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FIRE PERFORMANCE OF INSULATED POLYURETHANE AND POLYISOCYANURATE
CORED COMPOSITE PANELS: THE DEFINITIVE INSURANCE SOLUTION

1. INTRODUCTION

Approximately 12 months ago, the collapse of the Independent Insurance Company highlighted
the inadequate performance of polystyrene cored insulated composite panels, which had been
used for the interior partitions of food processing factories. Even then it was recognised that
the large losses being sustained by insurance companies in this application was unsustainable.
Moreover, it is well known that since then insurance companies have incurred increasing
liabilities with regard to further asbestos related claims and to this has to be added the
additional high costs of servicing claims derived from the terrorist action on September 11" in
the USA. In the face of such potential liabilities, it is clearly appropriate that insurance
companies should seek to mitigate their effects. This clearly means a reduction in their risk
profile and/or increases in premiums where appropriate. However, there is one risk category
where the risks have been totally misjudged and where insurance problems are still unresolved
today some 12 months after the demise of Independent Insurance and this is the insurance of
buildings involving insulated composite panels in their construction. This is entirely due to the
over-simplified approach on behalf of insurance company risk assessors in assuming that the
fire performance of all insulated composite panel products and the fire risk in the applications
where they are used is the same. Such an attitude is both factually incorrect and insupportable
in the case of some panel products, that is those made with polyurethane and polyisocyanurate
cores, where their successful use in building construction has established their viability over
more than 30 years. This Information Document is therefore aimed at clarifying the situation so
that these viable products are not unreasonably discriminated against and an understanding of
the fire risks in their different applications will restore the proper risk/reward and premium
assessment which has, until last year, characterised these products in their 30 years of
unchallenged used.

2. PERFORMANCE CHARACTERISTICS OF DIFFERENT KINDS OF INSULATED
PANEL PRODUCTS

2.1 Common features

For the most part, these products are often referred to as sandwich panels in that for the most
part they have metal (usually steel) facings which are bonded together by a much lower density
insulating core. As a result, they have a similarity in mechanical performance to the standard
steel “I” beam, which is characterised by a high stiffness to weight ratio, together with excellent
insulating properties. They are large, but because they are lightweight are easily handled and
so construction is very much quicker than with conventional methods and when used as the
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building envelope lead to far better insulated buildings. However, due to their lightweight they
are generally regarded as non-loadbearing in the general construction context and are
therefore usually mechanically fixed to an appropriately rated lightweight steel loadbearing
frame.

2.2 Uncommon characteristics

Much depends for the other performance properties on the nature of the core products. In the
first instance, there are, on the one hand, cores which are created from fibre products such as
glass wool and Rockwool and with these products the open structure allows the free and rapid
ingress of gases and liquids (usually air and water) into and out of the insulating core. On the
other hand, there are the closed cell insulating cores such as polystyrene, polyurethane and
polyisocyanurate which prevent the free ingress of gases and liquids. As a result, not only is
the initial thermal performance of the closed cell insulating cored panels basically superior to
that of the mineral wool cores but also the actual performance in use remains constant
throughout their life as distinct to the fibrous cores whose thermal performance can be
adversely exacerbated by air convection currents through the fibrous insulants on a daily basis,
but also can steadily deteriorate due to a build-up of moisture which forms ice in sub zero
conditions or may provide support for the growth of moulds.

The excellent thermal insulating performance of the cellular insulants (especially polyurethane

and polyisocyanurate products) can be seen by the comparison of thicknesses of comparable
thermal performance as shown in Table 1.

Table 1 Thicknesses of products of comparable thermal resistance (roofs)

Insulant Thickness (mm) Thickness (mm) required
required to achieve U- | to achieve a U-value of
value of 0.25 W/im?.K* | 0.16 W/m?.K**

Rigid polyurethane and 80 115
polyisocyanurate insulated

composite panels

Site built-up twin skin systems 150+ 240+
(rock mineral fibre)

Site built-up twin skin systems 160+ 250+

(glass mineral fibre)

NOTE. Calculations are based on the aged thermal conductivity value of the insulants
and are calculated using the latest finite analysis treatment of effect of profile facings,
joint details and spacer systems (where applicable)

Reference 1)

* Requirements of new Approved Document L2 ¢
** Likely requirements not before 2007

Notwithstanding the differences in thermal performance between the several closed cell
insulating cores there is a very significant difference in response to heat between polystyrene
cores on the one hand and polyurethane and polyisocyanurate on the other. Polystyrene is
described as “thermoplastic” whilst polyurethane and polyisocyanurate cores are thermosetting
products. The key difference is that these thermoplastic products will, at fairly low
temperatures (of the order of 100-150°C for polystyrene) soften and melt and ultimately
depolymerise to create flammable decomposition products similar to the oil-based products
used for their creation, whereas the thermosetting products carbonise slowly to form a “char” at
higher temperatures (of the order of 300-500°C for polyurethane and polyisocyanurate) but
without losing their structural integrity.  This difference of thermosetting versus
thermoplastic has an enormous importance when the products are used as cores for
composite panels. This is especially so at elevated temperatures (and particularly with
regard to fire performance). The main point is that when softening and melting occurs
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with the thermoplastic core products, the bonding of the facings to the core product is
instantly destroyed and therefore the whole performance of the composite product,
which depends upon maintaining this special connection of the two facings, is totally
lost. Not only are the mechanical properties utterly destroyed such as the flexural
strength due to the inability of the loads to be shared between the facings and the core
product, but the panel may no longer act as a barrier in the path of a spreading fire, for
example if used as a partition. In simple terms the facings may fall off and the panel can
therefore be totally destroyed. However, with thermosetting cores, the integrity of the
panel is not lost when the products are heated as in a fire since no melting takes place.
Furthermore, the initial surface char formation protects the interior insulating core.
Thus they do not spread fire via the core even though it is classified as combustible
when tested in isolation.

Whilst these cellular plastics are all described in scientific terms as “combustible” this should
not be misinterpreted. “Combustible” products can also be described as organic products.
This is because the BS 476: Part 4 test defines the products as “combustible” even if there is a
small amount of heat generated when they are subjected to a furnace temperature of 750°C.
Within that limit however, there is an enormous range of response to ignition such that at
temperatures in excess of 1000°C, a phenolic foam, which would be combustible by BS 476:
Part 4, was used as the heat shield for the protection of the moon rocket steel capsules when
re-entering the earth’s atmosphere.

3. BACKGROUND AND EVOLUTION OF PANEL SYSTEMS

When polyurethane cored insulated panels were first developed in the 1960’s for use in
building envelopes it was prudent of the then inventors of the product (ICl) to engage the
authorities (Building Research Establishment (BRE)/Fire Research Station (FRS)) and the Fire
Officers Committee of the Tariff Insurance Companies (the predecessors of the Loss
Prevention Council (LPC)) in a joint programme to subject buildings to full-scale fire tests so as
to compare two buildings with envelopes made with the new insulated polyurethane cored
panels with a conventional building using mineral wool cored panels under fully developed fire
conditions to determine if there were any additional hazards associated with the use of so-
called “combustible” cored insulated panel products ®e*™"¢ 2 The FRS report and the FRS
Director’s report for 1969 (Reference 3) hoth concluded that

= “Fire did not spread in the foam core”

= “There was no undue production of smoke within the building from the
decomposition of the foam in the panels, nor were the levels of toxic products
liberated within the fire area such as to create any additional hazard.” [compared
to the mineral wool insulated control building]

On this basis, the polyurethane cored products were accepted by the insurance companies for
use in the building envelope at the same premium level as mineral wool cored products. It
should be emphasised that in practical use over more than 30 years, these conclusions have
never been challenged and neither has there ever been any reason to question their use as
envelope products. Moreover, their fire performance has never been questioned for even
longer when used for the insulation of stand-alone cold stores where the lack of ingress of
water into the insulation, as well as the excellent thermal performance of the insulant, was a
huge performance improvement compared with the previously used cork or fibrous insulants
because of the low interior temperatures in the cold stores (prevention of ice formation in the
insulation).



In keeping with the excellent fire performance that these products have shown over the years in
these applications, the recent LPC Design Guide (2000) Re*rence 49 has acknowledged and
categorised these applications as low risk.

Moreover, whilst polyurethane cored insulating panels have been used successfully in stand-
alone cold stores for more than 30 years, it has to be acknowledged that there has been a
steady substitution of polyurethane cored panels in stand-alone cold stores by polystyrene
cored panels without significant deterioration in the fire risk within such buildings. It may
therefore be argued that this is not because of the obvious deleterious effect on fire
performance that a thermoplastic core can create but simply due to the fact that the risk of fire
occurring in such premises is very low.

4, FIRE PERFORMANCE AND APPLICATION RELATED REQUIREMENTS OF
INSULATED PANEL SYSTEMS

4.1 Building envelopes

Here, the predominant products remain those with polyurethane cores. This is because in
addition to their general common features, the polyurethane products convey the best thermal
insulation combined with meeting the building regulatory requirements with regard to fire
resistance. This is because even though the application is low risk, a degree of fire resistance
is required for envelopes which polystyrene cored panels cannot provide, but more importantly,
the key feature of the polyurethane cored panels is that whilst the core decomposes slowly
under the influence of direct heat (say from an internal compartment in the building), the fire is
not spread through the core to other parts of the building envelope. This feature is the key
determining characteristic which differentiates polyurethane, polyisocyanurate and mineral wool
cored products from polystyrene cored panels. This is of enormous important to insurers
since it limits the spread of fire away from the compartment of origin thus allowing time
for the fire brigade to arrive, enter the building in the normal way and deal with the fire
on a compartment basis. In insurance terms this means that the fire damage is limited and
the whole building is not lost (which would incur a large claim including the additional expense
of business interruption) and the propensity for collapse of the building is thereby severely
limited if proper compartmentalisation has been used in its construction.

4.2 Food processing factories : mis-use of panels

This application, which developed about 15 years ago, where the interior partitioning of food
processing factories was exclusively built with often free-standing polystyrene cored panels,
developed as the modern desire for pre-packed and pre-cooked supermarket meals became
ever more popular. By and large it was seen as an extension to the activities of those
companies involved in the stand-alone cold store business. Having therefore changed over
largely from polyurethane cored panels in the stand-alone cold stores, it was perhaps natural
for those involved to use similar related products when building food processing factories. In
fact, in many cases, these food processing factories have refrigerated food storage buildings
attached.

It was not until 1995 when a high incidence of disastrous fires within food processing factories
occurred that the LPC carried out its investigation to reveal that not only did the free-standing
partitions and ceilings panels used within these food processing factories have an effective fire
resistance of only 1 to 172 minutes but also that the melting of the polystyrene core allowed the
panels to collapse and thereby facilitated the very rapid spread of the fire throughout the whole
of the food processing factory e"® %) On the other hand it was recognised that there were
high fire risk processes involved (such as radio frequency defrosting and the deep fat frying of
various products) together with a high fire load derived from the products being processed thus
creating a very high fire risk situation.



Thus we had a high fire risk, high fire load and virtually no internal panels capable of stopping
the rapid spread of any fire so as to engulf the entire building.

It may be argued that this situation should have been foreseen by the Fire Officer when
granting his fire certificate but at that time the virtual zero fire resistance of such panels was not
discovered until the LPC investigation and secondly the internal partitioning within factories is
constantly rearranged according to the products being processed. This meant that the fire
Officer may have considered the partitioning to afford sufficient compartmentalisation protection
when giving his assessment which could then have been destroyed within a matter of days with
the creation of a new internal panel partition arrangement needed for a change in product.

One solution to this imbroglio has been clearly identified by the LPC in their Design Guide in
Section 7 which deals with “high risk” situations (which now included food processing factories)
wherein the requirements for such panelling are properly set at a higher performance level than
is required for building envelopes and stand-alone cold stores.

4.3 How should these products be evaluated?

During these 30 years of experience with polyurethane, polyisocyanurate insulated composite
panel products those skilled in the art have learned that the fire performance of walls and
ceilings of compartments is not only influenced by the nature of the panels but also by the
effectiveness of the joints between the panels and the supporting structure used for them and
the methods of fixing the panels to the supporting structure. In that sense in order to evaluate
the propensity for the wall and ceiling to prevent fire penetrating through to the adjacent
compartments it is not only the fire resistance of the panels (which is normally evaluated by the
BS 476: Part 22 test) which needs to be adequate but more importantly it is this kind of
behaviour under fire conditions of the whole panel system which needs to be evaluated. There
are only two recognised large-scale fire tests that are capable of assessing this behaviour in
addition to enabling the evaluation of the propensity for the panel cores to spread the fire within
them to other adjacent parts of the construction since limitation of a fire to one compartment is
not usually regarded as a serious matter for insurers whereas loss of the whole building due to
spread through the core obviously would lead not only to a very costly claim but more
importantly this claim would probably be significantly enhanced due to a claim for
interruption of business.

Experience has also shown that the Loss Prevention Standard Test 1181-3 Reference€) proyides
the best large-scale test for evaluating panel systems for internal partitions where the original
criteria for acceptance was based on a comparison with a plasterboard lining backed up with
mineral wool for the test chamber. The Factory Mutual corner test gives a similar evaluation.

The LPS 1181-3 test is extremely difficult to pass and consequently the LPCB Approval
Certification is therefore very difficult to obtain. Consequently such panel systems are more
than adequate to meet the requirements of interior food processing factory partitions and since
this is by far the most onerous application they will, fire-wise, be acceptable in all other
applications.

5. RECOMMENDATIONS

Thus the use of LPS 1181-3 approved panels in food processing factory partitions is the
required immediate solution for this urgent problem.

Whilst not excluding future innovative solutions, currently such products require the enhanced
performance that is obtained only from polyisocyanurate cored panels e ") \Whilst such
high performance products can also be used in the lower risk applications such as building
envelopes and stand-alone cold stores, however, when using LPS 1181-3 for evaluating panel
systems that are for use in building envelopes, no suitable test criteria have yet been devised
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which can reflect the 30-year proven acceptable performance of polyurethane cored products
in these lower risk applications, which have been referred to previously. For such products a
newly developed British Standard facade fire test, BS 8414: Part 1" Reeenee 1) has once more
shown that polyurethane cored envelope panels, do not spread the fire through the core.
Perhaps a performance level appropriate for use in building envelopes can be devised to allow
LPCB Approval to be obtained for panels suitable for these applications.

6. THE DEFINITIVE INSURANCE SOLUTION

In recognition of the need to set “fitness for purpose” requirements in these applications, British
Standards have accepted new work items as follows:

Rigid polyurethane (PUR) and polyisocyanurate (PIR) foam cored factory made
panel systems based on completely filled composite panels with auto-adhesively
bonded rigid reinforcing facings for use in building applications

Part 1 Specification for steel faced panel systems for use in building envelopes

Part 2 Specification for steel faced panel systems for use as interior panels in food
processing factories

Part 3 Specification for steel faced panel systems for use in interior partitions of
stand-alone cold stores

Part 4 Specification for aluminium faced panel systems for use in building
envelopes

It is expected that all interested parties will participate fully to enable these standards to be
finalised quickly (which are proposed to include suitable large-scale tests) so that a normalised
insurance market can once more be established for those excellent products which have stood
the test of time and are in even greater demand today as the pressure builds to constantly
reduce the CO, emissions causing global warming.

For any further information contact should be made in the first instance with the Chief Executive
of BRUFMA, Mr G W Ball, at:

2" Floor, Portland Tower
Portland Street

Manchester M1 3LF

Tel : 0161 236 7575

Fax : 0161 236 9292

e-mail: gwball@brufma.co.uk
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