-6.3 The weight-measuring device shall be capable of mea-
suring a specimen mass up to at least 90 kg (198.5 lb) with an
accuracy of at least ±150 g (±0.33 lb). It shall be installed in
such a way that the heat from the burning specimen and any
eccentricity of the load do not affect the accuracy. Care shall
be taken to avoid range shifts during measurements. All parts
of the weight-measuring device shall be located below the top
level of the slab.

3-6.4 The weighing platform shall support the base of the fur-
niture specimen at a height of 127 mm ± 76 mm (5 in. ± 3 in.)
above the floor.

3-6.5 The weighing platform shall be located beneath the col-
lection hood at its geometric center.

3-7 Data Acquisition.  A digital data acquisition system shall
be used to collect and record oxygen, carbon monoxide, and
carbon dioxide analyzer measurements; pressure gauge mea-
surements; temperatures; smoke measurements; and weight-
measuring device measurements. The speed and capacity of
the data system shall be sufficient to collect the data every 5
seconds.

3-8 Photographic and Video Equipment.  

3-8.1 A camera and video equipment shall be used to record
the test specimen performance throughout each test.

3-8.2 A pretest photographic record of the test specimen shall
be made.

Chapter 4 Calibration

4-1 Calibration of Equipment.  

4-1.1 The equipment and instrumentation shall be calibrated.

4-1.2 The heat release instrumentation shall be calibrated by
burning propane. A gas burner shall be constructed with a 100
mm ± 6 mm (3.9 in. ± 0.23 in.) layer of Ottawa sand to provide
the horizontal surface through which the gas is supplied. This
type of burner is shown in Figure 4-1.2. The gas supply to the
burner shall be of commercial grade propane and shall have a
net heat of combustion of 46.4 MJ/kg ± 0.5 MJ/kg (20,000
Btu/lb ± 200 Btu/lb). The flow rate of propane shall be
metered and kept constant throughout the calibration test. A
heat release value of 160 kW shall be used for calibration. The
test shall be conducted for a period of 10 minutes.

4-1.3 A calibration constant, C, shall be obtained as described
in Chapter 6. A value for C differing more than 10 percent
from the theoretical value shall not be permitted, and the
equipment shall be checked. For the exhaust duct configura-
tion described in Section 3-2 and the velocity probe described
in Section 3-3, C shall have a theoretical value of 2.8.

4-2 Daily Calibration.  

4-2.1 Prior to the start of each day of testing, the equipment
calibrations described in 4-2.2 through 4-2.7 shall be per-
formed.

4-2.2 The oxygen analyzer shall be zeroed and spanned. The
analyzer shall be zeroed by introducing 100 percent nitrogen
gas to the instrument at the same pressure and flow rate as set
for the test specimen combustion gases. The analyzer shall be
spanned by introducing ambient duct air via the sample probe
and adjusting the span to 20.95 percent oxygen. The spanning
and zeroing process shall continue until adjustment-free accu-
racy is obtained.

4-2.3 Following zeroing and spanning, linearity of the oxygen
analyzer response curve shall be verified by introducing bot-
tled gas of a known oxygen concentration to the analyzer. The
delay time of the analyzer shall be checked by introducing
ambient duct air to the analyzer and noting the time at which
the analyzer readings reach 90 percent of the final reading.

4-2.4 The CO analyzer and CO2 analyzer shall be zeroed and
spanned in the same manner as the oxygen analyzer. The ana-
lyzer shall be zeroed by introducing 100 percent nitrogen gas
to the instrument at the same pressure and flow rate as set for
the test specimen combustion gases. The analyzer shall be
spanned by feeding each analyzer with bottled gas containing
the selected concentration of span gas and adjusting for the
response range of each analyzer.

4-2.5 The delay time of each analyzer shall be determined. The
delay time shall be measured by introducing either a calibration
span gas (for CO and CO2) or a zero gas (for O2) at the sample
line just outside the duct and noting the time at which the ana-
lyzer readings reach 90 percent of the final reading.

L



CALCULATIONS 266–9

1998 Edition

Figure 4-1.2 Calibration gas burner.

4-2.6 The weight-measuring device shall be calibrated with
known weights suitable for the capacity of the equipment and
the specimen being tested.
4-2.7 Linearity of the smoke density measuring system shall be
verified by interrupting the light beam with multiple cali-
brated neutral density filters to cover the range of the record-
ing instrument. Transmittance values measured by the
photometer, using neutral density filters, shall be within ±3
percent of the calibrated value for each filter.

Chapter 5 Test Procedure

5-1 Testing Procedure.  

5-1.1 The test specimen and weighing platform shall be
located as shown in Figure 3-2.1.

5-1.2 The initial exhaust hood flow rate shall be set at a mini-
mum of 0.47 m3/sec (16.6 ft3/sec).

5-1.3 The burner shall be positioned 51 mm ± 3 mm (2 in. ±
0.12 in.) from the back and 25 mm ± 3 mm (0.97 in. ± 0.12 in.)
above the seat, with the center of the burner at the centerline
of the test specimen.

5-1.4 The data acquisition shall begin in order to monitor test
instrumentation.

5-1.5 The gas flow rate to the burner shall be set at a volume flow
rate of 13 L/min ± 0.5 L/min (3.4 gal/min ± 0.13 gal/min).
Care shall be taken to allow free flow of propane through the
burner holes. Periodic cleaning of soot deposits and blowing of
pressurized air through the tube shall be required.

5-1.6 The burner shall be ignited.

5-1.7 The exhaust hood flow rate shall be increased as required
to collect all products of combustion from the test specimen.

5-1.8 The burner shall be removed from the test specimen
after an exposure of 80 seconds ± 2 seconds.

5-1.9 The burner shall be turned off.

5-1.10 Combustion shall be allowed to continue until one or
more of the following conditions are reached:

(a) All flaming combustion has ceased.
(b) Thirty minutes have elapsed from the time the burner

was ignited.

Chapter 6 Calculations

6-1 Method of Calculation.  The symbols used in this chapter
shall be defined as in Section 6-2 and Appendix C. The equa-
tions in this chapter shall assume that only oxygen is mea-
sured. Appropriate equations that shall be used for those cases
where additional gas analysis equipment (CO2, CO, water
vapor) is used are provided in Appendix C. If a CO2 analyzer
is used and CO2 is not removed from the oxygen sampling
lines, then the appropriate equations in Appendix C shall be
used.

6-2 Symbols.  The following symbols are used in this chapter:

PLAN VIEW

304.8 mm
(1 ft)

152.4 mm
(6 in.)

50.8 mm
(2 in.)

Note: Shown without sand

Space filled with
white Ottawa silica sand

152.4 mm
(6 in.)

44.5 mm
(1³⁄₄ in.)

Propane
fuel

304.8 mm
(1 ft)

152.4 mm
(6 in.)

51 mm
(2 in.)

152.4 mm
(6 in.)

152.4 mm
(6 in.)

ELEVATION VIEW

All dimensions shown are ±0.3 mm (±0.012 in.).

= calibration constant using propane 
(m1/2kg1/2K1/2)

= net heat released per kg of O2 consumed (kJ/kg), 
where ∆Hc equals net heat of combustion (kJ/kg) and 
r0 equals stoichiometric oxygen/fuel mass ratio

= light intensity

= light intensity with no smoke

= extinction coefficient (m–1)

L = path length (m)
= orifice meter pressure differential (Pa)

= heat release rate per unit area (kW/m2)

= time (sec)

= oxygen analyzer delay time (sec)

C

∆Hc ro⁄

I

I0

k

∆P

q· ″

t

td
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6-3 Calibration Constant Using Propane.  The calibration
constant shall be obtained from the following equation:

In this equation, 160 corresponds to 160 kW propane sup-
plied, 12.77 × 103 equals ∆Hc/ro for propane, and 1.10 is the
ratio of oxygen to air molecular weight.

6-4 Heat Release for Test Specimens.  

6-4.1 Prior to performing additional calculations, the oxy-
gen analyzer time shift shall be determined by the following
equation:

6-4.2 The  heat release rate then shall be determined by
the following equation:

6-4.3 The value of (∆Hc/ro) for the test specimen shall be set
to equal 13.1 ×103 kJ/kg unless a more accurate value is known
for the test specimen.

6-4.4 The total heat released during the first 10 minutes of the
test shall be determined by the following equation:

6-5 Smoke Obscuration.  

6-5.1 The extinction coefficient (k) of smoke shall be deter-
mined by the following equation:

6-5.2 The smoke release rate (SRR) shall be calculated using
the optical density per linear path length and the volumetric
flow rate in the duct. The SRR shall be determined by the fol-
lowing equation:

SRR = km

In this equation, SRR equals the smoke release rate in
m2/sec, k equals the extinction coefficient, and m equals
the volumetric flow rate in m3/sec referred to 298 K.

Chapter 7 Report of Results

7-1 Documentation.  The following shall be reported for each
test specimen:

(a) Test specimen identification or number

(b) Manufacturer or submitter

(c) Date of test

(d) Operator

(e) Composition or generic identification

(f) Details of preparation

(g) Number of replicate test specimens tested

(h) Time to termination of test (sec)

(i) Maximum mass loss (kg)

(j) Peak rate of heat release (kW)

(k) Time to peak rate of heat release (sec)

(l) Maximum smoke release rate (m2/sec)

(m)Maximum carbon monoxide concentration (ppm)

(n) Maximum carbon dioxide concentration (ppm)

(o) Pretest photographic record of test specimen

Appendix A Explanatory Material

Appendix A is not a part of the requirements of this NFPA document
but is included for informational purposes only.  This appendix con-
tains explanatory material, numbered to correspond with the applica-
ble text paragraphs.

A-1-1.4 For further information on other test environments,
see the following NIST publications:

“Furniture Flammability: An Investigation of the California
Technical Bulletin 133 Test — Part 1: Measuring the Hazards
of Furniture Fires,” by J. Quintiere.

“Furniture Flammability: An Investigation of the California
Technical Bulletin 133 Test — Part 2: Characterization of Igni-
tion Source and Comparable Gas Burner,” by T. J. Ohlemiller
and K. Villa.

“Furniture Flammability: An Investigation of the California
Technical Bulletin 133 Test — Part 3: Full-Scale Chair Burns,”
by W. J. Parker, et al.

A-1-2.4 While using frames or features other than wood or
metal, actual articles of furniture (not mock-ups) should be
tested.

A-2-1.1 When testing an actual piece of upholstered furni-
ture, the presence of puckers and wrinkles, air voids between
the outer fabric and inner construction, and gaps in sewn
seams can affect the test results. The test data in Table A-2-1.1
give an indication of the effects that can be caused by puckers,
wrinkles, and air voids between the outer fabric and inner con-
struction:
• Chairs 1 and 2: No wrinkles, puckers, or air voids
• Chairs 3 and 4: 3 wrinkles approximately 100 mm (4 in.) long

by 6 mm (1/4 in.) deep in seat; 1 wrinkle in each inside arm
approximately 75 mm (3 in.) long by 6 mm (1/4 in.) deep

• Chairs 5 and 6: Loose cover fabric over the entire chair.
Loose fabric is a fabric style used in upholstered furniture.

All six chairs were the same style, inner constructions,
foams, and fabric. The cover fabric used in Chairs 5 and 6 was
prewashed as is the industry custom with fabric styles of this
type. The fabric in all cases was a 65 percent polyester and 35
percent cotton jacquard, not back-coated. All foams used
passed the BS5852, part 2, crib 5 test.

Te = absolute temperature of gas at the orifice meter (K)

= oxygen analyzer reading, mole fraction O2

= initial value of oxygen analyzer reading

= oxygen analyzer reading, before delay time correction
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A-2-1.2 When testing a full-scale mock-up, the presence of
puckers, wrinkles, and air voids between the outer fabric and
inner constructions and gaps in sewn seams can affect the test
results, as described in A-2-1.1.

A-3-2.2 The locations for velocity, temperature, gas analysis,
and smoke photometer should be chosen to ensure that the
products of combustion are well-mixed and not stratified at
the sampling location. The general rule should be for the duct
to run a sufficient length (10 diameters) downstream from the
last turn in the duct prior to location of instrumentation in
order to provide for a fully developed gas flow. Mixing vanes
should be used in the duct if concentration gradients are
found to exist.

A-3-4.1 The following information is provided for informa-
tional purposes only and has not been independently verified,
certified, or endorsed by the NFPA or any of its Technical
Committees.

One type of oxygen analyzer is a Beckman Instrument
Model 755 paramagnetic-type oxygen analyzer. Other equiva-
lent oxygen analyzers may be permitted to be used.

A-3-4.2 The following information is provided for informa-
tional purposes only and has not been independently verified,
certified, or endorsed by the NFPA or any of its Technical
Committees.

One type of carbon monoxide analyzer is a Horiba Instru-
ment Model PIR-2000 analyzer. Other equivalent carbon mon-
oxide analyzers may be permitted to be used.

A-3-4.3 The following information is provided for informa-
tional purposes only and has not been independently verified,
certified, or endorsed by the NFPA or any of its Technical
Committees.

One type of carbon dioxide analyzer is a Horiba Instrument
Model  PIR-2000 analyzer. Other equivalent carbon dioxide
analyzers may be permitted to be used.

A-3-5.7 A laser beam system may be permitted to be used as an
alternate system for measuring smoke obscuration.

Appendix B Commentary

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

B-1 Investigation.  This appendix was developed in response
to the need to investigate the fire performance of upholstered
furniture when exposed to open-flame ignition sources. The

performance data have been found to be useful in assessing
the fire hazard of upholstered furniture in occupancies that
are identified as or considered to be public occupancies.

B-2 Statistics.  In consideration of the statistics that document
the involvement of upholstered furniture in fires in public
occupancies and in response to the need expressed by fire
departments, authorities having jurisdiction, procurement
officials, and others, the California Bureau of Home Furnish-
ings and Thermal Insulation (BHFTI) developed California
Technical Bulletin (TB) 133, Flammability Test Procedure for Seat-
ing Furniture for Use in Public Occupancies.

B-3 Application.  In the development of TB 133, the BHFTI
considered the following as public occupancies:
(a) Jails, prisons, and penal institutions
(b) Health care facilities, such as hospitals
(c) Old-age and convalescent facilities
(d) Board and care occupancies
(e) Licensed child care facilities
(f) Public stadiums and auditoriums
(g) Public gathering areas of hotels and motels, defined as

areas where there are 10 or more upholstered seats

B-4 California TB 133 Document.  The TB 133 fire test was
initially published in 1984 and consisted of an instrumented
test room measuring 3.7 m × 3.0 m (12 ft × 10 ft) with a 2.4-m
(8-ft) ceiling and a 0.96 m × 2 m (3 ft 2 in. × 6 ft 9 in.) doorway.
The ignition source consisted of five double sheets of loosely
crumpled newspaper placed inside a ventilated ignition box
that was set on the seating surface of the furniture. The box
was designed to contain the flames and direct them onto the
sample surface. The sample furniture item weight was moni-
tored by load cells. Test measurements in the TB 133 test
included the following:
(a) Temperature increase at several points in the test room
(b) Smoke opacity at several elevations in the room
(c) A single point measurement of CO
(d) Weight loss of the furniture both during and following

the test

B-5 Full Scale.  In an actual full-scale fire, research has shown
that one of the most significant characteristics of the items
involved in a fire is their rate of heat release. The rate of heat
release governs the rate of growth and spread of the fire to sur-
rounding objects and the phenomenon of room flashover. In
recognition of this fact, fire research of various types of uphol-
stered furniture was conducted at the National Institute of
Standards and Technology (NIST) using a full-scale calorime-
ter. Using this equipment, heat release measurements of fur-
niture were obtained. At Underwriters Laboratories, a test
method was developed (UL 1056, Fire Tests of Upholstered Furni-
ture) utilizing the calorimeter approach to measurement. The
method was intended to investigate the fire growth perfor-
mance of upholstered furniture for use in public occupancies.

B-6 Study.  In consideration of the advance of heat release
technology, the BHFTI and NIST undertook a study to
expand and modify TB 133 in three areas:
(a) Inclusion of heat measurements
(b) Development of a gas ignition source to substitute for a

newspaper ignition source for increased repeatability
and reproducibility

Table A-2-1.1 Test Data*

Chair 
Number

Peak Heat
Release Rate

(kW)

Time to Peak Heat
Release Rate

(sec)

1 88 244
2 70 239
3 120 196
4 139 188
5 141 158
6

*The test data come from testing by the Hugh Talley Company, Inc., 
BS 5852, Fire Tests for Furniture, British Standards Institution, PO 
Box 4033, Linford Wood, Milton Keynes, MK14 6LE, United King-
dom.
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(c) Development of correlations between the BHFTI test
room, the American Society for Testing and Materials
(ASTM) Standard Fire Test Room, and the full-scale fur-
niture calorimeter

B-7 Results.  The results of the study were reported in three
NIST reports. Based on the findings of the study, TB 133 was
modified to include heat release measurement as an optional
test procedure. The criteria of acceptance in the January 1991
TB 133 document are provided in B-7.1 and B-7.2.

B-7.1 Seating furniture meets the requirements of TB 133 if
all of the following criteria are satisfied in a room fire test.
(a) A temperature increase less than 111°C (200°F) at ceil-

ing thermocouple
(b) A temperature increase less than 28°C (50°F) at the mid-

height thermocouple
(c) An opacity of smoke of 75 percent or less at the (1.2-m)

4-ft smoke density meter
(d) Carbon monoxide concentration of less than 100 ppm

for 5 minutes
(e)  Weight loss of the seating furniture due to combustion

of 1.36 kg (3 lb) or less during the first 10 minutes of the
test

B-7.2 Seating furniture meets the requirements of TB 133 if
the following criteria are satisfied in a calorimeter using oxy-
gen consumption calorimetry:
(a) Peak rate of heat release of 80 kW or less
(b) Total heat release of 25 MJ or less during the first 10

minutes of the test
(c) Weight loss of the seating furniture due to combustion

of 1.36 kg (3 lb) or less during the first 10 minutes of the
test

B-7.3 California TB 133 does not require that upholstered
furniture be subjected to both of the test procedures (room
test and calorimeter test). Upholstered furniture could be per-
mitted to be tested by either procedure to fulfill the applicable
criteria.

B-8 Contribution.  Furniture that meets these criteria reduces
the contribution of the furniture to the creation of untenable
conditions in a room involved in fire.

B-9 Evaluation.  The test method described in this standard
provides data useful in evaluating upholstered furniture prod-
ucts in accordance with the January 1991 TB 133 criteria.

B-10 NFPA 101®, Life Safety Code®, 6-6.3, requires that uphol-
stered furniture have limited rates of heat release as follows:
(a) The peak rate of heat release shall not exceed 250 kW

unless rooms have approved smoke detectors or
approved automatic sprinkler systems.

(b) The peak rate of heat release shall not exceed 500 kW
unless rooms have an approved, automatic sprinkler system.

(c) Total energy release during the first 5 minutes of the test
shall not exceed 75 MJ unless rooms have an approved,
automatic sprinkler system.

B-11 Testing.  During the past several years, upholstered fur-
niture for public occupancies has been investigated for
response to open-flame sources using the TB 133 method and
other similar methods such as UL 1056, Fire Tests of Upholstered
Furniture, and ASTM E 1537, Standard Method for Fire Testing of
Real Scale Upholstered Furniture Items.

Appendix C Heat Release Calculations Using
Additional Gas Analysis

This appendix is not a part of the requirements of this NFPA docu-
ment but is included for informational purposes only.

C-1 Calculation of Heat Release with Additional Gas Analysis.  

C-1.1 The equations used to calculate heat release rate in
Chapter 6 assume CO2 is removed from the gas sample in a
chemical scrubber before oxygen is measured. Some laborato-
ries are equipped to measure CO2; in such a case, it is not nec-
essary to remove the CO2 from the oxygen line. The advantage
is that the chemical scrubbing agent, which is costly and needs
careful handling, can be avoided.

C-1.2 In this appendix, equations are provided that are to be
used when CO2 is measured but not scrubbed out of the sam-
pling lines. Two cases are considered. In the first case, part of
the dried and filtered sample stream is diverted into infrared
CO2 and CO analyzers. In the second case, a water-vapor ana-
lyzer is also added. To avoid condensation, when measuring
water-vapor concentration in the flow of combustion prod-
ucts, a separate sampling system with heated filters, heated
sampling lines, and a heated analyzer is needed.

C-2 Symbols.  The following symbols are used in this appendix:

= net heat released per kg of O2 consumed kJ/kg, 
where ∆Hc equals net heat of combustion kJ/kg and 
rO equals stoichiometric oxygen/fuel mass ratio

= molecular weight of air (kg/kmol)

= molecular weight of the combustion products 
(kg/kmol)
= exhaust duct mass flow rate (kg/sec)

= delay time of the CO2 analyzer(s)

= delay time of the CO analyzer(s)

= delay time of the water-vapor analyzer(s)

= initial CO2 reading, mole fraction

= initial CO reading, mole fraction

= initial water-vapor reading, mole fraction

= ambient oxygen mole fraction (mol/mol)

= CO2 reading before delay time correction, mole 
fraction

= CO reading before delay time correction, mole 
fraction

= water-vapor reading before delay time correction, 
mole fraction
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C-3 Where CO2 and CO Are Measured.  

C-3.1 As in the case of the oxygen analyzer, measurements of
CO2 and CO should be time-shifted to take transport time in
the sampling lines into account as follows:

The delay times,  and , for the CO2 and CO analyzers,
respectively, are usually different (smaller) than the delay
time, td, for the oxygen (O2) analyzer.

C-3.2 The exhaust duct flow is determined as follows:

C-3.3 The rate of heat release now can be determined as
follows:

C-3.4 The oxygen depletion factor, , is calculated as follows:

C-3.5 The ambient mole fraction of oxygen (O2) is deter-
mined as follows:

C-3.6 The second value in the numerator of the factor in
brackets in the equation in C-3.3 is a correction factor for
incomplete combustion of some carbon to CO instead of CO2.
In fact, the value for XCO is usually very small, so that it can be
disregarded in the equations in C-3.3 and C-3.4. The practical
implication of this value is that a CO analyzer will generally not
result in a noticeable increase in accuracy of heat release rate
measurements. Consequently, the equations in C-3.3 and C-
3.4 may be permitted to be used even if no CO analyzer is
present by using the settingXCO = 0.

C-4 Where Water Vapor Is also Measured.  

C-4.1 In an open combustion system, such as that used in this
test method, the flow rate of air entering the system cannot be
measured directly but is inferred from the flow rate measured
in the exhaust duct. An assumption regarding the expansion
due to combustion of the fraction of the air that is fully
depleted of its oxygen is necessary. This expansion depends
on the composition of the fuel and the actual stoichiometry of
the combustion. A suitable average value for the volumetric
expansion factor is 1.084, which is the factor for propane.

C-4.2 This expansion factor value is already incorporated
within the equation in 6-4.2 and the equation in C-3.3 for .
It can be assumed that the exhaust gases consist primarily of
nitrogen, oxygen, CO2, water vapor, and CO; thus, measure-
ments of these gases can be used to determine the actual

expansion. (It is assumed that the measurements of oxygen,
CO2, and CO refer to a dry gas stream, while the water-vapor
measurement corresponds to total stream flow.) The mass
flow rate in the exhaust duct is then more accurately provided
by the following equation:

C-4.2.1 The molecular weight, Me, of the exhaust gases is
determined as follows:

C-4.2.2 Using 28.97 as the value for Ma, the heat release rate
is determined as follows:

C-4.2.3 The following equation can be used to determine
heat release rate when measuring O2, CO2, CO, and H2O.

 

C-4.3 The water-vapor readings used in the equation in C-
4.2.2 are time- shifted in a similar way to those in the equations
in C-3.1 for other types of analyzers as follows:
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