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The Effect of Intentionally Caused Fire Leaks 
into 2¼ -Inch Plastic Firework Aerial Shells 

K. L. and B. J. Kosanke 
 

A series of experiments are being conducted 
to more definitively establish the difference be-
tween the causes of so-called flowerpots[1] and 
muzzle breaks.[2] Testing was performed to 
document the effect of firing small firework ae-
rial shells after having intentionally provided 
fire leaks into those shells. The idea for this test-
ing originated from a conversation that occurred 
during a break between paper presentations at 
the First International Symposium on Fireworks. 
At that time, the authors were engaged in re-
search to determine the cause and mechanism of 
some types of aerial shell malfunctions. This 
work focused on the time taken for various size 
aerial shells to explode after the ignition of their 
contents and the time for those same size shells 
to exit a mortar after ignition of their lift charges. 
Based on this work, the authors had concluded 
that relatively minor fire leaks (through small 
holes and cracks) would be expected to preferen-
tially produce muzzle breaks rather than flower-
pots and that flowerpots must be the result of 
more substantial fire leaks into the shells.[4] Part 
of the reason for the conversation was to solicit 
input regarding the authors’ work from two per-
sons highly knowledgeable in the manufacture 
of aerial shells. 

That conversation produced two especially 
useful pieces of information. The first was that 
substantial fire leaks could be introduced into 
aerial shells as a result of a time fuse being 
pulled out of a shell by the fuse rubbing against 
the mortar wall as the shell attempted to rotate 
while still inside of the mortar.[5,6] The second 
piece of information was a report of some test-
ing previously done on small diameter plastic 
aerial shells wherein holes were drilled into their 
plastic casings before being fired.[7] While de-
tails of that testing could not be recalled, it was 
reported that not until “incredibly large holes” 
were drilled into the shell casings, could they be 
caused to explode as a flowerpot while still in-
side the mortar. In the absence of such large 

holes, the shells proceeded upward some dis-
tance from the mortar before bursting as muzzle 
breaks. The testing being reported in this article 
is an attempt to reproduce and document this 
second piece of information. 

Test Procedure 

For these initial tests, 2 1/4-inch (57-mm) 
Holiday shells (kits of 6 shells and a mortar[8]) 
were chosen (see Figure 1). The Holiday shells 
had: plastic casings with an external diameter of 

Figure 1. Photograph of a Holiday 2¼-inch  
(57-mm) shell. 
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2.01 inches (51.1 mm), a wall thickness of 
0.07 inch (1.8 mm) in the area of the time fuse 
(where fire-leak holes were to be drilled), and an 
integrally molded lift cup. The shells had an av-
erage overall mass of approximately 2.5 ounces 
(70 g) (exclusive of lift powder), of which ap-
proximately 1.3 ounces (36 g) were small spheri-
cal stars primed with Black Powder, and there 
was little or no additional break powder. The 
mortars were paper, with an average internal di-
ameter of 2.19 inches (55.6 mm) and a length of 
approximately 11 inches (279 mm) above the 
mortar plug. 

To prepare the shells for firing, the bottom of 
their lift cup was removed; the lift powder was 
poured out and the shell leader fuse was re-
moved. A fire-leak hole was drilled into the 
shell’s casing near the location of the time fuse 
(which was not altered in any way), see Fig-
ure 2. The lift charge was placed into a small 
plastic bag, the shell leader was inserted into the 
bag and the bag was tied shut. The bag of lift 
powder was then inserted into the plastic lift cup 
of the shell. For each size fire-leak hole, a total 
of at least 6 test shells were prepared. A height 
calibrated video recording was made to docu-
ment the burst height of the shells as they were 
fired, see Figure 3. Individual burst heights were 

estimated to approximately 1 foot (.31 m). This 
was easily accomplished when the burst was 
well separated in time and space from the muz-
zle flash from the mortar, such as shown in Fig-
ure 3. When the burst was not well separated 
from the muzzle flash, it was considerably more 
difficult to estimate the burst height. However, 
as a result of having analyzed many test firings, 
subtle differences in the light intensity and dura-
tion were found that allowed reasonably certain 
burst heights to be estimated. 

 
Figure 3. A video image (1 video field; 1/60 s) 
capturing the burst of a test shell at a height of 
approximately 7 feet (2.1 m) above the muzzle of 
the mortar. 

Burst Height Results 

The results of the test firings are reported in 
Table 1 and Figure 4. The most significant ob-
servation is that surprisingly large fire-leak holes 
needed to be drilled through the shell casing to 
cause the shells to explode at about the mouth of 
the mortar. (In the case of the shell burst shown 
in Figure 3, the fire-leak hole in the shell was 
0.17 inch (4.3 mm) in diameter, nearly as large 
as that shown in Figure 2.) It is thought that the 
primary reason it required such a large hole to 
cause shells to burst near the muzzle of the mor-
tar, lies in the nature of the break charge. For the 

Figure 2. A photograph of the inside of the lift 
cup of a test shell, showing the primed time fuse 
(center) and the large 0.20 inch (5.1 mm) fire-
leak hole (slightly to the left of center). 
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most part there was no break charge; there was 
only the prime on the outside of the many small 
stars, plus a relatively small amount of dust from 
the prime, to serve as the break charge. The rela-
tively slowly reacting contents of the shells 
would be expected to produce only a modest 
amount of gas to burst the shells. Thus, while the 
presence of a large fire-leak hole would initially 
allow the entrance of a relatively large amount 
of fire into the shell, to rapidly ignite its con-
tents, that same large hole would then allow the 
escape of a relatively large amount of burst gas 
prior to the shell exploding. This was confirmed 
in some of the video records of the testing, 
wherein some of the ascending shells occasion-
ally appear to have fire jetting from their fire-
leak holes prior to the shells exploding. 

In looking at the graph of the data, probably 
the most striking feature is the large uncertain-
ties in the average burst height reported. The 
variability is thought to be the result of a combi-
nation of the difference between the various 
shells in the Holiday shell kits, combined with 
the intrinsic high variability of the ignition and 
propagation processes. The result is a fairly 
large degree in uncertainty of the exact nature of 
the trend line shown in Figure 2. (Had it been 
necessary to determine a more exact dependence 
of average burst height as a function of the size 
of the fire-leak hole, certainly many more test 
shells would have needed to have been fired.) 

Measurement of Burst and Exit Times 

To better understand the burst height test re-
sults, some additional testing was performed. In 
one series of tests, the burst times for the 2¼-
inch (57-mm) Holiday shells were determined 
(i.e., the time taken for the shells to explode af-
ter their contents were ignited). To accomplish 
this, a technique that had proven effective in 
previous measurements was employed (see ref-
erence 4 for more detailed information). The 
first step was to install and seal an electric match 

Figure 4.  Graph of fire-leak hole area versus 
average shell burst height for Holiday test 
shells, including standard error bars. 

Table 1.  Burst Height Data for Holiday Test Shells with a Fire-Leak Hole in their Shell Casing. 

Hole 
Diameter 

Hole 
Area 

Burst 
Height(a) 

Standard 
Deviation(b) 

Standard 
Error(c) Test 

No. (in.) (mm) (in.2) (mm)2 (ft) (m) (ft) (m) (ft) (m) 
1 0.043 1.09 0.0014 2.29 10.4 3.17 4.2 1.3 1.9 0.6 
2 0.062 1.57 0.0031 5.08 12.5 3.81 9.6 2.9 3.6 1.1 
3 0.073 1.85 0.0042 6.88 7.2 2.20 3.4 1.0 1.5 0.5 
4 0.089 2.26 0.0062 10.16 6.7 2.04 3.4 1.0 1.4 0.4 
5 0.109 2.77 0.0093 15.24 7.5 2.29 6.1 1.9 2.5 0.8 
6 0.125 3.18 0.0123 20.16 7.7 2.35 7.1 2.2 2.9 0.9 
7 0.144 3.66 0.0163 26.71 12.2 3.72 6.4 2.0 2.6 0.8 
8 0.173 4.39 0.0235 38.51 4.0 1.22 4.5 1.4 1.8 0.5 
9 0.201 5.11 0.0317 51.95 1.5 0.46 2.3 0.7 0.9 0.3 

a) Average burst height for the series of firings. 
b) One sigma standard deviation, using the (n – 1) method. 
c) One sigma standard error is the standard deviation divided by the square root of the number of meas-

urements in the average. 
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(Daveyfire A/N 28 B) into the wall of the casing 
of each of six test shells, such that the match tip 
protruded approximately ¼ inch (6.4 mm) into 
the shell’s interior. Then two wraps of thin wire 
were attached to the exterior of the shell casing, 
such that one wrap was at a 90 degree angle to 
the other. By monitoring their continuity, the 
wires provided a means to detect when the shell 
casing burst. During the actual testing, an elec-
tronic firing and timing device was used to 
measure the burst times. This device had a 
10 kHz clock that started when the firing current 
was applied to the electric match, and the clock 
stopped when a break in the wires encircling the 
shell was detected. (The level of current used to 
fire the electric matches had previously been de-
termined to be sufficient to fire them in less than 
0.001 second.) Burst times were found to range 
widely, from 0.014 to 0.078 second, and they 
averaged 0.033 second. 

In another series of tests, the time taken for 
2¼-inch Holiday shells to exit their mortar after 
igniting their lift charges was determined. To 
accomplish this, again a previously reported 
technique was employed.[4] The lift charge was 
removed from each of six test shells and the 
powder put into a small plastic bag. An electric 
match (Daveyfire A/N 28 B) was inserted into 
the bag, which was then sealed and inserted into 
the shell’s lift cup. Each test shell was loaded 
into a mortar, after which a trip wire was tightly 
installed across the muzzle of the mortar. The 
same firing and timing device described above 
was used to fire the shell and measure its exit 
time from the mortar (i.e., the time between ig-
niting the lift charge and the breaking of the trip 
wire). Again the individual times were found to 
range fairly widely, from 0.029 to 0.047 second, 
and they averaged 0.038 second. 

In the context of the issue of shells exploding 
in their mortars, another piece of information is 
needed. Based on several earlier studies, it is 
known that there is an extended interval of time 
after the lift powder has started to burn and be-
fore a noticeable pressure rise takes place in the 
mortar. Typically this time interval is about half 
of the total time taken for a shell to leave the 
mortar, and measurements of the mortar pressure 
profiles for the Holiday shells revealed time de-
lays of the same magnitude. Thus, the interval of 
time when there is a significant pressure gradient 

inside the mortar that can be effective in forcing 
flaming lift gasses through the fire-leak holes in 
the test shells is only approximately 0.019 sec-
ond (0.038 s / 2 = 0.019 s) 

Using these test results, on average if the ef-
fective amount of fire leaking into the interior of 
the Holiday shell is approximately the same as 
that produced by an electric match, the shells will 
not explode until about 0.014 seconds after they 
have left the mortar (0.033 s – 0.019 s = 0.014 s). 
Assuming the muzzle velocity of the Holiday 
shell follows the same trend as larger shells; this 
time interval corresponds to a distance of a few 
feet above the muzzle of the mortar. Thus, based 
on the combined results of the average time 
measurements, the burst height results reported 
above (Table 1 and Figure 4) seem reasonable. 

Tests Using Other Burst Charges 

If test shells having burst times that are less 
than those for Holiday shells were used, then the 
size of the fire-leak hole needed to produce an 
in-mortar explosion should be smaller. As con-
firmation of this, additional Holiday shells were 
prepared using two different types of contents. 
In one brief series of tests empty casings were 
filled with 1.3 ounces (36 g) of Black Powder 
(Goex, 4FA). In another brief series of tests 
0.3 ounce (8 g) of a flash powder (70:30, potas-
sium perchlorate and dark pyro aluminum) was 
used with an additional 1.0 ounce (28 g) of 
weight added to the test shells. The results of 
these tests are summarized in Table 2.  

Based on a single measurement, a Black 
Powder filled shell had a burst time of a little 
less than half that of normal Holiday shells. Cor-
respondingly, the area of the fire-leak holes that 
resulted in the shells exploding while they were 
still inside their mortars was also found to be 
about half that for normal Holiday shells. Based 
on a single measurement, a flash powder filled 
shell had a burst time of a little less than a third 
that of normal Holiday shells. This was surpris-
ing and thought not to be truly representative 
because previous burst time measurements of 
salutes had produced substantially shorter burst 
times. That the single measurement of salute 
burst time was not an accurate result was sup-
ported by the observation that the area of the 
fire-leak hole that consistently resulted in the sa-
lutes exploding while they were still inside their 
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mortars was less than a tenth that for normal 
Holiday shells. (Further testing was not per-
formed because of a shortage of Holiday shells 
to use in that testing.) 

Conclusion 

The testing reported in this article confirms 
and quantifies the earlier report of experiments 
in which seemingly “incredibly large holes” 
needed to be drilled into small plastic fireworks 
shells to have those shells burst before exiting 
their mortar.[7] More importantly, the results of 
the studies on small plastic firework shells are 
useful in providing some of the basic informa-
tion needed to more definitively quantify the dif-
ference between the causes of so-called flower-
pots and muzzle breaks, even for larger display 
firework shells. However, as the Black Powder 
and flash powder filled shell tests show, the re-
sults depend on the nature of the aerial shell be-
ing considered, and these fire-leak hole data 
should not be expected to apply quantitatively to 
larger display shells. Further testing is underway 
using larger fireworks aerial shells and the first 
of that work was subsequently reported.[9] 
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Notes and References 

1) A common definition for a flowerpot is: “A 
type of aerial display shell malfunction 
where the shell bursts with relatively low 
power within a mortar. It produces an up-
ward spray of ignited stars and other  
effects, ….”.[3] 

2) A common definition for a muzzle break is: 
“A malfunctioning aerial shell which bursts 
just as it leaves the mortar, scattering high 
velocity burning stars and other material in 
all directions near ground level.[3] 

3) K. L. and B. J. Kosanke, et al., The Illus-
trated Dictionary of Pyrotechnics, Journal 
of Pyrotechnics, Inc., 1996. 

4) K. L. Kosanke, “Hypothesis Explaining 
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Vancouver, BC, Canada, 1994; also in  
Selected Pyrotechnic Publications of K. L. 
and B. J. Kosanke, Part 3 (1993 and 1994), 
Journal of Pyrotechnics, 1996. 

5) This theory was supported in one case by 
the post event examination of a muzzle 
breaking shell’s time fuse and a portion of 
the shell casing. The fuse was found to 
have been bent over and flattened to the ex-
tent of being pressed into the outer layers of 

Table 2. Test Results for 2¼-inch Shells Using Other Burst Charges. 

Fire-Leak Hole 

Diameter Area 
Test Shell Type 

Shell 
Burst 

Time(a) 
(s) (in.) (mm) (in.2) (mm)2 Test Results 

Normal Holiday 
Shell 0.033 0.20 5.1 0.031 50.8 Shells burst at the approximate muzzle of 

the mortar. 

0.12 3.0 0.012 19.7 One of three shells exploded inside the 
mortar.(b) Black Powder 

filled Shell 0.015 
0.16 4.1 0.020 32.8 Two of three shells exploded inside the 

mortar.(b) 
Flash Powder 
filled shell 0.010 0.06 1.5 0.003 4.9 Three of three shells exploded inside the 

mortar.(b) 
a) This is for a shell without a fire-leak hole in the casing. 
b) These explosions were powerful enough to destroy the mortars. 
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the shell casing. More significantly, the 
fuse was also mostly pulled out of its 
mounting in the wall of the shell casing.  
(G. Hanson, Precocious Pyrotechnics, USA, 
personal communication, 1992.) 

6) Note that data supporting the thought of 
shell fuses occasionally being pulled out 
when a shell fires was presented in a recent 
article by M. Speers (“Reasons for Fuse 
Failure and Drift Distance of Spherical 
Fireworks Shells”, Journal of Pyrotechnics, 
No. 17, 2003). 

7) These were plastic cylindrical shells with 
lengths greater than their diameter, and 

which ranged in size from 32 to 50 mm in 
size. (R. Brown, Hands Fireworks, Canada, 
personal communication, 1992.) 

8) Prior to regulation by the US Consumer 
Product Safety Commission, these shell kits 
were considered consumer fireworks. 

9) K. L. and B. J. Kosanke, “The Effect of In-
tentionally Caused Fire Leaks into 3-Inch 
Display Firework Aerial Shells”, Fireworks 
Business, No. 249, 2004; also in Selected 
Pyrotechnic Publications of K. L. and B. J. 
Kosanke, Part 7 (2003 and 2004), Journal 
of Pyrotechnics, 2005. 

 


