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1.0 PURPOSE AND SUMMARY

Polyethylene drum manufacturers and users are interested in obtaining
government approval of their products for the transportation of flammable
liquids. Based on this interest, Phase I* of the test series was carried
out to investigate the following questions:

a. How do 55-gallon steel drums fail in fire situations?

b. . How do 55, 30, 15 and 5-gallon polyethylene drums fail in fire
situation?

c. Which fails first, a 55-gallon polyethylene drum or a 55-gallon
steel drum?

d. Which failure is most dangerous, the 55-gallon steel or the 55-
gallon polyethylene drum?

e. Is it safer to ship flammable liquids in many small polyethylene
drums or a few large (55-gallon) polyethylene drums?

From the performance of the polyethylene drums exposed to fire in
Phase I tests, it appeared that they might be a safer means of shipment for
highly volatile flammable liquids because théir failures were less catastrophic.
Accordingly, this second phase of testing was requested by the Materials
Transportation Bureau of the Department of Transportation and carried out by
the Coast Guard on 8-18 November 1976. The Phase II testing was designed to
explore the following:

a. In the previous series,* the time to failure of the steel drums
decreased, while the time to failure of the polyethylene drums remained the
same or increased, with increased cargo volatility. Determine if this relation-~
ship noted when comparing the results of JP-4 and acetone-filled drums is
valid for higher and lower volatility liquids.

b. Determine the mode, pressure and time of failure of higher
integrity 55-gallon steel drums.

c. Determine what effect a small surface area fire would have on
the time to failure for polyethylene and steel drums.

d. Obtain data to be used in the design of pressure-relieving
systems for steel drums to minimize or eliminate possible explosive failure.

The results show that the time to failure for steel drums in a fire does
decrease with increased volatility while the time to failure remains relatively
constant for polyethylene drums in spite of cargo volatility changes. When
this information is combined with the fact that steel drums fail catastrophically

*""Fire Exposure Tests of Polyethylene and Fifty-Five Gallon Steel Drums Loaded
with Flammable Liquids - Phase I," R. C. Richards and K. T. White, September 1976,
DOT Report Number CG-D-116-76.




with a jet-like torch and/or an explosive fire ball, it becomes apparent that
the melting and collapsing of polyethylene drums is the preferred failure
mode. The higher integrity Specification 5B 55-galleon steel drums fail in a
similar manner as the Specification 17E drums and do not provide a significant
increase in the time to failure.

The effect of the size of the fire was negligible for polyethylene drums.
If the fire was hot enough to melt a small area, the drum would release its
cargo to the fire resulting in increased fire severity. The effect of the
size of the fire on steel drums was inconclusive. This was caused by the wide
scatter in the pressure at which the steel drums failed which in turn affected
the time to failure. The reason for this scatter is believed to be defects
and inconsistencies in manufacturing the drums.




2.0 BACKGROUND OF DRUM USE AND TESTING

Fresent regulations imply that steel drums are the standard means of
shipping small quantities of flammable liquids in marine transportation.
Questions with regard to these regulations have been raised because of the
superior impact resistance of the 55-gallon polyethylene drum compared to its
steel counterpart. The National Bureau of Standards and the U.S. Navy have
demonstrated this impact resistance in drop tests and other experimentation
for DOT. Why then are 55-gallon polyethylene drums used only by special permit?
One reason is that at a temperature between 75°C and 180°C polyethylene will
melt and burn. The result is more complicated when steel drums are exposed to
similarly high temperatures. With them, some of the heat is transferred to
the cargo, the internal pressure may increase to the point where a violent
failure can occur releasing the drum's flammable cargo to the fire.




3.0 TESTING AND PROCEDURES

3.1 The Fire Pan and Fire

The test pan (Figure 1) was constructed so that a table, fabricated
from angle iron which could accept 2"x4" wooden slats, could be placed inside
it. During the tests involving polyethylene drums, the legs of the table sat
on diaphragms in the bottom of the tank and were supported by a weighing (load
cell) system. During the steel drum tests, the table sat directly on the
bottom of the fire pan to prevent possible damage to the sensors. Water was
placed in the pan, level with the table to insulate the table and instruments
as well as to provide a surface on which to float the fire fuel. To reduce
the fire area for the 25 square foot fires, a steel ring 6 inches high was
placed on top of the fire pan table and then filled with fuel.

For safety reasons all single steel drum tests were conducted with
the drum enclosed in a steel safety cage. The cage prevented the test drum
from becoming a missile if it exploded and reduced the size of fire balls by
restricting its movement.

In order for the results to be consistent with Phase I testing,
JP-4, fuel, was again used as the fire fuel. It was chosen for use in the
first phase for its low cost, and known physical properties. No special
equipment or chemicals are needed to extinguish it.

3.2 Drum Cargos

Several cargos were used in both phases of the tests. In Phase I,
JP-4 and acetone were used as the drum cargos. In this series JP-4 was
;ain chosen as one of the cargos so the results of the smaller fires could
be compared with the 90 square foot fires previously used. As a cargo, it
approximates toluene or octane in volatility.

Ethyl ether was also chosen for Phase II tests as the high
volatility cargo since it is the most volatile substance commonly shipped.
Lubricating oil was chosen for the low volatility cargo. Specifically,
Grade 9250 was chosen for the tests since it was readily available through
the Federal supply system and is a common engine lubricant. Water was
also used as a cargo to provide a way of measuring the total heat absorbed
by the drum.

Table 1 compares JP-4, ethyl ether, and lubricating oil. Figure 2
graphically displays the liquid heat capacities and Figure 3 shows the satu-
rated vapor pressures of these liquids,

3.3 Instrumentation

As mentioned in Section 3.1, a system of four load cells was used to
determine test drum weight changes. The system had a 20,000-pound capacity
and was accurate to +3 pounds. Type K thermocouples were used to measure
internal and external temperatures. The internal thermocouple was placed five
inches into the cargo. The external thermocouples were arranged at the four




The pan is constructed of steel plate.

WALL 1.8" ——a=t

+
r=5'

POSITION OF LEG_/

1"CENTER TO CENTER

\Nlllgl

/ COLLAR ON TOP EDGE-SLIGHT SLANT TO PAN

View of fire pan and table
set up for test of 55 gal
steel drum. Cage was
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cardinal points of the compass and located between one and two inches from the
drum's surface. They were secured by banding placed around the middle of each
drum. This steel banding also served to simulate the steel banding normally
used to secure cargo being shipped. On steel drums an additional thermocouple
was placed in contact with the two-inch drum bung to record its temperature.

A pressure tranducer was connected to the inside of the drum via a tube to
measure internal drum pressure.

Entry into the drum for the thermocouple and pressure transducer
piping was made through the bung. Figure 4 shows a drum fully instrumented
for a test. For steel drums, steel fittings replaced the bungs. The two-inch
bung hole was used for the thermocouple and the 3/4~inch bung hole was used
for the pressure transducer. For polyethylene drums a special Teflon bung was
used to reduce any error which might be introduced from the metal instrumenta-
tion leads. Since Teflon melts at a higher temperature than polyethylene, it
acted as an insulator. In fact, the Teflon bungs frequently survived the fire
and could be re-used.

The output of these instruments and secondary data (i.e., wind speed
and direction, ambient temperature and pressure) were digitized and recorded
on paper tape for computer data reduction. In addition to this data, still
photographs were taken of all tests and motion picture and/or video tapes were
taken of selected tests.

3.4 Single Drum Tests

Steel drums conforming to 49 CFR (Code of Federal Regulations)
178.82 (Specification 5B) and 49 CFR 178.116 (Specification 17E) were compared
to polyethylene drums conforming to 49 CFR 178.19 (Specification 34) and, in
the case of the 55-gallon polyethylene drums, to drums permitted by Exemption
to Specification 34 (Special Permits). During this series, only blow-molded
polyethylene drums were tested as these are more commonly used. Appendix A
details the specific regulations. Appendix B describes the specific drums
used in this series. The Specification 17E drums were chosen to insure com-
parable data between this series and Phase I (1). The Specification 5B drums
were chosen for the higher degree of integrity they provide and the fact that
these are more generally used than all welded (Specification 5A) types. The
polyethylene drums were chosen during the Phase I tests on the basis of cost
and availability and are felt to be representative of those on the market
today.

Each drum loaded with flammable liquid was tested to failure. For
the purposes of these tests, time to failure is defined as the time (minutes
and seconds) between the ignition of the pan fire and failure. Failure is
defined as any loss of weight due to a discharge of cargo as recorded by the
load cell instrumentation. A five-pound or sudden decrease in weight was
typically noted. This definition was used in all the polyethylene tests.

In addition, "visible failure' was recorded when it could be observed. This
was defined as any visible leak, which allowed cargo to escape.




.
/
pu— . - P RS My
“~ oy >p ’ -y e
; . P .

L
~ .

FIGURE 4

55-GALLON DRUM INSTRUMENTATION FOR TESTING

10

T AN oy - ——————— e —— ——— e




In steel drums a decrease of five pounds per square inch gage in
internal drum pressure defined failure. In most cases, the steel drum
failure was visible to the naked eye. For both steel and polyethylene drums,
the failure points were based on the same criteria used in Phase I.

The general test sequence for the single drum tests was as follows.
The test drum was filled to rated capacity with the cargo liquid. Regulations
(49 CFR 178.19-3 and 178.116-2) require an air space above the liquid in the
drum. Care was taken to comply. In all cases involving flammable cargos
except the ethyl ether, the drums were filled less than five minutes before
they were tested. The steel drums were filled with ethyl ether several days in
advance of the tests for safe handling reasons. This is not considered to
have any effect on the test results. The polyethylene drums were filled with
ethyl ether the morning of the test.

3.5 Drum Array Tests

Since each type of drum tested in Phase I was also tested as an
array, an array test was run on the Specification 5B drums to provide compara-
tive data. This array test simulated field conditions, simulating how a
cluster of drums is stored or shipped. The drums were closely packed as they
would be in shipment. The array was set up in the pan similar to the single
drums, with the exception of instruments, which were omitted due to the high
probability of explosive damage. The Specification 5B drums were filled with
660 gallons of JP-4, giving an equal fire load in both phase. The fire was
ignited and allowed to burn out.

3.6 Hydrostatic Drum Tests

Hydrostatic tests to failure were conducted on each of three steel
drums of Specification 17E and 5B, selected at random from the drums purchased
for this phase. These tests were done to determine the internal pressures a
steel drum could withstand at ambient temperatures.

This testing was conducted at the Naval Surface Weapons Center,
White Oak, Silver Spring, Maryland, under the direction of Mr. L. D. Rau. For
these tests, each drum was filled with water and then connected to a surge
tank which was also filled with water and pressurized with air to 3000 pounds
per square inch gage. This setup was controlled so water could enter the drums
and the pressure could be increased at 16 psig/min for the first test and 80
psig/min for the other two tests. The two different rates of pressure rise
were chosen to see if pressure rate would affect the drum's failure. Each drum
was pressurized until it failed.

3.7 Limitations
Each fire was affected by the wind which caused different amounts of
heat to impinge on each drum. The more wind, the less heat available at the

surface of the drum. The major effect was the increased length of time to
failure as the heat input decreased.
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4.0 OBSERVATIONS AND RESULTS

4.1 Twenty-Five Square Foot Partial and Full Exposure Fires

Questions have been raised as to the effect of a smaller fire on
the failure times of drums. The hypothesis was that the time to failure would

increase if the fire exposure were decreased. To test this, drums were exposed

to 25 square foot partial and full exposure fires in Tests 1 through 8, 11 and
12, 1In the partial expos re tests, the drum was placed on the edge of the
boundary ring containing the fire. It was always placed on the upwind side,
thus the partial fire exposure covered approximately 50 percent of the drums
vertical surface. In the full exposure tests the drum was placed in the
center of the 25 square foot ring.

In these tests all drums were filled five minutes prior to ignition
with JP-4 as cargo. This was done to minimize the leaching of cargo into the
drum walls. The filled and instrumented drum was placed as required and the
JP-4 in the 25 square foot pan was ignited. Measurements were made until
drum failure occurred and the fires were allowed to burn out. Each test was
repeated three times and designated with an a, b, or c after the test number.
The data for each test is presented in Appendix C.

4.,1.1 Five-Gallon Blow-Molded Polyethylene Drums

Tests 1 and 2 were conducted with 5-gallon Specification
34 drums in the full and partial exposure positions respectively. From the
tests, the following observations were made: ,

a. The drums failed when the sides burned, melted or
softened causing a weakening of the drum wall and thus releasing cargo under
head pressure only.

b. There was no detectable rise in cargo temperature or
pressure.

c. The drums slowly collapsed into the fire and after
failure burned like a candle until the fire went out.

d. The times to failure for these tests and comparative
times from the Phase I tests are shown in Table 2.

If the low time in the 25 square foot full exposure tests
is disregarded, an average time to failure of 00-41 is obtained. This would
indicate a small increase in life when the fire exposure was lessened. Thus,
the data does not seem to be conclusive, The drums in the 2-1/2 through
6-1/2 gallon range are required by 49 CFR 19.3(a) to have a minimum thickness
of 0.045 inches and, therefore, are fairly thin-walled containers.

In this case, the size of the fire or amount of exposure has
little effect on the failure times. In other words, any fire or any exposure
sufficient to produce enough heat to weaken the walls to the point of failure,
will cause cargo to be discharged and added to the fire.

12




DATA SUMMARY FOR FAILURE OF POLYETHYLENE DRUMS

TABLE 2

Apmse T_n:—vr FIRE L TIME TO ST e FIRE :RU;' T e 10
NUMBER | NUMBER ’*“A'ﬁ’t‘;’“”“ CARGO :‘;;ngg NUMBER | NUMBER AREA-E):!;OSURE CARGO l ::;”b”ff
5-GALLON BLOW-MOLDED 55-GALLON BLOW-MOLDED

1 1 90-FULL JP-4 0:43 1 10 90-FULL P-4 1:42
2 | 0:39 11 \ 1:30
3 0:24 12 IP-4 1:48
17 0:48 29 ACETONE 1:30
18 0:54 30 | 1:51
19 JpP-4 0:24 I 31 90~FULL ACETONE 1:12
20 ACETONE 1:18 I 7A 25-PART JP-4 0:52
21 | 1:17 78 | 0:58
I 22 90-FULL ACETONE 1:12 7c 25-PART 1:27
11 1A 25-FULL JP-4 0:47 8A 25-FULL 1:19
| 1B | 0:34 8B | 1:28
1c 25-FULL 0:23 8c 25-FULL JP-4 1:29
2A 25-PART 0:37 10A 90-FULL LUBE OIL 0:47
2B | 0:21 108 | 1:00
1 2 25-PART JP-4 0:21 10c LUBE OIL 0:51
15-GALLON BLOW-MOLDED 134 e 1:09
1 4 90-FULL P-4 0:49 Lk ’ L
5 | o 1 15¢C 90-FULL ETHYL ETHER 1:20
6 JP-4 1:00 55~GALLON ROTATIONALLY-MOLDED
23 ACETONE 2:17 I 13 90-FULL JP~4 2:05
24 | 1:57 14 | 2:36
1 25 90-FULL ACETONE 1:54 15 JP~4 1:30
11 3A 25-PART JP-4 1:21 32 ACETONE 3:14
3B | 1:58 33 | 2:36
3c 25-PART 1:27 I 34 90-FULL ACETONE 1:55
4A 25~FULL 1:25
4B | 1:12
I 4c 25~FULL JP-4 1:41
30-GALLON_BLOW-MOLDED
1 7 90~FULL JP-4 1:45
8 | 1:18
9 JP-4 1:18
26 ACETONE 2:12
27 | 1:42
1 28 90~FULL ACETONE 2:06
11 S5A 25~PART JP-4 1:56
5B | 2:01
5C 25~PART 1:31
6A 25-FULL 2:07
6B | 0:19
11 6C 25-FULL JP-4 0:26
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4,1.2 Fifteen-Gallon Blow-Molded Polyethylene Drums

Tests 3 and 4 were conducted with 15-gallon Specification
34 drums in the partial and full exposure positions respectively. From the
tests, the following observations were made:

a. The drums failed when the sides burned, melted or
softened causing a weakening of the drum wall and thus releasing cargo under
head pressure. Due to the larger size of these drums, observation of failure
was easier. These drums tended to soften and fail in the lower one-third of
the drum, below the rolling chime. The drum would then develop a very slow
leak and discharge cargo into the fire. This failure would normally occur on
the downwind side of the drum. Shortly after this leak developed, the remainder
of the plastic would soften and the drum would fold into the fire on the
downwind side. At this point, there would be a sharp increase in the fire
intensity as the cargo rushed into the fire. Throughout the series, close
observations of the plastic drums revealed small, intense fire eddy currents
at the top and sides of the drums, where projections such as handles and
rolling chimes were found. These currents were especially strong at the lower
one-third on the downwind side of the drum.

b. There was no detectable rise in cargo temperature or
pressure.

c. The time to failure for these tests are shown in
Table 2.

e. The results using the thicker walled 15-gallon con-
tainer (0.075 inches minimum thickness -~ 49 CFR 19.3(a)) showed a relationship
between fire size, exposure, and drum life. In this case, the spread of
average failure times is approximately half a minute between the 90 square
foot and 25 square foot fire exposures. The trend appears to reverse itself
between the full and partial exposure conditions of the 25 square foot fires.
However, the individual data points overlap and so the trend is not signifi-
cant. It does appear that these containers would give a longer time to
failure with decreased exposure, but once again, any fire hot enough to soften
the polyethylene would eventually cause failure and discharge of the cargo to
the fire.

4.1.3 Thirty-Gallon Blow-Molded Polyethylene Drums

Tests 5 and 6 were conducted with 30-gallon Specification 34
drums in the partial and full exposure positions respectively. The 30-gallon
drums used differed from those used in the Phase I tests primarily by a set of
"tabs" attached to the top of the drum to facilitate handling. It is not
believed that these additions would affect the time to failure. From the
tests the following observations were made:
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a. The drums failed when the sides burned, melted, or
softened causing a weakening of the drum wall and thus releasing cargo under
head pressure (Figure 5). A similar reaction as noted in 4.1.2(a) was observed
with these drums. One drum fell over with a violent thud, caused by the
failure of the downwind side and collapse of the drum with no prior leaking.
This was the only drum of the six 30-gallon drums tested which did not fold
gently into the fire.

b. There was no appreciable rise in cargo temperature or
internal pressure. There was a detectable drop in pressure noted in Test 6
(full exposure) as the small failure in the lower area of the drum caused a
vacuum to form for a short period.

c. The time to failure for these tests are shown in Table
2.

d. The 30-gallon drum seems at first glance to be incon-
sistent when compared to the others already discussed. By regulation (49 CFR
19.3(a)), the 30-gallon container must have a wall thickness of at least 0.125
inches. During the 25 square foot full exposure fires, the wind varied, with
frequent direction changes at low velocities. This produced a fire which went
straight up and was hotter than usual. This can be seen in the very even
distribution of temperature in Channels 11-14 (see Appendix C). Once again
the fire eddies were observed, however, the visual failure time on Test 6 was
a delayed sighting due to the intense wall of flame obscuring the drum.

There is a spread of as much as one minute, thirty seconds,
in failure times between drums exposed to the 25 square foot fires. The
fastest failure was found in a smaller, more intense fire. Thus, it seems
possible that a drum in a sheltered situation with only a very small fire
could fail much faster than one in a large fire with an air movement.

4,1.4 Fifty-Five Gallon Blow-Molded Polyethylene Drums

Tests 7 and 8 were conducted with 55~gallon special permit
drums in the partial and full exposure positions respectively. From the
tests, the following observations were made:

a. The drums failed when the sides burned, melted, or
softened causing a weakening of the drum wall and thus releasing cargo under
head pressure. A similar reaction as noted in 4.1.2(a) was observed for these
drums. The drums all failed on the downwind, hotter side, and folded into the
fire.

b. There was no rise in cargo temperature or internal
pressure noted.

c. The time to failure for these tests are shown in Table
2s
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d. The reaction of the 55-gallon drum confirms that the
heat generated by the fire is causing a surface melting and burning, while the
cargo remains insulated. This would explain the fact that the liquid cargos
have little effect on the plastic drum while greatly affecting the steel
drum's fire resistance. The fire eddies were clearly visible during these
tests and gases could actually be seen coming off the drum wall as melting
took place.

4,1.5 Fifty-Five Gallon Steel Drums

Tests 11 and 12 were conducted with 55-gallon Specification
17E drums in the partial and full exposure positions respectively. From the
tests, the following observations were made:

a. The drums failed by jetting, jetting then exploding,
or exploding and releasing their cargos under pressure. Of the six drums in
this series, three jetted to failure, two jetted then exploded, and one exploded.

b. The tendency during these tests was for the steel to
tear at the most critical part of the roll, in this case the inside, exterior
edge of the head or bottom chime roll. Four of the six drums tested exhibited
this failure.

c. The time, cargo temperature, and pressure at failure
for these tests and the Phase I test~ are summarized in Table 3.

There was a very rapid heat rise on the downwind side of the
drum during Test 1lla not seen in the other tests. This heat in conjunction
with a defect in the chime is believed to have caused the early failure.

4.2 Ninety Square Foot Full Exposure Fires With 55-Gallon Drums

In the Phase I tests, it was hypothesized that the time to failure
of a steel drum is dependent on the volatility of the cargo while for a poly-
ethylene drum it is independent of cargo volatility. In the case of steel
drums, higher volatility is expected to produce shorter times to failure. To
test this 90 square foot full exposure fire tests were conducted on 55-gallon
drums containing various cargos. The cargos chosen were water, lubricating
oil, JP-4, and ethyl ether which when compared with the results of the JP-4
and acetone tests conducted in Phase I give a good range of volatility.

In these tests the drums were placed in the center of the 90 square
foot fire pan. The fire pan was fueled for all tests with JP~4. 1In all tests
except the ethyl ether tests, the drums were filled within five minutes of
ignition. The ethyl ether drums were filled within two hours of ignition.

The water used for cargo was potable water. Data was recorded until drum
failure occurred and the fires were allowed to burn out. Each test was
repeated three times and designated with an a, b, or ¢ after the test number.
The data for each test is presented in Appendix D.
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FIGURE 5

30-GALLON POLYETHYLENE DRUM COLLAPSING INTO 25 SQUARE FOOT PARTIAL EXPOSURE FIRE
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TABLE 3

DATA SUMMARY FOR FAILURE OF 55-GALLON STEEL DRUMS

8 indicates small jets

18

‘}’ FIAE DATA AT INITIAL FAILURE DATA AT FINAL FAILURE
;3:§§; NIS§:R R éﬂﬁﬁ; TIME _|PRESSURE LI;E?:ERATEEEC TIME | PRESSURE ngﬁTiz?Argsgc
= fr2 __LTEEfSEC PSIG e oc MIN:SEC | PSIG oc oc
SPECIFICATION 17E STEEL DRUMS
1 16 9C-FULL JP-4 8:00 718 146
36 P-4 4:30
37 ACETONE 1425 2:47
38 JP-4 3:12 (5 65 7:30 15€ 135
39 3:37 6:40
40 3:12 8.2 75 7:10 9.6¢ 150
1 41 90~FULL 6:18
11 11A 25~PART 1:04 3.3 30 193 15:06 50e 155 370
11B | 7:21 16.2 100 530
11c 25~PART 14:23 60¢ 160 664
12A 25~FULL 5253 16.8% 100 712
12B | 5:24 18.3% 100 411
12¢ 25~FULL JP-4 6:29 14.98 95 646 10:58 59€ 150 916
14A 90~FULL LUBE OIL 2:39 6.8 220 646
148 | 1:31 5.5 210 375
14C LUBE OIL 1:14 7.2 230 648
17A ETHYL ETHER  1:25 19.0 40 565 1:35 23 60 400
178 | 1:37 20.0 40 685 16GH 23 58 745
17¢ ETHYL ETHER  1:39 22.0 40 456 3:58 26 62 501
134 WATER 4:00 2.3 80 WERE NOT TESTED TO FAILURE
11 138 90~FULL WATER 16:00 25.3 135 BECAUSE FUEL BURNED OUT
SPECIFICATION 5B STEEL DRUMS
11 16A 90~FULL JP-4 4:05 55 105 508 6:21 17e 150 645
168 | 5:47 62 135 712 6:08 648 140 748
16C JP-4 3:14 51 95 658 3:57 57 907
18A ETHYL ETHER  2:30 50 60 939
188 | 0:56 14.4 20 519 2:25 54€ 60 621
11 18C 90-FULL  ETHYL ETHER  0:57 15.3 45 498 2:23 505 821
HYDROSTATIC TESTS WITH WATER
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