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Suppression of Wood Crib Fires with Sprinkler Sprays: Test Results

William D. Walton

ABSTRACT

A series of fire tests was conducted to examine the effect of sprinkler sprays
on the burning rate of materials. Tests were conducted on an array of empty
cardboard boxes and two sizes of wooden cribs representing light hazard fuel
packages. Free burn tests and tests with selected sprinkler sprays applied
during the steady burning period were conducted. Free burn heat release rates

are compared to heat release rates with sprinkler sprays operating.

Key Words: burning rate; compartment fires; crib fires: fire growth; fire

tests; heat release rate; oxygen consumption; sprinklers.



lethal. 1In addition, the tests provided heat release rate data for some

typical office fuel packages.

The above tests did not address the minimum application rate of water to
achieve control or extinguishment. Instead all sprinklers were operated in
accordance with their Underwriters Laboratories listing. In order to examine
design criteria for sprinklers in office space, it is desirable to have an
understanding of effect of water application rate on fire control and

extinguishment.

Therefore, a series of tests have been conducted which examine the effect of
varying water application rates on the burning rate of fires of a size

expected in office occupancies at the time of sprinkler actuation.



The second fuel package examined was empty cardboard boxes. Tests were
conducted using stacks of boxes with ignition on either the vertical or
horizontal faces. These tests indicated that the growth rate of the fire was
too rapid to apply water repeatedly at the time a predetermined heat release
rate occurred. In addition, there was substantial variation in the sprinkler
spray density over the area of the boxes, which would make the results

difficult to characterize.

The final fuel package examined was wood cribs. Cribs have long been used to
evaluate sprinkler performance and are the principle fuel in the Underwriters
Laboratory test for listing standard sprinklers[2]. Cribs are also part of
the fuel package used for listing residential sprinklers[3]. The Underwriters
Laboratories tests are designed as pass-fail tests and do not directly provide
information on burning and water application rates. Cribs can be constructed
to provide a wide variety of burning rates and once fully ignited burn at an
almost constant rate for a period of time. For the purposes of this study
water could be applied during this steady burning period of known heat release

rate,

The burning fuels in many real fires will be partially shielded from direct
sprinkler spray impingement. The lower layers of a crib are partially
shielded from direct impingement from overhead sprays. Cribs therefore can be
considered to be representative of shielding found in office fuel packages.
Because of the many advantages indicated, wood cribs were the primary fuel

package used in this test series.



The amount of sprinkler water spray which reaches the floor is commonly known
as the sprinkler density with units of gallons per minute per square foot
(millimeters per minute). Sprinkler density is usually measured by collecting
the spray in pans over a period of time and measuring the water accumulated in
each pan with no fire present. For the tests reported on here, 14 inch (0.36
m) square pans placed adjacent to one another were used with a collection time
of 10 minutes. It has been shown density varies widely as a function
sprinkler type, height above the floor, operating pressure and obstruction to
the spray(6]. In addition, for a given set of conditions, the density wvaries
significantly oﬁer the wetted floor area. Figure 1 shows an example of
sprinkler density over half of a sprinkler spray pattern. Beyler measured a

number of these spray patterns which can be found in reference [7].

In order to generate a number of different densities for the suppression tests
a combination of techniques were used. These included varying the pressure
and thus the flow, using different sprinklers, varying the orifice size and
using two sprinklers simultaneously. 1In all cases spray patterns within the

normal use range were maintained,.

Early testing indicated that the local density over the area of the 14 inch
(0.36 m) square pans was vary sensitive to minor variations in the flow
conditions. As a result, densities were measured before and after each of the
suppression tests. Uniform densities were impossible to achieve over large
areas such as those used in the cardboard box tests. It was possible however

to achieve relatively uniform densities over the area of the test cribs.



Two sprinkler spray tests were conducted with the horizontal box array.
Average sprinkler densities of 0.043 and 0.065 gpm/ft? (1.75 and 2.65 mm/min)
were used. The sprinkler densities over the area of the array are shown in
Figure 4 and the heat release rates are shown in Figure 5. While these tests
were able to measure the effect of sprinkler sprays on the heat release rate,
as with the vertical boxes, it was difficult to apply water repeatedly at the

same point during the growth stage of the fire.

When a fuel package as large as the horizontal box array is used there is
typically a variation in sprinkler density over the fuel area. As shown in
Figure 4, for an average density of 0.043 gpm/ft? (1.75 mm/min) over the fuel
package the local density ranged from 0.025 to 0.056 gpm/ft?

(1.02 to 2.28 mm/min) while for an average of 0.065 gpm/ft? (2.65 mm/min) the
range was 0.040 to 0.090 gpm/ft? (1.63 to 3.67 mm/min). These local densities
are measured over a 14 inch (0.36 m) square area and the actual local
variation in density is likely greater. Although it was thought that the
effect of density variations may average out over the area of the fuel, test
observations showed that areas with very low density continued to burn while
areas with higher density were extinguished. The water from the areas with
higher density could not effectively reach the burning areas, indicating the

density wvariations are not averaged out in these tests.



Table 1 gives the time during which water was applied in each test. Although
it difficult to establish exactly when extinguishment occurred, this time is
representative of the time at which all flaming and most of the smoldering had
ceased. This time, when multiplied by the average density, gives the total
water used per unit area which is an approximation of the water required for
extinguishment. Table 1 also shows the crib weight and the distance from the
sprinkler centerline to the leading edge of the crib. The crib weights
include the weight of the nails used in censtructing the crib. There appears
to be a slight trend in the relationship between density and water used,
indicating that higher densities require less water. This may be due in part
to the difficulty in establishing an exact time for extinguishment and the
variability in crib weights. More likely this results from less deep burning

or charring in the cribs which were quickly extinguished.

To simplify the presentation of the results, the heat release rates have been
adjusted so that the period of steady crib burning appears to begin at time
zero. The time from ignition to spray application was normally 330 seconds,
although this was extended in a few tests to allow for complete crib
involvement. In those cases the heat release curves have been adjusted to

show a uniform time of spray application.

Figure 7 shows the free burn heat release rate for the single and double cribs
along with a single and double crib sprinkler test each with a density of
0.119 gpm/ft? (4.85 mm/min). This figure shows the heat release rate at the
time of spray application ranged from 0.42 to 0.50 MW for the double cribs and

from 0.20 to 0.27 MW for the single cribs. The heat release rates for both
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The heat release rates shown in Figure 9 for the double cribs follow the same
general trends as those for the single cribs. Although the number of tests is
limited, it appears that a density of 0.2 gpm/ft? (8.15 mm/min) or greater

would be required for rapid crib extinguishment.
7. COMPARISON WITH OTHER EXPERIMENTS

The data produced in these tests may be compared to results produced by other
researchers in the fire suppression field. Each of the cribs used in these
tests are open in the sense of the correlations for burning rate developed by
Block([8]. That is, the burning rate of the crib is controlled by the internal
surface area and not restricted by the porosity of the crib structure. The
area of the exposed surfaces of a crib with a square cross section is given by
[9].
Ay = 2nb? [ (24/b+1)N-n(N-1)] (1)
where: b is the stick thickness (m)
n is the number of sticks per layer (-)
N is the number of layers (-)

£ is length of a stick (m)

From Block’s study, the heat release rate of a burning open structure crib is
Q = AgECb 0-5 (2)

where: E is the heat released from combustion of a unit mass of
pyrolysis products (kJ-kg™!)

C is an empirical constant for the mass of pyrolysis product
produced per unit surface area and unit time (kg-m 1-°.s71)

13



For the crib fires in this study, rapid extinction of the single and double
cribs were achieved with water spray densities from the sprinkler of

0.1 gpm/ft? and 0.2 gpm/ft? ( 6.78x10°5 and 1.36x10"“ m/s). As an
approximation, the rate of water application to the burning cribs may be
calculated by multiplying the floor area occupied by each crib (0.372 m?) by
the product of spray density and water density, yielding water mass flow rates
to the cribs of 0.025 kg/s and 0.050 kg/s corresponding to the 0.1 and 0.2
gpm/ft? spray densities. Dividing the rate of water application by the
corresponding crib exposed surface area yields nearly equal values for both
cribs tested for the area specific water application rate for rapid extinction
of 0.0065 kg-m™2-s"'. This value is within the range of wvalues found in

previous testing by Tamanini.

As with Tamanini’s work, the natural scatter of experimental results in spray
extinguishment research at best allows estimates of fire control and
extinetion only within a factor of two. Although the spray geometry and crib
scale were different in this study than pervious work by Tamanini, the results
support continued use of crib surface area specific water application rates

from 0.005 to 0.01 kg-m 2-s"! for rapid extinction of wood crib fires.
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The variability of the measured sprinkler sprays points out the difficulty in
establishing criteria using critical water application rates. Local sprinkler
densities have been shown to vary widely over the spray pattern and typically
differ by a factor of two or more from the average values used for design
purposes. The crib tests have shown that this variation could have a major
impact on the time to extinguish or control the fire. As a result, the
ability of water wetting of adjacent fuel to control fire spread should be
examined when developing sprinkler density criteria. Fire development in

wetted fuels has not been examined in this study.
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