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SUMMARY

A major problem in fire protection is the design of protective installations
for single-storey warehouses of more than 6 m (20 ft) in height. The need to make

meximum use of available floor area has led to the introduction of many such high

stacked storages with differing degrees of automation and of heights up to 30 m
(100 ft). These present a high fire hazard in both their configuration, which
asgists rapid fire growth, and in the high value of goods stored.

This note describes an investigation of the effectiveness of high expansion
foam, combined with different types of fire detection equipment, in controlling
fires developing in a palletized storage of height 7.3 m (24 ft), consisting of two
rows of back-to=-back pallets at four levels.

The high expansion foam was found to be effective in controlling the fires
with the range of fill rates and application times employed.

It was found that early application of the foam was necessary to prevent the
fire from reaching ceiling level and that the foam cover might need to be

maintained for some hours to ensure complete extinctlon of the fire.
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THE EXTINCTION OF FIRES IN STORAGES OF RACKED GOODS
USING EIGH EXPANSION FOAM.

by
P. Nash, N. W. Bridge, and R. A. Young

1. .INTRQDUCTION

.This report describes a co-operative investigation made jointly: by

‘The

Walter Kidde, Co.Ltd and the Joint Fire Research Organization, of:the extinction

of fires in storages of racked goods by the application of high expansion foam.

The increasing use of such storages in the United Kingdom and cther countries

makes the problem of fire detection and extinction of paramount importance.. A

successful extinction system must aim not only at rapid control of -the

also at the minimum of fire, smoke and agent damage to the goods. One-

method of fire control is by the use of high expansion foam which will
volume of. the warehouse, or, at least, that part of it in which-a fire
The use of high expansion foam is essentially a total flooding system.
therefore important to know the.effect of the following factors on the
of fire control: '

a) Rate of increase of depth of foam above floor level, described

as frate of fill'.

fire, but
possible
£ill the
exists,
‘It is
rapidity

.beréaftér

b) Time interval between ignition of the fire.and application-of the foam.

¢) Duration of foam cover necessary to ensure complete extinction,.

The above factors will affect not only the control of the fire but

alsc the

degree of damage to the goods by fire, smoke and .the extinguishing agent.

2. EXPERIMENTAL

Six experimental fires were made using the same racking as was used in a

previous series of experiments in which the fire control was by .a.sprinkler. .~

system1ﬁ

The experiments were made in the Models Laboratory of the Joint' Fire Research

Organization, a building of dimensions 12 m high x 15 m wide x 40 m long
(40 ft x 50.ft x 130 f£). An area of the full width of the building and of
length 9.1 m (30 ft) was screened off at one end of the building by a polythene

curtain fixed right across the laboratory to provide an experimental area in

which the foam could be confined (figs 1 and 2). The racking with the

positioned centrally within this area. . '

goods was




Details of the arrangements are given in the following paragraphs:
2.1, Curtain
The curtain was of 1000 gauge polythene sheet, fixed across the

‘laboratory to a height of 10.4 m (34 ft). For experiments 3 - 6, a
hessian sheet was hung on the exposed side of the polythene curtain
down to about 4 m (13 ft) from the ground. This hessian was wetted by
water from sidewall sprinklers during-each experiment,

2.2, Yentilation

In experiments 3 - 6, at the commencemeﬁt of foam application, the -
sliding roof section of the laboratory was opened in a' time ‘of 2 minutes
to an area equal to 3 per cent of the floor area of 'the whole laboratéry,
corresponding to 13 per cent of the floor area being used for ‘the
. experiment., b

2.3. Racking

' ‘The tubular ste€l structure, (fig.3) was of dimensions 4.9 mx-2.6 m
X 9s1 m {16 ft.x 8 ft 6 in x 30 ft) and suppofted & false ceiling'of
asbestos boards 7.3 m x 4,9 m (24 £t x 16 ft) at a height of 9.1 m {30 ft)
above floor level, TFour storage levels were .provided, 4t 0.45 m
(1 £t 6 in), 2.3 m (7 £t 6 in), 4.1 m (13 ft 6 in) and 5,9 o (19 £t 6 in).
Bach level carried 8 wooden pallets of dimensions 1016 mm ¥ 1220 mm
(40 x 48 in)°.

- 2+4.. Combustibles

In each experiment the fire load was composed of corrugated cardboard
boxes filled with woodwool. Each pallet was stacked to a height of
about 1.5 m {5 ft) except for the top layer, where the height of the
pallet loads was restricted to 1.2 m (4 ft). It was considered that
this type of fire load would simulate the worst conditions to be found
in storages with regard to the speed of fire spread, and the likelihood
of having deep-seated fires that would prove to be difficult to extinguish.

2.5.. Foam Generation

Four generators, each designed to deliver 142 o (5000 ft3) per min
- of 1000:1 expansion foam, were fixed on top of scaffolding at a heigﬁt
of 9.75 m {32 ft). In Experiment 1, the generators were installed within
* the building, but for the remainder of the experiments they were positioned
; outside the building as shown in Fig.2. ' e
The generators used were standard Walter Kidde P 500 units, driveén by
: petrol motor. (In an actual installation, the manufacturers stated that
the generators would have been powered by electricity or by the water
supply). The generators were each fitted with a door at the front, to
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allow the motors _to be run w1thout affectlng the air. condltlons i,

'the laboratory. (See Sect1on 3)

. :“"f'

2.6.13F1re detection and temperature measurements | L
) Three dlfferent detectore and one 'fuelble llnk' were 1nstalled for
~each experlment in the p081t10ns shown in F1g.2. and Table 2.1
The detectore used were the Walter Kidde Firesaver, Fyr-lndex and
and the third an 1onlsat10n chamber smoke detector. The 'fu81b1e llnk'
.'was operated by the breaklng of a glass buldb rated at 68 C. (155 F)

g The _operating tlmes of the detectors are given in Table 3, Sectlon 4 6

s '>,-!‘ Chromel—alumel thermOCOuples were positioned as shown in Fig.4, each
- ' poeltlon being scanned at 15 8. intervals by a data—logger. P S
- 3. EXPERIMENTAL PROCEDURE . Y C o ieh i Een

- The follow1ng experlmente were made | - R F'é?‘.-?fs .

Table 1 - Experimental detail

Experimental {Foam generatlon rate Start of foam application Flame height at . foanm
Number (theoretlcal) after after ’ o
R 3 3 : ignition ‘| detection | .° . application
/mln f+7/min ) S S
1 566 20,000 - 2min 16s +| . -308 | . 1a2: | . 47
2 566 20,000 3min 27s 60s 3.0 <510
3 566 - | 20,000 .| ‘t4min 158 | . 6s .| 2.3 ~-.|- - 7%
4. 425, .. |, 15,000 3min 408 . | iminSis . { - 2.3 o o LT
5 425 15,000 - 4min- Os- | 2min20s 4.2. ~o - . w14
) 6 283 10,000 1min 50s | 308 1.8 LB

- " DNote: *Before detection . L

In.Experiment . 1, the foam generators were inside the laboratory (Plate 2),
between the rack and the roof vent. After producing good quality foam for about.-
1 min they began to 'breathe' smoke. This caused the motors to elow'down, and
poor quality foam was produced. There was also severe leakage of foam at the ™. -
edges of the curtain and. the foam level could not be maintained without flooding -
‘other parts of the building.

The generators were moved outside the building for the remaining experiménts
(Plate 3), and the sealing arrangements were modified to prevent leakage.

The motors weré started before.the fire was 1it, so that foam production:
could begin within seconds of the signal for foam to be applied. In Experiment 2
it was noted that the draught from the generator motors affected ‘the initial
stages of the fire and deflected the rising smoke plume away from the detectors,
80 doors were fitted to the front of the generators for the remaining experiments.

-3 -
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In each experiment the stack was 1gn1ted by lighting a torn cardboard box
in the bottom layer of boxes on pallet’ C, at a p031t10n in the gap tetween
pallets B and C, at a distance of 0.3 m (1 ft) from the front of the stack
(see Fig. 3) The vertical fire spread and the increase of depth of foam with
time are shown in Figs 4-7 for Experiments 3, 4, 5 and 6*'-' K

The initial intention was to commence foam appllcatlon at predetermlned
intervals after the fire had been detected by the smoke detector, ‘and this
procedure was followed in Experlments i, 2 and 6. Because ‘of the delay in
operation of the detector ‘due to draughts in Experlment 2, ‘it was decided to
commence foam appllcatlon when the flames reached predetermined helghts in the
next three éxperimente, in order to avoid'ddding to thé “number of'veriebles.
Table 't at ‘the beg1nn1ng of this section gives the time of the start of foam
application in relation to both flame helght and detection tlme. ’

The original delay of 30 s after detection was suggested as a typlcal tlme
for evacuation of personnel from an actual bulldlng at rlsk "Whets stacker
cranes are manually operated, the" requlred delay t1me between detection and
start. of foam-application might need- to be -considerably longer. - -=- = - T

The ‘numbers of generators used, the rates of fllllng w1th foam and the if
filling -times to a height of 9.1 m (30 ft) are given in Table 2 in Section 4.
_The foam was maintained at the level of the false ceiling Tor some time
after each experiment, by=generating more foam at -intervals, as described in
‘Section 4. . '

Measurements of the expansion ratio of the foam at four levels were made
in each experiment by an electrical resistance method.: Fig.8 shows the variation
in this measurement with time for Experiment 4.

4. RESULTS

No results are included for Experiment-1 -as foam generati0n~wee“reduced to -
about 10 per cent .of its expected value by the ihhalation of smoke. This
reduction. in the foam output was due to both-the slower running speed of the ::
petrol~engined fans and the poorer quality of the foam made with hot, ‘smoke .
laden combustion products from the fire.‘:Work.eleewhereB-indicates that-the .’
first of these factors is the more important,.and it was found that-with".
electrically driven generators, a reduction of foam output to some 80-90-
per cent of its expected value occurred with contaminated air.

It is clearly essential to operate engine—driven generators in.clean
air, )

No results-are included for Experiment 2, where radiation from the fire .
caused . the polythene sheet to melt in several .places, reducing the maximum
level to which foam could be contained-to about 5.m {16 ft).

SRR S -4 -
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Table 2 - Rate of foam applicatioﬁ

Total filling Average rate .of

Test Humber of time filling
number . generators min  see m/min ft[mln
3 4 3 12 ] ..2.86 9.4
4 3 3 48 | 2.40 | 7.9
5 3 3 42 2.43 8.1
6 2 6 | 02 1.52 |. 5.0

The sequences of events in Experiments 3 to 6 are detailed below. The
. flame heights glven were measured from the floor to the tip of the flames, and
the foam depths recorded were measured at the corner vertical tube of the rack
by pallet A (Fig.3). '

4.1, Sequence of events, E;pefiment_}

Time. .. : . ! Event .
min. 8

0 00 Box in pallet C 1lit with match
2 00 Flames 1 m (3 £t 3 1n) high in B/C gap

3 54 Flames 2 m (6 £t 6 in) hlgh on face of pallet C
in B/C gap .

4 00 Flames on face of pallet B in B/C gap

4 15  Flames 2.3 m (7 ft 6 in) high, FOAM ON.
o o Roof started opening

o421 Smoke detector operated
4 51 TFoam 1 m deep, flames 3.4 m (11 ft) hlgh
Heat detector (X) operated '
12 Foém 2 m deep, flames 4.1 m (13 £t 6 in) hlgh"'
22 Heat detector (Y) operated '

5 41 Flames out (maximum flame height reached 5.3 o
(17 £t 6 in))

FPoam 3.5 m (11 £t 6 in) deep
7 30  Foam depth 9.1 m (30 £t} FOAM OFF
The foam level was maintained at 9.1 m for 3 hours, by topping
up at 30 min. intervals, Smoke issued from the top of the foam for
2 hrs.30 minutes, Damage was restricted to pallets C and G, 30 per
cent of pallet C and 10 per cent of pallet G being damaged by fire.
Plates 4, 5 and 6 show the early stages of the fire. The 'fusible

link' detector did not operate in this experiment.
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Sequence of events - Experiment 4

Time

min.
0
1

W W o -

~

mm\n\n-h-l&-ls-#

7
7

8

00

00

49

05
15
40

00

o1

15
35

50

00
32
33

00

35
00

32

Eﬁent

Box in pallet ¢ 1lit with match :
. Flames 1.2 m (4 ft) hlgh on face of pallet C 1n

B/C gap
Smoke detector operated

Plames 2 m (6°'ft 6 in) high on side of pallet C
Flames beating under pallet G

Flames 2.3 m (7 ft 6 in) high in B/C gap181de of
pallet B ignited. FOAM ON . .

Flames 2.6 m_ (8 ft 6 1n) h
deep

Heat detector (x) operated

igh, foam 0.45 m (1 ft 6 in)

Second layer of boxées ignited, foan 17 m deep

Third layer of boxes 1gn1ted foam 2'm’ deep

Fourth layer of ‘boxes 1gn1ted foam 2:% m deep
Flames touching false ceiling 9.1 m (30 ft)”glgh

Fusible link operated
Heat detector (1) operated

deep

-+

' K11 pallets on top layer burnlng, foam 5 5 m (18 ft)

LI

Flame intensity decrea81ng, foam depth 7.1 m (23 ft 6 in)

Flamlng extlngulshed, foam

Foam reached false ceiling

8 m (26 £t 6 in) deep
, 9.1 m’ deep. FOAM OFF

The foam level was maintained at 9.1 m for 4 hr 30 min by topping up

with 1 generator at 15 min. intervals,

Smoke continued to issue from the

top of the foam for the whole of this period. When the foam was broken

down deep-seated smouldering was.found in pallets P and M, and ignition

occurred shortly after the foam cover was removed. The base boards of

these two pallets were burnt thpough.



4.3. Sequence of events — Experiment 5

.Time Event. . RN
min. 8 L
0 00 Box in pallet C 1lit with match e
0 30 Flames 0.8 o (2 ft 9 in) high on face of pallet
: C in B/C gap
1 40 Flames 1.6 m (5 ft 3 in) high in B/C gep
Smoke detector operated
30 Flames 2 m (6 £t 6 in) high
305 Flames ignited pallet B in B/C gap, flames 2.4 m
' ' (7 £t 9 in) high
4 00 FOAM ON. Flames 4.2 m {14 'f1} high
4 08 ' .Heat detector (X) operated
4 09 Heat detector (Y) operated
4’ 15 Flames 5.3 m {17 £t 6 in) hlgh foam 0.45 m
(1 ft 6 in) deep .
4 45 Flames touching false ceiling 9.1 m (30 ft)
_ high, foam 0.45 m (1 ft 6 in) deep
50 - 'Pusible link' operated
30 Foam 4,4 m (14 £t 6 in) deep .
00  Foam 5.8 m (19 ft) deep, con31derable flamlng on
‘ " top layer
40 - All flaming extinguished, foam 7. 4 m (24 ft) deep
45 Foam 'depth 9.1 m ’ .
EE ‘8 00 FOAM OFF. Continuous emission of smoke ' .

L.

Topping up by 2 generators for 30s each, every 15 mlns. maintained
the level at 11 m (36 ft). The foam was broken down with centrifugal
fans after the stack had been covered for 4 hours 10 minutes. The
fire was found to be out. _

| About 50 per cent of the materlals on the top layer were consumed
by fl;e_(Plate 7), ‘and the same proportlon in pallets B, ¢, Fy G, J and
K on the 'curtain' face of the stack. No pal;gt.lqadslyerq damaged on

the other side of the stack, except on the top layer.

-7 -



4.4,

4.5.

4.6,

Sequence of events, Experiment 6

Time Event
min. s

0 00 - Box in pallet ¢ 1lit with match:

1 00 Flames 1.1 m (3 ft '8 1n) hlgh

1 20 Smoké detector operated )

1 50 FOAM ON from 2 generators} Flame height 1.82 m (6 £t)

3 00 Flames 2.3 m (7 £ 6 in) high, foam 1.2 n (4 ft) deep
-'5' '30i“ T Flames 2.3 m foam 2 p {6 ft 6 in) deep

3 42 ., All flaming extinguished, foam 2.3 m (7 £t 6 in) deep

7 54 Foam 9.1 m (30 f£t) deep. . FOAM OFF

Foam depth maintained for 2 hours, no smoke em1881on
after 1 hr, 30 mins. Damage restrlcred to pallets
B and C. o |
Temperature: measurements

In Experlments ] and 6, the temperature recorded at the centre of

the ceiling increased by a max1mum of 70 deg C and 40 deg ‘G respectively.

Ip Experiments 4 and 5, where the_flre ‘spread to.the top layer of

goods, the maximum temperature reached at the centre of the false ceiling

. wag about 850 OG \, and in both experiments the ceiling temperature

remained above 600 C. - for about 2 minutes. A graph of -temperature
rise at celllng_level end at detector position 2 is shown in Fig.9
Detection

.The detectors usually operated in the order

—Smoke detector heat detector (X) heat detector (Y) fusible

link, '

The smoke detector operated 1 m 4é 5'(on average) before heat
detector X, when both were w1th1n the racklng.

The smoke detectors were set to 0perate at an 0ptlcal density
of sboit 0.2 per cent per metre. ' N

This setting is more sensitive than could ﬁerref1§-be-considered
practicable, but no false alarms were given when a smoke detector '
was installed in the Ceiling of the laboratory for a period of 3 weeks
after the experiments had been conducted. It is estimated that if the
smoke detector had been set $0 operate at a more usual obscuratiom of

2 per cent per metre, it would have operated some 30 s to | min, later.

-8 -



- Table 3 -~ Detector Response Times

Détector '
. Bxperiment :
: No .Beat X Heat Y Smoke Fusible Link
min 8 min =8 min 8 min 8- -
1 L2 301 1y asl | 5451
2% 5550 4 54(1) | 5 o7(1) 5 26(2)
3 La5i(@] 5203 | 450 N0, (3)
4 4 01@] 533502 | 4 4o(1) '5 32(2) |
(i) - Detector on false ceiling
(2) - Detector 1.2 m (4 ft) below false celllng
(3) - ‘Detector on curtain _ J‘
(*) - Kir velocity at the detectors of 61 lﬁyiﬁin
(200 ft/min).caused by fans of foam:
: generators L -
N.0 '

Detector did not operate

'4;7;‘|Water damage to goods -

After immersion in the foam for the duratlon of the tests, the
outer surface of the cartons at all levels appeared to bé thoroughly
wetted. The print{ng on the side of the cartons was not affected by
immersion in the foam and the cartons dried out, without distortionm,
in about 12 hours,

‘Cartons in the interior of the pallet loads were unaffected by
water draining from the foam, and were found to be completely

- ° . ‘unmarked when examined at the end of each test.’

5.  DISCUSSION '

5.1. Fire growth
It may be seen from Figs 4, 5, 6 that the increase in flame height
with time usually proceeded in two stages, a slow early development
followed by a rapid rate of increase of flame height. In Fig 4 the
flames were "intercepteﬁﬁ b& the foam, that is, the foam level came
sufficiently close.té the flame tips to quéll the fire ﬁefore if
increased to the top of the stack. 'This is clearly the best situation
to achieve as it will result in less fire damage to the goods and
-9 -
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ceiling. By plotting the difference -in the height of the flame .
tips and the foam level, as taken from Figs. 4, 5, 6, 7 in Fig.10,
we-see the general- requirement for "interception" to--occur.

Thus in Exp: 3, the fire came within 2.4 m (73 ffl,of the flame

tips and .slowed down the development sufficiently to. complete an

interception. at a gap'of 1.8 m (6 ft). In Bxp: 6 the foam came

within 1.8.m (6 ft) Of the flame tips 'and slowed the fire development
graduallp to zero., In Exp: 4, the foam came within é 1 o (6% ft) of
the flame tips but the rate of appllcatlon was not great enough

to consolldate the 1ntercept10n, and the flame accelerated away

from ‘the foam. If we assume a maximun gap of not more than 1.5 m

(5 feet) between foam level and flame tips for the 1ntercept10n to
take place, we can draw a formallsed graph of flre development '
(Flg.11) jn which a slow first stage of develoPment occurs at a
t&pic:al rate of 0.84 m/min, (2.75 ft/min) for 4 minutes, followed by
a rapid development at 6.1 m/mln 20 ft/mln) untll the flames reach

_the ceiling. This curve is therefore the. lower limiting envelope of

fire derelopment of.lnterceptlon 1f 1ntercept10n is just not to occur

for the combination of flll rates. and tlmes of starting of foam appli-
catlon shown by the llnes P Qs . R, S.

Thus for a glven rate of fire development it .is..prébable. that
interception can be achleved by certain demonstrable values of fill

rate, each combined with its own "starting tlme" of foam applmcatlon.

‘A slow fill rate can be offset within llmlts, by an earller startlng

time, and vice versa,

4: . l-. -

The general equatlon of the llnes P, Q, R, and S 1s glven by

t, =.a‘;.% 8 S
., where to = time of start of foam applieat;on_ L
m., = rate of fill in m/mln ‘ -
) a,b = co-ordinates of crltlcal p01nt 'A', where a is‘in minutes

and b in m.
Thus in Fig.!11 this equation reduces to

- S .

= 4 - 1=

It should be noted that, if the flre ‘ocours by chance at a hlgh level

in the stack, the opportunlty for the foam to "1ntercept" it is

”greatly reduced and may be non—ex1stent, since the foam has to £ill

“'from floor level upwards.

=10- -



6. CONCLUSICONS ‘ . e AV

6a1.

6:2.

6.3,

6-4-

650

6.-6‘

The growing fire in the high-rack storage experiment was controlled by
the application of high expansion foam to the area in which the racks
were situated. P . . L ‘

For rapid control it was necessary to apply the foam at a-fill rate
which was adequately Ligh to ensure that-the foam 'intercepted' the
fire, on its upward path, If this were not -done, the upper layers of
goods and the ceiling would be likely to be subjected to high
temperatures for the period necessary for the foam to cover the top
level of goods.

No less important than the fill rate was the delay betwesen start of

the fire and foam application., A rapid detection.and start. of.applica-
tion of foam could mitigate to some extent, a relatively slowhfill
rate., Similarly, a slow.detection and start of application.could be
offset to some extent by a high fill rate. Coew T

An approximate relation between the latest time. of commencement of
foam application (tb),after,ignition, and -the rate of fill-in m/min (m)
is given by the équation
=4 - = . - : z

tO m

for this type and configuration of goods, when ignition faﬁes_place
near to floor -lével, e | ' S

It may be necessary to keep the racked goods covered with. foam for .
some considerable. time 10 ensure that all smouldering material has
cooled below ignition temperature. Periodic topping:up may -be necessary.
.The use of high-expansion foam tends to give a-clean-burning fire ‘with

little smoke production, but this advantage must be offset against

increased temperatures and flame damage.- -(c.f. F.R.Note No. 814).. "

It would possibly be an advantage to use a combined system in which
the rising foam level is aided by a low density water spray from above,
or possibly by the application of high expansion foam over the top of
the goods. This type of development should be considered.

T« KCKNOWLEDGMENTS
Thanks are dus to The Walter Kidde Co.Ltd for their close co-operation and

asgistance throughout the series of experiments.

- 11 =



LIST OF TABLES, FIGURES AND PLATES e
Table 1 .. ,

Page '3 List of Experiments

‘Pable.2 Page 5 Rate of foam application: T T

Table 3 Page 9 Detector response times o

Figure
Figure
Figure
Figure
Figure-
Figure
Figure.
Figure
Figure
Figure
Figure
Plate,
Plate.
Plate
Plate
Plate
Plate
ﬁlate

REFERENCES

e = G B UT R VR

O 3 O U s NN

9

A0

11

Plan. view of Lahoratory

View of racking showing detector positions

"Racking, showing pallet and thermocouple Poslthns"
'Exp. 3 Flame height and foam depth et

Bxp. 4 B IR S
Exp. 5 n

Expi6 W

Foam expansion at 4 levels

- Air: temperature measurements, Exps 4

Distance between flame tip and foam surface -

Formalised flame developmént curve-’
i

v+ General view. of racking and goods AN U

Foam generators and polythene screen Expsi« i’

View of foam generators, ‘Exps.: 3-6 . S e
Expi: 3, 3 min 42 s after ignition

‘Exps 3, 4 min 36 é' T

‘.Exp; 5, 4 min 54 s " . ‘ ' L

Exp: 5, Top layer of bozxes, after foam removed -

YOUNG, 'R.A. 'Fire tests with sPrlnklers on high plled ‘atock "
Fire Research Note 814 T - L Py )

Pallets for materials handling and through transit, British Standard:

2629 + Part 1 : 1967

R

Fixed High Expansion‘Foam'insﬁallaﬁion for large “aircraft héﬁgar.

Pire International, July 1969.

[N e Lt

~-12 -



Hessian )
curtain Opening roof

. Polythene sections
False 49m(1é) curtain

ceiling /

\\

1]
pe
[
g

\

“V | L

poany

’

High expansion
foam generators

N

'\\\\\
AW

A
/

\
s

15m_ (50)

/ a 4 N .

Racking 9-1m (30) ‘ 31m (100) W)

FIG. 1. PLAN VIEW OF LABORATORY RACKING AND GENERATORS



FRE57 10048

Generators
ir —e| 20 o1 — T
Air L-“Foam
X /(
oy
T 1
11
I
™ ! g
c 9 o
£ g ™
[ 1 E
3 = 1 E 3 {
£ iy o
™ 111 -
~
VAV ayd ////7//.f VA A A, /7 /7 f 7 7 7
Scaffolding

[ X,y and z - Detector positions

FIG. 2. END VIEW OF LABORATORY, RACKING AND GENERATORS
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FIG. 3. RACKING SHOWING PALLET AND THERMOCOUPLE
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FIG. 4. TEST 3 FLAME HEIGHT AND

FOAM DEPTH

FLAME HEIGHT-~FOAM DEPTH — ft



FR.ES7 10331
\

FLAME HEIGHT+# FOAM DEPTH —m

o))

)

Flame height
Depth of foam

TIME FROM IGNITION —min

FIG. 5. TEST 4 FLAME HEIGHT AND FOAM DEPTH
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FIG. 6. TEST 5 FLAME HEIGHT AND FOAM DEPTH
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FIG. 8. FOAM EXPANSION AT FOUR LEVELS. TEST 4. AS MEASURED BY
ELECTRICAL RESISTANCE
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FIG. 10. DISTANCE BETWEEN FLAME TIPS AND FOAM SURFACE
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o Rate of fill
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FIG. 11. FORMALISED FLAME DEVELOPMENT CURVE
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- GENERAL VIEW OF RACKING AND GOODS
PLATE 1

FOAM GENERATORS AND POLYTHENE SCREEN, TEST 1
PLATE 2
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VIEW OF FOAM GENERATORS, TESTS 2-6
PLATE 3

TEST 3, 3 min 42s AFTER IGNITION
: PLATE 4
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TEST 3, 4 min 36s AFTER IGNITION
PLATE 5

TEST 3, 4 min 54s AFTER IGNITION
PLATE 6
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TEST 5, TOP LAYER, AFTER FOAM REMOVED
PLATE 7








