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presented herein. The contents do not necessarily reflect the official
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ABSTRACT

An inves:igation was conducted to evaluate various types of new
metal drums and pails being used for the packaging and shipping of
hazardous matarials, to determine if these coutainers will spill their
contents when subjected to high intermal pressure and to specified
rough handling tests. Various quantities of 17H and 17C open head
drums as well as samples of 37A and 37C drums and pails spilled liquid
contents after rough handling. In addition, some 37A, 37B drums and
37A and 37C pails spilled their dry (powder) contents after rough

handling.
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INTROD CTION

The Off: ce of Hazardous Materials, Department of Transportati-n
(DOT) initia .ed a project for the purpose of testiug and evaluating
the various types of new drums and pails being used for packaging
hazardous mai erials. It is expected the data gathered will form a
basis for potential, future regulatory amendment as well as to confirm
generally the quality of drums and pails being fumrmished by and stated
by the industry to conform with the requirements of Title 49 CFR Parts
170-189.

For this project, the Naval Alr Development Center was supplied
drums and pails submitted by members of the Steel Shipping Container
Institute. In keeping with the DOT invitation to industry to witness
the testing of the containers, various representatives witnessed these

tests as listed in the Appendix.
SAMPULES AND PREPARATION

The Naval Alr Development Center received 289 containers, designed
to conform to the DOT specifications, for testing. Of these, 165 were
55 gallon drums and 124 were 5 gallon pails which varied in the style
of closure and gauge of the metal. Also included were the special mono=-
stress 55 gallon metal drums and some 55 gallon plastic drums. The
number of containers received under each specification, the type of
closures and gauge of metal used in each container are listed in Table 1.
Containers designated for préssure tests were fitted with bulkhead nipples

for pressurizing the containers. The nipple was placed in the center of




P lad e AL onen nead 55 galina eoune s 2 iastoraccc o Snara .
on niople was placed in the center of the Lotrom of iy © Lision
roells 0o tne < losed head, 55 gatlon drums, the 3/4 1asl om wan
adzpted to pressurize the drums. No special preparvations wire re-

guired on thove containers decignnted to be subjected to the drov tests.
PROCEDURE

Visual Examination. FEach container was examined for dente. crenrag,

type of seam nnd chimes, and repair if any. Gaskets were examirad for
material, couditicns, type, mold marks ard fic. Number of i« 04
spacing on iup-hezad covers, number and distance hetween hoos- we = poted,
The height of the drum, distance betweea the ? inch and the 3/4 Inch
bung openings, diameter of contaimers and convexicy in heads
vere #ieo noted. The markings wers ewamined for glze, vhathae ~lrw vare

embozrrd, and if they were complete with name, gauge, rated capaNI LY,

year of manufacture and DOT specification (see Table 2j. “ur s eme of

7
P
B3

the containerrs under each specification were measured for .- " iz
Table 3). The gauge thickness of the containers was measured with an
automatic ultrasonic Digital Thickness Gage, Model G2=B, illusiyrtad in

Figure 2. The measurements were made by placing & transducer, w

a

had been calibrated, firmly in contact with the container, Figy r«
The vicr-socic eignal emitted by the transducer passes throuza rha
material and is picked up and amplified by the unit. The thickners in
thousendth of an inch was noted on the readout digital scale.

K

The gauges of the containers were found to be slightly thicke: thon




marked on th container. The general overall appearance and condicion
of the conta ners were good. A few minor dents and small areas where
paint had be:in scuffed off in shipment were observed. Twelve 5 gailcn
closed head »ails were received without flex spouts. Only three con~
tainers, one 55 gallon drum and two 5 gallon pails, all open head,

were damaged in shipment to the extent they could not be tested. The
open ends of these contalners were bent out of round at the upper chime;

therefore, the covers would not fit properly.

Hydrostatic Pressure Test. The containers were filled to 100 percent

capacity with water, wiped dry, closed and sealed. The torque applied
to the closed head containers depended on the type of gasket and type
of fitting used. The torque in pound-feet for the 2 inch opening with
the Rieke Corporation fitting was 40 with asbesgtos, 30 with Hycar (Buna),
40 with polyethylene, 30 with ethylene=propylene terpolymer, and 40 with
Dapon. For the American Flange and Manufacturing Company 2 inch fitting,
the torque in pound-feet was 15 with Buna rubber, 25 with polyethylene,
and 40 with fiber. The 3/4 inch openings were not torqued because they
were used to attach an air line for pressurizing the containers. The open
head 55 gallon drums were torqued to 50 pound~feet. The 5 gallon pails
fitted with a Rieke Flex Spout were closed and sealed using a Rieke PFlex
Spout Crimper. Five gallon open head pails were closed and sealed with a
16 lug pail crimper.

The equipment used to conduct this test consisted of (1) two high
pressure and two low pressure gauges, (2) one pressure regulator, (3) one

bleed-off and one cut~off valve, (4) four roll over drum stands, and (5)




P Teswens Dovand WO, U0 pelp el noy . A1l

4]

on 3 Yoy 1972 using an Asherofi bond Weight Gaese Tn LaROr,
el 1300, Teydal Mo, 11617717491,

The rontainers were placed on the roll over drum stand on their
eide vith the locking ring joint, the 2 inch closure »ne the side seams

down. Each container was pressurized to the test pressureg listed below.

L Buan Pregsui: \pi ki
DOT=5 {closed head) 40
DOT=54 80
3=5  {closed head) 40
BOT=6J (closed head) 15 (L0 gug s}
DOT=17C (closed head) 40
BpOT=17C (open head) 20
DOT-17E 15
DOT=17H 15
DOT=37A (5 gallon) 7
DOT=37B (5 gallon) 7
DOT-37C 5
DOT=37D 15
Monostress 11X 40

The tess p~r-rares were maintained for 5 minutes or until eni Tlans coap
noted, indicating a leak. The results reported in Table 4 reves] =t
elght dums and seven pails failed the test. The drum failic-

noted as leaks at the locking ring joint for Exhibits 14, 3&, =2, 57,

38, 92, 112, 113, and a leak at the 2 inch bung adaptor Ffcoo ULl NI,




The pail fa lures were noted as a leak at the flex spout for Exhibit Z9,
a leak at tlie upper chime for Exhibit 36, and a leak at the cover for
Exhibits 7, 48, and 73. The failures are illustrated in Figure 4 throngh

Figure 11,

Pneumstic I¢ ak Test. Containers subjected to this test were prepared,

torqued, and tested using the same equipment as in the hydrostatic pres-
sure test except empty containers were tested. The empty containers were

pressurized to the internal air pressures listed below.

Drum Pressure (psig)
DOT-5 15
DOT=5A 15
DOT=-5B 15
* DOT-6C 15
* DOT=-6J 15 (16 gage)
DOT=6J | 7 (18 gage)
* DOT=-6K 7
DOT=-17C 15
DOT=17E (55 gallon) 7
DOT-17E (5 gallon) 5
* DOT-17F 15
DOT=-17H (55 gallon) 7
DOT-37A (55 gallon) 7
DOT-37A (5 gallon) 5
DOT-37B (55 gallon) 7
DOT-37B (5 gallon) 5

* Not received




P g
nO=57D 7
Monostress 11 15

The pooerares were wmeintained for S minnizs or unlesz 2 Yer) siar noted
by a drop in the pressure gauge. After reaching the required pressure,

£ bbb e euprerring solution was epplied to tha seams, unrs e st Yower
chimes, end fittings. The containers were examined for evidsnes of
leakace. The results reported in Table 4 reveal that no drume failed

the rast; bownvar, five patle foiled the test. The fallur e & . nesed
2s leaks at the lida for Exhibics 9, 10, 49, and 76. Exhibi: 55  aaked
at the intersection of the side seam and top chime. The type of Failures

1
2

are illustrated in Figures 12 and 13.

Diagonal Drop Test. Containers were filled with water to 9§ DAy Iant

cen .

capacity. The drums were filled to within 1-3/4 inches of the tar and
the pails within 1-1/2 inches of the top. Each container wsr i =2 snd
torqued as stated in the hydrostatic pressure test. The equiinen” con~
sisted of a (1) crame for raising containers to drop height, (2) “Amy
Angle"” drum lifter for positioning the drum for drop, (3) adjustrble drum
sling, and (4) a helicopter personnel automatic/manual quick ralesse
mrcharien, A reinforced concrete pad 10 x 10 x 2 feet was w-ad s *he
impact rurface,

The containers were lifted using the drum lifter and posiric nd sn .
that the head of the container faced downward and formed a diagornsl with

the impact surface as illustrated in Figure 14,




For the closed head containers, the 2 inch bung was placed in the
center of tk: impact area. For the open head 55 gallon drum, the locking
ring joint w.is positioned so it would impact the test pad. The cou-
tainers were raised to the heights listed below and dropped diagonally

on to the c¢icrete pad.

Specification Height of Drop (feet)
DOT=5 4
DOT-5A 6
DOT~5B 4
DOT=6J 4
DOT=-17C 4
DOT-17E 4
DOT=-17H 4
DOT=-37A 4
DOT=37B 4
DOT-37C 32 inches
DOT=37D 4
Monostress II 6

After drop, the containers remained in the first position for 2 minutes
during which time the container and concrete pad were examined for
splllage. The containers were turned two revolutions, brought to rest
at a different position for one minute and re~examined for spillage.
They were removed from the impact area and placed head down and examined
again for spillage. Spillage in the first two minutes.was ligsted as a

failure.




o« te renirizd ivn Tal S Aol . 11
¢ fw rallede The Grum failures were nored as leaks in #00 wnzt area

Frotieles 20, 16, 50, 54, 68, 141, ara leaks ac theo loc' ., vieg joint
for Exhibits 132 and 140. The latter drums (132 and 140) wewe not tested,
‘e iesks ba-iag vccurred when they were lifted for test’sy. Sone failures
are illustrated in Figures 15 through 19. Pail failures were ncred as
& lezk st the flex spout of Exhibit 37, severe leaks in the Impsct aree
for Exhibits 5, 6, 8, and 57 when dropped from 32 imnches, 274 & ¢light
leak for Exhibit 67 when dropped from 28 inches. Exhibits 41 eni 44
leaked after o 4~foot drop, Exhibit 43 lesked after a 42«1 0 b, end
Exhibits 4€ and 47 lezked after a 3é~inch drop. Typdeal fuluvs. sve

illustrated in Figures 20 through 26.

Horizental Drop Test. The containers were prepared and tested iu -2

same’ manner using the same height and test equipment as for th= il
drop test, with the exception that the containers were raised as iliustrated
in Figure 27 and dropped so that the side seam impacted the Lo .o - ¢

After drop, the coatainer and pad were examined for spilizge. . izsults
reported in Table 4 reveal that sevem drums and six pails failed the test.
Failures for the drums were noted as lesks at the locking ring joint of

Exhibits 12, 15, and 73, and Exhibit 39 leaked at the end of the c¢rush

pettern. Fxhibit 110 leaked at bottom chime, and Exhibits 140 .- E
lzaked =t the locking ring joint when lifted by the crane tc be e el
The latter two drums (142 and 143) were not dropped. Pailures of «ba nails

were noted as leaks at the covers of Exhibits 11, 45, 50, 66, 61, snd 66.

Iypical failures are illustrated im Figures 28 through 35.




Fowder (Dry Test. Containers were filled to within 2 inches of tche

normal loading depth and to the gross weight marked on the contsiner
with dry sa:d. Where necessafy, materials such as lead chot and empty
cans and focmed cushioning materials were used to attain the required
weight and till maintain the loading depth. The sand was toppsd with

2 inches of sodium bicarbonate which is the test material. FEach con-
tainer was closed for test. Containers fitted with the standard ciosing
ring and the lap type of closure ring were torqued to 200 inch=-pounds.
Beyond this torque the closure ring bent. Contsiners with 9 inch opening
were closed with a special crimping tool. The pails were closed using

a 16 lug crimper and a Rieke spout crimper. The containers were tested
in the same manner using the same equipment as for the diagonal and
horizontal drop tests previously discussed, with the exception that the
drop was 4 feet for all containers. After each drop the container was
examined for spillage.

The results reported in Table 4 indicate that seven drums and five
pails failed. Drum failures were noted as a split chime at the bottom
of the container for Exhibit 71, a leak at the end of the crush pattern
for Exhibit 158, and a leak at the ring closure for Exhibits 69, 160, and
163. Metal tore 3 inches at the bottom chime for Exhibit 157 and a leak
at the ring closure for Exhibit 69. Pailures for the 5 gallon pails were
noted as leaks at the end of the crush patterns for Exhibits 90, 91, 103,

105, and 116. The failures are illustrated in Figures 36 through 46.




o 0 F E VRV
Ton neasored gauge of the contaimers submitied irdios "o Z the

metal used was thicker than that marked on the container. The thickness
verled fromoonc to two gauges thicker than that indicater,

w Tnil el fallure of the open head 55 gallon drume wunder he

174 and 17C categories led to changes in the torque regqulirercst Gov

Ltuese contalnevs. The torque specified was 50 pound=fezt Yor opin head
drums; however, industry questioned this torque since it did not une a
specific to.:uz when it tested containere as specified in Ti-12 2. The
lockinz ring was tightened until the distance betwzen the boirom - 7 the
locking ring end the side of the container was approximately i/ls inches.
The method could hardly be used as a standard. After some discussicrn

betweer. DOT and industry representatives, 800 pound-inches (6€.7 prund-

>

feet) was set as the torque for open head drums. Failures stiil ovenrred

~

after retorquing to 800 pound-inches. Because of the controevgr concarning

the torque requirement, industry requested that another gyonn =©F  Luosaan
174 55 gallon drums be dropped. This time the containers would . clissed
until the distance between the ends of the locking ring was 1/4 inch.
They would then be subjected to the diagonal and horizontal teets (mi-,
The locking ring was closed to 1/4 inch or less om 11 drums, 17/32 jn-%
on ane crur, and two drums were torqued to 800 pound=inches. iy - :ha
14 drwrs received for test failed. Four drums which were closed wn*il the
distance between the ends of the locking ring was 1/4 inch and i s
torqued to 800 pound=-inches leaked at the locking ring joint whem I1ifted

t~ be dropped. The other drum leaked in the crush pattern aftrer being

dropped.

10




Failures noted in the case of the 37A and 37C 5-gallon pails were
due to the ¢everity of the tests. Containers under these two categories
were to be tasted using powder as the contents. The 37A containers were
to be dropped from 48 inches and the 37C containers from 32 inches. An
attempt was nade to determine if these containers could be used to ship
liquids. The water-filled pails failed when dropped from the specified
height. The drop height was lowered until the containers would pass.
The 37A containers failed at the 36 inches height. However, there were
not enough containers to determine the height at which they would pass.
For the 37C containers, the drop height at which they passed was 28 inches
for the diagonal drop and 24 inches for the horizontal drop. A brief
resume of the complete air and liquid tests is noted in Table 6.

For the powder test, the open head drums under the 37A category
failed because of the closure ring. An attempt to increase the torque
resulted in bending of the ring. Therefore, no further attempt was made
to tighten the ring. The failure of the 37B drums was attributed to the
high pressure used to form the chime, thereby thinning the material in
this area. Failure of the 5~-gallon pails in the 37A and 37C categories
may be due to the excessive weight specified for the containers. No

failures were noted for the horizontal drop test. There were not suf=

ficient containers available to determine the height at which the containers

would pass the diagonal drop test., A brief resume of the powder test is

noted in Table 5.

11




1t is ¢nacluded that the wmassive failure of the Opi e 0 drums

under categories 17H and 17C drums is attributed to the inndequscy of

rhan Tocking ring and not the severity of the test. The fasl.rs: noted -
3

for the 374 and 37C 5-gallon pails are believed due to the zevevity of

the test requirements. These pails failed when dropped a% the ~p2cified = -

height of 48 inches but passed when dropped at heights of 28 ar~ 24
inches for the diagonal and horizontal drop tests, respectively. Such

heights are too low to consider their use for shipment of L =

9
3

liquids sinece the average trailer-bed height 1s 48 inches. ™o ' cop~
tainers may spill their contents if accidentally knocked from a loading
platform or a tail gate.

it is further concluded that the failure of the open hesd Avomg
under category 37A and evaluated in the powder test is also attrilured
to the inadequacy of the locking ring. The failure of the .z v - due

to weight specified for the containers.
RECOMMENDATIONS

It is recommended that the manufacturers be réquested to redesign
the locking ring to enable the 17H, the open head 17C, and 3724 dv. = ro
meet 147 praccure and drop test requirements. It is further yop - irdad -
that the 37A and 37C pails not be used to ship hazardous liquid or rowder

materials.

12




KEY SHBEET

Compan .
A

B

OF

EXHIBITORS

Southline Metal Products Company
Southeastern Steel Container Company
Inland Steel Container

Central Can Company, Inc.

U.S. Steel Products

Trilla Steel Drum Corporation
Eastern Steel Barrel Corporation
Greif Brothers Corporation
Manion Steel Barrel

Rheem Manufacturing Company
Reliable Steel Drum Company
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TABLE 3. Measured Gauges of 55-Callon Drums and 5-Gallon Pails

Measured Thickness Manufacturer's
Exhibit Body Head Gauge
Inches AWG Inches AWG
Drums
6 0464 17 0497 16 18
13 0474 17 .0548 15 18/16
18 L0575 15 .0468 16 16
27 .0483 16 .0337 19 21/20
36 .0537 16 L0425 18 18
45 .0326 20 .0451 17 20/18
60 .0468 17 .0536 16 '18/16
84 0545 15 .0497 16 16
89 .0330 20 .0507 16 20/18
98 .0483 16 L0465 17 18
115 L0451 17 .0555 15 16/18
118 .0537 16 .0500 16 16
125 0712 13 L0704 13 14
127 .0725 13 .0702 13 14
Pails
19 .0213 23 .0228 23 24
24 .0228 23 .0229 23 24
33 L0154 26 .0158 26 28
48 0164 26 .0166 26 26
70 .0139 27 .0163 26 28/26
76 .0132 28 .0183 25 28/26
88 L0245 22 .0225 23 24
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HYDROSTATIC PRESSURE TEST
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POSITION FOR DIAGONAL DROP
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DIAGONAL DROP TEST
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FIGURE 16
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FIGURE 17
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DIAGONAL DROP TEST




1S3l d0¥Q 'IVYNOOV1d

81 dundlid

90




1S3L

dOdd TVNOOVId

61

J4N014

pE

i,

P i

91




LS3L doy¥d 'TVNOOVIQ 0¢ dd4Ad01d4

92




93

DIAGONAL DROP TEST

FIGURE 21
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DIAGONAL DROP TEST

FIGURE 22
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DIAGONAL DROP TEST

FIGURE 23

95




FIGURE 24 DIAGONAL DROP TEST
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DIAGONAL DROP TEST
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FIGURE




POSITION FOR HORIZONTAL DROP
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FIGURE 28 HORIZONTAL DROP TEST
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FIGURE 29




FIGURE 30 HORIZONTAL DROP TEST
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FIGURE 31 HORIZONTAL DROP TEST
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DIAGONAL DROP TEST, POWDER

FIGURE 36
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HORIZONTAL DROP TEST, POWDER

FIGURE 40




YAAMOd ‘1SIL dOMU TYLINOZIHOH

1%  J40914

113




¥IAMOd ‘1SAL dO¥d TVYNOOVIA

1A

A4N0I1d

114




115

DIAGONAL DROP TEST, POWDER

FIGURE 43
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VISITORS

Date

5/18/72

5/19/72

5/22/72

5/23/72

5/24/72

5/26/72

7/11/72

APPENDIX

THAT WITNESSED

Name

J. Higgins
A. Calipristi

E. Berryman

J. Higgins
A. Calipristi

A. Nides

P. Urasky
E. Berryman
J. Higgins

W. J. Burns
A. Nides

A. Calipristi
P. Urasky

R. Deeds

J. Higgins

E. Stark

A. Murphy

J. Gotts

Mr. Raw

Mr. Fridinger

E. Stark

E. R. Byrne
J. Higgins

L. Trilla

L. Baruch Jr.
E. Berryman

P. Beal
W. Berry

*Steel Shipping Container Institute

THE TESTS

Activity

U.S, Steel
DoT
SSCI *

U.5. Steel
DOT

SSCI *

SSCI *
U,.S. Steel

poT
SSCI *
boT

DOT

U.S. Steel

Rheem Manufacturing
Manion Steel )
NOL

NOL

NOL

Rheem Manufacturing
Eastern Steel Barrel
U.S. Steel

Trilla Steel Drum
Trilla Steel Drum
SSCI *
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An investigation was conducted to evaluate various types of new
metal drums and pails being used for the packaging and shipping of
hazardous materials, to determine if these containers will spill their
contents when subjected to high internal pressure and to specified
rough handling tests. Varilous quantities of 17H and 17C open head
drums as well as samples of 37A and 37C drums and pails spilled liquid

s contents after rough handling. In addition, some 37A, 37B drums and

handling.

37A and 37C pails spilled their dry (powder) contents after rough

DD f°™ 1473 (PAcE 1)

0102 014 6600

UNCLASSTIFIED

Security Claasitication




