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ABSTRACT

Statistics have long shown that fires where the item first ignited is a mattress or bedding material
are among the most important sources of fire fatalities in the United States.  A very significant proportion
of these fires have a flaming ignition.  However, legislation in the United States requires protection
against smoldering ignition for mattresses but not protection against flaming ignition.  Similar fire
experience in the United Kingdom has led to legislation for protection against both smoldering ignition
and flaming ignition.  The paper will present recent analysis of fire statistics and information on fire test
data from residential mattresses from the United States and the United Kingdom to show that
improvements in fire safety of mattresses are both desirable and feasible.

HISTORY OF TESTING AND REQUIREMENTS

It has long been known that the fire performance of an individual furnishing item can be crucial
on whether a room becoming untenable in a fire, thus resulting in fire fatalities1.  The first type of product
identified as a potentially serious concern is upholstered furniture: a single item can yield a fire severe
enough to engulf a whole room and take it to flashover.  As a consequence of this, in the USA, the Boston
Fire Department and the California Bureau of Home Furnishings (CBHF), independently, developed
flaming ignition fire tests for full scale items of upholstered furniture, intended for medium or high risk
applications, the most famous being the first edition of California Technical Bulletin 133 (CA TB133)
3.  The principal pass/fail criterion for the test method was a temperature increase in the test room, which
can be correlated with heat release.  The test was initially intended to be a "low-tech" tool for qualitative
use by manufacturers.  In other words, the simple application of the ignition source, with little
instrumentation would permit a test user to assess whether the chair would burn vigorously or not.
Unfortunately, the output was not usable for more comprehensive assessments of fire safety.  CA TB 133
has been used for regulation in several states, including California (and in codes: NFPA 101 4, Life Safety
Code, requires NFPA 266 5, functionally identical), and for specifications since the early 1990s.  CBHF
also developed a test for mattresses, which is analogous (but not identical) to CA TB 133: CA TB 129
6.  However, this test was never used for regulations by either the state of California, or any other state
in the USA (although NFPA 267 7, the NFPA version, is also required in the Life Safety Code).

In the United Kingdom, a different simplistic test was the first serious attempt at developing a flaming
ignition standard for upholstered furniture systems: British Standard (BS 5852 8).  This test uses a variety
of wood cribs, and it tests a combination of fabric and filling, made up into two standard cushions:
bottom and back.  The wood cribs in what was originally part 2 range from # 4 (weighing 8.5 g), to # 7
(weighing 126 g) in BS 5852.  Less severe ignition sources (originally included in part 1 of BS 5852)
address smokers' materials: cigarettes and butane flames simulating matches.  An empirical study showed
that the "rankings" resulting from testing fabric/foam combinations in this test correlated well with those
that could be obtained from using the cone calorimeter at 25 kW/m2 9.  The cone calorimeter10 has been
shown to be an effective predictor of whether a product will cause flashover on its own2, and it is
particularly effective when used for upholstery composites with the ASTM E1474 protocol11.  Following



a In fact, upholstered furniture can be sold in California without meeting small open
flame requirements, if it is clearly labeled as such.

b The exchange rate between the UK and the USA can be estimated at £1=$1.5.

its initial adoption, BS 5852 has been modified somewhat, so that testing for qualification is now done
effectively on separate items.  Fillings are qualified when tested under a "standard" flame retarded
polyester fabric and fabrics are qualified when tested over a filling deemed acceptable.  Thus, it is not
required to test the system actually proposed for use, which makes testing more accessible to materials
manufacturers (and less costly for them), as they need not test the large variety of potential finished
systems.  The British government issued the Furniture and Furnishings Fire Regulations Act in 1988,
which requires all fabric and polyurethane foams used in the construction of upholstered furniture to meet
BS 5852, crib #5 (17 g) fire test requirements, and all filling materials in mattresses, including cot
mattresses, to meet the same regulations.  In other words, no filling or padding materials sold for use in
upholstered furniture or in mattresses can ignite and spread flame when exposed to a crib # 5, and
covered by a standard fire retarded polyester fabric (the fabric does not actually protect from ignition).

Requirements to protect the public from smoldering fires have been in effect both in the USA and in the
UK for a large number of years.  In the USA, residential upholstered furniture components generally meet
a voluntary smoldering ignition standard nationwide, as administered by the Upholstered Furniture
Action Council, since the late 1970s, with mandatory requirements in place in California (where small
flame ignition requirements also exist a) and in some other jurisdictions.  All mattress and mattress pads
(including residential) are required, since 1972, to comply with 16 CFR Part 1632 12: a smoldering
ignition (by cigarettes) test method.  This test method has been instrumental in heavily decreasing (and
virtually eliminating) cases where a mattress undergoes flaming combustion resulting from ignition by
a smoldering cigarette, usually by replacing cellulosic padding or filling materials (such as cotton) with
non smoldering plastic materials.  However, there are no requirements for flaming ignition of mattresses
or mattress pads, or of their components, in the USA, other than requirements for NFPA 267 in some high
risk applications in codes.

INTERNATIONAL COMPARISONS

Figure 1 shows that the fire fatalities in the UK are much lower than in the USA for bedding
(which includes mattress) fires and upholstery fires.  Figure 2 (on fire fatalities per million population)
shows that the differences are not simply based on the larger population in the USA.  It is interesting to
note that between 1988 and 1997 (the years where the UK regulation on upholstery was issued and the
latest year for which reliable data from both countries are available),  fatalities in UK fires where a
mattress or bedding product was the item first ignited decreased by 58.2%, while, if the first product
ignited was an upholstered furniture item, fatalities decreased by 53.4% in the same period.  The
corresponding decreases in the USA were much less impressive: 39.4% for mattress and bedding fires
and 38.7% for upholstered furniture fires.  The widespread, and growing use, of smoke detectors is
probably one of the main reasons of the improvements in the USA, as there has been little, if any, change
in the composition of upholstery or mattress materials in recent years.

In the UK, the Department of Trade and Industry commissioned a study to look at the effects of the 1988
legislation in terms of lives saved, decreased number of injuries and economic impact 13 b.  Table 1 shows
the key improvements, as presented in an official UK government publication, for upholstered furniture
only.  The study indicates that 710 lives (and over £5 billion) were saved over a 10 year period, in spite



Table 1 - Benefits of the UK upholstery regulations, in terms of victims and of economic savings
Benefit measure Annual benefit

1992
Annual benefit

1997
Cumulative benefit

1988-1997
Number of dwelling fires 3,715 8,769 42,754

Total lives saved 169 362 1,856
Lives saved for upholstery as

item first ignited
65 138 7,100

Total non-fatal injuries saved 1,548 3,315 17,000
Injuries saved for upholstery

as item first ignited
526 1,126 5,774

Loss adjusted cost saving
£m/yr

23 53 249

Final cost saving £m/yr 507 10,835 5,567
Total cost saving £m/yr 530 1,138 5,615

of the minimal smoke detector penetration into the UK market.  Figures 1 and 2 show that significant
savings should also be expected from mattress and bedding fires.  In both cases, the number of fire
fatalities has been decreasing, and to an extent significantly more pronounced than in the USA.  A
particularly important aspect of the study has been the economic analyses considered, which included
the cost to industry (which were, by and large, not passed on to the consumer) of developing and
selling products with greatly improved fire performance.  It should also be noted that there was no
consideration given to a phenomenon virtually non-existent in the UK but critical in the USA:
product liability.

EXPERIMENTAL DATA

The comparative fire performance of commercial UK and US residential mattresses was then
assessed, by purchasing mattresses commercially in the United Kingdom and the USA.  A queen-size
mattress, intended for residential use, was purchased commercially in California in the 1990s.  That
mattress caused flashover on its own and released almost 2 MW of heat in a standard room (with
temperatures up to 920°C), when ignited by a simulated match (BS 5852 Ignition Source 1), when the
fire had to be extinguished to prevent damage to the facility.  Interestingly, at the same time, a
residential mattress built in 1937, constructed mostly with cotton materials, released only 114 kW,
with maximum temperatures of ca. 180°C (and that fire took well over an hour to get going while the
modern mattress reached flashover in 10 min).  The old mattress failed the smoldering ignition test, so
that a cigarette would have eventually caused it to catch on fire.  During a later investigation, a baby
mattress was tested.  It was purchased commercially in Texas in the 1990s, constructed of solid core
non fire retarded polyurethane foam (its size was, of course, only a fraction of the size of the modern
residential queen-size mattress, and weighed some 20 times less).  This mattress, intended for use in
baby cribs, ignited easily again (although the vinyl cover resisted the simulated match ignition) and
released over 250 kW and gave a peak temperature of 226°C in the same standard room.  Clearly,
these modern mattresses exhibit very poor fire safety.  These full scale tests were conducted, at the
Southwest Research Institute (San Antonio, TX) in a standard ASTM room (i.e. 2.4 m x 3.7 m x 2.4
m, with a door of 0.76 m, centered on one of the short walls, and with an exhaust duct just outside the
room).  The measurements taken were similar to those taken in room corner tests: heat release (by
oxygen consumption calorimetry), smoke release in the duct, temperature measurements at various
locations in the room and duct and heat flux measurements on the test room floor (baby mattresses
only) 14.  The major data from the full scale tests are shown in Table 2.



Figure 1.  Fire Fatalities in Fires Where an Upholstery
or Bedding Product is the Item First Ignited (in UK and US)
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Figure 2.  Fire Fatalities per Capita in Fires Where the Item First Ignited is an Upholstery 
or Bedding Product (in UK & US)
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Table 2.  Full Scale Room Testing of Mattresses - Major Results

US Adult
Residential

Mattress Pre
Requirement

UK Adult
Residential

Mattress
(1990s)

US Adult
Residential

Mattress
(1990s)

US Baby
Residential

Mattress
(1990s)

UK Baby
Residential

Mattress
(1990s)

UK Baby
Mattress +
Bedding
(1990s)

Peak RHR (kW) 113.9 1.3 1655
(water)

255 2 10

THR (MJ) 127.4 0.1 110.4 29.6 0.4 2.3

Avg RHR (kW) 25.4 (19.5) 0.2 128.8 45.8 0.9 3.7

THR 10 min
(MJ)

0.3 (0.0) 0.1 86.7 29.0 0.4 2.3

Peak RSR
(m2/s)

1.14 0.0 18.10 7.51 0.004 0.14

TSR (m2) 528 0.0 1074 815 0.22 22

Avg RSR (m2/s) 0.11 (0.08) 0.0 0.74 1.26 0.00 0.04

TSR @ 10 min
(m2)

0.9 (0.0) 0.0 18.1 813 0.22 22

Peak OD 0.41 0.0 2.74 1.48 0.002 0.05

Avg OD 0.04 (0.03) 0.0 0.13 0.26 0.00 0.01

Flashover Time
(s)

NA NA 564 NA NA NA

Time Peak RHR
(s)

3048 (4578) 150 582 (water) 405 165 270

Mass Loss (%) 72.8 0.3 18.0 91.8 0.0 14.6

Peak Heat Flux
(kW/m2)

NM NM NM 2.1 0.0 0.1

Ignition source Cigarette -
BS 5852 # 1

BS 5852
# 5

BS 5852
# 1

BS 5852
# 5

BS 5852
# 5

BS 5852
# 1

Note 1: US Adult Residential Mattress Pre Requirement: values calculated from application
of match; values in parentheses calculated from application of cigarette.  Flaming ignition
resulted from first match application.

Note 2: US Adult Residential Mattress (CA 1995): Values for peak rate of heat release and
total heat release must be adjusted as the fire was extinguished within a few seconds of it
reaching flashover, when less than 20% of the mattress had been burnt.

Note 3: NA: as flashover did not occur, flashover time is not applicable; NM: not measured.

Note 4: Both cigarette and simulated match were used.  Match caused the propagation.



c The adult double size mattress cost £180, the single size one £100, and the baby crib one
£20.  Conversion used an exchange rate of U$S 1.50 = UK£ 1, and assessed the fact that
sales taxes are included, in the UK, at the Value Added Tax rate of 18.5%.

For comparison, a full sized adult (double) residential mattress was purchased in the UK in1999 and a
baby crib residential mattress was purchased there in 2000.  They were tested under the same
conditions as the US mattresses, and gave heat releases that were barely measurable.  The baby
mattress was also tested using as the ignition source a half sheet and a half comforter (typically used
in baby cribs), placed on the mattress as they would be in actual use, and the maximum heat released
was 10 kW, and the maximum temperature measured was 47°C.  The mattresses purchased in the
United Kingdom, at a low cost retailer, used foams that complied with BS 5852, crib # 5.  From the
point of view of cost, the mattresses purchased in the UK (converted to US dollars) cost
approximately $230 for the full scale double and $25 for the baby crib onec, which shows that they
were fairly inexpensive.  The data from these full scale mattress tests are also shown in Table 2.  The
comparison between data for the UK and US mattresses is again stark and favorable to UK products.

Figure 3 shows the rate of heat release versus time curve for all six mattress tests.  It is particularly
interesting to note that the three UK mattresses released so little heat that their curves cannot even be
seen on the same graph as that for the US mattresses.  Figure 4, with a scale 150 times larger, shows
the rate of heat release versus time data for the UK mattresses.  Figure 3 also shows that the old US
mattress outperformed the modern US mattress easily.  The old mattress took more than 70 min to
start spreading flames and the heat release rate never exceeded 115 kW, while the modern mattress
was at flashover within 10 min and the test had to be extinguished with water when the rate of heat
release was approaching 2 MW, a value it would easily have exceeded.  The US baby mattress
resisted ignition from a match, because the cover was not penetrated during the 20 s ignition period.
Figure 4 is of interest for two main facts.   Firstly, the UK mattresses performed so well that they did
not cause a propagating fire, and released negligible amounts of heat, even when the ignition source
was a # 5 wood crib.  Secondly, the UK baby mattress was not ignited by a significant realistic heat
source, as represented by the sheet and comforter.

The chemical composition of the mattress components clearly played a role in the fire performance
determined.  All the baby mattresses had a thick vinyl (PVC) cover, and polyurethane foam fillings,
where the fillings from the UK were fire retarded while those from the US were not.  All the adult
mattresses had a textile cover as ticking.  The modern adult mattresses had polyurethane foam as
filling material (where, again, the one from the UK was fire retarded while the one from the US was
not; also the modern US mattress had multiple layers in the filling, with the non FR polyurethane
foam being the largest one), while the old mattress had a cotton ticking and cotton filling.  Thus, the
old mattress was able to be ignited by a smoldering cigarette, in a fire that smoldered very slowly but
progressively.  The flaming ignition actually resulted from the action of the simulated match (20 s
application, BS 5852 Source 1).  As stated before, the baby mattresses were not ignitable by a match,
but this resistance to ignition is unlikely to hold if the vinyl cover is damaged, and ignition source
flame penetration into the filling becomes possible.

Smoke release in the room followed the pattern expected from the heat release data: if the mattresses
released abundant heat, they also caused abundant smoke obscuration 15.  The data are shown in
Figure 5, for the US mattresses only, where the rate of smoke release for the two new mattresses is
shown to rise in a very similar fashion, and much faster than for the old mattress.  None of the UK
mattress tests resulted in much smoke release, even with the vinyl covers of the baby mattresses.



Figure 3.  Rate of Heat Release Data for Room Mattress Tests
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Figure 4.  Rate of Heat Release Data for Room Tests of UK Mattresses
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Testing by BS 5852 8 is both easy and inexpensive.  The test frame is a small steel set (one part is 450
mm x 450 mm and the other is 300 mm x 450 mm, and they are hinged together) which can be built
in a metal working shop.  The ignition source, Crib 5, is composed of 20 pine wood sticks with a total
mass of 17, glued together.  The test can be conducted by any organization without instrumentation.
The five test pass-fail criteria are simple: (a) the fire should not escalate out of control;  (b) the flame
should not consume the sample; (c) the flame should not spread to the lateral edge of the frame; (d)
the flame should not penetrate through the full thickness of the sample and (e) the flame should not
burn for more than 10 min.

The three adult mattresses were subjected to BS 5852 Crib # 5 tests, and results were as expected.
The UK mattress passed the cigarette ignition and Crib # 5 tests.  The old US mattress failed both the
cigarette ignition and simulated match (source 2) tests.  In the tests, the mattress failed the cigarette
ignition test at 11 min and the match test at 5 min, both through lateral smolder spread, but the sample
never burst into flame (although occasional transient flamelets were observed); it collapsed at 29 min
and continued smoldering for well over an hour without total consumption.  The new US mattress
failed the match test at 17 s, after which the whole sample was engulfed in flame at less than 2 min,
collapsed at 2.5 min and was totally consumed in less than 5 min.

Tests were also conducted using the cone calorimeter applications standard for upholstered fabric and
mattress composites, ASTM E1474, 11.  The most important data are shown in Table 3, and the heat
release rate curves are shown in Figure 6.  It is clear from the cone calorimeter data that the principal
source of heat release is the filling, since the peak heat release rates of the two modern US mattresses
(adult and baby) are virtually the same, in spite of the different cover materials.  Of course, the total
heat released by both mattresses was very different, and reflected the significant difference in mass.
The peak and average rates of heat release in the cone tests of the new adult US residential mattress
were sufficiently high to clearly indicate that flashover was likely to occur 2, as it indeed did in the
room test.  The values for the US baby mattress were borderline, with a very high peak and a smaller
average (again due to the small mass), which is consistent with having had a high rate of heat release
in the room test, but insufficient for flashover.  Data analysis indicates that none of the other samples
were likely to cause flashover, as was indeed the case.  Smoke release was significant for all samples,
except for the old US mattress, indicating that smoke is more difficult to predict than heat release, and
that the cover has a much larger effect in cone calorimeter tests than it has in full-scale tests 16.

DISCUSSION

The poor fire performance of US residential mattresses has been well known for many years,
particularly since a seminal study conducted in 1991, at the California Bureau of Home Furnishings
and Thermal Insulation, on mattresses and bedding systems17.  The study found that rates of heat
release of almost 2 MW in a small room could be achieved from a single mattress (in actual fact, the
tests were terminated early by water extinguishment, to prevent destruction of the facility resulting
from the fire).  In those cases, test room temperatures exceeded 1,000°C (before extinguishment).
Mattresses of the type that caused these severe fires can today be purchased commercially throughout
the country: solid core non fire retarded conventional polyurethane foam, 150 mm (6 in) thick, at 24
kg/m3 (1.5 lb/ft3) density, with quilting and ticking.  The same study also showed that mattresses
could be made that released no more than 20-30 kW and increased room temperatures only to values
< 100°C, and yet be a viable product. It is interesting that, at the same organization, studies were
conducted 11 years earlier (on detention facility mattresses) indicating that mattresses could be
produced  that caused very low temperature increases in the same room (maximum temperatures



Table 3 - Cone Calorimeter Testing of Mattress Composites at 35 kW/m2 Incident Heat Flux

US Adult
Residential

Mattress Pre
Requirement

UK Adult
Residential

Mattress
(1990s)

US Adult
Residential

Mattress
(1990s)

US Baby
Residential

Mattress
(1990s)

UK Baby
Residential

Mattress
(1990s)

US Baby
Sheet &

Comforter
(1990s)

Peak RHR
(kW/m2)

332 182 448 431 252 138

TTI (s) 4.5 7.5 6.5 5.5 32.5 9.0

THR (MJ/m2) 13.7 28.6 53.2 20.6 14.4 6.1

FPI (s m2/kW) 0.014 0.041 0.014 0.013 0.129 0.650

Avg RHR 3 min
(kW/m2)

77 88 232 116 81 34

Avg MLR (g/m
s2)

16.2 8.4 14.1 21.8 8.6 6.8

Ht Comb
(MJ/kg)

15.8 9.5 17.2 16.9 17.3 16.0

SEA (m2/kg) 260 1 142 782 281 457

Pk RSR (1/s) 3.09 0.02 1.21 9.40 2.03 2.13

TSR (m2) 238 5 441 960 321 178

Mass Loss (%) 82 100 100 92.0 63.9 86.4

Smoke Factor 
@ 1 (MW/m2)

4.5 0.4 0.4 386 10 6

Smoke Factor 
@ 2 (MW/m2)

75.0 0.6 195.8 414 72 25

Notes: Testing: Tests were conducted on samples at 50 mm thickness, or at the actual filling
thickness.  Sheet and comforter were tested as a simple multi-layer sample.  Abbreviations: Pk RHR:
Peak value of the heat release rate vs. time curve, in kW/m2, of the sample.  Heat release rate is
measured by the principle of oxygen consumption.  TTI: Time to ignition, at each flux, in s.  The time
to ignition is determined visually and taken to be the time to a sustained combustion of at least 10 s
duration.  THR: Total heat released by the sample, at the end of the test, in MJ/m2.  It is calculated by
integrating the curve of heat release rate over time.  FPI: Ratio of the time to ignition to the peak heat
release rate (in sA m2/kW).  This parameter has been shown to give an indication of propensity to
flashover, because it relates to the time to flashover.  Avg RHR 3 min: Average heat release rate
during the period between ignition and 3 min after ignition, in kW/m2.  Avg MLR: Average mass loss
rate, in gm/s2.  Average values between 10 and 90% are reported.  Ht Comb: Effective heat of
combustion, in MJ/kg.  The value reported is the average value for the entire test.  SEA: Average
specific extinction area, in m2/kg (a measure of smoke obscuration).  Pk RSR:  Peak value of the rate
of smoke release vs. time curve, in 1/s.  The rate of smoke released is the product of the extinction
coefficient and the volumetric air flow rate divided by the sample surface area and the light path
length (with the appropriate corrections).  TSR: Total smoke released by the sample, at the end of the
test (non dimensional).  It is calculated just like the THR, from the curve of RSR vs. time.  Mass
Loss: percentage of mass lost (%).  SmkFct: Smoke factor, in MW/m2.  It is the product of the peak
heat release rate and the total smoke released, at different times (here reported at 1 and 2 min).  It has
been shown that it can be an indication of the relative propensity of materials to generate smoke in
full scale tests.



Figure 5.  Total Smoke Released from Mattresses in Room Scale Tests
(US Mattresses Only)
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Figure 6.  Cone Calorimeter Rate of Heat Release Data - Mattress Samples
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< 100°C), one of them being a cotton mattress18.  In spite of this information, which has now been
available for 20 years, mattresses are being sold today for the residential market that have
exceedingly poor fire performance, and endanger the lives of the people using them.

Suggestions have been made to introduce mandatory requirements for residential mattresses both
throughout the USA and in California, by the "Children's Coalition for Fire-Safe Mattresses" in
particular.  The recommendations addressed requiring mattresses to meet CA TB 129 or BS 5852
Crib # 5, among other issues.  The legislature in California considered the issue in its 2000 session,
where it was approved by the Assembly and by a Senate committee, but the final measure did not
reach the governor's desk as it was not called off the Senate finance committee suspense file.  The
Consumer Product Safety Commission docketed four petitions and asked for public comments, by a
notice in the Federal Register in June 2000.  The issue remains active in that arena.

The International Sleep Products Association, trade association for the mattress industry, has
conducted some work at the National Institute of Standards and Technology19, which resulted in the
development of a test method with a dual gas burner, exposing the mattress from the side and from
the top, simulating ignition by bedding.  The test method is a variant of CA TB 129/NFPA 267,
which is considerably more severe (a total propane flow rate of 21 L/min, ca. 30 kW, while CA TB
129 is 12 L/min, ca. 18 kW), and is intended to measure heat release, smoke release and mass loss of
the mattress in a full scale calorimeter (for example a room).  This is very interesting work, and will
hopefully result in some requirements.  However, statements have already been made by industry
representatives, that the actual test to be used in practice still needs to be developed, and that it will be
a much more simplistic test that can be conducted by mattress manufacturers themselves and that still
needs to be developed.  That suggests that the test that is likely to be, in actual fact, recommended for
use by the mattress industry is one to be developed in future but that is as simple and unsophisticated
as BS 5852.

With the concepts discussed above in mind, there seems to be little advantage in waiting for a new
test to be developed that will be ideal, when one is already available in BS 5852 Crib # 5.  The work
included in this paper shows that the fire performance of mattresses that have fillings meeting BS
5852 Crib # 5 has now been shown to be usually satisfactory, and certainly much superior to that of
normal US residential mattresses.

CONCLUSIONS

Therefore, the following can be concluded:
(a) Residential mattresses in the USA have very poor fire performance.
(b) Residential mattresses in the UK have adequate fire performance.
(c) Residential mattresses in the UK have fillings that comply with BS 5852 Crib # 5.
(d) The UK furniture fire safety regulations, requiring fire test compliance, have been

instrumental in causing significant improvements in UK fire safety, with economic savings. 
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