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Abstract

It has been shown that heat release rate is the most important fire property, from the
viewpoint of assessing fire safety.  This has led to rapid development of fire test
standards based on heat release concepts in recent years, both within the USA and
internationally.  Such standards can be subdivided into five types:

(I) generic bench-scale heat release calorimeter tests for materials;
(II) applications bench-scale heat release calorimeter tests for products (using

representative composite samples);
(III) real-scale heat release calorimeter tests for specific products (using actual

products, or real-scale mock-ups);
(IV) intermediate-scale heat release calorimeter tests dealing with all items and
(V) guides and practices on conduction of room-size tests containing a variety of

products, and involving measurement of heat release.

In the USA, the main organizations writing fire standards are ASTM, NFPA, UL and
FM.  This work describes heat release standards available in the year 2000.  There are
bench-scale, intermediate-scale and large-scale heat release calorimeter test methods. 
While the bench-scale ones are intended to applied to materials, components or
composites of materials, intermediate and large-scale tests can deal with complete
products: upholstered furniture, mattresses, stacking chairs, textile wall coverings, other
interior finish, foam plastic insulation, foam displays, electrical cables and
electrotechnical products.  Guides and practices exist instructing how to conduct room
fire tests, especially those involving heat release measurements, and how to use heat
release standards for fire hazard assessment in different environments.



     1 ASTM is the acronym for the American Society for Testing and Materials, Philadelphia, PA, USA.

     2 NFPA is the acronym for the National Fire Protection Association, Quincy, MA, USA.

     3 UL is the acronym for Underwriters Laboratories, Northbrook, IL, USA.

In the area of codes and regulations, there is already some progress in performance-based
codes.  These are usually presented as alternatives to traditional prescriptive codes, but
they are now being written explicitly into official documents, especially in the area of
mass transportation (air, rail, naval).  Perhaps more interesting, some codes and
regulations are using test methods based on heat release as either the primary (or more
frequently an alternative) regulatory tool for material/product regulation.

Finally, in spite of the excellent progress being made, some gaps need to be filled, and
the paper describes some unfortunate examples where more advances are needed.

Introduction

Fire hazard, defined as the potential for a fire to cause harm to people or property, results
from a combination of factors including traditional fire properties like ignitability, flammability
and flame spread of products, fire resistance of structural elements, smoke obscuration and
toxicity, as well as more modern fire properties, such as the amount of heat released on burning,
the rate of heat release and the specific conditions of the fire scenario [1].

Fire standards for most of the traditional properties have existed for a long time.  For
example, the first consensus fire standards developed were those for fire resistance of building
construction and assemblies {ASTM1 E 119, issued in 1917, as ASTM C 19} and of door
assemblies {ASTM E 152, issued in 1940 as ASTM C 152}.  These were followed, over the
decades of the 1940's through the 1970's, by the promulgation, by ASTM, of standards on flame
spread {ASTM E 84 and ASTM E 162}, fire resistance of window assemblies {ASTM E 163},
non-combustibility, {ASTM E 136}, fire retardance of roof assemblies {ASTM E 108}, smoke
obscuration {ASTM E 84 and ASTM E 662}, carpet critical radiant flux {ASTM E 648}, and
standards on plastics, addressing horizontal flammability {ASTM D 635}, ignitability {ASTM D
1929}, smoke obscuration {ASTM D 2843}, ease of extinction {oxygen index, ASTM D 2863},
and specific ones for cable insulation materials, rubbers (or foams), textiles, etc.

Outside of ASTM, NFPA2 has also issued consensus fire standards, many of which have
been parallel to those issued by ASTM, with their own designation, over the same period.  NFPA
standards have appeared both before and after their ASTM counterparts, and are also
characterized by including pass/fail criteria, which ASTM standards, as a rule, don't.  UL3 is a
listing and underwriting organization, which issues its own standards for safety, many of which
are associated with fire.  UL has also given its own designation to many of the same standards
issued by ASTM and NFPA.  However, it has also issued cable fire standards, associated with
large scale vertical flame spread in cable trays {UL 1581, which also has a small scale cable
flame spread test} and UL 1666 and horizontal flame spread and smoke obscuration {UL 910}. 



     4 IEEE is the acronym for the Institution of Electrical and Electronics Engineers, New York, NY.

     5 CSA is the acronym of the Canadian Standards Association, Rexdale, Ontario, Canada.

     6 IEC is the acronym for the International Electrotechnical Commission, Geneva, Switzerland.

     7 ISO is the acronym for the International Standardization Organization, Geneva, Switzerland.

Vertical cable tray flame spread tests have also been issued by IEEE4 {IEEE 383}, CSA5 {CSA
C22.2 No. 0.3, FT-4} and IEC6 {IEC 331-3. now IEC 60331-3}.  Internationally, a variety of fire
standards were also issued by ISO7, addressing many of the same issues as the standards from
the other organizations mentioned above.

The most noticeable aspect of the enumeration made above is that none of the standards
described, or alluded to, includes any aspect of heat release, now acknowledged to be the most
important fire property associated with fire hazard.

The first mention of heat release rate in a standard, presented as something "desirable to
know" in a short section, occurred in the first edition of the "Standard Guide for Room Fire
Experiments" (ASTM E 603), in 1977.  It was not, at that time, considered to be of great
importance.

In 1983, the first consensus standard dedicated to a heat release instrument was issued by
ASTM: ASTM E 906, Standard Test Method for Heat and Visible Smoke Release Rates for
Materials and Products, which described the apparatus known colloquially as the Ohio State
University rate of heat release calorimeter (OSU RHR), because it was developed following
pioneering work by Dr. Edwin Smith, of that institution [2].  This has led to the current situation,
where over 30 standards addressing heat release exist, in the USA and internationally, and
several new ones are under development continually.

GENERIC BENCH-SCALE HEAT RELEASE TESTS FOR MATERIALS

As mentioned before, the first standard test method for heat release issued was ASTM
E906, the OSU-RHR calorimeter.  It is a test method which can be used to determine the release
rates of heat and visible smoke.  It uses small samples (150 by 150 mm) of materials or products
(maximum thickness 45 mm) exposed to different levels of radiant heat, at incident fluxes up to
100 kW/mm2, and positioned vertically.  The heat source consists of a radiant panel, with four
horizontal glow bars, positioned vertically across from the sample.  The exposure can be
conducted in the absence or presence of a pilot ignition source: a small gas burner, which can be
placed so as to ignite the gases evolved by pyrolysis of the specimen or to ignite the bottom of
the specimen itself.  The system is a flow-through dynamic method, where heat release is
determined adiabatically by means of a thermopile, by difference between thermal measurements
in the exhaust smoke and in the incoming air.  Smoke release is determined by an optical
method, with a white light source and a photodetector above the exhaust stack (close to the
thermopile).  NFPA has issued a virtually identical standard, with the designation NFPA 263,



     8 NBS is the acronym for the National Bureau of Standards and NIST is the acronym for its successor, the
National Institute for Standards and Technology, Gaithersburg, MD, USA.

which has since been withdrawn.  The greatest importance of the OSU RHR calorimeter,
however, is that it is used as a regulatory tool by the Federal Aviation Administration, under the
designation FAR 25.853(a-1).  The requirements are based exclusively on heat release, and they
are a peak heat release rate of 65 kW/m2, within the first 5 min of test and a total heat released of
65 kW/(min m2) within the first 2 min of test, when the incident heat flux is set at 35 kW/m2. 
Recent editions of ASTM E 906 describe the research and the regulatory tool separately.

NBS, now NIST,8 investigated ways of improving some of the known deficiencies of the
OSU apparatus, mainly (a) the uneven heat flux distribution on the sample surface and (b) the
heat losses due to lack of adiabaticity.  Therefore, Dr. Vytenis Babrauskas developed the cone
calorimeter [3], eventually standardized as ASTM E 1354, NFPA 271 (formerly NFPA 264) and
ISO 5660 (ISO 5660-1 deals to heat release, while ISO 5660-2 corresponds to smoke release,
with the same apparatus).  There are 8 main differences between the two test instruments [4]:

(a) The cone calorimeter measures heat release by the oxygen consumption principle, while
the OSU apparatus was designed as an insulated box for enthalpy flow sensing. The OSU
apparatus can be modified to allow heat release measurement by oxygen consumption,
but this is not used in existing standards.

(b) Cone calorimeter samples are normally burnt horizontally, while the OSU is normally
used with vertical samples.  Samples can be burnt in the other orientation in either
apparatus, but this may not be advisable for various reasons.  Many materials melt and
drip in the vertical orientation and this, along with problems of irreproducible ignition for
vertical samples, has led to ASTM recommending, in ASTM E 1354, to limit teasing to
the horizontal orientation.  Vertical Testing remains a problem also for testing
thermoplastic materials in the OSU.  Moreover, in the OSU, the reflector used for
horizontal testing leads to serious reproducibility errors in the heat flux input to the
horizontal sample.

(c) The OSU radiant source is a set of four glow bars, located directly across from the
vertical sample.  The cone calorimeter has a truncated conical radiant heater.

(d) The OSU apparatus specifies one of two alternate flame igniters, while the cone
calorimeter uses a spark igniter.  The `impinging pilot' used in the OSU apparatus
imposes a significant local heating flux, in addition to the radiant heating flux. Thus, the
thermal boundary conditions would need to be modeled differently for each a
configuration. i.e. it represents a different type of fire.  A fire model has been devised to
use OSU data as input to produce wall lining room burns [5] and has been used for some
plastic materials [6].  This model suffers from the serious problem that it was developed
in the late 1970's and has not been updated properly since (moreover, it appears to be
difficult to update).  One problem inherent with a pilot flame, as used in the OSU
apparatus, is that, at low incident heat fluxes, the flame imposes more energy than does



the glow bars.  This is of particular concern when testing foams destined for furniture use
[7].  Another problem is that, when testing flame inhibitors  which extinguish the igniter. 
The latter can be partially, overcome, by adding a spark igniter to reignite the flame.

(e) The cone calorimeter apparatus includes a load cell for continuous mass measurements,
while the OSU apparatus does not.  Attempts have been made to build OSU units with a
load cell, but test results are not widely available.

f) The cone calorimeter uses a laser beam to measure smoke obscuration while the OSU
apparatus uses a white light source.  Both measuring systems give virtually equivalent
results, for small scanning times (# 3 s [8, 9]) and smoke measurement trends correlate
well [10, 11]. Alternative photometers can be installed in either apparatus.

(g) The sample sizes are different: normally 100 by 100 mm in the cone and 150 by 150 mm
in the OSU apparatus.

(h) The air flow rates through the apparatus are different in the two units.  They are much
larger in the OSU apparatus, which makes burning much more fuel lean.

Another bench-scale heat release instrument was developed early on by Dr. A. Tewarson,
at Factory Mutual [12-13], and is now a standard at ASTM (ASTM E 2058, for synthetic
materials) and at NFPA (NFPA 287, for cleanroom materials).  It measures heat release rate
based on either oxygen consumption or generation of carbon dioxide.  The instrument has been
widely used for research purposes, and forms the basis of requirement by Factory Mutual for its
insured, for electrical cables to be used in non-combustible construction [14], for mine belts [15]
and for materials to be used in cleanroom applications [16].  The method of carbon dioxide
generation, used in this test method, is based on the concept that the energy released per
molecule of oxygen consumed is approximately equal to the energy released per molecule of
carbon dioxide generated, in view of the stoichiometry of the combustion reaction.  Thus, the
consumption rate of oxygen, the reactant, should be equal to the generation rate of carbon
dioxide, the product, if combustion is complete, and they should both represent the same heat
release rate.  This is, in fact, also found experimentally, to a large degree.  The net heat released
per mass of carbon monoxide generated is also approximately constant, albeit somewhat lower
than that released for carbon dioxide.  If there is incomplete combustion, in this method the heat
release rate determined by continuous measurement of carbon dioxide generation concentration
is corrected by measuring the carbon monoxide concentration generated and subtracting the
excess heat estimated.  This difference is the heat of combustion per unit mass of carbon
monoxide multiplied by the generation rate of carbon monoxide.  Just like the needs in the cone
calorimeter, for oxygen consumption calorimetry, the basic requirement of this test method is to
collect and remove all combustion products in a hood and through an exhaust duct.  The test
apparatus can test samples both in the horizontal orientation and the vertical orientation, within a
vertical quartz tube 61 cm long.  There is a radiant heat source (4 symmetrical radiant heaters),
and a pre-mixed ethylene-air gas flame that serves as a pilot igniter.  The flow of incident gases
in this dynamic system is small enough that the oxygen concentration in the atmosphere can be
adjusted both above and below the normal atmospheric level of 20.9%.  This is important for the
needs of the cable test, which is conducted at 40% oxygen.  One disadvantage of this test method



is that the heat flux distribution, which is homogeneous on horizontal samples, is focused only
on the bottom portion of the sample for vertical samples.  However, it has great versatility in the
type of samples it can accommodate.  Just like the cone calorimeter, this test method contains a
load cell, for continuous measurement of sample mass.

BENCH-SCALE HEAT RELEASE
APPLICATIONS TESTS FOR PRODUCTS

Several test methods have been developed, and are being developed, which apply bench-
scale heat release test methods to particular products.  Table 1 presents these small scale heat
release test standards, whether generic or applications..

The first one of such tests was the application of the cone calorimeter to upholstered
furniture or mattress composites (ASTM E1474, NFPA 271, originally NFPA 264A).  In this test
method, 50 mm thick samples are constructed, containing all layers (particularly including the
cover fabric and the padding) to be expected in the product intended for test, and this composite
is tested at an incident heat flux of 35 kW/m2.  The main sample preparation procedure used was
developed [17], as part of a massive European research project on Combustion Behaviour of
Upholstered Furniture (CBUF) [18].  It has been suggested that the results from this test are, at
least to some extent, predictive of the results of full scale heat release tests with the
corresponding products [17-22].  There is some controversy about this, as yet, because the
original predictive equation involved the 3 min average heat release rate (i.e. the average of the
heat release rates between the time to ignition and the time to ignition plus 3 min): values of less
than 100 kW/m2 are unlikely to lead to a self-propagating fire [19-20].  However, later work
suggested that the peak rate of heat release may be a better predictor [21, 23], and some work has
suggested that the predictability may be dependent on the materials involved, so that no generic
equation would exist [22, 24-25].  It is most likely, however, that heat release rates measured in
the cone calorimeter will be, at least qualitatively, indicative of relative full scale heat release
behavior.  The most recent work [22] indicates that the cone calorimeter is capable of predicting
whether a system will lead to a self-propagating fire (or not) with reasonable reliability, but that
errors occur, depending on the composition of the system tested.  It was found, with the CBUF
project [25], that systems with an average (3 min) rate of heat release of # 65 kW/m2 will not
cause a self-propagating fire with any construction; on the other hand, the analysis of more
recent data [22] shows that there is an additional threshold at 160 kW/m2, but that there may be a
problem with systems using a melamine-loaded foam.

In some scenarios, typically those non residential occupancies involving detention and
correctional facilities, mental health facilities and urban mass transportation, there is a
significant potential for vandalism, i.e. purposeful destruction of the structure of the upholstery. 
Such vandalism can significantly affect the fire performance of the product, especially if the fire
performance has been enhanced by the use of barriers protecting the padding, rather than by
directly improving the fire performance of the padding itself.  In order to deal with this problem,
ASTM committee F33 (on Detection and Correctional Facilities) developed ASTM F 1550, a
variant of ASTM E 1474, differing from its model in that the sample has been "vandalized", in a
standardized way, to expose the padding to the heat source.  It has been shown that composites



exist which generate virtually identical results when tested by ASTM E 1474 and by ASTM F
1550.  On the other hand composites also exist where both tests give considerably different
results, suggesting they may be unsuitable for applications where vandalism is expected to occur
with reasonable frequency, as described above.

Following the lead of the development of the application for upholstery composites,
ASTM has generated application standards for wall covering composites {ASTM E 1740, also
with testing at 35 kW/m2}, for assessing smoke corrosivity of electric cables and cable materials
{ASTM D 5485} [26] and a heat release companion to ASTM D 5485, which differs from the
other cone application standards in that it does not prescribe a specific incident heat flux, but
rather discusses some of the ways in which the results of large-scale fire tests with electrical
cables might be predicted, and the scenarios for which various heat fluxes are relevant.  The
sample preparation requires that the exposed ends of the conductors should be sealed.  The
reason for this is to avoid generating artificial edge effects, resulting from gas emissions through
the exposed ends rather than through the decomposed cable coatings.  This was confirmed by
recent European work in the FIPEC (Fire Performance of Electrical Cables) project, which found
that the precision improves considerably if the cable ends are sealed [27].

A different type of application standard is one that can be used to describe materials with
limited combustibility.  Traditionally, a distinction was made between combustible and non-
combustible materials, with ASTM E 136 or NFPA 259 (both test methods based on complete
combustion of the sample) being used for the threshold.  The normal pass/fail criterion for non-
combustible is a heat of combustion of 1,840 kW/kg (800 BTU/lb), with limited combustible
being materials at a heat of combustion less than 8,140 kW/kg (3,500 BTU/lb).  However,
modern materials have been created, which would represent a lower fire hazard than traditional
combustible materials, while at the same time not being able to qualify under the normal criteria
for non-combustible materials.  Therefore, work has been introduced, both at ASTM and at
NFPA (Draft NFPA 273), to develop a cone calorimeter applications standard creating
categories of materials, based on the actual rate of heat release and total heat released (which
correspond to effective heats of combustion, a more realistic assessment of the likely heat
generated by the materials), at fairly high incident heat fluxes.  Similar work has been underway
at the model building codes, but has only been incorporated into Canadian building code
proposals.

REAL-SCALE HEAT RELEASE TESTS FOR SPECIFIC PRODUCTS

In recent years there has been considerable activity in terms of generating test methods,
based on heat release calorimetry, which address problems associated with individual products. 
The major areas of interest have been furnishings and contents and electrical cables (see Table
2).

In the area of furniture, the State of California issued two Technical Bulletins, namely TB
133 and TB 129, which detail a "Flammability Test Procedure for Seating Furniture for Use in
Public Occupancies" and a "Flammability Test Procedure for Mattresses for Use in Public
Buildings", respectively.  These two standards are companion documents, with virtually identical



procedures, which apply a gas flame to an item of furniture and determine the heat released, as
well as release of smoke and combustion gases and mass loss.  They have become consensus
standards as ASTM E 1537 and ASTM E 1590, respectively.  The California and ASTM test
methods both allow three options for the testing environment, since it has been shown [18] that
the heat released is not affected by the corresponding room dimensions, provided the peak rate of
heat release does not exceed 600 kW:

Configuration A: A test room with the following dimensions: 3.66 by 2.44 by 2.44 m
(12 by 8 by 8 ft) high (ASTM room or ISO room)

Configuration B: A test room with the following dimensions: 3.66 by 3.05 by 2.44 m
(12 by 10 by 8 ft) high (California room)

Configuration C: An open calorimeter (or furniture calorimeter).

Alternative: Rooms of other dimensions, where it has been shown that
equivalent test results are obtained.

The differences between the two methods are:

(a) seating furniture is tested with a square burner [28] and mattresses with a T-
shaped burner;

(b) propane gas flow is 13 L/min for 80 s for seating furniture and 12 L/min for 180 s
for mattresses and

(c) the pass/fail criterion for peak rate of heat release (in the California bulletins) is
80 kW for seating furniture and 100 kW for mattresses.

These test methods have also been adopted by NFPA, with the designation NFPA 266
and NFPA 267, respectively.  There is one difference, however: the NFPA standards mention
only testing with a furniture calorimeter.  UL has issued heat release standards for seating
furniture (UL 1056) and mattresses (UL 1895), but they are significantly different from the
consensus standards.  Similar standards for furniture have been issued by the Scandinavian
countries, and efforts are underway to generate ISO standards for heat release of furniture.

At ASTM another companion standard to ASTM E 1537 and ASTM E 1590, addressing
stacked chairs, has been issued {ASTM E 1822}.  Various studies have shown that a fire
involving a stack of chairs can be considerably more severe than a fire involving a single chair of
the same type [29-33].  In public buildings, especially in auditoriums, or large meeting rooms, it
is common to have many units of moveable furniture, which tend to be stacked vertically when
not in use.  Often, such stacks are 16 or more chairs high.  Thus, the potential fuel load presented
by such an array of stacked chairs can be significant, so that even if a single chair causes no
concern, the agglomeration can create a high fire hazard.  It was, therefore, felt to be very
important to develop a test procedure that can determine the contribution to a fire of stacked
chairs.  The standard uses 5 chairs, and the same T burner as ASTM E 1590, for 80 s, at a
propane flow rate of 12 L/min.  No pass/fail criteria have been developed, but preliminary
studies with the test method have shown that extremely high heat release rates can be obtained



from a stack even when the individual chair passed the California TB 133 requirement [34].

Electric cables are often the focus of attention, primarily because they are often present in
some environments where they constitute the major fuel load.  Traditional testing involved flame
spread along large scale vertical cable trays.  It has been shown that heat release rate can also be
used as an alternative way of finding the same information.  Thus, UL developed UL 1685,
which adds heat release rate measurements (as well as smoke release requirements) to the
standard UL 1581 (full scale) and the CSA FT-4 cable tray tests, in separate protocols within the
standard.  In this test 2.44 m {UL 1581} or 3.66 m high {CSA FT-4} and 300 mm wide steel
trays are filled with cables and exposed to a propane gas flame of 20 kW (ca. 70,000 BTU h-1),
either perpendicular to the tray {UL 1581} or at a 20° angle {CSA FT-4}.  The cables and tray
are placed in a small compartment (2.44 by 2.44 m by 3.35 m high), with an exhaust hood in the
middle, and release rates are measured in the exhaust duct.  Two ASTM versions of the same test
have also been developed: ASTM D 5424 determines smoke emission and ASTM D 5537
determines heat release, but both have the same equipment.  The National Electrical Code has, so
far, not been receptive to the introduction of heat release requirements, even in a descriptive
capacity, in spite of several proposals having been made.  NFPA 262 (the test for plenum cables,
usually of the communications type) now contains heat release measurements, within the exhaust
ducting, as an option additional to the traditional flame spread and smoke optical density.

Wall lining materials or products can be tested by room-corner testing.  There are a
number of such tests that have become standardized, the most important being an international
standard {ISO 9705}, which has four options: walls and ceiling, with burner set at 100 and 300
kW, walls alone with burner set at 40 and 160 kW, walls alone and 100/300 kW and walls and
ceiling and 40/160 kW.  In the United States there are three basic standard tests: NFPA 265
(exclusively for textile wall coverings; similar to what used to be UBC 8-2, with 40 and 150 kW
ignition source, but with smoke obscuration measurements), NFPA 286 (for all interior finish
other than textile wall coverings, and with mandatory smoke obscuration measurements: 40 and
160 kW ignition source) and UL 1715 (or formerly UBC 26-3, with a 30 pound wood crib, for
foam plastic insulation, and with a statement that "smoke levels shall not be excessive").  UBC
standards were issued by the International Conference of Building Officials, ICBO, as part of the
Uniform Building Code, but they are now being phased out in favor of consensus standards.  The
common feature of all these tests is that they deal with wall lining materials, they assess whether
the material/product is likely to cause flashover in the room and they assess heat (and smoke)
release in the exhaust duct, located outside the room doorway.  Table 3 describes some of the
major features of the tests.  There is a tendency to permit the use of room-corner tests as
alternatives to the Steiner tunnel test (ASTM E 84) for wall and ceiling finish materials.  This is
permitted in the Life Safety Code (NFPA 101) and in the new International Codes (see below).

It is worth mentioning that UL has issued several specific standards for individual
product testing, probably the most widely used one being UL 1975, which tests decorative foam
plastics, used for temporary exhibits, and lists them based on heat release rate criteria.

The NFPA Life Safety Code (NFPA 101) introduced the concept of heat release in the
assessment of upholstered furniture and mattresses, for certain applications, several cycles ago. 
In the meantime, the criteria have been made stricter (from peak values of 500 kW to peak
values of 250 kW), and the applicability broader.  This was followed by interior finish



requirements based on NFPA 265, and now NFPA 286 (with heat and smoke release), and
decorative plastics acceptability criteria based on UL 1975.

INTERMEDIATE SCALE CALORIMETRY

The cone calorimeter is an ideal small-scale fire test instrument for materials and
homogeneous products.  However, the most severe disadvantages of the cone calorimeter are
based on the size of the sample: its maximum thickness is 50 mm (ca. 2 in) and it is only 100 by
100 mm (ca. 4 by 4 in).  Therefore, (a) any discontinuities and surface irregularities will be
misrepresented by the cone calorimeter.  In recent years, considerable amount of thought and
effort has been expended in developing a test method with a larger sample size, to remedy some
of these difficulties.  The first method of this kind used the International Maritime Organization
(IMO) flammability apparatus, for assessing flame spread and ignitability {incorporated into two
ASTM standards, ASTM E 1317 and ASTM E 1321, and an ISO one, ISO 5658}.  In this
method, sample size is 155 by 800 mm, but the maximum thickness is still only 50 mm, and heat
release is assessed by temperature increases in the chimney.

In the meantime, the European Union decided that a test for the "reaction-to-fire" of a
single burning item must be addressed, by a test of intermediate size between a cone calorimeter
and a full room.  This process has been a long journey, as a response to the EUREFIC program
[35], which proposed a classification system based on the cone calorimeter and a room corner
test {ISO 9705}.  The details and timetable for this alternative classification test have been
altered several times, but the major objectives are as follows [36]:

(a) a sample size of approximately 1.0 by 1.5 m, with more than one section at an angle, with
capability for significant thicknesses;

(b) a fire source designed to give a heat flux of 40 kW/m2, or a heat input of 30 kW. at the
bottom of the sample, representing a small waste basket, and

(c) capabilities for measuring various fire performance parameters, including heat release,
time to ignition, surface spread of flame, smoke obscuration and burning droplets.

Two competing designs were put forward in Europe to meet this objective: the official "SBI"
{single burning item} test, as designed by the appointed representatives of the European
Commission, and the "Roland" proposal, as designed by other laboratories.  A large number of
SBI test apparatuses have been built by two manufacturers since 1996, and a precision round-
robin was also completed [37-38].  The Roland design has not been adopted by any organization.

A large step forwards was the, independent, development of the ICAL {intermediate
scale calorimeter, ASTM E 1623}, in the United States, a test method which is also an ISO
technical report (ISO TR14696 ).  In it, a gas-fired radiant panel (consisting of a series of small
panels) exposes, vertically, a 1 by 1 m sample, up to 150 mm (6 in) thick, to a heat flux of up to
50 kW/m2.  Two wire igniters are located near the top and bottom of the radiant panel.  The
entire specimen holder assembly is on wheels, so it can be brought closer or further away from
the radiant panel.  The radiant panel and specimen holder are placed on a load cell, under a hood,



so that all major fire properties can be assessed, including heat, smoke and combustion product
release, mass loss, ignitability and flame spread.  A recent precision round-robin indicated that it
can give suitably precise results [39].  The most interesting aspect about the ICAL test method is
its potential for one or more of the following five uses:

(a) as a screening tool for full-scale room-corner tests;
(b) as a screening tool for fire resistance tests (theoretically), because it allows estimation
of fundamental fire properties such as the thermal inertia (k D c);
(c) as a source of engineering data for performance-based codes;
(d) as the basis for a classification system for degrees of combustibility (with certain
clear advantages over the cone calorimeter in its capability to deal with more complex
samples);
(e) as an alternative means of assessing ignitability of exterior claddings, instead of the
presently-used method {described in section 1406.2.1 of the National Building Code,
issued by the Building Officials Code Administration, BOCA}, which is a test with very
limited usefulness.

GUIDES AND PRACTICES ON CONDUCTION OF ROOM SIZE TESTS
AND ON FIRE HAZARD AND FIRE RISK ASSESSMENT

ASTM E 603 is a standard guide that describes how to set up and conduct full scale room
tests.  As mentioned above, the original edition, in 1977, mentions heat release rate purely in
passing.  However, the more recent editions discuss heat release as an essential element that is
involved in almost all full scale room scale testing.  It discusses the issues that need to be
addressed, and the precautions needed, to move ahead with heat release measurements in full
scale room tests.  ASTM E 2067 is a very recent standard practice that gives specific instructions
on how to conduct large (and intermediate) scale heat release tests.  In the committee on
detention occupancies (F33), a recent guide has been written explaining how to choose test
methods (including a heavy emphasis on heat release ones) for upholstery materials in those
occupancies: ASTM F 1870.  Table 4 details these guides and practices.

It is also of great interest that there is extensive work involved in developing fire hazard
assessment standards, which are almost inevitably based on heat release requirements.  ASTM
committee E05 issued ASTM E 1546, as a generic guide on how to write fire hazard assessment
standards, and this was shortly thereafter followed by ASTM D 5425, which is the equivalent
guide addressing electrotechnical products, from committee D09, and by ASTM E 1776, where
committee E05 gives guidance on how to write fire risk assessment standards.  A "dummy"
example of a fire hazard assessment standard for floor coverings in health care occupancies was
developed and became an appendix of Guide ASTM E 1546.  A guide has also been issued
addressing how to write fire hazard assessment standards for rail transportation vehicles (ASTM
E 2061) and a draft guide is in progress on how to write fire hazard assessment standards for
upholstered furniture in health care occupancies.  In every case heat release rate measurements,
both in small scale (materials and composites) and in full scale tests are likely to be an essential
part of the assessments.  Another document of particular interest is an NFPA guide, NFPA 555,
entitled "Guide on Methods for Decreasing the Probability of Flashover", which is based on the
concept that flashover will be prevented if heat release can be ensured to remain low enough.



Finally, it ought to be mentioned that performance-based fire codes are being developed
throughout the world, including the United States, where the new International Code Council
(issuer of the International Building Code) has established committees to investigate the
possibilities for having simultaneous performance and prescriptive codes, as a transition towards
a performance code in the future.  Both the International Building Code and the International
Fire Code have issued draft performance based alternative codes.

JURISDICTIONS AND REQUIREMENTS

Explanation of Terms

! Regulations are documents with the force of law which list general objectives and act as
a framework for more detailed requirements.  One example could be a Federal Law
requiring sprinkler protection

! Codes are documents connected with regulations, but which comprise more specific
requirements and are valid for particular cases such as hospitals or schools. If they also
offer practical solutions, they may be called codes of practice.  An example associated
with the federal law above would be a building code detailing the layout of the sprinklers
in each type of building.

Code: Definition by NFPA 1, Fire Prevention Code: A standard that is an extensive compilation
of provisions covering broad subject matter or that is suitable for adoption into law
independently of other codes and standards.  Discussion: The decision [by NFPA] to
designate a standard as a "code" is based on such factors as the size and scope of the
document, its intended use and form of adoption, and whether it contains substantial
enforcement and administrative provisions.

! Standards are documents referred to either in regulations or in codes and which put
forward special techniques to quantify results.  Typical examples of standards are test
methods for various properties.  An example associated with the running example of
sprinklers would be a test method assessing sprinkler effectiveness in containing a fire. 
Organizations writing standards often not only write test methods but also guides,
specifications and practices.

! Guides are documents that explain the concepts associated with particular issues, such as
test methods or properties.  An associated example would be a guide explaining why
sprinklers help in fires.

Table 5 lists the jurisdictions (either codes or regulations) where either heat release,
hazard or risk assessment or some performance-based alternative is being used or proposed. 
Further details are shown in Tables 6-11 and in the text.

Building and Fire Codes 

The traditional regional building and fire (UBC, SBC and NBC, or their counterparts



UFC, SFC and NFC, issued by the three regional code development bodies, Table 6) codes have
requirements for interior finish flame spread and smoke obscuration based on the Steiner tunnel
test, ASTM E 84.  However, in recent years, alternatives have been incorporated into the codes
based on a room-corner test: UBC 8-2 or NFPA 265.  This alternative is actually only specific
for textile wall coverings, but is also used for other interior finish materials.  Garage doors are
required to meet another room test, with heat and smoke release: UBC 26-8.  Foam plastic
insulation is not permitted exposed in any application, unless it passes a stringent "diversified
test”, typically UL 1715 or UBC 26-3, a room-corner test to assess flashover and whether
"smoke levels are excessive".  The corresponding fire codes recommend the use of upholstered
furniture that meets low heat release rates, by ASTM E 1537 or CA TB 133 (equivalent tests)
and of low heat release mattresses tested by ASTM E 1590 or CA TB 129 (also equivalent tests). 
The tests are actually required to be applied in detention occupancies and it can be replaced by
active fire protection measures in health care occupancies.  Finally, foam displays are required to
have low heat release by a furniture calorimeter test: UL 1975.

The" international” codes (International Building Code, IBC, International Fire Code,
IFC and International Residential Code, IRC) are issued by the International Code Council. 
They have adopted the concepts of the regional codes, but are progressing somewhat further
(Table 7).  There is now an optional room-corner test for all interior finish, except for textile wall
coverings (NFPA 286),  which assesses heat and smoke release 9while the regional codes
assessed smoke release in the Steiner tunnel only).  For historical reasons, expanded vinyl wall
coverings can be treated like textiles or like other interior finish.  These tests are now options
acceptable also for the   The only other major change from the regional codes is that draft
alternatives are being prepared to permit performance-based codes.

The International Mechanical Code (and the regional mechanical codes, especially the
Uniform Mechanical Code, UMC, issued by IAPMO: International Association of Mechanical
and Plumbing Officials, of the western states) both address the use of materials in plenums, as
does NFPA 90A, standard on air conditioning.  In all those applications no "heat" concepts are
included for either cables or pipe and duct insulation; all of them are being regulated by tests on
flame spread and smoke obscuration based on specific applications of the Steiner tunnel. 
Several proposals have been made in recent times to replace that by an oxygen bomb calorimeter
test (NFPA 259) and the concept of "limited combustible", which is applied to the elements of
construction of the plenum itself.  All such proposals have failed to date.

There is also excellent correlation between the International Codes and the NFPA 101
(Life Safety Code) and the NFPA 1 (Fire Prevention Code) in terms of almost all furnishings and
contents being addressed (Table 8).  Furthermore, this correlation is likely to continue once the
NFPA building code (NFPA 5000) is issued.

California Bureau of Home Furnishings (CBHF):

There are two heat release product large scale tests issued by CBHF (Table 9): CA TB
133 (for upholstered furniture), which is a regulatory tool in California (in a number of public
occupancies) and CA TB 129 (for mattresses) which is an optional test.  A number of other states
and jurisdictions (including the Boston Fire Department) have adopted these test methods.



Federal Railroad Administration (FRA)

Railroad interior materials were traditionally governed either by guidelines of the FRA
[40], all of which are based on very traditional tests, such as ASTM E 162 and ASTM E 662, or
by the NFPA 130 code, which has a table with almost identical requirements, but they used to
apply only to guideway transit vehicles.  In 1999, FRA issued a new set of mandatory rules [41]
and almost simultaneously, NFPA 130 expanded its scope to all passenger rail transit and ASTM
E05 issued the first standard guide on how to write fire hazard assessment standards for rail
transportation passenger vehicles (ASTM E 2061).  The FRA rulemaking issued a modified
traditional table [42] and also announced a series of new measures, such as the concepts of:

* Alternative Approaches to Traditional Tests:
* Heat release full scale testing of upholstered furniture and mattresses
* Heat release small scale testing of materials for small parts and for carpets, by using the

cone calorimeter
* Overall Fire Hazard Systems Approach, for example by using the new ASTM fire hazard

assessment guide: ASTM E2061: “Guide for Fire Hazard Assessment of Rail
Transportation Vehicles”

NFPA 130 did not go that far, but it has long had some comments regarding alternative
approaches to traditional tests, based on heat release, with examples based on ASTM E 906
(Ohio State University calorimeter), and has now added considerations of other heat release
equipment.  The American Public Transport Association (APTA) is drafting a document
addressing an alternative approach to traditional tests, which it calls a fire risk assessment, but is
actually a fire hazard assessment (see Table 10).

Naval Environment

The mandatory requirements are issued by the US Coast Guard, but it wants to delegate
this to the NFPA Code on merchant vessels (ships): NFPA 301.  Requirements include seating
furniture (by UL 1056), mattresses and bedding (by UL 1895) and interior finish (by UBC 26-3,
in NFPA 301 only), with more applications being proposed.  NFPA 301 contains an optional
appendix with an alternative approach: a fire risk assessment (Table 11).  The US Coast Guard
does not at present offer the option of alternative approaches.

Federal Aviation Administration (FAA):

The FAA was the first regulatory agency to use heat release requirements, and it did so as
a result of conducting practical fire hazard assessments based on full airplane fire tests.  It
regulates most interior materials (except for small parts, seats and floor coverings) by using a
special version of the OSU heat release calorimeter (similar to ASTM E 906, alternative B).  The
same fire hazard assessment has led them to conclude that smoke toxicity tests are not required,
because they will do little to change tome available for escape [43-44].

GAPS IN HEAT RELEASE AND HAZARD ASSESSMENT REQUIREMENTS

Cables



The vertical cable tray tests with heat release rate measurements and requirements that
have been issued years ago [45-46], are not required in any application.  In the European Union,
the much more recent project on Fire Performance of Electrical Cables (FIPEC [47]) is another
vertical cable tray test (a modification of IEC 60332-3) with heat and smoke release
measurements, which is likely to become a European regulation.  The most severe cable
regulatory tool (NFPA 262, Steiner tunnel for plenum cables) has heat release options proposed,
but they are not required in any application.

Interior finish

With regard to the room-corner test, the codes use flashover as the sole pass/fail criterion
and make no distinctions between classes of passes/fails.  The European Community has
developed classes of material fire performance based on the Single Burning Item (SBI) and the
room-corner (ISO 9705, reference scenario) tests.  In those cases, flashover can occur and still
lead to acceptability.  No intermediate scale test is used for codes or regulations in the United
States: neither the ICAL, or SBI, nor the Lateral Ignition and Flame Spread Test (LIFT) required
internationally for marine finishes.

Furniture/mattresses

Rate of heat release is required in minimal occupancies (mostly detention and naval
occupancies, and it is optional in health care occupancies, depending on the presence of active
detection/suppression devices) while actually it should be used very widely.  Its use is spreading,
voluntarily only, in hotels, motels, dormitories and offices.

Hazard Assessment

Hazard assessment is virtually only used in the arena of rail and ships (the oldest forms of
public transportation), and has been used for developing requirements in aircraft (but is no
longer allowed to be used now).  Both of them gave insufficient actual detail for practical use. 
There are also attempts to use hazard assessment in the draft performance international building
and fire codes, but in those cases it is often just used as a code word for requiring sprinklers.

Performance codes are not really the same as requirements for active protection.  It is
critical to ensure that performance codes don't ignore the fire performance of combustibles (for
example limited combustible materials have better fire performance than highly explosive
materials, and yet some analyses consider them all identical, as combustible materials [48]).  It
should be remembered that sprinklers are not fail proof: in some cases up to 14% of failures were
found in fires in sprinklered buildings.  Performance codes should provide design choices and
give materials options.

CONCLUSIONS

The use of heat release tests in standards codes and regulations is low, but is increasing,



especially the number of standards, but also the number of requirements.  In many cases heat
release is presented in requirements as an optional alternative to traditional measures.

The use of hazard assessment and of a performance approach is increasing rapidly and
most codes now offer it as an alternative.  It is critical, however, to ensure it is not misapplied.
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Table 1 - Small Scale Calorimeter Test Methods

Designation Committee Type Application
 ASTM E 906 E05 I General OSU
ASTM E 1354 E05 I General Cone
ASTM E 2058 E05 I Synthetic Materials FM
ASTM E 1474 E05 II Cone Upholstered Furniture/Mattress Composites
ASTM E 1740 E05 II Cone Wall coverings
ASTM E 2102 E05 II Mass Loss & Ignitability Screening (conical)
ASTM D 5485 D09 II Cone Electrical Cables Smoke Corrosivity
ASTM D 6113 D09 II Cone Electrical Cables Heat Release
ASTM F 1550 F33 II Cone Vandalized Mattresses in Detention

NFPA 263 NFPA I General OSU (withdrawn)
NFPA 271 NFPA I General cone
NFPA 272 NFPA II Cone Upholstered Furniture/Mattress Composites

Draft NFPA 273 NFPA II Cone Degrees of Combustibility
NFPA 287 NFPA II FM Cleanroom Materials
UL 2360 UL II Cone Cleanroom Materials

Table 2 - Intermediate-Scale and Large-Scale Calorimeter Test Methods

Committee Type Application
E05 III Large Upholstered Furniture
E05 III Mattresses
E05 III Stacked Chairs
E05 IV Intermediate Scale: ICAL
D09 III Vertical Cable Tray (Smoke)
D09 III Vertical Cable Tray (Heat)

NFPA III Room Corner/Textile Wall Coverings
NFPA III Room Corner/Interior Finish
NFPA III Upholstered Furniture
NFPA III Mattresses

UL III Upholstered Furniture
UL III Mattresses
UL III Room Corner/Foam Plastic Insulation
UL III Furniture Calorimeter: Foam Displays
UL III Vertical Cable Tray (Smoke/Heat)
UL III Discrete Products in Plenums

Table 3.  Comparison of Full Scale Room Corner Tests



NFPA 265 NFPA 286 UL 1715 ISO 9705 ASTM
Proposed

NFPA 265
Screening

ASTM/ISO
Options

Room Size 8 x 12 x 8
(ft)

2.4 x 3.6 x
2.4 (m)

8 x 12 x 8
(ft; inside)

2.4 x 3.6 x
2.4 (m)

2.4 x 3.6 x
2.4 (m)

8 x 12 x 8
(ft)

2.4 x 3.6 x
2.4 (m)

Doorway 80 x 30 (in) 2.0 x 0.8
(m)

80 x 30 (in) 2.0 x 0.8
(m)

2.0 x 0.8
(m)

80 x 30 (in) 2.0 x 0.8
(m)

Igniter Gas Gas Wood Gas Gas Gas Gas

Location 12 in high,
2 in off

wall

30 cm
high,

Against
wall

30 lb Crib,
1 in off

wall, 15 x
15 in

30 cm
high,

Against
wall

30 cm
high,

Against
wall

12 in high,
2 in off

wall

30 cm
high,

Against
wall

Sample 3 walls 3 walls 3 walls &
ceiling

3 walls &
ceiling

3 walls &
ceiling

Strips 1 or
2 ft wide

3 walls &
ceiling

Sample Area 256 ft2 256 ft2 352 ft2 36.5 m2 36.5 m2 46 or 64 ft2 36.5 m2

Testing Duration 15 min 15 min 15 min 20 min 20 min 15 min 15 min

Initial Intensity 40 kW 40 kW 75-95 kW 100 kW 100 kW 40 kW 40 kW

Initial Duration 5 min 5 min 15 min 10 min 10 min 5 min 5 min

Second Intensity 150 kW 160 kW 300 kW 300 kW 150 kW 160 kW

Second Duration 10 min 10 min 10 min 10 min 10 min 10 min

Measurements

RHR Yes Yes No Yes Yes Yes Yes

Flame Spread Yes Yes Yes Yes Yes Yes Yes

Floor Flux Yes Yes No Yes Yes Yes Yes

Ceiling
Temperature

Yes Yes No Yes Yes Yes Yes

Smoke
Obscuration

Yes Yes Yes Yes Yes Yes Yes

CO Yes Yes No Yes Yes Yes Yes

CO2 Yes Yes No Yes Yes Yes Yes

Visual Yes Yes Yes Yes Yes Yes Yes

Application Textile
Wall covs

Interior
Finish

Foam
Plastic

Building
Products

Building
Products

Textile
Wall covs

Interior
Finish

Table 4 - Guides and Practices issued by ASTM and NFPA



Designation Committee Application
 ASTM E 603 E05 Guide on Room Scale Tests
ASTM E 1546 E05 Guide to Writing Fire Hazard Assessments 
ASTM E 1776 E05 Guide to Writing Fire Risk Assessments
ASTM E 2061 E05 Guide to Fire Hazard Assessment in Rail Transportation
ASTM E 2067 E05 Practice on Conducting large Scale Heat Release Tests
ASTM D 5425 D09 Guide on Electrotechnical Fire Hazard Assessment

Draft ASTM E05.15.1 E05 Guide to Fire Hazard Assessment Uph. Furniture Health Care

ASTM F1870 F33 Guide to Test Methods Detention Upholstery
NFPA 555 NFPA Cttee Guide on Prevention of Flashover via Heat Release Control
NFPA 101 NFPA 101 Chapter on Alternative Performance Based Code
NFPA 301 NFPA 301 Appendix on Alternative "Risk" Assessment Approach

Draft NFPA 5000 NFPA Bldg Probable Performance Based Alternative Option

Table 5 - Jurisdictions Where Heat Release or Hazard/Risk Assessment Is Used or Proposed

Jurisdictions
Regional Model Building Codes (Uniform, Standard and National Building Codes: UBC, SBC, NBC)

Regional Fire Codes (Uniform, Standard and National Fire Codes: UFC, SFC, NFC)
International Building Code (IBC)

International  Fire Code (IFC)
International Residential Code (IRC)

NFPA Fire Prevention Code (NFPA 1)
NFPA National Life Safety Code (NFPA 101)

California Bureau of Home Furnishings and Thermal Insulation
Federal Railroad Administration

NFPA Rail Transit Code (NFPA 130)
American Public Transportation Association (APTA)

US Coast Guard
NFPA Merchant Vessels Code (NFPA 301)

Federal Aviation Administration
NFPA Cleanroom Materials Code (NFPA 318)

Draft NFPA Building Code (NFPA 5000)

Table 6 - Regional Model Building (B) and Fire (F) Codes Requirements



Test/Concept Code Application
Room Corner B/F Interior Finish: Textile Wall Coverings: UBC 8-2/NFPA 265

Room B/F Garage Doors: UBC 26-8 (Heat/Smoke Release) 
Diversified Testing B Foam Plastic Insulation: UL 1715/UBC 26-3

Product Heat Release F Uph. Furniture Large Scale Heat: ASTM E 1537/NFPA 266
Product Heat Release F Mattress Large Scale Heat: ASTM E 1590/NFPA 267
Product Heat Release F Furniture Calorimeter/Foam Display: UL 1975

Table 7 - International Building, Fire and Residential Codes Requirements

Test/Concept Code Application
Room Corner B/F/R Interior Finish: Textile Wall Coverings: UBC 8-2/NFPA 265
Room Corner B/F/R Interior Finish: Expanded Vinyl Wall Coverings: NFPA 265/NFPA 286

Room Corner B/F/R Interior Finish: All Other Interior Finish: NFPA 286
Room B Garage Doors: UBC 26-8 (Heat/Smoke Release) 

Diversified Testing B Diversified Testing  Foam Plastic Insulation: UL 1715
Product Heat Release F Uph. Furniture Large Scale Heat: ASTM E 1537/NFPA 266
Product Heat Release F Mattress Large Scale Heat: ASTM E 1590/NFPA 267
Product Heat Release F Furniture Calorimeter/Foam Display: UL 1975

Performance Alternative B/F Draft Performance Based Codes

Table 8 - NFPA National Life Safety Code (101) and Fire Prevention Code (1) Requirements

Test/Concept Code Application
Room Corner 101/1 Interior Finish: textile wall coverings: UBC 8-2/NFPA 265
Room Corner 101/1 Interior Finish: expanded vinyl coverings: NFPA 265/NFPA 286
Room Corner 101/1 Interior Finish: all other interior finish: NFPA 286

Diversified Testing 101 Diversified Testing  Foam Plastic Insulation
Product Heat Release 101/1 Uph. Furniture Large Scale Heat: ASTM E 1537/NFPA 266
Product Heat Release 101/1 Mattress Large Scale Heat: ASTM E 1590/NFPA 267
Product Heat Release 101/1 Furniture Calorimeter/Foam Display: UL 1975

Performance Code 101 Chapter 5: Fire Hazard Assessment Alternative
Draft NFPA 5000 is likely to have the for fire test requirements of NFPA 101 and NFPA 1 and to have a

performance alternative

Table 9 - California Bureau of Home Furnishings Requirements



Test/Concept Mandatory Application
Product Heat Release Yes Uph. Furniture Large Scale Heat: CA TB 133
Product Heat Release No Mattress Large Scale Heat: CA TB 129
Product Heat Release CA TB 133 and 129 have been adopted by Boston Fire

Department and Some States and Jurisdictions

Table 10 - Federal Railroad Administration (FRA), NFPA Rail Transit Code (130)
and American Public Transportation Association (APTA) Requirements

Test/Concept Jurisdiction Application
Alternative Approaches FRA/130 General Alternative Approach Concept Acceptable
Product Heat Release FRA Uph. Furniture Large Scale Heat: ASTM E 1537
Product Heat Release FRA Mattress Large Scale Heat: ASTM E 1590
Product Heat Release FRA Floor Coverings: ASTM E 1354
Material Heat Release FRA Small Products: ASTM E 1354

Alternative Approaches 130 Product Heat Release: ASTM E 906
Material Heat Release 130 Material/Products: Heat Release Considerations

Overall Hazard Assessment FRA ASTM E 2061: Guide to Overall Hazard Assessment
Alternative Risk Assessment APTA Actually Draft Hazard Assessment

Table 11 - NFPA Merchant Vessels (Ships) Code (301)
and US Coast Guard (USCG) Requirements

Test/Concept Jurisdiction Application
Alternative Approaches USCG Use of NFPA 301 as Alternative Acceptable
Product Heat Release 301 Uph. Furniture Large Scale Heat: ASTM E 1537/NFPA 266
Product Heat Release 301 Mattress Large Scale Heat: ASTM E 1590/NFPA 267
Product Heat Release 301 Interior Finish (Part): UBC 26-3
Product Heat Release 301 More Applications Proposed

Alternative Risk Assessment 301 Appendix Methodology for Risk Assessment



Background on heat release and fire hazard: heat release is a critical fire property that governs fire intensity and
flame spread.  Moreover, fire hazard is based on heat release.

ASTM E5 small scale heat release test methods: E906 (OSU), E1354 , E2058 (FM calorimeter), E1474 and
E1740 applications and the new draft E05.21 Mass Loss Calorimeter.

ASTM E5 large scale heat release test methods: E1537 (upholstered furn), E1590 (mattresses), E1822 (stacking
chairs) E1623 (ICAL)

ASTM E5 Guides and Practices: E603 (guide to large scale tests), E1546/E1776 (guides to hazard and risk
assessment), E2061 (guide to rail hazard assessment), E2067 (practice for large scale heat release tests) and
draft health care E5.15 guide

ASTM D9 Standards and Guides: D5424 (smoke vertical cable tray), D5537 (heat vertical cable tray), D5425
(hazard assessment guide for elec6trotechnical products), D6113 (cone applications to cables and other
electrical materials/products), D5485 (cone application to corrosion)

ASTM F33 standards and guides: F1550 (cone application to vandalized mattresses in detention) and F1870
(guide to test methods for detention upholstery)

NFPA Small Scale test methods: NFPA 271 (cone), NFPA 272 (cone applications to upholstery composites),
NFPA 273 draft (cone for combustibility),. NFPA 287 (FM calorimeter for cleanrooms)

NFPA Large scale test methods: NFPA 266 (upholstered furn), NFPA 267 (mattresses), NFPA 265/286 (room
corner test)

FM standards: FM 3972 (cable vertical tray propagation). FM 4910 (cleanroom materials) and FM 4998
(conveyor belting): all use FM calorimeter

UL RHR standards: UL 1056 (ASTM E1537), UL 1895 (ASTM E1590), UL 1715 (room-corner test for foam
plastics), UL 1975 (foam displays), UL 2360 (cleanroom materials in cone), UL 2043 (discrete products in
plenums)

NFPA guides to fire hazard assessment: NFPA 555, chapter 5 on performance alternative in NFPA 101, draft
performance based alternative in upcoming NFPA 5000 Bldg code.


