Fire Hazard of Sandwich Panels —
The Effect of Fire Load

by Gordon Cooke, BS¢, CEng, MICE, MIMechE, FIFirels, MIES

Following my summary paper ‘Sandwich panels for external
cladding: fire saferv issues and Admplications for the. risk
assessment provess” published in the January 2001 FEJ. i was
4 pleasant challenge to read the article by Gordon Butcher and
Alan Pamnell in the March 2001 FEI *Fire hazard of sandwich
panels - the effect of thesmal inswlarion”, and the sccompunying
letter inviting further debate.

Butcher and Parnell [who | shall now refer to-as “the authors™|,
point out that the high thermal insulation properties of sandWwich
panel constivetions can influence the speed of fire development
and time 1o flashover, irrespective of the combustble or non:
combustible content of the punel core material.

As evidence, the authors point 1o a BRE Information Paper
P19/79, which summarises theoretical work by Thomas and
Bullen in the 19708 The paper showed that the theemal inertia
of the comparmment lining material — the product of thermal
conductivity (k), density (p1 und specific heat (C) — hus an
effect on the rate of fire development: the higher the kpC. the
slower the rate of develapment. This is a good starting point and
1 ugree with this hypothesis, but will demonstrate hersin that
any claim that time o fashover 1s predictable should be viewed
with caution, whether or not the kpC of the enclisure 15 the
I4sue,

The authors have written ther article i such o way. that the
unwary redder could infer that flashover is directly proportional
10 kpC, when it is nok Thomas und Bullen, in a comprehensive
theoretical treatiment |11 state that “the produce of kpC of inert

linings has a role in the fire growth bue hardly ay powerful as

producing flushover rimes in proportion 1o kpC”_ They add that
“kpC affects ume for flashover ax (kpC) - or a lesser power’.

There can be little doubt that predicting time 1o flashover is
fraught with difficulty. In the following summary ol test resulls,
I show that in a lurge oom having walls, foor and ceiling of
high kpC. the ume to floshover 1s greatly affected by the fire

toad density (fire Ioad per unit floon arca), And. bearing n mind
the fire priocesses deseribedd. it poses the question as 10 whether
ol not such vatiations could be accurately forecast.

Time to flashover in large scale experiments
The complexity of the fire process near Mashover can be
illusiewied by reference w somie experiments | arranged at the
BRE Large Labormtory at Cardington in the late 19905 They
were conducted under closely controlled conditions in a large
well-insuluted enclosure 23m long x Gm wide = 3m high [2]. A
side view is shown in Figure 1.

One end of the compariment wos completely open for
ventilation (the ventilation openming wos 6m wide x 3m high).
The fire load was made up of 33 timber eribs armnged on plan
in 11 sows of 3, equispaced apart. Each crib wits ImoSguere in
plan and comprised S0mm square sticks laid in a oriss-cross
fashion, each stick sepurated from the next by S0mm. The crib
sticks were Kilnedried 10 2 moistare content of 8-10% by
weight, The kpC lor the 30mm thick: ceramic bnings 1w the
walls and ceiling was 2.892x 10°, The conerete floor of the test
rg was protected with a 125mm layer of dry silica sund having
a kpC of 1400x10". Hence the test scenario shonld encourage
very rapid fire spread.

The dramatic and complex effect of changing 4 single variable
- the fire load - 15 lustrated by rwo of the test results outlined
below. In Test A the fire load density was 20 kg/m? of floor arca
using 7 layers of sticks in euch crib, In Test B the fire load
lensity was 40 kgjm?- using 15 layers of sticks. These oribs are
described as ‘low” [Test Al and “hgh” | Test B] in the following
discussion becavse one s twice the height of the other.

In both tests the row of eribs @ the rear of the compirtment wis
fie simudneousty, and fire was allowed to spread naturally o
the front of the compartment. Fire progressed by the suecessive
ignttion of the wps of the cribs from rearto front by downward
radiation from the hot gas
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Figure 1. Fire test compartment and fire conditions.
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Test Fire load 'Time for front cribs Time for rear crib Time for ceiling

Lates [soot] thus inereasing Lor decreasing )

demsit o ignite after fMames to reach  fire spreads the ‘emssivity of the radiator and the

- ionition of reut ceifing ' radiation intensity emitted.
Kpdm? eribs (min) tmin) (il 5. The flames from the higher cribs are
TestA 10 9.0 a0 6.0 longer thecpause the MRR is higher) and
- — - there s greater [lime extension under the
Test B 20 173 62 110 ceiling.  Flame  exiension 15 the

ETime for ceiling fire spread” is the time it takes for the flames fram the rear row of cribs
First resching the vetlimg o the time when the tips of the front aribs ignite. 1is 2 measure
of the speed of fire development due salely w thee hot gus/flame layer below the ceiling.
Drats tdken trom Annex 'Visuuwl observistions of fire behaviour’ in Reterence 2

phenomenon which results in the extension
of o flame thal is forced to travel
horizontally  rwher than  freely  rise
vertically. THe greater the Tame extension,

Table 1.

We see thiat the time to flashover sy doughly doubled when the

five Tond density is halved (compare 17. 23 with 9.0 mm), Taking

as our datem the tme when the Hames from the rear cribs st
reach the geiling, we get the same resuit tcompare 1110 with

6.0). These are dramatic results. We can speculate on some

TS,

I The heat release rate (HRR ) for the lugh cribs §s ereater thun
that of the Jow cribs: This cavses higher wemperatiures i the
hat gax layer Mowing under the ceiling resulung in greater
radition from the laver: The greater the radiation intemsity,
(the earlier thid spantaneous ignition of the ¢abs vecumn on
their upper face and (he lower the fashover time. Because
radiation atensity is proportiotial 1o the 4h power of the
abyolute temperature, small increases m temperatude have a
urge effect onradiauon atensity (1), This follows from the
well known relation 1) = 6T where ¢ = emissivity of the
surtoce of the mudiator (vidue from (o 1, @ s the Stetan-
Boltzmann constant (5.67x10% W m~ K% and T is the
absolute emperdture of the radiator (the het 2is laver in this
cist)

.

The high cribs (for a gmiven hot gas layer thickness)
expenence o greater radmtion imensiy. on thewr upper
stirface beeause the radiation configuration factor () is
larger. Figure 2 This is because the configuration factor ¢an
he regarded as a-solid angle and this means that ¢, when the
hot gas layver is at AB, will be greater Tor point E (the high
cribsy than for Pownt F ithe low cribs) Because the sngle AEB
is greger than angle AFB. This [ollows becouse the intensity
of rudintion recerved (15) at u point some distance from the
rdiator 1s geometrically reluted o the amned rmdiation
intensity by the configuration factor dsuch that b = ol The
smaller the siluee ol & the smaller the intensity of Tadition

thie higher the radiation intensity enmitted,
This discussion does not. of course: illustrate the effect of
enclosure insuliation on flashover o which the debate began. Tt
does However illustrate, qualitatively, some of the heat transfer
mechunisms and hghlights qust o few of the difficdlties that
madelling hasto cope with, And it demaonstrates uneguivocslly
that doubling the fire load halves the Mushover ime - a faen thi
would notovour (o many of us.

OF course, this result is seenario-specilic and one cannot say that
this relutiom would apply w other seenanos, T would go further
amd suy 1hat it s doubtful i a theory could predict this resolt,
therefore we must exetcise caution when deliberaung on lime 10
tlushover, whatever the thermal properties of the enclosure,

[ hitve shown uliove that fire lond can have u large effect upon
Mashover. This leads me o reflect on the questionable currem

praciice of some ad hoc Hire west promoters whereby the fire

load used i tests for sandwich panel wells and ceilings is a
sl Fraction of the fire load present in real buildings: This was
the main point of my Report [3] which started the corrent debate
and the authors (Butcher and Pamell) are wrong 10 sy, their
opening pardgraph, that my paper “deals only with the dangers
associated with combustible sundwich panels™. It 8 possible
that they say this becanse this was not covered in the [FE
suymary paper (my origimal 60 page report contbined a section
on ‘Flashaver and vandwich panels’). Nevertheless [ coneur
that the Report does mot provide totally comprehensive
coverage of the topc.

Fire load used in |ACSC ad-hoc test on
sandwich panels

I would now like w extend the debate 1 cover the subject of fire
touds used m ad hoe lire tests on sandwich panels - a wpie
which is extensively addressed in my onginal Report. Siee its
publication fust. November, 1 have retd with incredulity an
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Figure 2, View of front of compartment.
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account in another journal [4] of tests made ina test room 8m:

lbag & 3.6m wide x 3m high nowhich metal faced sandwich
punels with expanded. pnl)'m rene (EPS) cores formed the walls
and ceiling with openings for ventilation which mcluded a
doorway mn one wall.

The tests were spansored by the International Association of
Cold Storage Comtructors (IACSC) and were carried out w
authenticate a *Fire Stable Certification Scheme'. The fire load
was a single softwood crib 1.0m x 0.7Sm in plan, placed in the
centre of the room, and had a mass of nominally 200 kg. Thus
the fite load density was 4 trivial 7 kg/m? (i.e. 20048 x 3.6).
Since the calorific value of softwood is approximately 18 Ml/kg,
the fire load density used in the lest is nominally 126 MJm? .
A noteworthy point is the comparison between the ad-hoc
TACSC test fire load density und the professionally-accepted
benchmurk mange of values.  Surveys of fire louds. in real
buildings reported in the BS1 DD 240 Fire Safety Engmeering
guide [35] show that averagc fire load densities range from the
lowest value of 230 MJ/m? for hospitals up 1o 1180 M¥/m? for

manufacturing and storage buildings while the 90% fractile
values, often used for design, ure even higher.

As | have discossed, the fire load plays o kéy mle in time
flashover, nd T find @t worrying thal certon: tesis are not
representative of a typical fire and may give misleading results,
Tt is time for us o harmoenise our testing stundurds 1o resolve
this issue:
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