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MISCELLANEOUS EXPERIl4ENTS ON TIlE BURNING OF WOODEN CRIBS

by

Irl. J. O'DQgherty and R. A. Young

1 • Introduction

As part of a programme of research into the performance of sprinkler ~stems,

it was necessary to design wooden crib fires having differing rates of development,
in order that the ,effect of this ,factor ,on the response of sprinkler heads to' a
growing' fire could be studied. This note describes experiments carried out to
examine the effect of crib geometry on the rate of development of the fire
resulting from ignition by a small source. The results are compared with other
work, arid the possibility of designing a fire of particular characteristics is'
examined.

2. Experimental procedure

The cribs were built an a square base, using white pine which was conditioned
at a temperature of 650 F and relative humidity of 65 per cent prior to burning.
The cribs were ignited at the centre of the base from a small source, consisting
of a shallow circular tray in which 15 co. or 30 cc , of methylated spirits was
burnt, the quantity depending on the crib size. During burning the weight Of the
crib was measured oontinuously 0' Figure (1) shows typical, curves of rate of
burning, as measured by the rate of loss of weight,plcitted against time, for orib
fires developing at different rates.

3. Results

Cribs built of sticks of square section on a square base require' only four
parameters to define their geometry; these are, b , the, side of the stick section,
1, the stick length, n, the number of sticks per layer, and N,. the total number of
layers. Details of the geometry of' the cribs are given in Table I, together with
the maximum burning rates, and the times to: attain the maximum rate from ignition.

The curves of burning rate plotted against time have a region which is almost
linear (se,e Figur,e (1)), and which occur-s for values of burning rate between
approximately 45 and 75 per cent of the maximum. The slope Of this linear
portion is approximately equal to the maximum rate of development of 'l;he fire,
(Le. the maximum rate of change of burning rate) and its value is given in
Table 1.

3.1. Maximum burning rate

The cribs detailed in Table I vary in weight by a factor of about 30 to 1.
In order to compare'the burning rates, the maximum burniqg rate was expressed
as a percentage of the original crib weight burnt per seoond.

Gross (f) has carried out experiments on the burning of wooden oribs of
similar geometry, and has deduced a simple empirical correlation betwe,en the
percentage maximum burning rate and the stick size, which forms a convenient
basis for the prediotion of any desired maximum burning rate. Gross found
that when the :percentage maximum burning rate (r) is plotted El§ainst the
stick width (b), all the points lie on or below the curve rb1;6 c 0,,62.



The exponent of 1.~6 for b is supported by experimental(2) and analogue
measurements(3J(4J of heat conduction.

In the present work, if r is plotted against 'b on logarithmic scales, as in
Figure (2), it is found tha:t the relationship rb = 0~62 gives a good correlation
of the results. In view of the evidence in favour of a power of 1.6 for b
discussed above, it, is' more reasonable to fit a line of slope 1.6 y on logarithmic
scales; the line so obtained had the equation rb1.6 = 1.02 indicating burning
rates significantly higher than those' observed by Gross. The line was arranged
to fit the results for cribs built of 2 em. and 1. in. sticks, for lIlhich the
majority of the ~esults were obtained. The results for cribs constructed of *in.
and t in. cribs lay below the line, although it should be noted that there were
only two results' for *, in. sticks. Although the 2 em. and 1 in. stick sizes are
not very different dimensionally, the observed percentil.ge maximum burning rates
differ significantly.

The curve rb1.6 = 1.02 is a limiting one, in that it represents the maximum
percentage burning rate for a freely burning crib, built of sticks of a particular
size, and Whether a fire lies on or below the curve depends on the crib configura..,
tion. Burning at a rate which is less than the maximum given by the' curve, arises
from limitation of air or gas flow by the crib configuration. A measure of this
limitation can be obtained by defining a suitable porosity factor for the crib;
Gross has defined a porosity factor, /J, which provides a correlation of his
results, which is given by;-

•

where A
v

= (1_nb)2, is' the initial open (vent) 'area of the vertical shafts,

and As = 2nb, (21-nb)N-\:(N+n)b), is the initial total exposed surface area of the
sticks.

The exponents given in equation (2) were presumably obtained empirically by
Gross; the expression was applied to the present work, however, to' see if similar
trends' were apparent. Values of Av and Ae, together with values of /J, are given
for each crib in Table' I.

Figure (3) shows the function rb 1.6 plotted against /J for all the cribs.
The points can be assigned to two distint regimes (as in Gross's resu1ts),a
regime in which combuation is limited, be1o'w a critical value of /J, where the
scaled rate of burning (rb1•6) is proportional to the porosity factor /J, and a
second regime corresponding to' free combustion, where the scaled rate of burning
is independent of the porosity factor. The values of rb1• 6 for the free combustion
regime are larger than those obtained by Gross. The number of cribs at lower values
of ;1, was limited, so that the slope of the line representing the limited combustion
regime is' not precisely defined, but the evidence points to a mnaller slope than that
of Gross. There is' a grbup of points for stick widths Cf;1: in and t in which are
anomalous in that they do' not lie in either regime, although they would be expected
to be freely burning cribs. More results at the small stick sizes are required to'
res,olve this point.

Values of rb1•6 were plotted against the ratio Av/As alone, btit no satisfactory
pattern emerged. When the function rb1.6, was plotted against b Av/As, however, two,
regimes were dis:cernib1e, as in Figure (3), and in fact the result was more satis­
factory in that there were fewer anomalous points.
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3.2. Rate of development

In the work on sprinkler systems it was necessary to have fires developing
at different rates but with approximately equal maximum burning rates. The
relationship rb1.6 = cons t , can be written in the form R = cons t , x n Nlb O.4,
for freely burning cribs, where R is the absolute maximum rate of burning.'
It is therefore possible' to build a crib of the required size to attain a
chosen burning rate, having selected the stick width.

It was found that the rate at which the fire develops was most easily
vari'ed by changing the stick spacing. In general, as the spacing was increased,
the rate of development'became more rapid, as can be seen by a comparison of the
curves in Figure (4). A change in spacing, L;e , in the value of (n), also
affects the maximum burning rate, and to maintain a chosen rate it is necessary
to' change the number of layers (N) or the stick length (1). It should be noted
that a change in N also affects the rate of development, as seen by compari~

cribs 15 and 16 in Table I, the burning curves of which are shown in Figure t5) e

This is confirmed by the burning rate - time curves for cribs 7-1'2, all of which
have the same stick size and number of sticks per layer, but differing numbers
of layers. Although there is some variation in the rates of development of
fires which are of the same configuration there' is a consistent trend towards
more rapid development as' the number of layers is increased. This is a result
which would be expeoted on the simple assumPtion that the fire develops
uniformly in a radial direction. Hence, if a change in the rate of development
is required, while maintaining a constant maximum burning rate, the changes which
are required in n and N are such as to be additive in their effect on the rate
of development. For example, if a more rapid note of development was required,.
the value of n would be decreased, and so as to maintain a constant maximum
burning rate, the value of N would have to be inoreased. The increase in the
value of N would also increase the rate of development.

If the spacing is reduced to obtain a lower rate of development, the °4
crib may no longer be freely burning,. and the relationship R = const. x NIb • x
%will be applicable. In this case, the increase in maximum burning rate which
would result from an increase in n with a freely burnd.ng crib, is opposed by the
reduction in porosity; i.e. by a smaller value of %.

If a rapid rate of development is required" while maintaintng a constant
maximum burning rate', then sticks of smaller width can be used. This enables
the size' of the base to' be kept within reasonable limits, i.e. n can be kept
to approximately the same value as With larger sticks at smaller spacanga, and
1 can be kept constant, the effect of bO.4 being comparatively small for

• practical values of b. The results obtained suggest that smaller sticks
produce a more rapidly developing fire' with the other crib parameters unchanged,
although more results are required to establish this point.

"

4. Conclusions

The results show that for cribs of approximately cubical form, the maximum
burning rate' can be related to crib geometry by empirical relationships of the
form suggested by Gross. It is therefore possible to construct a crib which
will have a chosen maximum burning rate'.

The rate of development of a crib fire can be varied widely on an empirical
basis by changing the s tick spacing, accompand.ed , in certain circumstances, by a
change in stick width. Such changes usually result in a change in maximum
burning rate,. but it is usually possible to maintain a constant maximum rate' of
burning, ~ither by changes in the number of layers, or in stick length.
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1 2 •. z.r.. is 1:1 8 32.5 2.5 0.128 15-'0 12-00 0.1,.5 U.920 906 0.118

2 · z.r.. l' 1 :1 Hi 65.5 5.0 0.121 21-,0 16-30 0.75 92.0100 906 0.Q8I,.5, • z.r.. 11 211 12 "'.0 3.9 0,191 10-30 7-45 0.'5 5/0.,800 1520 0.206

.. • 21,. 11 2:1 12 34.0 1,..0 0.196 9-30 6-59 0.'5 54-,800 1520 0.206

5 • z.r.. 8 '11 ,16 ".0 -5.8 0.292 ~H5 7-'0 1.90 55.800 2020 0.'10

6 • 24 8 ':1 Hi 33,0 5.7 0.288 9-00 6-510 1.1..5 55.800 2020 0.'10

1(1 ) • 16 , 1,.11 8 7.6' 1. '1 0.288 5-10 1,.-37 0.18 11.928 90' 0.'92
8(1) • 16 , /0.11 11 10.00 1.85 0.,08 1,.-00 }-2O 0.82 16.,26 90' 0.'9'
9(2) • 16 , /0.11 8 7.25 1.100 0.'22 J-40 2-42 0.1,.1 11.928 90J 0.'92

10(2) • ~6 , "'11 11 9.6' 2.0' 0.J52 1,.-20 '-08 . 0.70 16.326 90' 0.'9'
11(2) • 16 5 lu1 20 15.20 '.57 0.'91 1,.-10 2-'9 i." 29.520 9°' O.~

12(2) • 16 , "11 16 12. .50 2.7'" 0.365 1,.-10 2-59 0.95 23.656 90J 0.'26
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I
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21 • • 6 8.1 JI,. 18.0 8.8 0.815 5-07 ......... 6.20 67.000 2950 0.''''
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27 · J6 " 1it1 " .81, 27,0 - 0.159 ,6-42 "-51> 2.06 57";000 .850 0.122
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29 • Jf ." 'i.' ,. m 21.6 0.1'2 16-'0 11-36 2.20 .,61" 000 2850 0,124-

'0 · J6 " 'i.' 52 '87 22.' 0.129 17-00 11-42 '.00 J61>,000 '850 0.124-

" • J6 '0 ':1 ... .26 30.1 0.222 10-" 7-27 '.'0 34'.000 "'SO 0.2'2

}2 • J6 '0 ,., ... '}5 31.8 0.226 10-'9 8-,' 5.'8 "",000 4'SO 0.2'2

" • J6 '0 ,., J6 '99 28.2 0.2'6 9-24 7-45 7.72 29/0,000 4'SO 0.'50o,

'" • J6 '0 ':1 J6 .02 '2.0 0.'64 9-45 6-42 4.17 291>, 000 4}80 0.250

}5 · ,0 8 ,., '0 116 17.2 0.246 11-18 9-09 '.59 165.000 3120 0.'89

'6 • ... 7 ':1 ... 64 9.4 0.245 8-,6 6-57 1.117 91.800 1870 0..80

! '7 . • J6 '0 ':1 ... 2}J '1.2 0.22' 10-" 7-47 5.00 ""'.000 4'80 0.212

58 • J6 '0 ,., ... 2}2 ".6 0.226 9-51> 7-20 6.SO ""',000 4'SO 0.212
I

'9 • J6 '0 3:1 ... 229 '2.2 O.m 10-'0 8-09 7.20 ""3.000 4'SO 0.212,
40 i .... J6 , 8•• SS '44 40.6 0.470 6-50 5-}2 12.6 51>8.000 64'0 0,224

"' · J6 9 611 96 '50 4'.' o loS' 6-40 5-.8 '5.9 379,000 , 64.0 0.21 ....... · J6 9 8•• 96 '5' .... 0 0.464 6-54 6-ff7 15.0 '79.000 64.0 0.214
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