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1. Scope

. 1.1, This practice provides a uniform basis of evaluating, in
a laboratory, the ability of shipping units to withstand the
distribution environment. This is accomplished by subjecting
them to a test plan consisting of a sequence of anticipated
hazard elements encountered in_ various distribution cycles.
This practice is not intended to supplant matenal spec1ﬁcatlons
or existing preshipment test procedures '

1.2 Consider the use of Practice D7386 for testmg of
packagcs for single parcel shipments.

1.3 The suitability of this pracnce for use thh hazardous
materials has not been determined.”. = : :

-'1.4 The values stated in inch-pound units are to be regarded
as standard. The values given in parentheses are mathematical
conversions to SI units that are provided for mformanon only
and are not considered standard. A SRR

. 1.5 This standard does not purport to address all of the
safety,‘ concerns, if. any, associated -with its use. It is.the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. .
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2.1 ASTM Standards:®* ~ «° - dc st L
D642 Test Method for Determining Compressive Resistance
of Shipping Containers, Components, and Unit Loads
* D880 Test Method for Impact Testmg for Shlppmg Contaln;
v, ers and Systems © . i
. D951 Test Method for Water Reszstance of Shrppmg Con-
;; tainers by Spray Method ;
D996 Terminology of Packagmg and Dlstnbutron Env:ron-
ments

..... .
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! This practice is under the jurisdicii‘o‘hc.f ASTM Committee D10 on Packagipé :

and is the direct responsibility of Subcommittee D10.21 on Shipping Containers and
Systems - Application of Performance Test Methods,
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D4332 Practice for Conditioning Contamers, Packages or
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3 Termmology o ) -
3.1 Deﬁmtzons—~GeneraI deﬁnmons for the packagmg and

distribution environments are found in Terminology D996. = -

3. 2 Deﬁnmons of | Termr Speczﬁc to This Standard:

3.2.1 acceptance criteria—the acceptable quality level that .
must be met after the shipping unit has been subjected to the
test plan. See Section 7. L

3.2.2 assurance level—the level of test mtensrty based onits
probability of occurring in a typical distribution cycle, -

YN

3.2.2.1 Discussion—Level 1 is a high level of test mtensny s

and has a low probability of occurrence. Level Il is a low level
of test intensity, but has a correspondingly high probability of ,

occurrence. Level Il is between these extremes. For Distribu- ..
tion Cycle 18 (DC-18), see MIL-STD-2073-1 for definitions
'. sequentially on the same containers in the order given. For use

of military levels of protection. © : ... .o L. 2
3.2.3 coefficient of restitution—the ratio of the rebound
velocity to the impact velocity. .

3.2.4 distribution cycle (DC)—the sequential listing of the !
test schedules employed to  simulate.the hazard elements "
expected to occur for a specific routing of a shipping unit from "
production to consumption. See Table 1.

3.2.5 feeder aircraft—small, potentially non~pressunzed air-

craft used to transport express packages.

3.2.6 hazard element—a specific event that occurs in a .

distribution cycle that may pose a hazard to a shipping unit. .
The element will usually be simulated by asingle test schedule,

See Section 9. cm ;

3.2.7 shipping unit—the smallest complete unit that will be

subjected to the distribution environment, for, example, a-. '
: component is not to be studied by the test and if the defect is

shipping container and 1ts contents. -

3.2.7.1 small sthpmg umt—for DC-18, a small slnppmg
unit is defined as one having no edge dimension or drameter ’
over 60 in. (1.52 m) and a gross werght of 100 1b (45 kg) or '

less.

3272 Iarge shrppmg unit—for DC 18 a large shipping .-
unit is defined as one having at least one edge dimension or
diameter over 60 in. (1.52 m) or a gross weight in excess of 100 |
1b (45 kg), or it is one that has a gmss weight exceeding 100 b
(45 kg) and is secured to a base or to the base of a shipping
unit. s : : N

3.2.8 test plan-—a specrﬁc hstmg of the test sequence to be
followed to sxmulate the hazards anucxpated during the distri-
bution cycle of a: shrppmg unit. Included will be the test-

intensity and number of sequentral tests to be conducted. See

8.5.

3.2.9 rest schedule—the specific procedure to be used,,. .
including the three assurance level intensities, and a reference .. -

to the test method that is the basis of the schedule.

late the forces occurring during any hazard element of the '
distribution cycle. See Section 9.

3.2.10 total velocity change, (AV)—the sum of the lmpact
and rebound velocities.

" 3.3 Abbreviations:

Bl
. completed. If used for other purposes, such as package

: 3.3.1 TOFC—trailer on ﬂatcar
33 2 COF C—-—contamer on ﬂatc;rv '
3.3.3 TL~—truckload,
3.3.4 CL—carload.

3.3.5 LTL—]ess than truckload

4. Srgmﬁcance and Use

. . b L) - s
4.1 This practrce provxdes a gurde for the evaluatron of
.shipping units in accordance .with a uniform system, using
- established test methods at levels representative of those
“ occurring in actual distribution. The recommended test levels
,‘ are’ based on available information on the shipping and
- handling environment, and current industry/government prac-
tice and experience (1- 13).5 The tests should be performed

as a performance test, this practice requires that the shipping
unit tested remain unopened until the sequence of tests are

development, it may be useful to open and inspect shipping

_'units” at various times throughout the sequence. This may,

however, prohibit evaluating the influence of the container
_,closure on container performance.

. 4.2 For Distribution Cycle 18, as referred to in MIL-STD-

©'2073-1, the use of this practice is defined in subsequent
'v sections identified as DC-18.

5. Test Specrmen

s Test specimens consist of representatrve samples of
complete shipping units, including actual contents. Products
with blemishes or minor defects may be used if the defective

documented in the report. Dummy test loads are acceptable if

. testing the actual product might be hazardous. If a dummy load

-is used, it should be instrumented to determine if the fragility
level of the actual product has been exceeded. Take care to

- duplicate the load characteristics of the actual product, and

avoid unnecessary prehandling.
5.2 Care must be taken to ensure that no degradation has

" occurred to either the product or the package ‘if the test

" packages have been shipped to the test site. If any doubt exists
as to the condition of the package, repack the product in new
. packagmg ‘material before testing, =~ i - e A

5.3 The number of test rephcatlons depends on the desired .
_objectives of the testing and the availability of, duplicate
products and shipping containers. Replicate testing is recom-
mended to improve the reliability of the test results.~

I P R

6. Condmonmg e
< 6.1 If the distribution cycle contams clrmauc condmons that

B N

. ~have an effect on the performance characteristics of the
3.2.9.1 Discussion—The purpose of the schedule is to simu- ;

product, shipping container, or components such as cushioning,
use one of the following procedures. (It should be noted that
different atmospheric conditions are likely to exist between the

o

. ®The boldface numbers in parcnlheses refer to a list of references at the end of
this practice.
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TABLE 1 Distribution Cycles

L

Performance Test Schedule Sequence
* {see Section 9 for Test Schedule definition) -

Sixth . ¢

jo]o] Distribution Cycle ’ First '+ . Second Third . Fourth Fifth -7 Seventh
' "y : R e S
1 General Cycle~—undefined distribution Schedule Schedule D Stacked Schedule F Schedule G ScheduleJ  Schedule A‘
system ’ : A - Vibration -© -~ Loose-Load i’ Rail ' Concentrated  Handling
Handling > Vibration -, - Switching :-: 5;lmpac£_ P
2 Specially defined distribution system, ' o select from Schedules A through |
user specified (see Appendix X2) g L . et
-3 Single package without pallet or skid, "/ " Schedule 'Schedule D Stacked Schedulé F Schedule J Schedule A
<. 55 LTL motor freight o A .. Vibration OR .- . Loose-Load Concentrated Handling— . .
. . Handling  Schedule C Vehicle Vibration - . Impact Manual
—Manual Stacking plus o
! Co Schedule E Vehicle BRI
S S <. Vibration v
.o, Lot L ' . . o o e .
4 ' Single package with pallet or skid, " Schedule Scheduls D Stacked l Schedule F Schedule J  Schedule A
- LTLmotor freight - - A " Vibration OR Loose-Load Concentrated Handling—‘"" .
o N L Handling  Schedule C Vehicle _Vibration Impact Mechanical
. ~—Mechanical ~ Stacking pius ’ . ’ v
: Schadule E Vehicle
R Vibration ) L )
5 Motor freight, TL. not unitized - Schedule Schedule D Stacked - Schedule E . Schedule J - Schedule A .
- N ' ' A * Vibration ‘. Vehicle . Concentrated  Handling
* Handling ~ "7 Vibration Impact .
6 Motor freight, TL, or LTL—unitized Séhédulé S;:hadule D Stacked ScheduleJ Schedule A Schedule B ..
. BT C A ‘Vibration OR ~  Concentrated  Handling = Warehouse °
Handling  Schedule C Vehicle Impact ’ Stacking
. Stacking plus )
Schedule E Vehicle '
Vibration ~ ..; Ly '
‘. . L. . ,',,‘* PR ie.
7 Rail only, bulk loaded Schedule Schedule D Stacked Schedule G Schedule A
E o . . A Vibration Rail Handling
- Handling e, Switching e
'8 "'Rail only, unitized - Schedule Scheduls D Stacked ~Schedule G Schedule A Schedule B
. o ' " A Vibration Rall Handling .- Warehouss ' .,
Handling Switching _ Stacking
) . . oo e e . U TP RN
. . L N H .ot H 1 . ool -
-9 Rail and motor freight, not unitized "Schedule Schedule C Vehicle Schedule E Schedule G Schedule F - Schedule J  Schedule A
L . S VA Stacking Vehicle Rail Loose-Load Concentrated  Handiing
Handling L Vibration " ' Switching ©  Vibration * Impact * o
10 Rail and molor freight, unitized - ! Schedule Schedule D Stacked Schedule G ScheduleJ Schedule A  Schedule B
Y Y .. Vibration - . Rail Concentrated * Handling ‘' Warehouss
. Handling ) Switching Impact - Stacking. ...+
P : < o S . . TP S SN AR SN .
N Rall, TOFC and COFC Schedule Schedule G Rail Schedule D Schedule F Schedule A ~ R et
s - A Switching - ° Stacked Loose-Load ~ Handling -
Handling ;- Vibration . Vibration e L
N ta, N i . - N . * .
12 Air (intercity) and motor freight (local), . Schedule Schedule D Stacked Schedule! Schedule E Schedule J  Schedule A
over 150 Ib (68.1 kg), or unitized A Vibration Low .. Vehicle = .Concentrated = Handling
' UL o Handling - ) Pressure®  Vibration Impact i o
?3 “.Air {intercity) and motor freight (Ibcal. Schedule’ Schedule C Vehicle . Schedule F . Schedule ! Schedule £ * Schedule J ' Schedule A
e single package up to 150 Ib (61.8 kg). « . AHan- '+ Stacking Loose-Load  Low Pres- - Vehicle Vi- . Concen- ', Handling
Consider using Practice D7386 (. dling . Vibration sure? bration trated Im- ’
for single parcel carrier shipments. pact
14 Warehousing (partial cycle 1o be added to Schedule  Schedule B Ware- : T v
. . other cycles as needed) . - AHan- :. house Stacking " vt
) ) i . ding o ‘ o .. e,
15 Export/impont shipment for Intermodal Schedute  Schedule C Vehicle  Schedule A . . .
' - container or roll on/roli off trailer (partial A Han- Stacking Handling - ¢ i '
cycls to be added to other cycles as dling ’ o E i : S \
~ needed) . ) .
16 Export/import shipment for pallstized cargo Schedule Schedule C Vehicle  Schedule A : sov [ ULt
ship (partial cycle to be added to A Han- Stacking Handiing L
other cycles as needed) .. dling
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TABLE 1 Continued

Second

Performance Test Schedule Sequence
(see Section 9 for Test Schedule definition) - ..

DC » Distribution Cycle " First Third Fourth Fifth " Sixth Seventh
17 Expdﬂ/lmport shipment for break bulk - _+ Schedule  Schedule C Vehicle Séhedule A .
cargo ship (partial cycte to be added to : ., .. . Stacking Handling
other ) 77 Handiing : S
cycles as needed) - o
18 Non-Commercial Govemment shipments Refer to Annex A1 _!or Test Schedules app!yin§ to bC-18.

per MIL-STD-2073-1

. i

4 This high altitude, non-pressurized transport simulation test may be deleted from this distribution cycle

Tic,

have a porous material. {:: . . . :

origin and destination points of a distribution cycle, particu-
Jarly for export/import cycles.) o o
6.1.1 Conduct the test at standard conditions and compen-
sate for the effects of any climatic condition. Condition the
shipping units to a standard atmosphere of 73.4 * 2°F (23 +
1°C) and 50 * 2 % relative humidity. Condition fiberboard
containers in accordance with ‘Practice D4332.° The same
atmospheric condition should be used for any assurance level.
A conditioning period of 72 h, or sufficient time to reach
equilibrium of all parts of the package and product is recom-
mended. Tests should be conducted in the conditioned atmo-
sphere whenever possible. If not possible, conduct the tests as
soon - after removal from the conditioning atmosphere as
practicable. Recondition the shipping units to the standard
atmosphere as necessary during the test plan. -
6.1.2 In some circumstances, it may be necessary to conduct
some or all of the tests at special climatic conditions, such as
those given in Practice D4332, or Test Method D951, or others
(salt, spray, water immersion, humidity, or temperature). The
same climatic condition should be used for any assurance level.
A conditioning period should be provided which will allow
sufficient time to reach equilibrium of all parts of the package
and product. Tests should be conducted in the conditioned
atmosphere whenever possible. If not possible, conduct the
tests as soon after removal from the conditioning atmosphere
as practicable. Recondition the shipping units as necessary
during the test plan. For atmospheres other than the standard
conditioning atmosphere, the user must determine the appro-
priate compressive load factor for warehouse and vehicle
stacking, as the factors given in 11.2 are bgsed on testing under

the standard test atmosphere.

7. Acceptance Criteria - T

7.1 Acceptance criteria must be established prior to testing
and should consider the required condition of the product at
receipt. The organizations conducting the test may choose any
acceptance criteria suitable for their purpose. It is advisable to
compare the type and quantity of damage that occurred to the
test specimens with the damage that occurs during actual
distribution and handling or with test results of similar con-
tainers whose shipping history is known. -* . |

72 In many cases, the acceptance criteria can be the
following: o o
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when testing shipping units that contain primary packages that

Criterion 1—Product is damage-free.

Criterion 2—Package is intact. o

Criterion 3—Both criteria 1 and 2. _ .

Often, this means that the shipping container and its contents
are suitable for normal sale and use at the completion of the test
cycle. Detailed acceptance criteria may allow for accepting
specified damage to a product or its package. The form and
content of acceptance criteria may vary widely, in accordance
with the particular situation. Methods may range from simple
pass-fail judgments to highly quantitative scoring or analysis
systems. C o

8. Procedure .
8.1 Define Shipping Unit—Describe’ shipping unit in terms
of size, weight, and form of construction. See 3.2.7. Determine
whether the container will be manually or mechanically
handled. L o .
8.2 Establish Assurance Level—Specify a level of test
intensity. The level should be one of three: pre-established
assurance levels. This must be pre-established based on the
product value, the desired level of anticipated damage that can
be tolerated, the number of units to be shipped, knowledge of
the shipping environment, or other criteria. Assurance Level II
is suggested unless conditions dictate otherwise. Assurance
Level I provides a more severe test than I Assurance Level I11
provides a less severe test than IL. The assurance level may be
varied between schedules (see Sections 10 — 15) if such
variations are known to occur. The test levels used should be

reported. See Section 18.

8.3 Determine Acceptance Criteria—Acceptance criteria
are related to the desired condition of the product and package
at the end of the distribution cycle. See Section 7.~

8.4 Select Distribution Cycle—Select a Distribution Cycle
from the available ‘standard distribution cycles compiled in
Table 1. Use the DC that most closely correlates with the
projected distribution. When the distribution is undefined, the
general distribution cycle DC-1 should be selected. When the
anticipated distribution is well understood, a special distribu-
tion cycle DC-2 may be specified. In using DC-2, the user
selects test schedules from Section 9 and specifies the test
sequence (see Appendix X2 for more details). For purposes of
DC-3 and DC-13, the bottom of a single package is the surface
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on which the package rests in its most stable orientation. The

identified bottom should be utilized for purposes of determin-

ing the starting orientation of each test schedule wnthm the |

above stated distribution cycles.
8.5 Write Test Plan—Prepare a test plan by using the

sequence presented in Table 1 for the distribution cycle .

selected. Obtain the test intensities from the referenced sched-
ules. The test plan intensity details must take into account the

_determine the ability of the shlppmg unit to withstand the

hazards occurring during manual handlings, such as loading,

_unloading, stacking, sorting, or palletizing. The main hazards

“from these operations are the impacts caused by dropping or

assurance levels selected as well as the physical description of
the shipping unit. Table 1 thus leads to a detailed test plan

consisting of the exact sequence in which the shipping unit will
be subjected to the test inputs. The test schedules associated
with each element reference the existing ASTM test methods
for clarification of the equipment and techniques to be used to
conduct the test.

8.5.1 Sample test plans are provided in Appendix X1,

8.6 Select Samples for Test—See Section S, ot

8.7 Condition Samples—See Sectxon 6.’ 4
. 88" Perform Tests—Perform tests as dlrec(ed in reference
ASTM standards and ,as further modified in the specxal

instructions for each test schedule.... . ;.

8.9 Evaluate Results—Evaluate results to detemune 1f the
shlppmg, units meet the acceptance criteria. See Section 7.

'8.10 Document Test Results—Document test results by re-
porting each step. See Section 18.

8.11 Monitor Shipments—When possible, obtain feedback
by monitoring shipments of the container that was tested to
ensure that the type and quantity of damage obtained by the
laboratory testing correlates with the damage that occurs in the
distribution cycle. This information is very useful for the
plannmg of subsequent tests of snmnlar shlppmg contamers

9 Hazard Elements and Test Schedules

* 9.1 Hazard Elements and Test Schedules are categonzed as
follows s

B

Secllon

Schedule . Hazard Element Test
A ' Handling—manual and mechanical drop, Impact, stability " 10 -
B Warehouse Stacking i: compression 1
C . Vehicle Stacking L comprassion . b
.~ D ,Stacked Vibration . . vibration | 12
E ' Vehicla Vibration ' * vibration 2
B Loose Load Vibration repetitive shock I I
!'G Rail Switching - + longitudinal shock <14
H Environmental Hazard cyclic exposure 15
| Low Pressure Hazard vacuum " 16
J Concenlra(ed impact « Impact NS . 17

10. Schedule A——Handlmg—Manual and Mechamcal'

. 101 There are two types of handlmg hazard e]emcnt
manual and mechanical. The manual handling test should be
used for single containers, smaller packages, and any shipping
container that can be handled manually, up to a weight of 200
Ib (90.7 kg). Mechanical handling should be used for unitized
loads, large cases and crates, and any shipping container or
system that will be handled by mechanical means. Manual and
mechanical handlmg are described further in 10.2 and 10.3,

-10.2 Manual Handling—The test levels and the test method
for this schedule of the distribution cycle are intended to

296

throwing. Size, weight, and shape of the shipping unit will

“affect the intensity of these hazards. Several test.method
“options are permitted, including free fall and simulated drop

test using shock machines. While these test methods produce
similar results, the shock machine method produces more
control of orientations of impact; see Test Method D5487 for
limitations of the shock machine method. =~~~
" 10.2.1 For long narrow  packages . that are mechanically
sorted, another hazard to be simulated is bridge impact
(10.2.4).

10.2.2 Mechanical handling (10.3) may be used when it is
anticipated that handling will be by mechanical means only.

10.2.3 For the free-fall and shock’ machine tests, recom-
mended drop heights, the number of drops, the sequence of
drops, and the shxppmg unit onentanon at 1mpact are as
follows: e e e

Test Melhod D5276 D5487 L
Condztmnmg———See Section 6. e e, B

i

oo Ly

.. I : Drop Heught in. (mm) Assuranoe Level
. Shipping Weight, Ib (kg) - - ] 11}

01020 (0t0 9.1) 24 (610) ) 15 (381) . 9(229)
2010 40 (9.1 t018.1) ! it 21(533) <13 (330) U 8 (203)
40 to 60 (18.110 27.2) -::'? i ... 18 (457) f, i12(308) " - +" 7 (178)
6010 80(27.21036.3) ., ey 15(381) ,, 10 (254) 6 (152)
80 to 100 (36.3 to 45.4) . . 12(305) ©  9(229) § (127)
100 1o 200 {45.4 1o 90. 7) 10(254) 7 (178) 4 (102)
Number of o ot TSR i ' ll., ) FERT
Impacts at T I T T

Specified o

Height lmpacl Onemation - .

. RS First Sequence of Distribution Cycle -
RN o1 Box” Bag or Sack’ - Cyilindrical Contamer
One fop . . . face L top .

Two ad)acenl bol‘lom edges " two sides two sides 90° apart
Two diagonally opposnte bottom both ends : bottom edges 90° apan
.- .- corners &8 )
One . boﬂonr‘r' . opposnle face | bottom
Numberof - - -~ . R
impactsat ., - . e e ] IR AT SR A
Specified S e P,
Height Y Impact Orlentauon - ’
e o 7 Second Sequence of Distribution Cycle
Yoo .o e oL Box .+, Bag or Sack _, Cylindrical Container
One  vertical edge ) face . . top
Two adjacent side faces two sides ' two sides 90° apart
Two one top corner and one both ends - - bottom edges 90° apat
. adjacent top edge -
One see Note 1 . see Note 1 see Note 1

Note 1—On the last impact of the last manual handling sequence in a
distribution cycle, the impact should be made at rwice the specified henghl
or equivalent velocity change. (This is the final (s:xlh) drop in the
sequence, not an additional drop.) The drop should be in the im
orientation most likely for a drop to occur, usually the largest face or the
bottom. For distribution cycles where any drop orientation is possible (that
is, shlpmenls via carriers that mechanically sort packages), this drop
should be in the most cntlcal or damage—prone onentauon, as deﬁned in
Test Method D5276."" -

' Note 2—The equivalent velocity change correspondmg to the specified
drop height used for the shock machine method shall be calculated as
specified in Test Method D5487, -~ .« - v i i

- 10.2.4 Bridge Impact Test: Test Method-—D5265
Condtttonmg—-—See Section 6.
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10.2.4.1 Conduct bridge impacts on long, narrow shipping
units which have a length of at least 36 in. (915 mm) and each
of the other two dimensions are 20 % or less of the longest

dimension.
10.2.4.2 These tests are requxred only once in any test
schedule sequence. e '

10.3 Mechamcal Handlzng——The test “levels and the test
method for this schedule of the distribution cycle are intended
to determine the ability of large and heavy shipping units,
single packages with pallet or skid, and unitized loads to
withstand the mechanical handling hazards that occur during
loading, unloading, sorting, or stacking. For large shipping
cases and crates and any single package with pallet or skid,
different test methods are used.versus unit loads. For various
types of unit loads, test methods also vary, depending on the
method of truck handling: fork, clamp, spade, or pull/pack.

-10.3.1 Large Shipping Cases and Crates and Single Pack-
ages with Pallet or' Sk:d-—Perform the followmg test se-
unﬂCCS oo AR L B . 20 ".u‘ A. L
Test Method———D6179 D88O D4003 ST T
Conditioning—See Section 6. i

10.3.1.1 Fork Lift Truck Handlmg——One rotauonal ﬂat drop
from each opposite base edge in accordance with Method C of
Test Methods D6179. and one rotational ‘drop on: each of two
diagonally opposite base corners in accordance wrth Method B
of Test Methods D6179 R R TR ;_

. . Drop Henghl In (mm) Assurance Leve!l ’

GrossWalght Ib (kg) Yoy l HEE [ EPPLR L || '
010 500 (0 to 2268) e 2@ 9(229) 6(152)
Over 500 (226 8 (229) 6 (152) '3 (076)

10 3 1.2, Crane Handlmg-—(Conduct thlS test only if cranes
are used for handhng in the dlstnbutlon process ) One drop flat
on bottom and one drop on base edge in accordance with
Method D of Test Methods D6179. Use the same drop helghts
versus shrppmg unit welght as m 103.1.1.. g

10.3.1.3 Side , Impact Test—Impact all four sides - of the
shipping unit in accordance with Test Method D880, Procedure
B. Alternately, use Test Method D4003 Method B using a short
duration programmer, assuming the coeﬂicxent of restitution is
0.0 and the total velocrty change is equrvalent to the specrﬁed
1mpact velocrty At SRR

: Assurance Level
: e PRI

ul‘ RN

{ T
" Impact Velocnty ft/s(m/s) K - -
g . 5.75(1.75) :. o
N : ‘ P o 4.0(1.22) s
mo f\ . oo 3.0(0.91)

“103. 1 4 Tp Test——In accordance with Method F of . Test
Methods D6179. . 5 .oty T T .

10.3.1.5 Tipover Test—In accordance thh Method G of Test
Methods D6179 if shipping unit fails Tip Test above, -

10.3.2 Unmzed Loads—Perform . the followmg tests se-
quences as appropriate for the method of truck handlmg
Test Method—D3880, D4003, D6055 D6179
Conditioning—See’ Section 6. ,

10.3.2.1 All Methods of Truck Handlmg-—Prck up, transport
around test course, and set down in accordance with Test
Methods D6055, Method A for fork lift, Method B for spade
lift, Method C for clamp, and Method D for pull pack. = * °

Assurance Leve!
LS B ]

Cycles (Round Trips) -~ '+
bl .

NI (M S A

mo Co 3

(1) For shipments via less-than-truckload (LTL), simulate
transfer terminal handling by performing fork lift truck trans-
port ‘over a floor hazard described as follows: a modified
nominal 2 by 6 in, board with one edge beveled full height at
45° (see Fig. 1) shall be placed on the course in'a position
where both lift truck wheels on one side must _pass over it
during each handling sequence, and a second modified nominal
2 by 6 in. board shall be placed on the course after the 90° turn
in such a position that both lift truck wheels on the opposne
side must pass over it during each handling sequence. :

#10.3.2.2. All Methods of Truck Handling—Impact all four
sndes of the shipping unit in accordance with Test Method
D880 Procedure B. Alternately,. use Test’ Method D4003,
Method B using a short duration programmer, assuming the
coefficient of restitution is 0.0 and the total velocrty change is
equivalent to the specified impact velocity. . .

Assurance Leve! Impact Valocny t/s(m/s) - -
] ., BI5(1.75)
1 Lo ‘ 4.0 (1.22)
n 30091
10.3.2.3 Fork Lift Truck Handling—One rotational flat drop
from each opposite base edge in accordance with Method Cof
Test Methods D6179., , W s
DL Drop Height, h (mm) Assurance Level
Gtoss Welght. Ib (kg) ‘ | ; ] . o
0to 500 (0 to 226.8) 12 (305) 9 (229) s (152)
Over 500 (226.8) =" ='1:s- "9 (229) v 6(162) - -3 (76)

11. Schedule B—Warchouse Stackmg and Schedule
C—Vehicle Stackmg'

“ 11.1 The test levels and the test methods for these schedules
of a distribution cycle are intended to determine the ability of
the shipping unit to thhstand the compressive loads that occur
during warehouse storage or vehicle transport.’ The requxred
loading must consider the effects of length of time in storage,
the alignment or stacking pattern of the container, variability in
container strength, moisture content, temperature, previous
handling and transportation, method of load support, and
vibration. The minimum required loads for typical shipping
units which include the combined effects of the above factors
are recommended below for Schedule B—Warehouse Stacking
and Schedule C—Vehicle Stacking (select test levels for either
warehouse or. vehlcle stackmg as, deﬁncd 1n the dlstnbunon

RN - Ce o~
| \ 5.5"
l. B LT I I P R ] Ad -3

FIG. 1 Floor Hazard A U
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Test Method D642, -
Conditioning—T73.4 = 2°F (23 = 1°C), 50
humidity in accordance with Practice D4332,

2 % relative

11.2 Use the following test levels:

F Factors Assurance Level

Schedule Schedule |

Co ‘ ‘' B—Warehouse ~ C—Vehicle -
Shipping Unit Construction - oo moad nocn

1. Corrugaled, tiberboard, or plastic container 80 45 3.0 100 7.0 5.0

that may or may not have stress—bearing

" interior packaging using these materials,
and where the product does not suppont -
any of the load. .

2. Corrugated, fiberboard, or plasﬂc container 4. 5 30 20 60 45 30
that has stress-bearing interior
packaging with rigid inserts such as
wood, .

3. Containers constructed of materials other
than corrugated, fiberboard, or plastic
that are not temperature or humidity
sensitive or where the product supports '
the load directly, for example, ¢ C

. compression package. . o I

4. If the product supports a known pomon of - .
the load, the F factor s calculated inthe = v |
following manner. - :

30 20 15 40 30 20

F=P(F)+C(F) S )

where:

F, = factor given above for compressnon package (construc-

' tion Type 3),

P = fraction of load supported by product,

F, = factor given above for appropnate container
“construction, and

C = fraction of load supported by container.

If a full pallet load is tested, F factors may be reduced by
30 %.

. 11.3 .For warehouse stacking and vehxcle stackmg made up
of identical shipping units, load the shipping unit to the
computed load value, as calculated below. Remove the load
within 3 s after reaching the specified value,

L=MXJ hhxF e @
where:”
L = computed load, lbf or N
M =, mass of one shipping unit or individual container, 1b or
. ke,
J ‘= 11bf/lb or 9 8 N/kg.
H = maximum height of stack in storage or transit vehicle af
' " vehicle stack height is unknown, use 108 in.(2.7 m)), in.
or m,
h = height of shipping unit or individual container, in. or m,
and
F = a factor to account for the combined effect of the

individual factors described above, " °

11.4 For vehicle stacking made up of mixed commodities
and shipped in an LTL or small package delivery environment,
load the shipping unit to the computed load value, as calculated
below. Remove the load within 3 s after reaching the specified

-value, If the average shipping density factor (My) for the

specxﬁc distribution system is not known, use a value of 10
Ib/ft (160 kg/m®).

298

IXwXh- H—h
X

LM T X TXE Lo
where: '
L = computed load, Ibf or N,
M, = shipping density factor, /86 or kg/m3
J = 11bf/lb or 9.8 N/kg, "
H = maximum height of stack in transit vehlcle (1f vehicle
,, stack height is unknown, use 108 in.(2.7 m)), in. ‘or m,
. see Note 3,
h" = height of shipping unit or mdmdual contamer in. or
m,
1= length of sh:pplng umt or mdlvxdual contamcr, in. or
w = w1dth of shi })pmg unit or individual contamer, in. or m,
K = 1728 in¥/ft° or Il m*/m®'and = -
F. = a factor to account for the combined effect of the

individual factors described above.

Note 3—The value for H, when unknown, is reduced to 54 in, (1.4 m)

from 108 in. (2,7 m) for packages under 30 Ib (13.6 kg) and 2.0 ft* (0.056

m?) or less in size when applied to a vehicle stacking hazard element in
LTL shipments.

12. Schedule D—Stacked Vlbrahon and Schedule
E—Vehlcle Vibratlon- e *

- 121 The test levels and test methods for these schedu]es of
the distribution cycle are intended to determine the ability of
shipping units to withstand the vertical vibration environment
during transport, and the dynamic compression forces resulting
from vehicle stacking. The test levels and methods account for
the magnitude, frequency range, duration, and direction of
vibration. Select a Schedule D—Stacked Vibration or Schedule
E—Vehicle Vibration (no stacking) test as ‘defined by the
distribution cycle. Two test method options are permitted, sine
and random. The two methods are not equxvalent they will not
necessanly produce the same results. The random test method
results in a better simulation ‘of actual transport vibration
environments, and is the preferred method for qualification.
The sine test method is often used in conjunction with the
random method as a means of determmmg and observing
system resonances. : :

12.2 Schedule D—Stacked Vbranon»Perform the test
along the vertical axis with the load in the normal shipping
orientation or with the predetermined bottom orientation (as
specified in DC-3) facing down. It is permissible to use a
concentrated dead load to simulate an upper unit load or mixed
commodities. The concentrated load may be calculated from
the formulas in 11.3 and 11.4, with the F factor set equal to 1.
Recommended intensities and durations for the random tests
are given in 12.4, and those for sine tests are given in 12,5,

12.3 Schedule E—Vehicle Wbration—"—l-Perform'the test for
each possible shipping orientation. Recommended intensities
and durations for the random tests are ngen in 12 4, and those
for sine tests are glven in 12 5.

124 Random Test Oprzon. S )

Test Method D4728, Method Aor BA . .-
Conditioning—See Section 6.

Ly
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Special Instructions—The following power spectral densities, as defined by their
mode of transpon, frequency and amplitude breakpoints, and test durations are
recommended. The Truck lest is recommended for Distribution Cycles 1, 3,4, 5
and 6. The Rail test Is recommended for Distribution Cycles 7, 8 and 11. A60
min Truck test followed by a 120 min Rall test Is recommended for Distribution
Cycles 9 and 10. AG0 min Truck test followed by a 120 min Air test Is recom-
mended for Das(rlbutlon Cyc!ee 12 and 13.

Truck: )
H v Power Spectral Density Level, g7/Hz ¢ >0 .}
. Assurance Level Assurance Level  Assurance Level
Frequency, Hz = = ¢ nidi . to o 1Y e
. % ... . <. 300001 0. 0.00005 . - :.0.000025
4 ' ©0.02 ) . 001, . ‘. 0.005
16 0.02 7 10,01 1 0.005 °
40 I 0.002 © 0,001 1 -0.0005
80 .2 0.002 fr,tt- 0.001 cio 0.0005 -
200 0.00002 .. 0.00001 . 0. 000005
Overall, grms 073 ‘082 - 't 037
180 e 180 . 180 .. . .-

Duration, min® .
Ce . ST R RIS
Ca e Ra(! R

- " Power Spectral Densny Level g’/Hz S

"4 - . Assurance Level :° Assurance Level .. Assurance Level .

Frequency, Hz .. .1 . . v 0 v 00 .
1 o C0.00002 0.00001 .. .0.000005 .
20 T 0002 0.001 " “ 7.0 00005 ¢
50 " 0.002 S . 0001 UL+ 00005 [ %
90 ‘ 0.0008 0.0004 0.0002
200 L: 000002 0.00001 i 0.000005 *
Overall, grms ¢ & 041 «. Teoi 029 07 020 - .
180 , , 180 180

Duration, min® : ; ‘ .

ST FR TAI T b T e

: PSR TR I Power Spectral Densny Level. g‘/Hz Lt

L Assumnoe _Level Assurance Level K Assurance Level
SO Mt A )

s
Frequency. Hl ) ]

2 S 0.0004 ¢ 0. oooz » 1 0.0001

12 0.02 0.01 - 0.005 -

100 0.02 0.01 0.005
300 000002 . 000001 ,  0.000005 .
Overall, g Ms 1,49 "+ 4 R e 405 7 TR 0,74 N

Duration, mina 180 . 180 . .'130

4 1t Method B Is used the drlve signal must be equallzed for the specmc shaker
and shipping unit dynamics per Test Method D4728, Section 8.

8 £or vehicle vibration tests in multiple shipping unit orientations, the total duration
should be dlstnbuled even!y between the onentatlons tested

12.4.1:If more detalled mfotmauon is avallable on the
transport vibration environment or the damage history of the
shipping unit, it is recommended that the above procedure be
modified to use such information, . The average test. time
required to reproduce shipping damage is dependent on the
mode of failure, as well as the vibration level. Some over-stress
and abrasion modes of failure will occur in much less than 3 h,
while some fatigue failure modes may require more than 3 h to
oceur. Test durations ranging from 30 min to 6 h have been
used successfully for different product or package types. The
recommended 180-min durauon is reasonable in the absence of

v
\

specific shxppmg or testmg expenence. L

12.5 Sine Test Opnon o,
Test Methods D999, Mcthod B or C

Conditioning—See Section 6. Lttt

Special Instructions—Dwell time is for each noted product
or package resonance up to four discrete resonances. If more
than four resonances are noted, test at the four frequcncles
where the greatest response is noted. In frequency sweeps it is
advisable to consider the frequency ranges normally encoun-

[ITTE AT

ot

tered in the .type of .transportation being considered. The
resonant frequency(ies) may shift during test due to changing
characteristics of the container system. It is suggested that the
dwell frequency be varied slightly during the test to detect any
shift and to continue testing at the frequency of maximum
response. Use the followmg test levels: . - - I

S St Amplityde . Dwelt
‘Assurance TN LT ', .o (O-Peak), g * Time,
Level  Frequency Range Hz ., Rall cror Truek o, min
I 3to 100 025 05~ 15
i 310100 0.25 0.5 10
i1 0.25 0.5

310 100 .5
13, Schedule F—Loose Load Vibration:

13.1 The test levels and the test method for this schedule of
the distribution cycle are intended to determine the ability of
the shipping unit to withstand the repetitive shocks occurring
during transportation of bulk or loose loads. The test levels and
test method account for amplitude, direction, and duration of

 the repetitive shocks. . . R
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. 13.2 Use the followmg test levels R R P
Test Method—D999, Method Al or A2. . - i i & oo
Conditioning—See Section 6. : .
Special Instructions—Dwell time distributed 50 % along
normal vertical shipping axis or with the predetermined bottom
orientation (as specified in DC-3 and DC-13) facing down and
remaining 50 %.evenly along all other possxble shxppmg
orientations ., . . ..; ., Coe .
Assurance Level -} Dwell Time, min - :
A ot .. .60
] 40,

v . . m . oo - L 30 e ‘

14 Schedule G—Simulated Rail Swntchmg e

14.1 The test levels’ and test methods for this schedule are
intended to determine the ability of the shipping unit to
withstand the acceleration levels and compressxve forces that
mlght occur during rail switching operations.” "~

Test Method D4003, Test Method Aor Test Method D5277

Cond:tromng—-See Section 6.”

Special Instructions—Four impacts shall be performed For
railcars with standard draft gear, shock durations of 40 * 10
ms shall be used, as measured on the floor of the carriage. For
railcars with long-travel draft gear, shock durations of 300 %
50 ms shall be used. Reference Association of American
Railroads, General Information Bulletin No. 2.

Note that Test Method D5277 is used for standard draft gear
only.

Refer to Test Methods D4003 or D5277 for specific instruc-
tions on how to instrument and conduct the test.

14.2 Procedure—Load shipping unit on carriage against
bulkhead. Use a backload equivalent to a minimum of 3 ft
lineal (0.9 m) of cargo. The package used as backload in
contact with the test package must be Identxcal to the test
package.

14.3 Test Levels—Allow the camage to 1mpact a cushioned
barrier in accordance with the following table. Assurance Level
I shall be used for open-top rail car load tests. Assurance Level
IT shall be used for boxcar load tests for non-hazardous
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materials and for TOFC/COFC load tests for non-hazardous
materials. There is no: Assurance Level - 11 for thls Test
Schedu]e e N P R P
-14.3.1 If known, contamer 1mpact surfaces should be the
same as occur in actual shipment, If the shipping orientation is
not known, or if more than one orientation is possible, the first
three impacts should be on that test specimen surface which is
deemed to be most sensitive to damage For the fourth 1mpact
rotate the specimen 180° on the camage § .
: »-'.5- Velocny r

Assurance © Impact "’ P ne
Level Number mph (m/s)
) 1 o 4(208) .« 1.79(x022) : .
2 6 (+ 0.5) 268 (+0.22) '
O < ooy o B(x05) .. 3.58 (£0.22)

, Aloate 180°) . 8(+05) ' 358(«022)
s C4(£05) 1 ' 179 (£022) 1
o e s 20 4., B(x05) :, - 268(x022)

.3 6 (+ 0.5) 268 (+0.22)

4 (rotate 180°) © - 6 (2 0.5) 2.68 (1022)

14.4 Procedure Modification—If more detailed mformatxon
is available on backload or shock characteristics it is recom-
mended that the above proccdure be modxﬁed to use such
lnformatnon st Towoaten g

>
TG i

15 Schedule H—Envnronmental Hazard i‘ coe

i 15.1 This schedule is intended to provide for the anticipated
and often rapid changes in ambient conditions associated with
the military distribution of material. This schedule determines
the susceptibility of the total pack to the effects of moisture,
temperature shock, or the combined effects of cyclic exposure.
The result of conditioning may involve the observation/
measurement of moisture or water within packs, evidence of
corrosion on packaged items, or compromise of the enclosure’s
structural integrity such that physical protection can no longer
be ensured. Testing shall be in accordance with Test Method
D951, where spray intensities of 4 + 0.5 in/h (100 % ‘10
mmv/h) are used for Assurance Level I and 2 = 0.5 in/h (50 = *
10 mm/h) for Level II Water spray temperature is as listed i m
uncontrolled at amblent conditions. . . . .

"'15 2 'I‘est levels shall be as follows R LRI

irAssurance Level - ' Temperature, °F (°C) ‘- - Water Spray - Duration, h
NN }l R 1602 5(7122) , w0 o oL s it .18 -
55+5(1322) X 2
~5+5(-21x2) s ‘2
12645(52£2): ¢+ it X et 2
. 65+5(13+2). ot G X 2
32x£5((01z2) i6 .
1602 5(7122) . ) 4
oL 55x5(13£2) - . il el 2
; —6525(-5422) . . .oeg., 0 W2
160 =5 (71 + 2) 16
- 5525(1322) Lot X s e 20
-6525(-5422) e Ly 2,
40542 T 83
o 160£5(7122) ! 16
. . 18025(7122) . 14 .
5§52 5(132) X 2
160 £ 5 (71 £ 2) 4
. 32+5(0zx2) I 2
55+ 5(13+2) X 2

" The cyclic sequence shall be repeated on thiee R

consecutive days. At the end of the three day period, the |
. unit pack being tested shall then set ovemight - T

. v 160 £ 5 (71 22) 116
BRI | v t Not -ap_plica'ble'f . e '
" 15.3 Duration time shall be measurcd starting the moment at
whlch temperature settmg is changed to next condmon "
15.4 When spec:ﬁed in the contract tlns test should be
performed as part of the complete distribution cycle for the
smallest complete shipping unit, as part of the contract.

16. Schedule I——Low Pressure (ngh Altltude) Hazard

Casnane

16.1:This schedule is iniended to provtde for the anticipated
reduction in pressure when packaged products are transported
via certain’ modes of transport, such as feeder aircraft or by
ground over mountain passes. This test shall be conducted in
accordance with levels described in Test Method D6653. This
test should be included for products and packages that could be
sensitive to a low pressure environment, for example,‘ sealed
flexible non-porous packages, liquid containers, or porous
packages that may. be. packed in such a manner as to be
adversely affected by low pressure environments. This test may
be deleted from DC 12 and 13 when' shipping units contain
primary packages that have a porous material (porous packag-
ing material is defined in. Termmology F1327)

16.2 Test the packages to the expected altitude levels
encountered during shipment. If these are not known precisely,
use levels recommended by Test Method D6653 of pressure
equivalent to 4267 m (14 000 ft.) for a period of 60 min. The
test duration and pressure levels may be modified based on
knowledge of the shipping environment, product value, desired
damage level acceptances. or other cntena as described in Test
Method D6653 o i

17. Schedule J——Concentrated Impact

17.1 This schedule provides a simulation of anticipated low
level concentrated impacts as, received by packages during
sorting operations and in transit, The test is only applicable to
lightweight singlewall corrugated shipping containers (under
275 Burst or 44 ECT) and plastic film wrapped packages and
unitized loads..Test the appropnate packages or unit loads
accordmg to Test Method D6344. -svi v v vy vy

17.2 The impact energy for this test ‘shall be 4.0 ft-1bf
(5.4 J) as imposed by the cylmdncal mass fallmg a vemcal
drop dlstance of 32 m (0 8 m) R

18 Report RNSEI U R
18 ) Report fully all the steps taken At a xmmmum the
report should include: | ... e e e
~18.1.1 Reference to, this practxce, )
" 18.12 Description of product and shxppmg umt mcludmg
orientation of the product within the ‘shipping unit,
18.1.3 Distribution cycle (DC) and test plan, RERE
18.1.4 Assurance levels and rationale, v
18.1.5 Number of samples tested,” * -
-18.1.6 Conditioning used, i i« ' 7~ v
18 1.7 Acceptance. criteria, 1 o1 -1 '
18.1.8 Vibration option used, random or sine, u¢ wit
+:+18.1.9 Random vibration power spectral dens:ty plot if
used, . o e ey S e RRERSINEE I ..

PRI
o .
<
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18.1.10 Pressure Ievels and duratxon for hrgh alutude
exposure, if used,” "’
18.1.11 Type of lift truck handhng tests used, if any, "
18.1.12 Variation from recommended procedures, and i
18.1.13 Condmon of specrmens after test :

18. 2 G’ovemment Sthmenisaln addmon to 18 1 2 -
18.1.13, the complete report includes: n;
18.2.1 Party, other than contractor, pcrforrmng tcstmg, .
18.2.2 Testing facility used, other than contractor’s,
18.2.3 Government representative wrmessmg testing, and
18.2.4 When environmental hazard is performed for other
than smallest complete shlppmg umt (see 15. .

]

19. Precrsron and Bras Lo T -

19.1 The precrs:on and blas of thlS pracnce are dependent
on those of the various test methods used,. and cannot be

expressly determined. SUR TR

20. Keywords

20.1 compression test; distribution cycle; dxsmbutron envi-
ronment; drop test; mechanical handling; package; . packaging;
random vibration; Shlppmg comamer, shlppmg umt vacuum,
v1brat10n '

ANNEX

(Mandalory Informatmn)

Al. DISTRIBUTION CYCLE DC-18 FOR NON- COMMERCIAL GOVERNMENT SHIPMENTS PER MIL-STD 20731

Al.l Performance Test Schedule Seqqencg i ‘(:‘,’: .

Handling (A1 2) L.
-"-Warehouse or Vehlcle Stackmg (A1, 3) BT

. ... Handling (A1.2):.- NG N VI .
+ Low Pressure Hazard (A1 4) N S T
Environmental Hazard (A1.5) et
s Loose Load Vibration (A1.6)": <.t s L0
. Vehicle Vibration (A1.7) 1, +: .,--r.-)- :
Handhng (M 2) .y

DN DL WRN -

Al.2 Handhng———Manual and Mechamcal

Al2.1 Manual Handlmg—Thls ‘test schedule apphes to
small shipping units. Description of this schedule is in accor-
dance with 10.2.3, except that the height of the last impact of
the last manual handling sequence is the same as all other
impacts. Use the first sequence impact orientations for the third
handling schedule. Test small shrppmg umts usmg the follow-

ing test Jevels:  + ot b i LT e

N IR
e LR : y IR O
N Dmp Helght. In (mm) Assurance Level

* Shipping Weight, Ib (kg) ey L

Do oW Vot

Dt 30 (0to 136) * - rar " T 30(762) - Yo 24qe10) 0 ¢!
over 30 to 75 (over 13.6 to 34) 1 e 24 (610) i 18 (457) -,
over 75 to 150 (over 34 to 68) | 4y, 018 (457) 15 (381) |

L A122 Mechamcal Handlmg Y

Al :2.2.1.For large: shipping units, this schcdule is rntended
to provide a number of testing variations describing specific
mechanical handling hazards that occur in government distri-
bution for shipping cases, crates, unitized loads, and cylindrical
containers. Required tests for rectangular shipping units in-
clude: tip/tipover; fork lift truck transport; rotational drops,
both edgewise and cornerwise; and lateral impacts. For Assur-
ance Level I, shipping cases and crates and unitized loads shall
also be subjected to sling handling.. For cylindrical shipping
units, only rotational edgewise drop tests shall apply. Table
Al.1 shall be used as a guide in determining both the required

TABLE A1.1 Mechanical Handling for DC-18, Required Tests and Sequence .t~ . . « ;' i - - . '

Large -+ Assurance - *-*  Tip® - *Tipover® Forkiift Rotational Lateral - «- Sling -
Shipping LevelA RO Transport .o .. .. Drops_ - . ... lmpacts® . Handling®
Unit Edge " Comer ST :
Shipping Cases s X e 0 X 2 cycles X X X X
& Crates I X - 1 cycle X X ST L -
B A S0 CUULEE VI S SUPUE SN ERARFL Pt SCRNS S BRSO T S Ce
Unitized Loads U L U S - 2 cycles X X XL X
o __“,‘ Xt - 1 cycle X. | X s gt
Cyfingrcal - « -+ ¢ L L T T X . . ST
i - - - X . - -

A As referenced in 3.2.2, Assurance Levels | and Il equate to military levels of pro(ecuon A and B, respecﬂvely

8 Test 10 be performed only during the first handling sequence of DC-18.
€ Test to be performed only during the second handling sequence of DC-18.
0 Tast to be parformed only during the thlrd handhng sequence or DC 18.

A
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tests and the sequence to be followed.

- A1.2.2.2 Specific tests required:

(1) Shipping . Cases, Crates, and Umt:zed Loads—Ttp/
Tipover—Shipping cases and crates shall be subjected to both
tip and tipover tests for Assurance Level I, following the
requirements of Test Method D6179, Methods F and G. For
unitized loads, only the tip test will be required. The tip test
shall be performed for Assurance Level II for all rectangular
shipping units, Tip/tipover requirements shall only be required
during the first handling sequence of DC-18. The tip test is
useful for determining acceptable shipping unit dimension and
center of gravity. For tipover, one impact is required on each of
two opposite sides, as determined by the initial side having the
lowest height-to-width ratio.

(2) Shipping Cases, Crates, and Unitized Loads—Fork Lift
Truck Transport—Pick up, transport around test course as
defined in Test Methods D6055, Method A, for a total of two
cycles (round trips) in the case of Assurance Level I, and one
cycle for Assurance Level II, Within the minimum 100 ft (30.5
m) obstacle zone, parallel pairs of 1 by 6 in. (25 by 150 mm)
boards, of a length to extend completely across the aisle and
spaced 54 in. (1.37 m) apart, are laid flat at intervals of 30, 60,
and 90 ft (9.1, 18.3, and 27.4 m). Board angles to the truck’s
path shall be 90, 60, and 75 degrees respectively, with the left

wheel striking first over the second obstacle (board pairs) and

the right wheel first over the third

~(3) Shipping Cases, Crates, Unitized Loads and Cylindri-
cal Containers—Rotational Drops—For edge drops, use
Method A of Test Methods D6179 with a 6 in. (150 mm) height
timber edge support. In the case of rectangular shipping units,
drops are made on each opposite edge of the unit’s base, for a
total of four impacts. For cylindrical shipping units, drops shall
be made with the unit on its side, such that impacts occur on
top and bottom rims at diagonally opposite quadrants. Care
must be taken to prevent the container from rolling on the
support, Additional impacts shall be made in the same manner
in different quadrants separated by an approximate 90°, for a
total of four drops. For corner drops, use Method B of Test
Methods D6179, except that one corner of the shipping unit
base shall be supported on a 6 in. (150 mm) height block while
the other corner on the same end or side rests on a 12 in. (300
mm) height block. Each corner will be impacted, for a total of
four drops. Both edgewise and cornerwise drops shall be
performed on large rectangular shipping units, For all rota-
tional drops, test with the lowest drop height indicated by

. - intended corner or edge. .

(4) Shlppmg Cases, Crates, and Unitized Loads-—LareraI
Impacts—Note that this test is to be performed only during the
second handling sequence of Distribution Cycle 18. Testing
shall be in accordance with Test Method D880, Procedure B.
Alternatively, testing may be in accordance with Test Method
D4003, Method B, using a short duration programmer, assum-
ing the coefficient of restitution is 0.0 and the total velocity
change is equivalent to the specified impact velocity. Selection
of apparatus, as defined within these test methods, shall also be
at the option of the package designer/contractor. As a require-
ment for Assurance Level I, the impact velocity shall be 7.3
ft/s(2.23 m/s). One lateral impact shall be performed on each
side (including ends) surface having a dimension less than 9.5
ft (2.9 m). A4 by 4 in. (100 by 100 mm) timber, placed so as
to contact the lower edge of the shipping unit, shall be used as
an impacting hazard when evaluating umuzcd loads and
demountable shipping cases.

(5) Shipping Cases, Crates, and Unitized Loads—Sling
Handling—Test shipping cases, crates, and unitized loads for
sling handling, in accordance with Method F of Test Methods

. D6055, only for Assurance Level I. Note that this test is

performed only during the third handling sequence.

Al.3 Warehouse or Vehicle Stacking—Refer to Section 11,

- - Schedule B—Warehouse Stacking and Schedule C—Vehicle

either gross weight or maxnmum dlmensmn, usmg the follow—

ing test levels.

Gross Weight, b (kg) or Maximum
- Dimansion, in (mm)

Drop He:ght in. (mm) Assurance Level
it

ovar 100 to 250 (45 to 113) or 30 (762) 24 (610)
over 60 to 66 (1524 to 1676) )
over 250 to 500 (to 227) or 24 (610) 18 (457)
over 66 to 78 (to 1981) :
over 500 to 1000 (to 454) or 18 (457) 12 (305)
over 78 to 90 (to 2286)

over 1000 (over 454) or 12 (305)

9 (229)
over 90 (2286) i

Note—For smaller dimension contamers, where it is not
possible to reach the desired drop height on corner or edge
drops, raise the corner or edge until the container is at its
balance point and then release the container to fall on the
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Stacking.
Al4 Low Pressure (High Altitude) Hazard:

Al.4.1 This schedule is intended to provide for the antici-
pated reduction in pressure when packaged products are
transported via certain modes of transport, such as by aircraft
or by ground over mountain passes. This test should be
included for products and packages that could be sensitive to a
low pressure environment, for example, sealed flexible non-
porous packages, liquid containers, or porous packages that
may be packed in such a manner as to be adversely affected by
low pressure environments. .

. A1.4.2 For pressurized aircraft transport, test the packages
to pressures recommended in Test Method D6653. For non-
pressurized aircraft transport, use 4572 km (15 000 ft) as
expected altitude (corresponding pressure in a standard atmo-
sphere: 57.2 kPa or 8.3 psia) and maintain for a period of 60
min.

AlS Envnronmemal Hazard

" AL.5.1 Refer to Secnon 16 Schedule H——Envxronmcmal
Hazard.

AL6 Loose Load Vibration:

Al.6.1 The test levels and the test method for this schedule
of the distribution cycle are intended to determine the ability of
the shipping unit to withstand the repetitive shocks occurring
during transportation of bulk or loose loads. The test levels and
test method account for amp]xtude dxrect:on and durauon of
the repetitive shocks. :

Al1.6.2 Use the following test method_and leve]q
Test Method D999, Method Al or A2.




o

Conditioning—See Section 6, el
Special Instruction—Dwell time shall be d:smbuted as fol-
lows:
(1) For Assurance Levels T and II, the dwell time shall be
2 hours on the base for unitized loads and shipping containers
with skid bases, and 1 hour in each of three mutually
perpendicular axes for all other shlppmg contamers which may
be transported in any orientation. .
(2) For Assurance Level I1I, dwell time shall be 15 minutes
on the shipping container base plus 7. 5 mmutes on each of two

adjacent sides.
R Y

Yo

AL7 Vehncle beratton h

Al1.7.1 The test method and levels for this schedule are
intended to determine the ability of shipping units to withstand
random vibration during transport. -
Test Method—Refer to MIL-STD-810F.
Conditioning —See Section 6.

A1.7.2 Conduct a random vibration test for a total of 9 h
using the PSD (power spectral densities) shown below. For the
vertical vibration, conduct the test for 3 h on a vertical motion

ng}}y D41
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vibration machine. For transverse and longitudinal vibration,
conduct the test on a horizontal motion v:bratlon machine for
3 h in each axis. - : ‘ .

AUTI S

l..o : Vertical - Transverse * - Longitudinal :
Frequency, . PSD, Frequency, PSD, Frequency, PSD,
Hz g¥rt Hz g Hz 2/Hz
.10 -, . 001500 10, - -, 0.00013, . 10 . 0.00650 |
40 ’ 0.01500 - 20, - — 0.00065 5 20 0.00650 .
500 0.00015 30 ~ 0.00065 = 120 ‘" 0.00020
, 4 104gms 78 0.00002 -, 121 0.00300
: ‘ 79 0.00018 * ° 200 0.00300
120 . - 0.00019 ' 240 0.00150 -
;. 600 . - 0.00001 . 340 . 0.00003 .
0.204 g rms 500 0.00015
) 0740 g rms

Al 13 For the vertical motnon test mount test specxmen to
the vibration machine surface in a manner dynamically repre-
sentative of the life cycle event simulated. For the transverse
and longitudinal motion tests, fasten the test "spccimen to the
vibration machine surface by the use of two or more straps over
the specimen at right angle to the vibratory motion, tightened
down to the machine surface to prevent movement. I-bolts with
ratcheting straps are suggested restraining devices, - 7

APPENDIXES . .

(Nonmandatory Information)

X1. EXAMPLE TEST PLANS

X1.1 The following examples will serve to illustrate the use
of this practice:

X1.2 Example A—Test a packaged commercial product.
The moderate value and volume of shipment are typical of
other products in the shlpper s line. No damage is acceptable
and the package must be in good condition after the test. The
fiberboard packaged product weighs 160 Ib (73 kg), is 48 in.
(1.2 m) long, 20 in. (0.5 m) wide, 24 in. (0.6 m) high, and
stacked 2 high on pallets for storage and truckload shipment.
The corrugated fiberboard container is 275 psi (1900 kPa) burst
grade material. The customer stores palletized loads 2 high on
the floor. The product does not support any of the load. -

X1.2.1 Step 1, Define Shipping Unit—Shipping unit to be
tested is a typical pallet load.

X1.2.2 Step 2, Establish Assurance Level—Assurance Level
H will be used, based on value and volume of shipment.

X1.2.3 Step 3, Determine Acceptance Criteria at Assurance

Level II:
Criterion I—No product damage.
Criterion 2—All packages in saleable condition.

X1.2.4 Step 4, Select Test Schedules—DC—6 will be used for
this palletized, truckload shipment.

X1.2.5 Step 5, Write Test Plan:

Sequence " Test Schedule
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Tost Methods Level
.1 AHandling—  D6055 Method A  Pick up, transport around test
" Mechanical ) course, set down, 5 cycles.
X - D880 Procedure B Horizontal impact all four
L. sides, 4.0 ft/s (1.22 nvs)
o D6179 Method C  Rotational drop, one impact
. on two opposite base
L . edges from 6 in. (0.152 m).
"2 " D Stacked D4728 “Truck® PSD profile, 0.52 g
" Vibration " ° rms, duration 180 min, with
o . load stacked on top.A
'3 AHandling—  D6055 Method A Pick up, transport around test
’ Mechanical _course, set down, 5 cycles.

. . D880 Procedure B Horizontal Impact all four
7 sides, 4.0 ft/s (1.22 nVs)
. © 7" D179 Method C  Rotational drop, one impact
L v on two opposite basa
o edges from 6 In, (0,152 m).
Compression of palletioad to
2880 Ibf (12 800 N) on
=45,

" ‘B Warehouse _ De4dz2

" Stacking

A Alternative vibration test configurations, 1: test 2 full paliet foads high, or use a
dead weight load to simulate the upper paliet load, 2: test a single individual
container with 480 Ib dead weight load to simulate the load stacked on top of
bottom container.

X1.2.6 Step 6, Select Samples for Test—Select representa-
tive samples.

X1.2.7 Step 7, Condition Samples—Condition to 23 * 1°C,
50 * 2% relative humidity, in accordance with Practice
D4332.
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.. X1.2.8 Step 8, Perform Tests—Perform tests in accordance
with the test plan in Step 5, as directed in the referenced ASTM
standards and in the special instructions for each test schedule.

X1.2.9 Step 9, Evaluate Results—Examine products and
packages to determine if the acceptance criteria have been met.

X1.2.10 Step 10, Document Test Resulis—Write a report to
cover all steps in detail, in accordance with Section 18. - .

X1.3 Example B—Product to be tested is identical to the
product from Example A, except that it will be shipped
individually through an LTL distribution system, and there is
no storage of more than one container high. Additional
information is that the package has unsupported interior spans
exceedmg 12 m (0. 3 m) on all four sxdes and has no pallet or
skid.
© X131 Step 1, Deﬁne Shtppmg Umt-Sh1ppmg umt to bc
tested is a smg]e package

X1.3.2 Step 2, Esmbhsh Assurcmce Level—Assurance Leyel
I will be used, based on value and volume of shxpment

X133 Step 3, Determme Acceptance Criteria at Assurance
Level II:

Criterion 1—No product damage.

Criterion 2—All packages in saleable condition.

X1.3.4 Step 4, Select Test Schedules—DC-3 will be used 'for
this single package shipment via LTL motor frexglu. .

X1.3.5 Step 5, Write Test Plan:

Sequence Test Schedule Test Method Level .. *
1 A Handling—  D5276 One drop on top, two drops
Manual on adjacent bottom edges,
two drops on diagonally op-
posite bottom carners, one
drop on bottom, drop height
i o 7in. (178 mm). "
2  DStacked . D4728 Truck PSD profile, 0.52 g rms,
" Vibration  © - 80 min on each of two adja-
’ cent sides and bottom with
concentrated dead load on
top, load weighing amount
" as calculated per D4169,
‘ R 122
3 Floose Load’, D999, . . 20 min on bottom, 10 min on
Vibration " * * Method A1 or A2 each of two adjacent sides.
4 A Handling— =~ D5276 IS One drop on vertical edge,
) Manua\ ' " two drops on adjacent side

faces, one drop on top
" corner, one drop on adja-

cent top edgs, drop height 7

In. (178 mm), One drop on
bottom, drop height 14 in.
(355 mm). =
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X1.3.6 Step 6, Select Samples for Test~——Select represema-
tive samples. -~ - - © : PRIt

X1.3.7 Srep 7, Condition Samples—Condition to 23 * °C,
50 2% relative humidity, in accordance wuth Practice
D4332 T T B B e A

" X1.3.8 Step 8, Perform Tests—Perform tests in accordance
with the test plan in Step 5, as directed in the referenced ASTM
standards and in the specnal msuucuons for each test schedule

Xl 3 9 Step 9, Evaluate Results—Examme products and
packages to determine if the acceptance cntena have been met.

'
e

Xl 3,10 Step 10, Document Test Results——Wnte a report to
cover all steps in detaxl in accordance thh Secnon 18,
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X2. USING THE DC-2 DIS;I‘RIBUTION CYCLE: -:

X2.1 The DC-2 distribution cycle is used when an antici-
pated distribution is well understood and other cycles, DC-3

through DC-18, are not sufficiently descriptive. The under-

standing of distribution may be developed in several ways,
including: measurement of the environment with appropriate
instrumentation; careful observation of ,the various -hazard
elements in drsmbunon, reference to published authoritative

mformauon, product damage reports; or a combmanon thereof
. R I L OE TSR ST PRI AR U i

X2. 2 The user of DC-2 is allowed complete flexibility in
developing a test plan that accurately reflécts the anticipated
distribution, This includes the ability to vary Assurance Levels
between test schedules for each hazard element, as presently
stated in 8.2 for application to any Distribution Cycle. The
ability- to modify, test levels-or .other details within a test
schedule is also permitted in DC-2 when experience has shown

it more accurately correlates with actual experlence.
ORIV PN IR .

X2. 2.1 “The followmg hypothencal examples 1llustrate in-
stances where such flexibility is useful. -

X2.2.1.1" Example 1—For truckload shrpments of palletized
loads stacked two- high on trailers from a manufacturer to a
customer, a thorough study of handling. at both ends of the
shipping cycle (manufacturer, and_ customer) has shown the
following: no significant impacts against the sides of the loads,
only against the ends; seldom any more than one rotational
drop of the load on a base edge; small amount of lift truck
handling by the manufacturer but a moderate amount by the
customer; and no warehousmg/stackmg of loads in storage by
either manufacturer or customer. O et

(1) The user of DC-2 develops a test plan that includes a

modified Schedule A-Mechanical Handling at the beginning
and at the end of the distribution cycle but does not mclude a
compression test, as follows: o S g

e Z; ek

[THPER ATV

A [

B

Sequence Schedule _TestMethod Details of Test and o
1 modified D6055 Pick up, transport
A-hand!ing Method A around test course,
by the ¢« we. fean b e © set downanmes( .
manulactureru W R p
LR RSO N 0880 SERTI lncllna lmpaeton
Proeedure B  each end of the -
palletized load at 4
. ft/s
Gy, DB178 0 ... Rotational drop, . ..
- .. MethodC ., . " imipact one end .
e 2.7 . baseedgefrom8 _ .
: ‘ - . In. H . PRI D V
2 D-transport D4728 Truck PSD profile,”
stacked Method A 0.52 g rms, dura-
vibration tion 3 h, two loads
high
3 modified D6055 Pick up, transport
A-handling Method A around test course,
by cus- set down 5 times
tomer
D8so Incline impact on
Procedure B each end of the
palletized load at 4
/s
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D6179
Method C

Rotational drop,
impact on other
. end base edge
. from § In,

(2) Companng this test plan to X1.2 Example A where DC-6
was used,’ the number of tests and intensities are somewhat
less. '

. X2.2,1.2 Example 2—Followmg reports of an unacceptable
amount of corner damage in shipments of a consumer product
direct from the manufacturer to the consumer via small parcel
carriers, a thorough study of handling and transport has been
made. Subsequent corner drop tests revealed that a drop of 42
in, high is needed to produce the type of damage reported and
instrumented shipments have .verified some drops  at . that
height.: The - packaged - product weighs 43 1b, and outside
dimensions of the container are 24 in. length by 10 in. width by
42 in, depth (end-opening 32 ECT grade box). The container
and interior corrugated packaging pieces provrde ‘all of the
support in compression, and the container is marked with *
This Way Up” arrows in normal depth direction. There is no
reported damage to the corrugated containers due to excessive
compressive loads, and instrumented shipments verify that the
container is almost always in a normal depth orientation (42 in.
dimension upright) during transportation. The user of DC-2
develops a test plan that srmulates the anucnpated drsmbuuon,
as follows: ' " :

T e, ;;r;;r. ,

Schedule

Sequence Test .- : Details of Test and
L LI . Method . i e, Levels o ,
177 " modified D5276 " Drop test from 21
A-handling In. high in six orien-
" by shipper * ) tations as de-
and carrier ' scribed In table of
BRI I ST SR P : ; 10.2.3 First Se-
e S s we.n: .. quence of Distribu-
’ tion Cycles '
-2 ¢ . C-stacking . De4a2 '+ Compression test
et L in truck - . to 642 Ib (M=10.0
v . A, H=108 In.,
F=7.0
3. .. F-loose D993 A2 = 40 min on botiom
- '..Joad vibra- - o o
RESIRTINR - PUERP Lo e
4 " E-truck’ D4728 ~ * " '180 min on botiom,
vibration 0.52 g ms
< modified - D5276 Drop test from 21
 A-handling o in high In five ori-
. -+ by carrier - S+ 7. entations as de-
R and re- T " scribed in table of
ceiver 10.2.3 Second Se-

quence of Distribu-
tion Cycles. Drop
once from 42 in.
high on the most
damage-prone
comer.

(1) Comparing to X1.3 Example B where DC-3 was used,
this test plan’s Assurance Levels vary between test schedules in
the sequence, drop test heights are higher than any listed in the
table of 10.2.3 for the shipping weight involved, compression
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strength is checked for full trailer height of 108 in. (rather than
54 in. height), and vibration tests are conducted in only one
orientation rather than three,
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