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Figure 4. Peak HRR From Bedclothes Atop Design BB as a Function of Top Area
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Appendix A
Expected Effects of Various Barrier Imperfections on
Heat Release Rate Performance in TB 603

Introduction. It is of interest to explore how various barrier imperfections could be
expected to be reflected in the HRR curves obtained from a localized gas burner test such
as TB 603 and from an actual bedroom fire. Ultimately, it is essential that inferences
made from TB 603 behavior carry over (though not necessarily in a one-to-one manner)
to real bed assemblies in which the bedclothes are the first items ignited. All results to
date indicate that this will be so for twin mattresses. However, the results in the main
body of this report indicate that the bedclothes fire can be magnified to the point of
dominance on larger beds (queen, king) in a room context. In such cases,
mattress/foundation barrier performance (as measured in TB 603) is still relevant to the
size of the total fire but it does not control the timing of that fire nor fully dictate its peak
intensity.

This discussion is predicated on the assumption that the burning bedclothes fire is itself
reasonably controlled so that the dominant fire load in the bed assembly is the
mattress/foundation. This dominant fire load controls the magnitude and timing of the
highest HRR peak though both elements may make significant HRR contributions.

Background Discussion of Fire Barriers. The barrier on a mattress and foundation
design covers a large fuel load within its boundaries. Given sufficient air and flame
access to some part of that fuel load, a growing fire will occur, though there will almost
always be some limitation on the speed of growth and peak HRR of that fire as a result of
the presence of even an imperfect barrier.

The use of barriers in this way tends to raise the possibility of “binary” behavior, i.e., the
outcome of an ignition exposure can either be a minimal fire if the barrier on the
particular sample exposed is fully effective or a substantial fire if the barrier at some
point allows flame penetration to the large fuel load within its bounds. This type of
behavior poses difficult statistical issues in its assessment. Achieving a high confidence
level that a barrier design is effective can require a large number of test replicates. On
the other hand, attention to detail in designs that use barriers coupled with attention to
uniformity of fire resistance in barrier materials can go a long way toward preventing the
occurrence of localized weak spots that might allow a significant fire.

A barrier works by limiting heat and air access to the flammable material within it. The
ideal barrier would, at any point on its surface, never let enough heat through to the
material inside to cause that material to gasify at all, despite an intense fire on the barrier
exterior. If that was the case, the only heat that would be released would be from
material exterior to the barrier (and possibly from the barrier material itself). Cost will
generally preclude such a heat impermeable barrier. Real barriers do permit degradation
and partial gasification of polyurethane foam within them (in particular, the foam
immediately adjacent to a barrier surface that is exposed to flames). This is a transient
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effect with more heat penetration and attendant foam degradation occurring as the
duration of flaming exposure is extended.

Because the barrier must allow normal functioning of the structure it covers, it must be
somewhat permeable to air (to avoid a “balloon” effect). That permeability should be
kept low enough so as to preclude flaming combustion inside the barrier even when
pyrolysis gases accumulate there. However, the requisite air supply rate to sustain
flaming may be a complex inverse function of the size of the heated area and the heating
duration so this condition may not be met indefinitely in a real fire. That is, at some point
in the growth of a bed fire, it may be possible to sustain a weak fire in the interior of a
mattress even though the barrier is essentially intact.

A barrier material is porous but its pores must be small enough to preclude direct flame
propagation through them. Generally this means pores smaller than a millimeter or less.
Barriers meeting this criterion can still, during severe fire exposure, allow flames to
appear within the protected volume. This has been observed with some woven fiberglass
barriers. It is probably a result of the barrier itself becoming hot enough to serve as an
ignition source for a flammable gas mixture inside the barrier. If the entire barrier
remains intact in such a circumstance, the burning rate of the materials within the barrier,
limited by air supply rate, will remain low so this form of “failure”” may not be
particularly threatening.

Real products such as mattresses, made with barriers, must have seams where edges of
the barrier material are joined together. These seams must serve the same functions as
the rest of the barrier and so must be closed with thread that can withstand fire exposure
without allowing the seam to open. Actual practice is somewhat forgiving in this regard,
as indicated below.

Many of the barrier materials currently available are based on organic fibers which char
when heated. Thus it is often a char which serves as the actual barrier between flames
and the vulnerable contents of a mattress (so the insulative properties of the char are
important as is its lack of fissuring). Such chars are prone to oxidation during flame
exposure which effectively erodes them, giving the barrier a finite period of protection.
This protection period depends on the nature of the organic fiber, minor contaminants in
the fiber (some metal ions catalyze char oxidation; borates and phosphates can suppress
char oxidation and also, for a fiber like cotton, increase the fraction of the fiber converted
to char), the char mass per unit area and the temperature at which the char is held. This
last condition depends on the heat flux which the charred fiber receives; the higher the
flux, the higher the char temperature and, therefore, the shorter the protection period.
The TB 603 gas burners (like some portions of burning bedclothes) provide high fluxes
which have, however, a relatively short duration, mimicking that of local bedclothes
flames. Most current barriers are designed to withstand this exposure. Crevice flames
provide about half the heat flux but can last much longer (up to 20 min or more). Thus it
is frequently crevice flames, often at mattress corners where they are most intense and
persistent, which ultimately cause barrier failure.
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Experience indicates that the most threatening type of barrier failure situation is one in
which flames from the exterior reach all the way into some portion of the open cavity
occupied by the springs in either a mattress or a foundation'?. Flames on the interior
surfaces of this volume of a mattress are well-insulated and prone to spread, probably at a
rate limited mainly by the air supply rate. Transient heat accumulation within the
mattress interior will also cause the burning rate (and HRR) to grow.

A foundation, subject to the same fire breakthrough into its interior cavity, presents a
somewhat different situation. First, its internal fire growth is not limited by air supply;
the bottom of a foundation is virtually open. Fire growth appears to be frequently limited
by the very thin nature of some of the materials (on the sides and the dust cover) which
support only small flames. These flames may spread sporadically and not get an
appreciable fire going on the real fuel sources — the wood base and the top pad. When
these latter materials do burn together, the resulting fire is serious and poses a severe
threat to the mattress as well, since it is directly under it.

In many mattress and foundation designs, it is along the sides that this interior volume is
nearest to exterior bedclothes flames. This is why a good side barrier and protected side
seams are necessary. The tape edge seams, on the other hand, are somewhat removed
from the spring cavity, typically by compressed layers of foam or other cushioning
material. Experience shows that the tape edge seam does frequently have a tendency to
open slightly as the materials it captures shrink or partly melt away. This does amount to
providing a hole (actually more of a slit, ca. 2 mm wide, of varying length) in the barrier.
This does not appear to lead rapidly to a growing fire because any flames which enter
encounter foam, perhaps 2 cm to 3 cm or more thick, blocking access to the spring cavity.
Crevice flames, typically quite limited in size, can eventually melt through such a
blockage if they persist at one location for many minutes. The overall negative
consequences of such edge seam openings seem to be quite sporadic from one test to the
next, from negligible to serious (a type of binary behavior described above). Among
other things, this could be one path that yields an internal “puff” in the mattress that often
leads to a growing fire over the next several minutes.

The above discussion implies that barrier materials must qualify by having both short
term resistance to the high heat flux from the TB 603 gas burners as well as long-term,
low flux resistance to crevice flames. A test for the latter is in development in the context
of mattress material assemblies. In addition, since barrier materials are, at least in some
locations, under tension, they need to have some degree of tensile strength. This is
particularly an issue as the barrier is heated and chars since that process can both weaken
the fibers and cause the barrier material to shrink, thereby increasing the tensile stress;

the result can be a split. At present, the author is not aware of any available tests for
barrier shrinkage.

2 This does not mean that a solid foam core mattress is inherently safer. Such a mattress may be subject to
other problems such as a melt pool fire on the floor.

25



Qualitative HRR Consequences of Various Barrier Failures. With the above
discussion in mind, we consider how various possible deficiencies in a barrier could be
reflected in the HRR seen during a TB 603 test. The ultimate concern is to infer if they
imply an early and serious fire in a real bed assembly. Generally speaking, it is not
possible to predict the ultimate consequences of barrier deficiencies in any quantitative
manner (i.e., how big the HRR peak will be or exactly when). There are too many
variables affecting these measures. Instead we attempt to estimate qualitatively when and
how the mattress/foundation fire will begin to grow in response to a barrier deficiency.
Experience has shown that there are a number of barriers available that can give quite
good performance in TB 603 and with bedclothes fires; some, however, appear to be
marginally effective. This same experience also suggests that potentially good barriers
are compromised by quality variations leading to either large areas (comparable to the
mattress dimensions) or small areas (several square centimeters) of lessened fire
resistance. These two scales of defects have differing implications in TB 603, as
discussed below. Similarly, the mattress construction may be at fault, with, for example,
missing sections of barrier material or improper thread in the seams, resulting in localized
or global vulnerabilities. Alternatively, the barrier material used may inherently be
marginally adequate in fire resistance, particularly when used in combination with other
mattress design parameters. We want to pursue the probable consequences of these
various shortcomings as seen in the resulting HRR curves.

Case 1: A good barrier with large scale deficiencies in the sample tested. By assumption,
this case involves a barrier (in the particular sample being tested) which is less than
adequate to pass the TB 603 criteria over most of either the mattress or foundation (or
both) surfaces. Then the chances are high that the burners will be applied to the deficient
area. That makes this case qualitatively the same as one in which the barrier is not
defective but, even when perfect, is marginally adequate for the given mattress design.
The barrier deficiency (or inadequacy) can take several forms including excessive heat
transmission (due to insufficient thickness, an improper blend of fibers or, in the case of
cotton, insufficient char-promoting flame retardant), decreased fire duration resistance
(leading to early burn-through, most likely either where the burner flames strike or in a
corner crevice) or increased shrinkage when heated. More than one of these may apply at
the same time.

e Excessive heat transmission means that material immediately inside the barrier
will be degraded, gasified and burned more extensively than normal resulting in
an increased HRR from the start with contributions from all fire-affected surfaces.
Crevice flames will be larger and more persistent, especially if the deficient
barrier is in both the mattress and foundation. The implications for a real
bedroom fire driven by burning bedclothes are worrisome since, in general, the
larger burning area there will mean a larger heat release rate contribution from the
mattress/foundation. Larger and/or more persistent crevice flames in a TB 603
tests also tend to provoke the problem in the next bullet below, i.e., barrier burn-
through.
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e Decreased fire duration resistance means an increased probability of barrier burn-
through, usually (but not exclusively) either in the burner application area or at
crevice corners. This latter failure location cannot begin to be tested until the
crevice flames reach the corners, often more than 10 to 15 min into a test. A
failure at either location in a TB 603 test will usually let fire into the mattress
interior with the result being a growing fire. A bedclothes fire will, of course,
exploit this type of vulnerability relatively quickly since it will bring flames to the
corners quickly (less than 10 min).

e Increased shrinkage means there is an enhanced probability that the charred
barrier will break open, probably starting at the burner application area, likely
leading to a growing fire centered there soon after burner application, especially if
the affected item is the mattress. Char breakage due to shrinkage is problematic
since it may be dependent on the size of the area being heated. That implies it
could be worse (i.e., more likely though no sooner) with a bedclothes fire than
with the burners since they heat a larger area. An implication is that a barrier
which shows such behavior in a burner test is probably not acceptable.

If the large scale defect is the use of a non-fire resistant thread throughout the tape edge
seams, the consequences will be a growing fire from the burner exposure onward, despite
a good barrier material, since the fire will get increasingly into the mattress as the crevice
flames begin to spread and open the seams. A bedclothes fire would produce similar early
mattress fire growth. If the only defect were the use of non-fire resistant thread in
vertical seams, the consequences are similar to Case 2 below.

Case 2: A good barrier with small scale deficiencies in the sample tested. Another
variant of this is local deficiencies in the seams. Here the chances are high that the
burners will not hit the small defective area since it will occur at a random location'”.
The good barrier material (or good seam length) will yield a low HRR for a varying
amount of time, depending on how long it takes for the ticking and/or crevice fires to
reach the defect zone'*. Since the defect may see only the ticking fire, it may not be
completely compromised; burning bedclothes would be more likely to fully compromise
such a local defect since they can bring a more intense fire to bear than a ticking fire.
Furthermore, on average, burning bedclothes will “find” this defect area sooner than the
ticking/crevice flames (essentially, within 10 min).

Regardless of the type of local deficiency (as laid out above) in a good barrier, the worst
immediate consequence of a local defect is a local hole all the way into the mattress or
foundation internal cavity. For a mattress, the good barrier elsewhere will limit the air

1 A defect on the bottom of the mattress or the top of the foundation would not be found by the post-burner
ticking fire or by a bedclothes fire. Similarly, there is an equal chance it would have no consequences in a
real world fire.

'* Some combinations of material outside the barrier layer do not sustain flame propagation over the entire
exposed mattress/foundation surface. Therefore there is a finite chance the defect will not be revealed in a
TB 603 test. A real bed fire is more likely to find most defects on these exposed surfaces.
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supply to the fire and therefore its size. Such fires, when they occur on top of a mattress,
tend to stay localized with the burning chiefly exterior to the mattress. A hole in the
mattress side can dump more heat into the interior causing some relatively slow fire
growth. Such a hole in the foundation can have no effect or a serious longer term effect
depending on whether the hole location includes sufficient fuel to induce top pad and
wood involvement. The consequences with bedclothes are similar but will occur sooner.

Case 3: A marginal barrier with small scale deficiencies in the sample tested. A
marginal barrier is one which just passes the TB 603 criteria. Presumably its marginality
is due to performance in one or more of the three categories laid out under Case 1 above.
Its localized deficiencies may involve areas where its performance is distinctly
inadequate (not just marginal) in these categories or could involve local physical damage
like a cut. Since the deficiency is randomly located, it will again be unlikely to be hit by
the burners and must wait for the slow subsequent flame propagation to reveal it. As in
Case 2 above, the worst immediate consequence of the defect (when it finally is
overtaken by ticking or crevice flames) is a hole into the mattress or foundation interior.
Given the marginal character of the rest of the barrier, however, its ability to resist the
intensified flaming around this hole is doubtful. The fire will tend to grow from the hole
outward, possibly getting serious only as it begins to grow synergistically in the mattress
and foundation. The problem will again show up sooner with bedclothes and, given the
impact of the overall added heat and potential additional damage from the bedclothes fire,
the resultant will probably grow faster than in TB 603.

The preceding discussion is necessarily qualitative in nature because there is a continuum
of possible barrier performance levels and deficiencies. We do not have quantitative
measures of the relation between barrier characteristics and TB 603 HRR performance.
The common thread in the above discussion is that localized barrier defects and/or overall
barrier marginality usually mean that the observed HRR from a TB 603 test is greater
than that seen from a good, defect-free barrier. While it is impractical to spot barrier
deficiencies directly in tests performed in a room enclosure due to poor visual access, the
above discussion suggests that such deficiencies will usually be reflected in the HRR
behavior being recorded. The increased HRR resulting from global deficiencies occurs
immediately both on TB 603 and in complete bed assemblies. Localized barrier
deficiencies show up later in TB 603 than in complete bed assemblies.
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