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SUMMARY

Detailed results of the measurements made by the United Kingdom team at the

Project Flambeau test fire 760-12-67 are presented and discussed. The damage to

standardised wood blocks inoreased from the edges of the array to a maximum about

midway between the centre and the north-east carDar, broadly the region where

fire whirls were observed. This increase may well be due to changes in

convective heat transfer over the array. Systematio differences in the damage

sustained were found between blocks exposed at various positions, facing i.n

various directions; these largely corresponded to differences in the

configuration factor of the fuel pile with respect to the block. Peak wind

speeds of more than 60 ft/s were registered at ground level within the array

by simple fturn-over' wind gauges. Peak temperatures in the streets exceeded

200°C.
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WOOD BLOCK AND OTHER MEASUREMENTS AT
FLAMBEAU TEST FIRE 760-12

by

A.J.M. HESELDEN and M. J. WOOLLISCROFT

1 • Introduction

During the Project Flambeau experimental fire 760-12, carried out in

-;

:

September 1967, a team from the United Kingdom made a number of measure~ents

with simple instrumentation. Chief of the devices used was a standardised wood

block
1

which could register a wide range of severities of exposure and, under

favourable conditions, give a measure of rate of heat transfer. The simplicity

of this device permitted its use in large numbers so that readings could be

obtained over the whole fuel array.

The results of laboratory experiments with the wood blocks for exposure

times in the region of 20 min may be summarised as follows. At very low rates

of heat transfer no effect is produced in the block. At constant rates of

0.2-0,5 W/cm2 the block is undamaged, but a substantial rise in surface

temperature occurs, which can be estimated by means of small specimens of

temperature sensitive paper cemented to the surface, and this can be used as a

measure of heat transfer rate. Above 0.5 W/cm2 the heat transfer rate can be

related to the scorching of the surface by a measurement of reflectivity (up

to 1.1 W/cm2
) or to the depth of char (between 1.1 W/cm2 and some 4 or 5 W/cm

2
) .

Above about 5 W/cm
2

the block is completely destroyed within about 20 minutes.

The calibration of the blocks is in terms of a constant heat flux; no

calibration has yet been made with a peaked pulse similar to that given in a

fire of the Flambeau type.



Other devices employed included a simple 'turn-over' wind gauge, a water

calori~eter and simulated roof sections. The data obtained are tabulated for

general US6. Although the analyses have ,not yet been completed, sufficient

information of interest has emerged so far to warrant this interim report.

2. Measurements

2.1. Wood blocks

Standard blocks 4 in sq~are and 2 in thick of knot free Baltic

Redwood (Pinus sylvestris) were exposed in the following positions:-

2.1.1. "Pl.azaa" positions

At the centre of the intersections (called "piazzas") of the

ch'innels ("streets") between rows of· piles, b.lockB 1'81'e placed on

the ground facing upwards and held down by means of metal skewer

pegs. They were placed in nearly every piazza all lUg the two st.reebs

nearest to the edge of the array and in nearly every other pi azaa

'ln the central area. Blocks could not be laid between rows 10 and

11' since this was a road used by traffic until shortly before

ignition. Some blocks were also placed just outside the array in

positions corresponding to piazza positions.

Owing to the 'unusually wet summer much more vegetation had grown

up between the piles than usual and care was taken to .cLear away

plants likely to catch fire and affect the response in the blocks.

2.1.2. Vertical blocks round special piles

At heights of 1 and 3t ft above the ground and, either 12 or 21 ft

from seLec t.ed' 'piles, blocks were set up on tubular steel pcLes with

the receiVing' f'ace (0:1' faces) vertical and facing the centre of the

side of' the pile. About half these blocks were proteoted on the

sides, rear and, top, either by boxing with mineral f'Lbre Lnsu.Latd.ng
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board covered with aluminium foil or by an aluminium sheet cover,

together with aluminium foil. llie standard arrangement is shown

in Fig. 1. The piles chosen were those at the corners and the centre

of the sides of the array, the five weighed fuel piles (four of

which were of milled fuel), the piles fitted with a U.S. Forest

Service water calorimeter, and the piles at the intersections of

rows C, H, Land Q, and 3, 7, 12 and 16. Blocks were also placed

horizontally on the ground in each of the four pia.zza positions

around each of these piles. At the 12-ft position from the five

weighed fuel piles, two blocks were installed on each side, one,

insulated or protected and one double-sided. At each of the other

piles a double-sided block was placed next to one of the insulated

or protected blocks to compare the responses produced by these

two types.

2.1.3. Variation across and along streets

At sixteen locations distributed over the whole array shown in

Fig. 3a ten blocks were set up in the standard pattern shown in Fig. 2.

Tower blocks

Blocks were mounted on towers 1, 5, 9 and 13 at various heights

facing upwards, downwards and in two directions horizontally (usually

east and west). Some blocks were also placed on towers 17 and 18.

2.1.5. Roof sections

A standard arrangement of blocks was set up at each model roof

t
. 2sec lon .

2.1.6. Control blocks

Blocks were set up well away from the fire to act as controls.

- 3 -



2.2. Water calorimeters

Simple water,calorimeters consisting of a 4-pint aluminium saucepan

set in a cylindrical hole in the ground were placed in 16 piazza positions.

To reduce heat exchange with the soil the pan'was supported about 1 in above

the bottom of the hole and about 1 in away from the sides. The hole was

lined with thin aluminium sheeting, the annular gap between the top of the

saucepan and the top of the cylindrical -.hole being covered with aluminium

foil. The top of the saucepan was approximately at ground level and it

was filled to within about 1 in of the top with 3 pints (U.S.) of water,

the water surface being left exposed.

2.3. Wind speed indicators

Two 'versions 'of a simple ground level wind speed indicator were

used. Each co~~isted of a rectangular sheet steel plate 12 in x 24 in

folded, on its shorter central axi.s and placed on the ground with the fold

uppermost. One version was designed to overturn at a wind velocity component

perpendicular to the foid of 30 ft/s, the'other was made of thicker metal

wi th a larger angle of fold and was designed to overturn at 60 ft/s. The

corr~ctness of the design calculation was verified for the lower speed

indicator in a wind tunnel. ' The indicators were placed in two lines across

the array in the centre of the street between each pair of piles in the

columns I and J and rows 9 and'10, so as to respond to the component of

velocity along the street. Some were also placed near the south-wes t

corner and two were placed in the gaps between the asbestos sheets around

pile Q13, one on the south and one on the north side.

2.4. Thermometers

Ten mercury~in-glass constrioted-stem maximum thermometers were

placed horizontally in the centres of the streets about 3 in from the

ground under shiny aluminium shields so that they would be protected from

- 4 -
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radiation from the adjacent piles, but gases could flow freely past them.

Horizontal wood blocks were placed on the ground near the thermometers.

2.5. Walled: pile

Pile Q13 was surrounded by a wall of asbestos insulating board

sheeting 4 ft high held in position on top of an earthbank some 18 in high.

The wall was in the form of sheets 8 ft x 4 ft and horizontal gaps 2 ft wide

were left between the sheets, i.e. the air inlet area was about 15 per cent

of the total wall area. Extra wood blocks were installed around this pile

and neighbouring piles (Table 5a).

2.6. Photography

Infra-red and colour photographs were taken at frequent intervals

from two sites south of the south-west and south-east corners of the array.

Some cine film was also taken from the east side.

3. Results

The results for the wood blocks have been converted to 'equivalent

intensities', assuming an effective fire duration of 20 min and neglecting any

differences in cooling. By equivalent intensity is meant that oonstant intensity

of radi.ation which applied for the period of 20 min in still air at about 200C

would give the same response in the block as has aotually been measured. Until

response in the block can be related to a shaped pulse by a suitable calibration,

a period cf 20 min was thought to be a reasonable estimate of the effective fire

duration at oonstant intensity. In any case the response in the block is not

very sensitive to the duration of exposure. Although equivalent intensity does

not necessarily represent accurately the mean intensity over a period of 20 min

this treatment enables all the readings (e.g. surface temperature, soorohing

and char depth) to be brought to a common scale.
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At a high enough intensity some blocks developed a glowing hot spot, ,

which, fanned by the wind, tended to char away the block. When this

process had not entirely consumed the block its occurrence could easily be

recognized by, ~he s~ape of the hollow formed since the hot spot us~ally

developed,on the edges ~nd corners and spread radially. There was almost...
always enough of the original surface left to enable the intensity to be

obtained by reflectivity or depth of char, these being fairly constant

over the block in the absence of hot spots. However, where a block had

burnt completely away it was of course not clear whether it had in fact

received an equivalent intensity of at least 4-5 W/cm
2

or a high intensity

coupled with charring from a hot spot, possibly fanned by a strong wind.

Data for completely burnt-out blooks must, therefore, be used with some. .. .

caution. The' actual behaviour of the blocks can be of direct interest

since wood is the material whose ignition and rate of burning are

important in fire spread.
' .. ,

A number of blocks were exposed for several days for control purposes
; ~ . , .

under conditions as close as possible to those of blocks set out within

the array, but some distance from the fire area. After the tests the

moisture content of the control blocks, as determined by the change in

weight since leaving the United Kingdom, was about 12 per cent for blocks

placed horizontally on the ground and about 10 per cent for blocks placed

vertically 3~ ft above the ground. These moisture contents are very close. ' ..
to that during calibration, so that no allowance for any change of

. . .".

sensitivity should be necessary.

After the ,test the reFlectivity of the surface of the control blocks

was on average about 48 per cent - substantially less than that before

exposure, apparently because of some action of the strong sunlight.

- 6 -
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The damage incurred by the wood blocks is given in Figs 3a and 4a

and Tables 2a, 3a, 4a, 5a, 6a and 7a, and the equivalent intensities are

given in Figs 3b and 4b and Tables 2b, 3b, 4b, 5b, 6b and 7b. The results

of the other measurements are given in Tables 8 and 9.

4. Discussion

Wood blocks near ground

Following exploratory plots of the data, a regression of the form

In I = ax + bx 2 + cy + dy2 +fIXy + f

has been fitted to the data from the piazza blocks,where I is the

equivalent intensity in vv'cm2 , a, b , c, d , e and f are constants

(regression coefficients) and x and y are the distances from the

north and west sides of the array respectively, expressed in numbers

of rows.

The coefficients obtained are given in Table 10; all are

highly significant. If In I is imagined plotted vertically above

the array. then this equation represents a quadric surface. the

intersection with any vertioal plane being a parabola and with a

horizontal plane an ellipse.

Figure 5 shows contours of constant intensity, portions of

ellipses with axes inclined at 390 to the numbered series of rows.

The intensity rises from the sides of' the array to a maximum value

of 1.35 W/cm2 near G14, about half-way between the centre of the array

and the north-east corner •

This regression was derived from data from all piazza blocks,

except those

(i) Outside the array (ii) Around the milled fuel piles

(iii) Around pile Q13 (walled Pile) (iv) Burnt completely away; since

- 7 -
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the intensity at these special positions was known or suspected to be

different from that of the rest of the positions.

Piazza blocks giving intensities sUbstantially different

(outside the range : 2 standard deviations of the residual - roughly

the 95 per cent confidence limits) from those predicted from the

regression were found at the positions given in Table 11.

In piazza positions around three of the milled fuel piles the

intensity was SUbstantially higher .than average, presumably because

their rate of burning was much higher than that of the wildland

fuel piles.

Figure 6 showa that almost all the burnt out piazza b.Locks ;

which give equiValent intensities much higher than average, were in

the north-east of the arrlliY. Spalling of boulders and severe

"scouring" of the ground petween piles were also noted in this area

(Fig. 6) although these 'observations have not been made systematioally.

It is broadly in.this region that fire Whirls were noted by

Vfoolliscroft, stationed on the north side of the arrlliY, who saw fire

whirls between about A10 and the north-east corner, and by Thomas and

Rothermel, on the east side, who saw whirls a few piles from the edge

of the arrlliY between the centre of the east side and the north-east

oorner.

The remainder of the wood block data has not yet been analysed

in any detail but exploratory plots show that in general the equivalent

intensity at the blooks in other positions, viz. aoross streets, both

horizontally on the ground and vertioally 1 ft or 3t ft above the ground,

also .inoreased from the edges to a maximum value in the north-east of

the 1lrT1liY. There B.I'i3 some anomalies, e.g. high intensities in the

- 8 -
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street between D4 and D5. The intensities at these other positions

are generally much higher than those of nearby piazza blocks but are

well correlated with them. First approximations to the relations

obtained are given in Fig. 7, ,which should be regarded as provisional.

The question naturally ;arises, what mechanism is responsible

for damage to the blocks and, ,particularly, what cause s intensity,

to rise f'rom the sides to a maximum at around G14? Some of the blocks

were damaged in a w~ which suggests' very strongly that radiation was

the predominant heat transfer .process. For example, some of the

blocks were more severely damaged on one side or face than on an

adjacent perpendicular side or face. Again in some cases, notably

in the channel between pile L8 and M8, (Fig. 4b) the horizontal

blocks nearest the piles were more damaged than those in the centre

of the aisle, whilst vertical blocks showed the most damage on the

sides facing the nearest pile. In some cases, e.g. D14/E14, E2/F2,

M4/M5, P2/Q2 and 012/P12 there is a distinct gradient of intensity

across the streets. This indication of radiation transfer is, on

the whole, more obvious nearer the sides of the arr~, particularly

on the south and we~t sides, it is not consistent over the whole

arr~. It is hard to see how:the observed range of intensities,

£'rom about 0.2 W/cm2 near the!south-west corner to about 1.35 w/cm
2

at the maximum near G14 could be entirely accounted for by differences

in radiation.

A possible explanation is the modification of the heat balance

of the blocks caused by convection. transfer between the block and an

air current which becomes hotter as it progresses further into the

arr~.

- 9 -
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Street gas temperature' m~as'urements are not yet ayailable apart

, .

from the'few values for peak temperature given in Table 9; however
,.t,· 3'.' :", ..

Countryman notes that in previous fires of this type the temperature

of air reaching the inte~ior flames may exceed 10000F (550 0 C) .

Calculations of the heat balance at the receiving surface of

the blocks under various conditions suggest that the data are reasonably

consistent with a model in which all the piles of the array radiate

similarly and the gases 'flowing between the piles become hotter as

they approach the e~fective centre of the fire, in this case moved

to the north-east by the 'smrth-we ater Iy wind. On the outskirts of

the fi.re the blocks would becoi.d.ad by the cold inflowing air, but

as this air progressed further into the array and became hotter less

heat could be lost by convection from a block heated by radiation

and its response would therefore' increase. Eventually a stage might

be reached where the gases were hotter than the surface of the block.

With this hypothesis systematic differences between the various

positions around any given pile are due largely to different

configuration f'actors between the block and adjoi.ning fuel piles,

In still cool air the front surface of a vertical block

receiving a constant intensity of r~diation of 0.4 w/cm2
heats up

., ,

. " 0
after about 20 min to a temperature of about 150 C. Most of thi s

tncident energy is lost by reradiation and convection from the
. - , ' 2

receiving surf'ace , only same 0.1 W/cm flows into and can affect the

block, so that it will be seen that if the cooling conditions are

substantially changed~ for examPle, by increasing the temperature

and velocity of gases passing over the block, large changes can

occur in the response of the block.

- 10 -
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4.2. Wood blocks mounted on towers

Table 7 shows that equivalent intensity generally decreased

with height. Most of the lower blocks on towers 5 and 9, well

inside the ar-ray , were burnt away, the highest blocks were most

affected on the down-facing side °

_0
4.,. Milled fuel and single pile burns

Data for two single burns of milled fuel and two of wildland

fuel are given in Tables 6a, 6b and 6c. Although there is very little

data comparf.s on of the average equivalent intensities in Table 6c

sugges t sc -

(1) Single milled fuel piles gave higher intensities than

single wildland fuel piles.

(2) The milled fuel pile on the edge of the arr-ay (at 89)

gave intensities similar to those of the single

milled ~l pile.

(3) Milled fuel piles well wi thin the array gave much

higher intensities than those of the single milled

fuel pile, in accordance with the piazza block

results noted in Section (4.1.)0

4.4. Thermal conditions round walled pile (Q13)

Equivalent intensities at piazza blocks and at vertical blocks

r:F;ild the walled pile were not significantly different from those at

corresponding positions around nearby ordinary fuel piles.

4.5. Water calorimeter

The amounts of water evaporated and the equivalent intensities

are given in Table 8 assuming no heat loss and an effective exposure

time of 20 min. The initial amount of water was 48 U.S. fluid oz ° and

- 11 0-



2the exposed surface area was about 250 em The apparent equivalent

intensities are much higher than those of the piazza blocks, probably

a r"flection. of substantial mass transfer to the air flowing over

the t're e liquid surface.

4.6. Wind indicators

The results of the wind indicatcrs given in Table 9 and Fig. 8

show that peak' ground level wind speeds were generally between 30 and

60' ft./s, ·except near the fire whi.rl region in the north-east where

peak speeds exceeded 60 ft/s.

The gauges nearest the west and south edges and the south-west

('orner were almost all unaffected. In t.he line bet.ween the mid-points

of the north and south sides the 30-ft/s gauges were tipped over and

the 60.. ftis gauges remained standing except for one near C9 which

was moved 30 ft .. ·

In the Ii ne between the mid-points of the west and east sides

many of the:gauges were not merely tipped over but in the east half

of this line were moved bodily distances of up ~o 50 ft. This

corresponds to the fire whirl area. In the west half the 30..ft/s

gauge s Were generally overturned and the 60 ftls rF-mained s t andf.ng ,

5. S\IIl11Dary and conclusions

(i) . Satisfactorily measurable responses WAre ,'btained :i.n the wood

blocks pl.aced horizontally on' the ground at the Mntr'lS of inter-

section" of' streets ("piazzas"), but in some other positions the

incident intensity was. higher and a rather large propo.rtion of

blocks was burnt completely away so that only a -'..ower limit to

int'ensity could be obtained.

- 12 -
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(ii) As in most simple devices of this ~e the response in the

block depends on the magnitude of the heat losses and these should

be estimated for a more accurate interpretation of the results.

(iii) It is desirable that a calibration of the blocks in terms

of:' a suitably shaped pulse of heat transfer shcul.d be carried out,

(iv) The effective net heat transfer to the wood blocks, which

can represent combustible material initially unignited, increased

markedly from the edges to a centre in the north-east of the array,

the area in which fire whirls were observed. The data are in

accordance with a hypothesis postulating that all fuel piles

radiated similarly and that the temperature of gases flowing along

the streets inoreased substantially from the edges of the array

to the fire centre.

(v) Least damage occurred to blocks placed on the ground at

the centres of intersections of streets, whilst most damage

occurred to vertical blocks facing the centres of the sides of

fuel piles, these differences being broadly of the magnitude

expected from differences in the configuration factor of the pile

with respect to the block.

(vi.) It is hope d that when analyse s are complete it will be

possible to determine those areas within the array where ignition

of specimens in various positions with respeot to the fuel piles

would have occurred.

(vii) Milled fuel piles burnt both singly and within the array

gave higher intensiti.es than wildland fuel piles in similar situations.

(viii) Peak wind speeds of more than 60 rt/s and peak temperatures

exceeding 200°C were recorded at ground level in the streets near to

the area of fire whirl activity.

- 13 -
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TABLE 1

Conversion of measured damage to equivalent intensity

A:n aquavaLerrt time of 20 min. has been assumed

Initial reflectivity taken as 48 per cent

Damage Equivalent Damage Equivalent
intensity intensity

W/cm2 W/cm2

U <0.2 1C 1.3
1P 0.2 ~C 1.5
2P 0.3 3C 1.6

3P 0.4 4C 1.7

4P 46R 0.5 5C 1.8

5P 39R 0.6 6C 1.9
28R 0.7 7C 2.0
21R 0.8 8C 2.1

15R 0.9 9C 2..2

10R 1.0 10C 2.3

7R 1.1 11 C 2·5
('OR' 1.1 ) 12C 2.7

13C ,3.0

14C 3.3

15C 3.5
20C 4.2

25C 405

30C 4.7

BO > 4.5
(Double-sl.ded)

BO >5
(Slngltrsided)

Notes: U denotes no response
nP denotes blackening'of n sensitive papers
mR denotes soorohing of the surfaoe to a refleotivity of m per cent
pC denote's oharring of the surfaoe to a depth of, p mID

BO denotes blook was burnt aw~ oompletely

OR denotes' surface judged by eye to have a very low refleotivity
but without any oharring.
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TABLE 211.

Response in vertical blocks placed around piles
at corners and along sides of array

I .12 ftfrom pile 21 ft from pile
3t ft above ground 1 ft above ground

Pile
N E 5 ··W N E 5 W·

A1 No values given since pile did not burn

A9 20C BO OR BO - OR BO BO
- - - - - - - -

A10 OR BOA BOl 35R
. ,:!.,".:- ••

BOA- -
- - - - 34R - - -

A18 BO 4-1R BOl 18CA 1P 2P 19RI 1CA
- - - - - - - -

J18 BO BO 18Cl BOA BO 32R BOl BOA
- - - - - 35R - -

'518 BoA 4-7R 3P 3PI ORA 3P 1P 4-Pl
- 4-2R - - - - - -

510 BO - 4-P 24-R 13R - 2P 3P
- - - - - - - -

81 25<;1 3PA 2P 32R 35Rl 2PA 1P -- - - 36R - - - -
J1 14-RI BO 3PA 4-P 4-3RI BO 3PA 1P.

- - 3311, - - - - -

-. '

Notes: (1 )
(2)

(3)

(5)

For meaning of ~bols see Tabls 1 and note 4- below.
Each blcck faced the centre of the side cf the pile.

For any given pile, the value cn the first line of the table
is' the response cn the side of the block facing the pile.
The value on the second line is the respcnse on the side
facing away from the pile, when kncwn.

All blocks were two-sided except those which had the sides,
tcp and back protected with aluminium sheet and fcil
(marked A), or with mineral fibre bcard insulation
(marked 1).

OM extra double-sided block was se't up at each pile at a
height of ~ ft next to cne of the 12 ft 1 or A' blocks.
Apart from some cases where the double-sided blook was burnt
out while the single-sided block Was less severely damaged
the response in thcse blooks was very similar and accordingly
the reault fcr the single-sided blOck has been given.

- 16 -
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TABLE 2b

Equivalent intensity at vertical blocks placed around
piles at corners and along sides of array

12ft from pile 21 ft from pile
3t ft above ground 1 ft above gr-ound

Pile
'N E S W N E S w

A9 4.2 'r 4.5 1.1 > 4.5 - 1.1 - -
- - - - - - - -

A10 1.1 - )5 - 0.6 - >5 -
- - - - 0.6 - - -

A18 > 4.5 0.6 >5 4.0 0.2 0.3 0.8 1.3
- - - - - - - -

J18 > 4.5 > 4.5 4.0 )5 - 0.7 >5 >5- - - - - 0.6 - -
S18 > 5 0.5 0.4 0.4 1.1 0.4 0.2 0.5

- 0.6 - - - - - -

S10 > 4.5 - 0.5 0.8 0.9 - 0.3 0.4
- - - - - - - -

S1 4.5 0.4 0.3 0.7 0.6 0.3 0.2 -
- - - 0.6 - - - -

J1 0.9 > 4.5 0.4 0.5 0.5 - 0.4 0.2
- - 0.7 - - - - -

Values are in W/cm2
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TABLE 3a

Response in vertioal blooks plaoed
around seventeen piles within array

12ft from pile 21 ft from pile
Pile 3~ ft above 1 ft above

ground ground

N E S W N E S W

•
C3 29Rr BOA BO BO 4Pr 22CA BO BO

I - - - -
C7 BOA BO BOr BO 1CA BO BOr -- - - - ... - - -
C12 I BO BO BOr BOA BO BO BOr BOA- - - -

I C16 ORA BOr BO BO BOA BOr OR BO, - - - -
I H3 21R BO 34M Bor 34R BO 5PA Bor,

50R - 16R - 12R - - -,
H7 No results avail ble

H12 BOr BOA BO EO BOr BOA BO -- - - - - - - -
I H16 BO BOA BOr BO BO BOA Bor BO- - - - -
I L3 32R BO 300r ORA 4P 11R 5pr BOA
I 27R .. 44R ~. - - 1-1R: - - ._-, ..
I 'L7· 12CA 24C 1et BO BOA 1C 1Cr BO
i -: L12 BO BOr BOA BO BO BOr BOA BOl, - - - - - - - -

L16

I
BO BO BOA 11Rr BO BO BOA ORr
- - - - - - - -

Q3 28M 18Cr 12R BO 17M 17Rr BO BO
, - - 12R - - - - -
•

Q7 BO 40RA ORr BO BO 46RA Bor BO
- - - - - - - -

I Q12 BO OR ORA 45Rr BO BO BOA 13Rr

i - - - - - - - -
Q16

,
16BA, - 12R 100 4PA ORr BO BO

- 300 - - - - - .:

I E9 BO BO OR BO 1C 1C OR BO
- - - - .- - - -

Notes: As for Table 2a

- 18 -
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TABLE 3b

Equivalent intensity at vertical blocks
placed around seventeen piles within array

12 f't from pile 21 ft from pile
Pile 3t ft above 1 ft above

ground ground

N E S W N E S w;
, ,

'.

0.7 »5 >4.5 >4.5 0.5 4.3 - -C3 - - - - - - - -,

C7 />5 »4.5 />5 >4.5 1.3 - >5 -- - - - - - - -,

C12 »4.5i />4.5 )5 >5 - - ?5 >5- - - - - - - -

C16 1.1 />5 '> 4.5 ,/4.5 >5 >5 ,1 .1 -
- - - - - - - -

H3 0.8 '/ 4.5 0.6 »5 0.6 - 0.6 > 5,
0.5 - 0.9 - 1.0 - - -

H112 ;>5 ;:>5 >4.5 /,4.5 >5 />5 - -
- - - - - - - -

H16 74.5 ;:>5 />5 »4.5 - >5 )5 -
- - - - - - --- -

L3 0.7 )4.5 0.7 1.1 0.5 1.0 0.6 )5
0.7 - 0.5 - - 1.0 - -

L7 2.7 4.5 1.3 >4.5 )5 1.3 1.3 -
- - - - - - - -

L12 >4.5 )5 )5 ) 4.5 - >5 >5 -
- - - - - - - -

L16 >4:5, >4.5 >5 1.0 - - >5 1.:1
- - - - - - -

Q3 0.7 4.0 1 .0, )4.5 0.9 0.9 - -
- - 1.0 - - - - -

Q7 >4.5 0.6 1.1 >4.5 - 0.5 >5 -
- - - - - - - -

\'

Q12 )4.5 1 .1 1.1 0.5 - - )5 0.9
- - - - - - - -

Q16 - 1.0 1.0 0.5 1.1 - - 0.9
- 0.7 - - - - - -

E9 >4.5 >4:5 1.1 )4.5 1.3 1.3 1.1 -
- - , - - - - -

Values are in 2W/cm



'. <,' , •••:.1': :

Response in vertical blocks placed around wei shed fuel piles

12ft from pile 21 rt from pile
: ; r

3t ft above gr-ouml 1 ft above ground

Pile
, ,

"~N E S W N E 8 W
...

8 D 8 .D" 8 D S D S S 8 8

05 BO BO 12C BO 2.5C - BO BO 1C ... BO ...
- - ... ... - .. .. ... ... ... .. ..

89 BO BO 14R 50R 42R .. 2QC BO BO 40R 3P BO... - - 24R ... - .... - .. .. .. <".~

",

09 BO BO BO BO 1C ... BO BO BO BO BO BO
- - ... ... - - ... - ... ... ... ...

.19 BO BO BO BO BO BO 14C BO BO BO BO 15C
- - - - - - - - ... ... ... ...

J8 OR OR 2C BO 9R OR BO BO 1,3R 14R BO BO
... ... '. 18C - ... ... -- - - -

Notes': (1) For meaning of symbols see Table 1.

(2) Each block faced the centre of the side of the pileo

(3) 8 stands for a single-sided bloCk, the sides, top and
back being protected with mineral fibre board insulation.
D stands for double-sided block. In these piles a single
and a double-sided block were set up close together on
each side. .

(4) For a~'given pile the value on the first line is the
response on the side of the bloCk facing the pile. The
value on the second line is the response on the side
facing away from the pile, when known.

- 20 -
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TABLE4b

Eguivalent intensity at vertical blccks
placed around weighed fuel piles

-
12ft from pile 21 ft from pile

3t ft above 1 ft above
ground ground

Pile
N E 8 W N E 8 W

,
8 D 8 D 8 D 8 D 8 8 8 8

/>5 ,/4.5 2.7 )4.5 4.5 - )5 )4.5 1.3 - >5 -
05 - - - - - - - - - - - -

»5 />4.5 0.9 0.5 0.6 - 4.2 )4.5 )5. 0.6 0.4 )589 - - - 0.8 - - - - - - - -
)5 )4.5 l>5 >4.5 1.3 - >5 [>4.5 ;>5 »5 >5 )5

09·-- - - - - - - - - - - - -

/>5 »4.5 )5 )4.5 )5 >4.5 3.3 )4.5 )5 >5 >5 3.5
J9 - - - - - - - - - - - - -

1.1 1.1 1.5 I> 4.5 1.0 1.1 >5 >4.5 0.9 0.9 >5 >5J8 - - - - - 4.0 - - - - - -
Values are in W/om2

i:r-

- 21 -



TABLE 5a

Response on vertical blocks ~laced near
pile Q13 (Asbestos-walled ile)

Vertical blocks

Pile 12ft from pile 21 ft from pile
3t f't above 1 ft above

ground ground

N E S W N E S w

Q13 9R 4liR 11R OR 40R 30R OR 39R

P13 EO EO - - 20C EO - -
.

Q14 EO 31R - - EO 4P - -

R13 - - 19R 14R - - EO 15C

Notes

(1) For meaning of symbols see Table 1.

(2) Each value in the table is the response produced on the side of the block
faoing the pile named, the block being opposite the centre of the side.

(3) Extra blocks were placed around pile Q13, 12ft from the pile on either
sid.e of the blocks facing the centre of the pile. The responses on the
side facing Q·1 3 were:-

-.

North side ·13R W of Centre 12R E of Centre

East side 5P N II II 4P S II II

South side EO E " II EO W II II

West sid.e OR S II II EO N II II

.

- 22 -
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TABLE 5b

Equivalent intensity at vertical blocks

placed near pile Q13 (Asbestos - walled pile)

..

•

;
/'

\

PHe Vertical blocks

12 ft from pile 21 ft from pile

3~ ft above ground 1 ft above ground

N E S W N E S w

Q13 1.0 0.5 1.0 1.1 0.6 0.7 1.1 0.6

P13 /5 >5 - - 4.2 >5 - -

Q14 >5 0.7 - - /5 0.5 - -

R13 - - 0.8 0.9 - - »5 3.5

. 2
Values are in W/cm

- 23 -



TABLE 6a

Wood block data for single piles of fuel

Vertical block Vertical block Horizontal block in
12ft from pile 21 ft from pile 'piazza' posftion

Fuel Test 3~ ft above ground 1 ft above ground

N E S W N E S W NE SE SW NW

- 760-12A-
29-8-'67 - - - - 12R 10R 20C BO - - - -

Milled
lumber . •

J9 14C OR 28C BO 16R 14R 21C 15C U 3P 15R 40RAfter 760-12

21/9-- - 23C 56R - 11C 42R 4P 54R 2P u - 5P
Wild-

land
June '67--- - - - - 19C 14C 44R 58R - - - -

Notes: In these tests the initial reflectivity was about 70 per cent so that some slight modification
is required before the calibration data of Table 1 can be employed here •

.-Vertical blocks 4 ft from pile and ~ ft above ground were burned away on N, E and W sides.

--A vertical block 4 ft from pile ~ ft above ground on S side gave 24C.

---Vertical blocks 4 ft from pile 3~ ft above ground gave BO on' and E sides, 42C on S side
and 39 C on W side.

. ", ,. , . " 't " '''.,r
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TABLE 6b

Equivalent intensities for single fuel piles

.~ '- '.

ro
\J'I

Vertical block Vertical block Horizontal'block in12ft· from pile 21 ft from pile piazza positionFuel Test 3t ft' above ground 1 ft above ground

N E S W N E S W NE SE SW NW

76o-12A - - - - 1,0 1,1 4.2 >529-8-67 - - - -
Milled
lUlJlber

J9
After 760-12 3,3 1,1 4,6 )'5 0.9 1,0 4,2 3,5 .c(o.2 CO.4 0.9 0.7

21/9 - 4,4 0.6 - 2.5 0.7 0,5 0.6 0.3 -:0.2 - 0.6
Wild-
land

June '67 - - - - 4.1 3.3 0~7 0,6 - - - -

Values are in W/cm2



TABLE 6c

Average equivalent intensities around milled-lumber
piles and single piles of wild-land fuel

Vertical plocks
Test

Fuel and Piazza
12 ft from pile 21 ft from pile blockpile ~ ft above ground 1 ft above ground

760-12 > 4.6 >4.6 1 .1
J9

760-12 '> 4 >5 1.1
09

760-12 )' 4.3 >3 1.0
05

Milled 760-12
/'\/

2.7 .> 2.7 0.5
S9lumber

(Edge of plot)

760-12a - ..---..., 2.8 -
29/8/67

(Single pile)

J9 3.5 2.4 0.5
Single pile /\/

burnt after
760-12

21/9 /V 2.5 1,1 0.3
Wild- (Single pile) .........
land
fuel June '67 - 2.2 -

(Single pile)

Values are in W/cm2

- 26 -
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TABLE 7a

Response in wood blocks mOlL~ted on towers

Height Up Down West East'
Tower .. .. "ft facing facing facing facing

.. •. 1
3P 1P 15C 9R~

1 (E side of 89) 7 3P 1P - OR
C -'. .., 20 - - 2]R 1]R

~..~ 50 U 25C 4P 4P
W~ 80 U. 11R 3P 3P

W///l~~~ 100 U 40R 3P 4P

13 (E side or" 05) Tower collapsed. All blocks burned out.

9 (E. side of J9) 7 BO BO BO BO

€~ . 20 BO BO BO BO

t ; ,'w.$]· ~ 50 BO BO BO 1C

80 BO 8R 28R 36R

.VII/1111;':;~ 100 3P 14R 4P 4P

5 (E side of 09) .~ - - BO OR

E~ 7 - - BO OR

~ -ce-!:!.. 20 BO BO BO OR

w~ .. 50' 2P BO 32R 4U.

VI/IIIIIM?I 70 1P OR 46R 4U.

0
(Horizontal on

U - - -18 (W side of· j1) ground. at base

/1/III/T'd
of 1;ower)

U

Nf[ . S£
(Facing E)

10 - - - U
~ ~. (Facing NE)

. \7" 2P
(Facing E)

~
50 - - - 1P

(Facing 8E)

0

17 (N side of A9)
(Horizontal on U - - -ground at base

N~ = of tower)

U U

sf
A'I (Facing W) (Facing E)

l%: 10 -.L( - U 1Pr% (Facing NW) (Facing SE)

t% 1P U
% 50 - - (Facing W) (Facing E)

W ~ 1P 2P
I . 'L.---- (Facing NW) (Facing SE)



TABLE 7b

Equivalent intensities ~or blocks
mounted on towers

.. Equivalent intensity W/cm2

Tower Height
~t Up Down West East

~acing ~acing ~acing ~acing

3t 0.4- 0.2 3.5 1.0
7 0.4- 0.2 - 1.1

1 20 - - 0.7 0.9
(E side o~ S9) 50 c 0.2 4-.5 0.5 0.5

80 <0.2 1.0 0.4- 0.4-
100

.
<0.2 0.6 0.4- 0.5

13 Tower collapsed
(E side of 05)

7 I' >4-.5 '> 4-.5 ;:> 4-.5 ;;> 4-.5
9 20 . >4-.5 » 4-.5 > 4-.5 .> 4-.5

(E side o~ J9) 50 >4-,5 » 4-.5 > 4-.5 1.3
80 >4-.5 1.0 0.7 0.6

100 0.4 0.9 0.5 0.5

3t - - » 4-.5 1 ,1

5 7 - - >4.5 1. 1

(E side o f 09) 20 >4-.5 > 4-.5 > 4-.5 1. 1
50 0.3 ;:> 4-.5 0.7 0.5
70 0.2 1.1 0.5 0.5

0 <0.2 - -
18 10 - - - { -: 0.2(E)

(W o~ J1) <. 0.2(NE)
50 - - - { 0.3

1
E)

0.2 SE)

0 <0.2 - - -

17 10 - - «0.2(W) <:0.2
1E)(C::0.2(NW) 0.2 SE)

(N o~ A9)
( 0.2(W) <:: 0.2(E) ,

" 50 - -
( 0.2(NW) 0.3(SE)

- 28 -
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TABLE 8

. "

',", ..... t . .' .
"

-, ~. .
. . ., - ~', ,,", /, ' '" ...

,-~ "t ., , . ~ .. .~

.~. -. .,~ .. .... '-.
• ";' t - '•• ~ ••. "

~ ;.

~".Water: ~vapora:ted .and equivalent intensities
- " of water calorimeters

,',
.. ".

'Water evap6ra'ti;o~(1) Equivalent intensity(:2).'

.' U.S. flUid oz ;': W/cm2

.-. C r "R L Q c H L Q-,
"

',..'

..

16 18 28 .27 9 5.9 8.2 7.9 3.9,
. - . .. .
1.2; .'

24- .:~ ;'24. 28 16: 7.3 7.3 8.2 .5.5-'
- .', '. ..

.. ,)
J

.. 7 '35 '. -·22 - - 9.7 6.8 - -
.'

"

" ....
3 '·,0

.\ .....
0 8 6 «L9 «1 .9 3.7 3.2...

'. -. '," ." .,''. ., ../ ;.. , ' . ',."
. :.' '. . " .~, -e "

.: • - •••• ~ _ r r ', _ .:-," "~.'~., "':">,'~..:'~..,."" '.;':.t i ,' .:

. ,'C' , Not'es ' _,.....' , , ' _. "~." '.
~ '. . ~ ~ .',

, :" . ~.. ( 1)' '. Caior~1i~~~;heid··48··.'~1~id" oz." initia~y•

.'; .' .....t,:.~:(.~) '. ~s~l:;~l~",no'·.h~~:1;:·.ie~·s·and .effect~ve exposure time of 20 min •
....:_ :~~~.~~ :~ ,",.:- • ...... ..", '. , _'T~ >,,,:' .~ .: .. .>;"; "~',,: ;:.

.: .', :-'0):' .Negligibl~':.evapQra:.tion'occurred from a control calorimeter exposed und.er
" " ......;.. ,' .' similar,:"c'o'riditions' but ·somedistance f'rom the fire.

......,

1;

'. "

,
' ..

\': ": ... ". '~

; "

, '~' ;

....... • r.;,'

. " ~-', ~ .' <

" '""
...:., .'

... ".:, ,
r' ~ .', \ :

.~ .:~- ~ -:- ~ '1
, ,",.". .":

HI .' :,.;:}./ •

... ,
-: ;c"··.-' ." ..

. t

N ' ,

': ','

- 29 -



TABLE 9a

WiDO gauge results

e

Horizontal wood

60 ft/s 30 n/s Maximum block
Location gauge gauge thermometer Equvalent

°c
Response intensity

W/cm2

A 9/10 Up Down

B 9/10 Up Down Broken

C 9/10 30 ft to NE I Down

D 9/10 Down· Down·

E 9/10 Up Down

F 9/10 Up Down Broken 9C 2.2

G 9/10 Up Down

H 9/10 Up 3 ft to N I
9/10

. '- ':
I Up Down ,<. ~,.

J 9/10 Up Down Broken

K 9/10 Up Down

L 9/10 Up Down """' 230 1C 1,3

M 9/10 Up Down

N 9/10 Up Down 202

0 9/10 Up Down

P 9/10 Up Up 75 7C 2.0

Q 9/10 Up Down

R 9/10 Up Down

S 9/10 Up Up .
--_.I

·Possibly knocked over by a falling rock

- 30 -
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TABLE 9 (b)

Wind ga~e results (Cont'd.)

l~ -..,.-
HorizontalIMaximum wood block

60 ft/s.
1

30 ft/s 1- -Location thermometer !gauge
1

gauge
°c I Equival

I Response intensi
, W/cm2

18 I l/J Down Down
I

17 I l/J 50 ft to N Down Glass 13C 3.0

I softened
•16' I l/J Lost 12 ft to N

15
I

l/J Down 27 ft to EI

!
14-

r

I/J Up Down

13 I . s/s 12 ft to N 12 f't to NI

.12 I/J 12 f't to S Down

11 I/J Up Down >220 20R 0.8
..

10 I/J 12fttoN 12 it to N

9 I/J Up 3 ft to E

8 I/J Up

I
2fttoE

7 l/J Up 4 ft to E
I

6 l!J Up I
~, f't to E Broken 12R 1.0

5 I/J Up Down
I !

1+ 1/3 Up Down Broken 18R 0.8

3 1/J Up Down 4-4R 0.5

2 l/J Up Up

1 1/3, Up Up
"

,- -- --- -_._--

- 31 -
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Location

TABLE 9 (co»

r 60 ft/sI g!'ll;.g<"

------
30 fi;/s

gauge

i~4/~>

f;'3/~ I;.

:~''?.A:.:·J

S1/;:-::

R1/S1

Q1/R1

P1/Q1

01/P1

South side of Q1 3

North side of Q13

- 32 -
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Up
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Down ,..,.
Up

-.
Up

Up

Down

Down
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nB1E 10

Parameters of quadric regression on
pi.azza b l ock dar.a

r Parameter "l Value
Standard

~
error

-;--
1 Ia 0.154 0.0279

b -0.00822 0.00121

c 0.231 0.0291

d -0.00763 0.00142

e -0.00281 0.00107

f -1 .836

Residual s t.andar-d error 0.434

Degrees of freedom 196

- 33 -



TABLE 11

Piazza blocks glVlng intensities substantially di~~erent

~rom those predicted ~rom the regression

Equivalent intensity
W/cm2

Suggested reasonPosition f'or'
Predicted deviation

Observed ~rom

regression

A16 )'5 1.0
A18 :;:>5 1.0
F17 :;:>5 1.25
H17 3.5 1.25
B16 /'5 1.1 Fire whirl activity
G16 ;>5 1 .3
I16 :;:>5 1.25
E14 >5 1.3
C13 :75 1.2
B12 ;-5 1.0

08 2.1 0.7
S9 1.1 0.4 Proximity o~ milled ~el pile
05 2.1 0.55

G2 ~0.2 0.5 Proximity o~ unignited pilesI2 0.2 0.5

P14 »5 0.7
I6 2.1 0.85
G5 4.0 0.75
B3 1.1 0.4 Random variation
C5 1.5 0.6
Q15 0.2 ,: 0.6
H5 0.2 0.7

- 34 -
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TABI,E 1?

Confi guration fac tors and intens i tie s for
various positions of wood blocks

Fuel pile assumed to be the sole radiator, i. e. radia·l:i".'l from the flames
neglected.

Equivale~
intensi t:t I

Configuration
factor

Posi tion Configuration relative relative
factor I to that at to that at.

I piazza piazza !
posi tion posi tion

I Pi.azza I 0.06
I

1 1,

I I

21

Horizontal block on ground at Istreet centre. i 0.12 1.5-2
I

Hor-l r.onta'L blocks on ground - I I
mean across street. 1 0.20 3·3 2-3

I
I

I
I

Vertical block 1 ft above ground I,
at street centre. I 0.26

I 4.0 2.5-3.5

-I I

I
Vertioal blocks 1 ft above ground ~

Imean ac.ross street. 0.28 4.6 F ..~_...• 3.5

,--

IVertical block 3~ ft above ground
at street centre. 0.28 4.3 3.5-5

I
I

Vertical block 3t ft above ground
at piazza position. 0.04 2.1 1 .1

I

Vertical block ~ ft above ground
in plane of edge of piles f'aci.ng
aer-o as pj az za . 0.06 1.5 1 .2

- -'.

....

..

••

- 35 -
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~ FIG.1. STANDARD ARRANGEMENT OF VERTICAL BLOCKS
AROUND SELECTED PILES



12 ft

,

..., - -~Insulat"d black facing in dil"Qction of arrow,
31 ft ebove ground

It)
N

l

~-
o 0

-+---
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I I I I I

6-ft gaps

5 horizontal blocks on
ground

3 wrtical 2-sidGd b'ocks w--.......----l..-..............

1 ft cbove ground
"""--------+--+-n

t _lnsulatC2d block facing in dirGction ~f arrow,
~ 31 ft abow ground at piazza position

•

PLAN

F1G.2. STANDARD PLAN ARRANGEMENT OF BLOCKS ACROSS
AND ALONG STREETS



F.R.lOqe
" .~. I • • 4

o 0 0 0 0 0 0 DOC 0 0 0 0 0 I~ 0 0 0
U 15R 15R BO OR i c 3C 34R 15R lbR BO 3P lP 2P U

50 Ip lP U 1P U 21R 3P OR 32R 2P U U u

ill 0 0 0 0 0 0 b 0 CD 0 0 0 0 DOD b CD
u ~P 15R 7R 24R BO 9C 15C 5C 6C 5C OR 12R 2C 17R 18R lOR 46R 4P U

o 0 0 0 0 0 0 0 DOD 0 0 0 0 0 0
.80 BO OR 15R 23R OR BO tc BO 2C 3C OR 31R 20R 29R 17R 45R 2P 2P U

o 0 moo 0 u rn 0 0 0 CD 0 DOD CD 0 0

18

1 7

16

15

6R 0 R 7 R OR 4C 12C OR 28R 3P lP 3P 2 P

N

14

13

12

DOD ~ Don
7R BO 5C lOR 18R

o bOD 0 0 0 0
U BO 6 R 3 C 3 C 2 C 2 C I C

o ED 0 0 0 0 CD

o

o

o

[}---[] 0 0
6 C 22R

o ~ 0 0
2C OR OR

o ill 0

00000
l1R 24R 25R 4P 40R

ODD [!J 0
9R 20R 31R 3P

o ~ [[] 0

1 P

2P

o

o
o

U

FOI'" meonilll d Iymbols
see table 1.

17R 28R OR lOR 16R 3P 33R 3P

11 o 0 o o o
4C OR OR OR

o 0 Q.---O o o l.. • ..: o o DOD o 0 CE:I Weighed pile

DO'] :)
l1R 0 9 s c 32R

10m 0
2P' 27R 9R

9 0
17 -fa. 0

3P .32R 25R

o

n
OR

o

n
OR

12R

o o
16R

o
'"1R

o

o
33 R

L

o o
33R 35R 35R

, '

rJ DOD
30R 16R 05 3 7R

o 0 ~ 0
33R e c l6R

o r~ [[]
41 R OR 0

'
U

o 0 -S-
1P 44R 16R U

fr Water cak>rimeter

~ Un<Jnited pile

8 o 0 0 0 0 0 0 0 0 ~ 0 ~ DOD 0 0 0 G Asbestos - waled pi.

o Tower with wood blockl

IT] Pile with pattern of
"or tICal blocks

~ Pattern Of1-, street ~ocks

4P

o

o
4P

41R

o

o

4P

2P

o

o
3P

o

o
42R

o
33R 40R 40R

o

o
2P

24R

3P3P

o

o

ill

2C

4P

o

o
OR

35R 3 P

18R OR

25R 9R .40R 23R 'OR 22R 22R 27R 16R lC 47R 3P 3P

o 0 0 0 ~ 0 0 0' ill 0 '0 0 0 ill ~ 0
13R 34R OR 26R 8C 38R i c 22R llR 44R 2P U

ODD 0 DOD 0 0 000 0 0
32R 44R 18C lP 2C 36R 34R 8C 01333R 13R 2P 33R

b
O O 0 0 DOD

1eR 3P 3P 36R OR 19R 1C .

DOD 0 ODD
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