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The contents of this report reflect the views of the. Naval Air Development 
Center which is responsible for the facts and the accuracy of the data 
presented herein.  The contents do not necessarily reflect the official 
views or policy of the Department of Transportation.  This report does not 
constitute a standard, specification or regulation. 
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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 materials, to determine if these containers will spill their 

contents when subjected to high internal 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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IN TROD  CTION 

The Office of Hazardous Materials*Department of Transportation 

(DOT) initialed a project for the purpose of testing and evaluating 

the various types of new drums and pails being used for packaging 

hazardous mat 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 furnished by and stated 

by the industry to conform with the requirements of Title 49 CFR Parts 

170-189. 

For this project, the Naval Air 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. 

SAMPLES  AND  PREPARATION 

The Naval Air 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 pressure tests were fitted with bulkhead nipples 

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



<<-  -.<;c lor ; i 1 ;>^n head 55 gallon dmus is 1 a,ii'..r«;cec ' <- :• ..-are U 

if=« n;.^ple was placed in the center of the bottom of ail 'J :, .■ "; V.on 

rrd..i.<3  On the closed head, 55 galley.'; drumsj, the 5/4 inch b-c VSK 

adapted to pressurize the drums.  Mo special preparations were re- 

quired on tho-e containers designated to be subjected to the drop tests. 

PROCEDURE 

llSiiäiükMSinatiOT.  Each container was examined for dent?- rrcves, 

type of seam and chimes, and repair if any.  Gaskets were evaw.ir.ed for 

material, conditions, type, mold marks ar.ä  fit«  Number of i  . s---.fi 

spacing on lug-bead covers, number and distance between hco^-. -*• » noted« 

The height of the drum, distance between the 2 inch and the 3/4 inch 

bung openings, diameter of containers and convexity in heads <-.J!   I: ..-.--■ 

were ,-lvo  noted.  Tb« markings were examined for size, wbe^h — >.:- T,ere 

embo.?p?d.. and if they were complete with name, gauge, rated, capacity, 

year of manufacture and DOT specification (see Table 2).  '.,.-• -■■-• -;--t of 

the containers under each specification were measured for -.■■.:.<-   - f^e 

Table 3).  The gauge thickness of the containers was measured with an 

automatic ultrasonic Digital Thickness Gage, Model G2-B, illustrated in 

Figure 2.  The measurements were made by placing a transducer, whJcb 

had been calibrated, firmly in contact with the container» Fiov.:* V 

The ultr- "seeic. signal emitted by the transducer passes throu2.'i ch~ 

material and is picked up and amplified by the unit.  The thickners in 

thousandth of an inch was noted on the readout digital scale. 

The gauges of the containers were found to be slightly tMcV?.- thnn 



marked on tb  container.  The general overall appearance and condition 

of the containers were good. A few minor dents and small areas where 

paint had be n scuffed off in shipment were observed.  Twelve 5 gallon 

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 containers 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 asbestos, 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 Flex 

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) 



• lv_-?--!■>' : Uanr; ]*".Vus 120 ;iiU u:'..-. ;-, :s J :, , All - ..; ;. - eali- 

fcr'.ts ' on 3 K: y 1972 using an Ashcroft iK-n,:? Weight G.sugo > .. " vsfcor, 

'■?":Jf-! :30C, f-rial Mo, 116I7/I742B„ 

The rontainers were placed on the roll over drum stand on their 

sid<i  rich the locking ring joint, the 2 inch closure ,?n^ f.h^ «id*, seams 

down.  Each container was pressurized to the test pressures lir-ted below. 

DrsiEi 

DOT-5     (closed head) 

D0T-5A 

JOT-5I>     (closed head) 

D0T-6J     (closed head) 

DOT-17C     (closed head) 

DOT-17C     (open head) 

D0T-17E 

D0T-17H 

DOT-37A     (5 gallon) 

DOT-37B     (5 gallon) 

DOT-37C 

DOT-37D 

Konostress II 

Pressur».; jj^ .^j 

40 

80 

40 

40 

20 

15 

15 

7 

7 

5 

15 

40 

The te.-" ?-■■•■-?~ires  were maintained for 5 minutes or until. rv>",.Ho-'y '<?■? 

noted, indicating a leak.  The results reported in Table 4 reveal ;;-?t 

eight- drums and seven pails failed the test.  The drum failure 

noted as leaks at the locking ring joint for Exhibits 14, 38 

58, 92, 112, 113, and a leak at the 2 inch bung adaptor fc 

1   ■'.. 3 ;j) 



The pail fa: lures were noted as a leak at the flex spout for Exhibit 29, 

a leak at the upper chime for Exhibit 36, and a leak at the cover for 

Exhibits 7, 48, and 73.  The failures are illustrated in Figure 4 through 

Figure 11. 

Pneumatic Ls 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 

D0T-5A 15 

D0T-5B 15 

* D0T-6C 15 

* D0T-6J 15   (16 gage) 

D0T-6J 7   (18 gage) 

* D0T-6K 7 

DOT-17C 15 

D0T-17E (55 gallon) 7 

D0T-17E (5 gallon)                                                                     5 

* D0T-17F 15 

D0T-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 



Monostress II 15 

7h' p-opr-tr^.: were maintained for 5 minutes or unless «. '.'.er-}-.  ?->vif noted 

by a drop in the pressure gauge. After reaching the required pressure, 

r  b<»b^V. rjpr-rH.ng solution was applied to the sear«is, u^.ry  »r^ lover 

chimes, and fittings.  The containers were examined for evi.^nc'--  of 

leakage.  The results reported in Table 4 reveal that no drurtvj? failed 

the fist; brs**r.v?.rs five pails felled the test. The failure ■■■. ■ noted 

as leikn at the lids for Exhibits 95, 109 49, and 76,  Exhf.ri:: 55 ;eaked 

at the intersection of the side seam and top chime.  The type of failures 

are illustrated in Figures 12 and 13. 

Diagonal Drop Test.  Containers were filled with water to 98 p^rzc?>t 

capacity.  The drums were filled to within 1-3/4 inches of the tot. and 

the pails within 1-1/2 inches of the top.  Each container wan <i"<--*< zi  and 

torqued as stated in the hydrostatic pressure test.  The equip>er^ con- 

sisted of a (1) crane for raising containers to drop height, (2) "Any 

Angle" drum lifter for positioning the drum for drop, (3) adjustable drus 

sling, and (4) a helicopter personnel automatic/manual quick release 

m-charisn. A reinforced concrete pad 10 x 10 x 2 feet was •■ ed , ,- the 

impact purface. 

The containers were lifted using the drum lifter and posir.io-nd so 

that the head of the container faced downward and formed a diagonal with 

the impact surface as illustrated in Figure 14. 



For the closed head containers, the 2 inch bung was placed in the 

center of th i  impact area.  For the open head 55 gallon drum, the locking 

ring joint v is positioned so it would impact the test pad. The con- 

tainers were raised to the heights listed below and dropped diagonally 

on to the cc lcrete pad. 

Specification Height of Drop (feet) 

DOT-5 4 

D0T-5A 6 

D0T-5B 4 

D0T-6J 4 

DOT-17C 4 

D0T-17E 4 

D0T-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 

spillage.  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 listed as a 

failure. 



' ...c <<_:" Is  re>: ■:: ted in ?ab>. / i^^-;--'-r^ [.'v;~  ■ .- -■•■■•; .-\t   II 

}■■ ': \-:-<   failed.  The drura failures were noted as leaks it-.  *.h'.:   -.-".it area 

f: hil'its i.O, 16 j. 50s 54, 68* 141» and leaks at the IcoV... ,, ring joint 

for Exhibits 132 and 140.  The latter drums (132 and 140) were not tested, 

rh<> le.-'ks ha. ing occurred when they were lifted for te&t:".nLi.  :>r.a failures 

are illustrated in Figures 15 through 19.  Fail failures were -acted  as 

p,   lesl: at the flex spout of Exhibit 37, severe leaks in Mie. Si-\prc'c  area 

for Exhibits 5, 6, 8, and 57 when dropped from 32 inches, ar.d a ?Tight 

leak for Exhibit 67 when dropped from 28 inches.  Exhibits £| en-J 44 

leaked after a 4-foof drop, Exhibit 43 leaked after a 42-1..-;' b :-.   and 

Exhibits 46 arid 47 leaked after a 36-inch drop.  Typical fsf^vcc, are 

illustrated in Figures 20 through 26. 

Horizontal Drop Test.  The containers were prepared and tested iu ; ,? 

same raanner using the same height and test equipment as for th.  L • ?onal 

drop test, with the exception that the containers were raised as illustrated 

in Figure 27 and dropped so that the side seam impacted the let  ,  • 

After drop, the container and pad were examined for spillage  I.  results 

reported in Table 4 reveal that sevea drums and six pails failed the test. 

Failures for the drums were noted as leaks at the locking ri:.g jri->,f; of 

Exhibits 12, 15, and 73, and Exhibit 39 leaked at the end of the crush 

patternv  Exhibit 110 leaked at bottom chime, and Exhibits IA'"1 ;.::      '.'~3 

leaked rt the locking ring joint when lifted by the crane to be ■:'-■    ;:~i. 

The latter two drums (142 and 143) were not dropped.  Failures of the pails 

were noted as leaks at the covers of Exhibits 11, 45, 50, 60, 61, sad 66. 

Typical, failures are illustrated in Figures 28 through 35. 



Powder (Dry Test.  Containers were filled to within 2 inches of the 

normal loading depth and to the gross weight marked on the container 

with dry sad.  Where necessary, materials such as lead t^hot and empty 

cans and formed cushioning materials were used to attain the required 

weight and till maintain the loading depth. The sand was topped with 

2 inches of sodium bicarbonate which is the test material.  Each con- 

tainer was closed for test.  Containers fitted with the standard closing 

ring and the lap type of closure ring were torqued to 200 inch-pounds. 

Beyond this torque the closure ring bent.  Containers 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.  Failures 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. 



T 0 Ki k £  S 'J  jj 'i K 

T'ri -is-iasv-red gauge of the containers submitted xvx'.ircz-   : i .*. z  the 

metal used was thicker than that marked on the container» The thickness 

Mrr-vi.ce-   f.tw  o^c ro two gauges thicker than that incie^fec, 

'/.-■A  :':,!:. ;,al failure of the open head 55 gallon drums-, uüdk-.r -he 

17H and 17C categories led to changes in the torque require? •o-t: xr 

these containers,  The torque specified was 50 pound-feet for op r- head 

drums; however, industry questioned this torque since it did not use a 

specific tox-ue when it tested containers as specified in 7i~1-.  /-Q.  The 

locking ring was tightened until the distance between the botrr-a?  . the 

locking ring and the side of the container was approximately i/'l& -laches. 

The method could hardly be used as a standard. After some discusser 

between DOT and industry representatives, 800 pound-inches (66.7 D;und- 

feet) was set as the torque for open head drums.  Failures still Ov c :rred 

after retorqulng to 800 pound-inches.  Because of the contro---evg-.-  orcarninj 

the torque requirement, industry requested that another grcnr» :;■.- w^em 

17H 55 gallon drums be dropped.  This time the containers wouic' b- closed 

until the distance between the ends of the locking ring was 1/4 in-h 

They would then be subjected to the diagonal and horizontal tests (<iV;. 

The locking ring was closed to 1/4 inch or less on 11 drums, 17/32 jp-h 

on one r-vxr,   and two drums were torqued to 800 pound-inches, l±y.     ! :lis 

14 dreary received for test failed.  Four drums which were closed u- ll the 

distance between the ends of the locking ring was 1/4 inch and KU <r ir 

torqued to 800 pound-inches leaked at the locking ring joint when lifted 

t- be dropped.  The other drum leaked in the crush pattern after tains; 

dropped. 

10 



Failures noted in the case of the 37A and 37C 5-gallon pails were 

due to the t averity of the tests.  Containers under these two categories 

were to be 1 asted 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 uade 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 



' ~  •' h ü :■? ion 

It is* <:r..-icluded that the massive failure of the opeu ,,.,- : drums 

under categories 17H and 17c drums is attributed to the inadequacy of 

fhz   'Peking ring and not the severity of the test.  The £.3:."I^re.; noted 

for the 37A and 37C 5-gallon pails are believed due to the severity of 

rha  test requirements. These pails failed when dropped a;: the  -pacified 

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 k•- -  .?- 

liquids since the average trailer-bed height is 48 inches,  ■".♦■o;  con- 

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 brr-? .■>■*-?*■* 

under category 37A and evaluated in the powder test is also attributed 

to the inadequacy of the locking ring.  The failure of the ps: -    due 

to weight specified for the containers. 

RECOMMENDATIONS 

It is recommended that the manufacturers be requested to redesign 

the locking ring to enable the 17H, the open head 17C, and 37A div- to 

meet Ur*. pressure and drop test requirements.  It is further rae :-.■.■.'■x-.ted 

that the 37A and 37C pails not be used to ship hazardous liquid or no^der 

materials» 

12 



KEY       SHEET      OF       EXHIBITORS 

Company 

A Southiine Metal Products Company 

B Southeastern Steel Container Company 

C Inland Steel Container 

D Central Can Company, Inc. 

E U.S. Steel Products 

F Trilla Steel Drum Corporation 

G Eastern Steel Barrel Corporation 

H Greif Brothers Corporation 

I Manion Steel Barrel 

J Rheem Manufacturing Company 

K Reliable Steel Drum Company 

L GPF 

13 
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TABLE 3. Measured Gauges of 55-Gallon Drums and 5-GalIon Pails 

Measured Thickness 
Exhibit 

Drums 
6 

13 

18 

27 

36 

45 

60 

84 

89 

98 

115 

118 

125 

127 

Pails 
19 

24 

33 

48 

70 

76 

88 

Inches 
Body 

AWG 

.0464 17 

.0474 17 

.0575 15 

.0483 16 

.0537 16 

.0326 20 

.0468 17 

.0545 15 

.0330 20 

.0483 16 

.0451 17 

.0537 16 

.0712 13 

.0725 13 

.0213 23 

.0228 23 

.0154 26 

.0164 26 

.0139 27 

.0132 28 

.0245 22 

Head 
Inches AWG 

.0497 16 

.0548 15 

.0468 16 

.0337 19 

.0425 18 

.0451 17 

.0536 16 

.0497 16 

.0507 16 

.0465 17 

.0555 15 

.0500 16 

.0704 13 

.0702 13 

.0228 23 

.0229 23 

.0158 26 

.0166 26 

.0163 26 

.0183 25 

.0225 23 

Manufacturer's 
Gauge  

18 

18/16 

16 

21/20 

18 

20/18 

18/16 

16 

20/18 

18 

16/18 

16 

14 

14 

24 

24 

28 

26 

28/26 

28/26 

24 
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FIGURE MEASURING GAUGE THICKNESS 
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FIGURE HYDROSTATIC PRESSURE TEST 
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FIGURE  5 HYDROSTATIC PRESSURE TEST 
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FIGURE       7 HYDROSTATIC PRESSURE TEST 
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FIGURE  14 POSITION FOR DIAGONAL DROP 
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FIGURE  16 DIAGONAL DROP TEST 
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FIGURE     17 DIAGONAL DROP TEST 
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FIGURE  23 DIAGONAL DROP TEST 
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FIGURE  24 DIAGONAL DROP TEST 
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FIGURE 28 HORIZONTAL DROP TEST 
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FIGURE     30 HORIZONTAL DROP TEST 
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FIGURE 31 HORIZONTAL DROP TEST 
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APPENDIX 

VISITORS  THAT WITNESSED THE TESTS 



APPENDIX 

VISITORS       THAT      WITNESSED      THE TESTS 

Date 

5/18/72 

5/19/72 

5/22/72 

5/23/72 

Name Activity 

5/24/72 

5/26/72 

7/11/72 

J. Higgins U.S. Steel 
A. Calipristi DOT 
E. Berryman SSCI * 

J. Higgins U.S. Steel 

A. Calipristi DOT 

A. Nides SSCI * 
P. Urasky 
E. Berryman SSCI * 
J. Higgins U.S. Steel 

W. J. Burns DOT 
A. Nides SSCI * 
A. Calipristi DOT 
P. Urasky 
R. Deeds DOT 

J. Higgins U.S. Steel 
E. Stark Rheem Manufacturing 
A. Murphy Manion Steel 
J. Gotts NOL 
Mr. Raw NOL 
Mr. Fridinger NOL 

E. Stark Rheem Manufacturing 
E. R. Byrne Eastern Steel Barrel 
J. Higgins U.S. Steel 
L. Trilla Trilla Steel Drum 
L. Baruch Jr. Trilla Steel Drum 
E. Berryman SSCI * 

P. Beal Greif Brothers 
W. Berry 

*Steel Shipping Container Institute 
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