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Standard Practice for
Performance Testing of Shipping Containers and Systems

This standard is issued under the fixed designation D 4169; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

€' Nore—Editorial corrections were made to metric conversions in March 2002.

1. Scope Shipping Containefs
1.1 This practice provides a uniform basis of evaluating, in D 5276 Test Method for Drop Test of Loaded Containers by

a laboratory, the ability of shipping units to withstand the  Free Faf _ .
distribution environment. This is accomplished by subjecting D 5277 Test Method for Performing Programmed Horizon-

them to a test plan consisting of a sequence of anticipated _tal Impacts Using an Inclined Tester
hazard elements encountered in various distribution cycles. D 5487 Test Method for Simulated Drop of Loaded Con-

This practice is not intended to supplant material specifications _tainers by Shock Machinés . _ -

1.2 The suitability of this practice for use with hazardous _Loads and Large Shipping Cases and Crates N
materials has not been determined. D 6179 Test Methods for Rough Handling of Unitized
1.3 This standard does not purport to address all of the _ Loads and Large Shipping Cases and Crates
safety concerns, if any, associated with its use. It is the 2.2 Military Standards? _ 3
responsibility of the user of this standard to establish appro- MIL-STD-2073-1 DOD Standard Practice for Military
priate safety and health practices and determine the applica- Packaging
bility of regulatory limitations prior to useSpecific precau-

X X . 3. Terminolo
tionary statements are given in 1.1. oy

3.1 Definitions— General definitions for the packaging and
2. Referenced Documents distribution environments are found in Terminology D 996.
2.1 ASTM Standards: 3.2 Definitions of Terms Specific to This Standard:

D 642 Test Method for Determining Compressive Resis- 3-2-1 acceptance criteria-the acceptable quality level that
tance of Shipping Containers, Components, and Unifmust be met after the shipping unit has been subjected to the
Loadg test plan. See Section 7.

D 880 Test Method for Impact Testing for Shipping Con- 3-2.2 assurance levekthe level of test intensity based on
tainers and Systerfis its probability of occurring in a typical distribution cycle.

D 951 Test Method for Water Resistance of Shipping Con- 3.2.2.1 Discussior—Level | is a high level of test intensity
tainers by Spray Methdd and has a low probability of occurrence. Level Il is a low level

D 996 Terminology of Packaging and Distribution Environ- of test intensity, but has a correspondingly high probability of
ment£ occurrence. Level Il is between these extremes. For Distribu-

D 999 Test Methods for Vibration Testing of Shipping tion Cycle 18, DC-18 see MIL-STD-2073-1 for definitions of
Containerg military levels of protection.

for Shipping Containefs velocity to the impact velocity.
D 4332 Practice for Conditioning Containers, Packages, or 3-2.4 distribution cycle (DC)-the sequential listing of the
Packaging Components for Testfng test schedules employed to simulate the hazard elements

D 4728 Test Method for Random Vibration Testing of €xPected to occur for a specific routing of a shipping unit from
production to consumption. See Table 1.
- 3.2.5 hazard elemenrta specific event that occurs in a
* This practice is under the jurisdiction of ASTM Committee D10 on Packaging distribution cycle that may pose a hazard to a shipping unit.
and is the direct responsibility of Subcommittee D10.21 on Shipping Containers and
Systems-Application of Performance Test Methods.
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TABLE 1 Distribution Cycles

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

DC Distribution Cycle First Second Third Fourth Fifth Sixth
1  General Cycle—undefined distribution system Schedule A Schedule D Schedule F  Schedule G = Schedule A
Handling Stacked Loose-Load Rail Switching Handling
Vibration Vibration
2 Specially controlled environment, user specified select from Schedules A through H
3 Single package environment, up to 100 Ib (45.4 kg) Schedule A Schedule C  Schedule F  Schedule E  Schedule A
Handling Vehicle Loose-Load Vehicle Handling
Stacking Vibration Vibration
4 Motor freight, single package over 100 Ib (45.4 kg) Schedule A Schedule C  Schedule F  Schedule E  Schedule A
Handling Vehicle Loose-Load Vehicle Handling
Stacking Vibration Vibration
5 Motor freight, TL, not unitized Schedule A Schedule D Schedule E  Schedule A
Handling Stacked Vehicle Handling
Vibration Vibration
6 Motor freight, TL, or LTL—unitized Schedule A Schedule D Schedule A Schedule B
Handling Stacked Handling Warehouse
Vibration Stacking
7 Rail only, bulk loaded Schedule A Schedule D Schedule G  Schedule A
Handling Stacked  Rail Switching Handling
Vibration
8 Rail only, unitized Schedule A Schedule D Schedule G Schedule A Schedule B
Handling Stacked  Rail Switching Handling Warehouse
Vibration Stacking
9 Rail and motor freight, not unitized Schedule A Schedule C Schedule E Schedule G Schedule F  Schedule A
Handling Vehicle Vehicle  Rail Switching Loose-Load Handling
Stacking Vibration Vibration
10 Rail and motor freight, unitized Schedule A Schedule D Schedule G Schedule A Schedule B
Handling Stacked  Rail Switching Handling Warehouse
Vibration Stacking
11 Rail, TOFC and COFC Schedule A Schedule G Schedule D Schedule F  Schedule A
Handling Rail Switching  Stacked Loose-Load Handling
Vibration Vibration
12 Air (intercity) and motor freight (local), over 100 Ib (45.4 kg), unitized Schedule A Schedule D Schedule E  Schedule A
Handling Stacked Vehicle Handling
Vibration Vibration
13 Air (intercity) and motor freight (local, single package up to 100 Ib (45.4 Schedule A Schedule C  Schedule F  Schedule E  Schedule A
kg) Handling Vehicle Loose-Load Vehicle Handling
Stacking Vibration Vibration
14  Warehousing (partial cycle to be added to other cycles as needed) Schedule A Schedule B
Handling Warehouse
Stacking
15  Export/Import shipment for intermodal container or roll on/roll off trailer Schedule A Schedule C  Schedule A
(partial cycle to be added to other cycles as needed) Handling Vehicle Handling
Stacking
16  Export/Import shipment for palletized cargo ship (partial cycle to be Schedule A Schedule C  Schedule A
added to other cycles as needed) Handling Vehicle Handling
Stacking
17  Export/Import shipment for break bulk cargo ship (partial cycle to be Schedule A Schedule C  Schedule A
added to other cycles as needed) Handling Vehicle Handling
Stacking
Schedule B Schedule H Schedule F
18  Non-Commercial Government shipments per MIL-STD-2073-1 Sﬁgi?jﬁjif A or Sﬁgi?jlljilr? A Environmental Loose-Load Sagi?jlljilr? A
9 Schedule C* 9 Hazard Vibration 9

A For DC-18, perform the stacking test that results in the highest computed load value.
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The element will usually be simulated by a single test schedules. Test Specimen

See Section 9. _ _ 5.1 Test specimens consist of representative samples of
3.2.6 shipping unit-the smallest complete unit that will be ¢omplete shipping units, including actual contents. Products
subjected to the distribution environment, for example, ayjith blemishes or minor defects may be used if the defective
shipping container and its contents. . component is not to be studied by the test and if the defect is
3.2.6.1 small shipping unit-for DC-18, a small shipping gocumented in the report. Dummy test loads are acceptable if
unit is defined as one having no edge dimension or diamet§psting the actual product might be hazardous. If a dummy load
over 60 in. (1.52 m) and a gross weight of 150 Ib (68 kg) orig ysed, it should be instrumented to determine if the fragility
less. level of the actual product has been exceeded. Take care to

3.2.6.2large shipping uni—for DC-18, a large shipping duplicate the load characteristics of the actual product, and
unit is defined as one having at least one edge dimension @oid unnecessary prehandling.

diameter over 60 in. (1.52 m) or a gross weight in excess of 150 5 5 care must be taken to ensure that no degradation has
Ib (68 kg), or itis one that has a gross weight exceeding 100 IBccyrred to either the product or the package if the test

(45 kg) and is secured to a base or to the base of a shipping,ckages have been shipped to the test site. If any doubt exists

unit. S as to the condition of the package, repack the product in new
3.2.7 test plan—a specific listing of the test sequence to bepackaging material before testing.

followed to simulate the hazards anticipated during the distri- 5 3 The number of test replications depends on the desired

bution cycle of a shipping unit. Included will be the test oo tives of the testing and the availability of duplicate

intensity and number of sequential tests to be conducted. S%‘?oducts and shipping containers. Replicate testing is recom-

8.5. . mended to improve the reliability of the test results.
3.2.8 test schedule-the specific procedure to be used,

including the three assurance level intensities, and a referenegg Conditioning
to the test method that is the basis of the schedule.

3.2.8.1 Discussior—The purpose of the schedule is to
simulate the forces occurring during any hazard element of th
distribution cycle. See Section 9.

3.2.9 total velocity change,AV)—the sum of the impact
and rebound velocities.

3.3 Abbreviations:Abbreviations:

3.3.1 TOFC—trailer on flatcar.

3.3.2 COFG—container on flatcar.

3.3.3 TL—truckload.

3.3.4 CL—carload.

3.3.5 LTL—less than truckload.

6.1 If the distribution cycle contains climatic conditions that
Qave an effect on the performance characteristics of the
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
origin and destination points of a distribution cycle, particu-
larly for export/import cycles.):

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 78.2°F (23 =
1°C) and 50+ 2 % relative humidity. Condition fiberboard
containers in accordance with Practice D 4332. The same
atmospheric condition should be used for any assurance level.
A conditioning period of 72 h, or sufficient time to reach

4.1 This practice provides a guide for the evaluation ofequilibrium of all parts of the package and product is recom-
shipping units in accordance with a uniform system, usingmended. Tests should be conducted in the conditioned atmo-
established test methods at levels representative of thosghere whenever possible. If not possible, conduct the tests as
OCCUrring in actual distribution. The recommended test IeVeI%oon after removal from the Conditioning atmospohere as
are based on available information on the shipping anghracticable. Recondition the shipping units to the standard
handling environment, and current industry/government pracatmosphere as necessary during the test plan.
tice and' experienc¢l-13)4 Thg tests should be performed 6.1.2 In some circumstances, it may be necessary to conduct
sequentially on the same containers in the order given. For us§me or all of the tests at special climatic conditions, such as
as a performancg test, this practu_:e requires that the shippinggse given in Practice D 4332, or Test Method D 951, or
unit tested remain unopened until the sequence of tests aggners (salt, spray, water immersion, humidity, or temperature).
completed. If used for other purposes, such as packagene same climatic condition should be used for any assurance
development, it may be useful to open and inspect shippingsye|. A conditioning period of 72 h, or sufficient time to reach
units at various times th_roughout_ the sequence. This MaYaquilibrium of all parts of the package and product is recom-
however, prohibit evaluating the influence of the containernended. Tests should be conducted in the conditioned atmo-
closure on container performance. _ sphere whenever possible. If not possible, conduct the tests as

4.2 For Distribution Cycle 18, as referred to in MIL- soon after removal from the conditioning atmosphere as
STD-2073-1, the use of this practice is defined in subsequepfacticable. Recondition the shipping units as necessary during
sections identified as DC-18. the test plan. For atmospheres other than the Standard Condi-
tioning Atmosphere, the user must determine the appropriate
compressive load factor for warehouse and vehicle stacking, as

4 The boldface numbers in parentheses refer to a list of references at the end Hf‘e factors given in 11.2 are based on testing under the
this practice. Standard test atmosphere.

4. Significance and Use
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7. Acceptance Criteria consisting of the exact sequence in which the shipping unit will
7.1 Acceptance criteria must be established prior to testin§€ Subjected to the test inputs. The test schedules associated

and should consider the required condition of the product ayith each element reference the existing ASTM test methods

receipt. The organizations conducting the test may choose arfgr clarification of the equipment and techniques to be used to

acceptance criteria suitable for their purpose. It is advisable tgonduct the test. o _

compare the type and quantity of damage that occurred to the 8-5-1 Sample test plans are provided in Appendix X1.

test specimens with the damage that occurs during actual 8-6 Select Samples for TesSee Section 5.

distribution and handling or with test results of similar con- 87 Condition Samples-See Section 6.

tainers whose shipping history is known. 8.8 Perform Tests- Perform tests as directed in reference
7.2 In many cases, the acceptance criteria can be tASTM standards and as further modified in the special
following: ' instructions for each test schedule.

Criterion 1—Product is damage—free. 8.9 Evaluate Results- Evaluate results to determine if the
Criterion 2—Package is intact shipping units meet the acceptance criteria. See Section 7.
Criterion 3—Both criteria 1. ana 2 8.10 Document Test ResuitsDocument test results by

: I ; ; orting each step. See Section 16.
Often, this means that the shipping container and its content§P . ! . .
are suitable for normal sale and use at the completion of the te t8'11 Monitor Shipments-When possible, obtain feedback

cycle. Detailed acceptance criteria may allow for acceptin y monitoring shipments of the. container that was tested to
specified damage to a product or its package. The form an nsure that th_e type and quantity of damage obtained b_y the
content of acceptance criteria may vary widely, in accordanc boratory testing correlates with the damage that occurs in the

with the particular situation. Methods may range from simple :Z_tr::’?ztlo(?f gzg;eé Igft tlengtjsm;?té?;illefr ;’ﬁiry iﬂseéléln::i;;?se
pass—fail judgments to highly quantitative scoring or analysi§ Ing q ppIng '

systems. 9. Test Schedules
. ized as follows:
8. Procedure 9.1 Test Schedules are categoriz
X L. . . L. L. Schedule Test Schedule Hazard Element ~ Section
8.1 Define Shipping Unit-Describe shipping unit in terms A Handling - manual and mechanical drop, impact, stability 10

of size, weight, and form of construction. See 3.2.6. Determine Warehouse Stacking compression 11
Vehicle Stacking compression 11

B
whether the container will be manually or mechanically g Stacked Vibration vibration 12
handled. E Vehicle Vibration vibration 12

8.2 Establish Assurance LevelSpecify a level of test g '&‘;ﬁsgvlv-i?;diibfaﬁon Ifgse:f:;ﬁ]:rgﬁgck 13
intensity. The level should be one of three pre—established |  olormensl Hazard oyollc exposue 15
assurance levels. This must be pre—established based on the
product value, the desired level of anticipated damage that cak0. Schedule A-Handling-Manual and Mechanical
be tolerated, the number of units to be shipped, knowledge of 10.1 There are two types of handling hazard, manual and
the shipping environment, or other criteria. Assurance Level limechanical. The manual handling test should be used for single
is suggested unless conditions dictate otherwise. Assurane@ntainers, small parcels, and any shipping container that can
Level | provides a more severe test than |l. Assurance Level llbe handled manually, up to a weight of 200 Ib (90.7 kg).
provides a less severe test than Il. The assurance level may Mechanical handling should be used for unitized loads, large
varied between schedules (see Sections 10-15) if such varigases and crates, and any shipping container or system that will
tions are known to occur. The test levels used should bge handled by mechanical means. Manual and mechanical
reported. See Section 16. handling are described further in 10.2 and 10.3.

8.3 Determine Acceptance CritedaAcceptance criteria 10.2 Manual Handling— The test levels and the test method
are related to the desired condition of the product and packadger this schedule of the distribution cycle are intended to
at the end of the distribution cycle. See Section 7. determine the ability of the shipping unit to withstand the

8.4 Select Distribution Cycle-Select a Distribution Cycle hazards occurring during manual handlings, such as loading,
from the available standard distribution cycles compiled inunloading, stacking, sorting, or palletizing. The main hazards
Table 1. Use the DC that most closely correlates with therom these operations are the impacts caused by dropping or
projected distribution. When the distribution is undefined, thethrowing. Size, weight, and shape of the shipping unit will
general distribution cycle DC-1 should be selected. When thaffect the intensity of these hazards. Two test method options
anticipated distribution is well understood, a special distribu-are permitted, free fall and simulated drop test using shock
tion cycle DC-2 may be specified. In using DC-2, the useimachines. While the two methods produce similar results, the
selects test schedules from Section 9 and specifies the tesfiock machine method produces more control of orientations
sequence. of impact; see Test Method D 5487 for limitations of the shock

8.5 Write Test Plar— Prepare a test plan by using the machine method.
sequence presented in Table 1 for the distribution cycle 10.2.1 For purposes of this procedure, the bottom of a small
selected. Obtain the test intensities from the referenced scheparcel is the surface on which the parcel rests in its most stable
ules. The test plan intensity details must take into account therientation.
assurance levels selected as well as the physical description 0f10.2.2 Mechanical handling (10.3) may be used when it is
the shipping unit. Table 1 thus leads to a detailed test plaanticipated that handling will be by mechanical means only.
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10.2.3 Recommended drop heights, the number of dropsnethods also vary, depending on the method of truck handling:
the sequence of drops, and the shipping unit orientation &brk, clamp, spade, or pull/pack.

impact are as follows: 10.3.1 Large Shipping Cases and Crate®erform the
Test Method D 5276, D 5487. following test sequences:
Conditioning—See Section 6. Test Method-D 6179, D 880, D 4003.
Drop Height, in. (mm) Assurance Level Condltlonmg_see_ Section 6. )
Shipping Weight, b (kg) [ I i 10.3.1.1Fork Lift Truck Handling—One drop on each
01020 (0 t0 9.1) 24 (610) 15 (381) 9 (229) ; ; ;
20 10 40 (9.1 t0 18.1) 21 (533) 13 (330) 8 (203) opposite base edge in accordance with Method C .of Test
40 t0 60 (18.1 to 27.2) 18 (457) 12 (305) 7 (178) Methods D 6179 and one drop on each of two opposite base
60 to 80 (27.2 to 36.3) 15 (381) 10 (254) 6 (152) corners in accordance with Method B of Test Methods D 6179.
80 to 100 (36.3 to 45.4) 12 (305) 9 (229) 5 (127) o
100 to 200 (45.4 to 90.7) 10 (254) 7 (178) 4 (102) . Drop Height, in. (mm) Assurance Level
Gross Weight, Ib (kg) | 1l ]
Number of 0 to 500 (0 to 226.8) 12 (305) 9 (229) 6 (152)
Impacts at Over 500 (226.8) 9 (229) 6 (152) 3 (076)
Specified
Height frets Impact Ofrigntat.ignl- vl 10.3.1.2Crane Handling— One drop flat on bottom and
Irst sequence o istribution Cycle H :
Box Bag or Sack  Cylindrical Container one drop on base edge in accordance mth Method D of Tgst
One top face top Methods D 6179. Use the same drop heights versus shipping
Two afjjacent bottom gdges two sides two sides 90° apart unit Weight as in 10.3.1.1.
Two diagonally opposite bottom both ends  bottom edges 907 apart 10.3.1.3Side Impact Test Impact all four sides of the
One bottom opposite face  bottom shipping unit in accordance with Test Method D 880, Proce-
Number of dure B. Alternately, use Test Method D 4003 Method B using
Impaots at a short duration programmer, assuming the coefficient of
Specified o restitution is 0.0 and the total velocity change is equivalent to
Height Impact Orientation - the specified impact velocity.
Second Sequence of Distribution Cycle )
Box Bag or Sack  Cylindrical Container Assurance Level Impact Velocity ft/s(m/s)
One vertical edge face top I 5.75(1.75)
Two adjacent side faces two sides two sides 90° apart I 4.0(1.22)
Two one top comer and one  both ends bottom edges 90° apart n 3.0(0.91)
o e Jacent top edge ceoNowe 1 see Note 1 10.3.1.4Tip Test—In accordance with Method F of Test

Methods D 6179.

Note 1—On the last impact of the last manual handling sequence in a . .
distribution cycle, the impact should be madévaite the specified height 10.3.1.5Tipover Test- In accordance with Method G of

or equivalent velocity change. (This is the final (sixth) drop in the Test Methoqsl D 6179. .

sequence, not an additional drop.) The drop should be in the impact 10.3.2 Unitized Loads— Perform the following tests se-

orientation most likely for a drop to occur, usually the largest face or thequences as appropriate for the method of truck handling:

bottom. For distribution cycles where any drop orientation is possible (thaTest Method-D 880, D 4003, D 6055, D 6179.

is, small-parcel environment), this drop should be in the most critical oiConditioning—See Section 6.

damage—prone orientation, as defined in Test Method D 5276. 10.3.2.1 All Methods of Truck Handling-Pick up, transport
Note 2—The equivalent velocity change corresponding to the Specme%\rouhd. t.est course. and set down in accorda’nce with Test

drop height used for the shock machine method shall be calculated a}a hods 60 M H d A for fork lift. Method B f de Iif

specified in Test Method D 5487. ethods 6055, Metho or fork lift, Metho or spade lift,

o ) o Method C for clamp, and Method D for pull pack.
10.2.4 DC-18—Description of this schedule is in accor- Assurance Level Cycles (Round Trips)
8

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 I 5

impacts (ignore Note 1). Use the first sequence impact orien- . 3

tations for the third handling schedule in DC-18. Use Me- 10.3.2.2All Methods of Truck Handling-Impact all four
chanical Handling (10.3) for large shipping units (see 3.2.6.2)sides of the shipping unit in accordance with Test Method
Test small shipping units (see 3.2.6.1) using the following tesD 880 Procedure B. Alternately, use Test Method D 4003

levels: Method B using a short duration programmer, assuming the
Drop Height, in. (mm) Assurance Level coefficient of restitution is 0.0 and the total velocity change is
Shipping Weight, b (kg) I I equivalent to the specified impact velocity.
0 to 30 (0 to 13.6) 30 (762) 24 (610) )
over 30 to 75 (to 34) 24 (610) 18 (457) Assurance Level Impact Velocity ft/s(m/s)
over 75 to 150 (to 68) 18 (457) 15 (381) ' 5.75(1.75)
I 4.0(1.22)
10.3 Mechanical Handling-The test levels and the test n 3.00.91)

method for this schedule of the distribution cycle are intended 10.3.2.3Fork Lift Truck Handling—One drop on each

to determine the ability of large and heavy shipping units antpposite base edge in accordance with Method C of Test
unitized loads to withstand the mechanical handling hazardgiethods D 6179.

that occur during loading, unloading, sorting, or stacking. Drop Height, in. (mm) Assurance Level

Different test methods are used for large shipping cases angoss weight, Ib (kg) I I i

crates versus unit loads. For various types of unit loads, testto 500 (0 to 226.5) 12 (305) 9 (229) 6 (152)
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Over 500 (226.8) 9 (229) 6 (152) 3 (76) are made on each opposite edge of the unit's base, for a total

of four impacts. For cylindrical shipping units, drops shall be
ade with the unit on its side, such that impacts occur on top
d bottom rims at diagonally opposite quadrants. Care must

ge taken to prevent the container from rolling on the support.

10.3.3 DC-18— For large shipping units, this schedule is
intended to provide a number of testing variations describin
specific mechanical handling hazards that occur in governme
distribution for shipping cases, crates, unitized loads, an
cylindrical containers. Required tests for rectangular shippin
units include: tip/tipover; fork lift truck transport; rotational

dditional impacts shall be made in the same manner in
ifferent quadrants separated by an approximate 90°, for a total

drops, both edgewise and cornerwise; and lateral impacts. F four drops. For corner drops, use Method B of Test Methods

Lo L 6179, except that one corner of the shipping unit base shall
Assurance Level |, shipping cases and crates and unitized loads . . .
shall also be subjected to sling handling, and shipping cas g;g?%onrtfﬁem;aﬁ]g]'e(igoopq?(i;?gsr:; bcl)(:]cI; Vig'lith(%géhﬂm)
and crates shall be subjected to grabhook handiing. quiei ht block. Each corner will Ibe impacted, for a ltoial of four
cylindrical shipping units, only rotational edgewise drop tests Y ) P !

shall apply. Table 2 shall be used as a guide in determining botﬂmps' Both edgewise a_md_ cornerwise drops sh_all be performed
the required tests and the sequence to be followed. on large rectangular shipping units. For all rotational drops, test

10.3.3.1 Tests specific to government shipments include th‘é’ith the lowest drop height indicated by either gross weight or
L maximum dimension, using the following test levels:

following:
(1) Shipping Cases. Crates. and Unitized Loads—Tip/ Gross Weight, Ib (kg) or Maximum Drop Height, in. (mm) Assurance Level
. .= ! ’ . Dimension, in (mm | 1l
Tipover—Shipping cases and crates shall be subjected to botfer 150 to '250 (ég 10' 11(3) o)r 30 (762) 24 (610)
tip and tipover tests for Assurance Level I, following the over 60 to 66 (1524 to 1676)
requirements of Test Method D 6179 Methods F and G. Fofe' 22%0720(?0“;’9237) or 24 (610) 18 (457)
unitized loads, only the tip test will be required. The tip teStover 500 to 1000 (to 454) or 18 (457) 12 (305)

shall be performed for Assurance Level Il for all rectangularover 78 to 90 (to 2286)
shipping units. Tip/tipover requirements shall only be requiredc, égigz(g‘é‘;r 454) or 12 (309) 9(229)
during the first handling sequence of DC-18. The tip test is o -
useful for determining acceptable shipping unit dimension and (4) Shipping Cases, Crates, and Unitized Loads-Lateral
center of gravity. For tipover, one impact is required on each ofmpacts—Note that this test is to be performed only during the
two opposite sides, as determined by the initial side having théecond handling sequence of Distribution Cycle 18. Testing
lowest height—to—width ratio. shall be in accordance with Test Method D 880, Procedure B.
(2) Shipping Cases, Crates, and Unitized Loads—Fork LifAlternately, testing may be in accordance with Test Method
Truck Transpotick up, transport around test course as defined® 4003, Method B, using a short duration programmer, assum-
in Test Methods D 6055 Method A, for a total of two cycles ing the coefficient of restitution is 0.0 and the total velocity
(round trips) in the case of Assurance Level I, and one cycle foghange is equivalent to the specified impact velocity. Selection
Assurance Level Il. Within the minimum 100 ft (30.5 m) of apparatus, as defined within these test methods, shall also be
obstacle zone, parallel pairs of 1 by 6 in. (25 by 150 mm)at the option of the package designer/contractor. As a require-
boards, of a length to extend completely across the aisle arfent for Assurance Level |, the impact velocity shall be 7.3
spaced 54 in. (1.37 m) apart, are laid flat at intervals of 30, 60f/(2.23 m/s). One lateral impact shall be performed on each
and 90 ft (9.1, 18.3, and 27.4 m). Board angles to the truck’side (including ends) surface having a dimension less than 9.5
path shall be 90, 60, and 75 degrees respectively, with the left (2.9 m). A4 by 4 in. (100 by 100 mm) timber, placed so as
wheel striking first over the second obstacle (board pairs) antP contact the lower edge of the shipping unit, shall be used as
the right wheel first over the third. an impacting hazard when evaluating unitized loads and
(3) Shipping Cases, Crates, Unitized Loads and Cylindricaldemountable shipping cases.
Containers—Rotational DropsFor edge drops, use Method A (5) Shipping Cases, Crates, and Unitized Loads—Grabhook/
of Test Methods D 6179 wita 6 in. (150 mm) height timber Sling Handling—Test shipping cases and crates for grabhook
edge support. In the case of rectangular shipping units, drogzandling, in accordance with Method E of Test Methods

TABLE 2 Mechanical Handling for DC-18, Required Tests and Sequence

Large Assurance Tip? Tipover® Forklift Rotational Lateral Grabhook Sling
Shipping Level? Transport Drops Impacts© Handling®  Handling®
Unit Edge Corner
Shipping Cases | X X 2 cycles X X X X X
& Crates 1l X - 1 cycle X X - - -
Unitized Loads | X - 2 cycles X X X - X
1l X - 1 cycle X X - - -
Cylindrical | - - - X
1l - - - X

A As referenced in 3.2.2, Assurance Levels | and Il equate to military levels of protection A and B, respectively.
B Test to be performed only during the first handling sequence of DC-18.

€ Test to be performed only during the second handling sequence of DC-18.

P Test to be performed only during the third handling sequence of DC-18.
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D 6055, only for Assurance Level |. Test shipping cases, crateswhere:

and unitized loads for sling handling, per Method F of Test L = computed load, Ibf or N,
Methods D 6055, only for Assurance Level I. Note that thistestM = mass of one shipping unit or individual container, Ib or
is performed only during the third handling sequence of kg,
DC-18. J = 1 Ibf/lb or 9.8 N/kg,
H = maximum height of stack in storage or transit vehicle
11. Schedule B - Warehouse Stacking and Schedule (if vehicle stack height is unknown, use 108 in.(2.7
C-Vehicle Stacking m)), in. or m,

11.1 The test levels and the test methods for these schedulds = height of shipping unit or individual container, in. or

of a distribution cycle are intended to determine the ability of m, and

the shipping unit to withstand the compressive loads that occuf = 2 f_a(_:tor to account fo_r the combined efiect of the
during warehouse storage or vehicle transport. The required |nd|V|dua-I factors (.jescrlbed abave. ] N
loading must consider the effects of length of time in storage, 11.4 For vehicle stacking made up of mixed commodities
the alignment or stacking pattern of the container, variability inand shipped in an LTL or small package delivery environment,
container strength, moisture content, temperature, previou§ad the shipping unit to the computed load value, as calculated
handling and transportation, method of load support, andpelow. Remove the load withi3 s after reaching the specified
vibration. The minimum required loads for typical shipping value. If the average shipping density factor j{Mor the
units which include the combined effects of the above factorspecific distribution system is not known, use a value of 10
are recommended below for Schedule B-Warehouse Stackidg/ft (160 kg/n?).

and Schedule C—\Vehicle Stacking (select test levels for either IXwWxXh H-=h
warehouse or vehicle stacking as defined in the distribution L=M X J———X—p/-xF ®)
cycle):

where

Test Method D 642.

Conditioning—73.4% 2°F (23 + 1°C), 50 + 2 % relative k/l = Cﬁmpyte%g‘i‘.’{ I?;c%r'\l]bﬁtor .
humidity in accordance with Practice D 4332. U shipping 1ty ’ gims,
11.2 Use the following test levels: J = 1lbfllb or 9.8 N/kg,
: 9 ' H = maximum height of stack in transit vehicle (if vehicle
F Factors Assurance Level H H H H
Schodule Sehedule stack height is unknown, use 108 in.(2.7 m)), in. or m,
B—Warehouse ~ C—Vehicle see Note 3,_ ] ) o ) ]
Shipping Unit Construction T N T I h = height of shipping unit or individual container, in. or
1. Corrugated, fiberboard, or plastic container 8.0 4.5 3.0 100 7.0 5.0 m
that may or may not have stress—bearing | = ! h of shibpi . individual . .
interior packaging using these materials, - engt ot shipping unit or individual container, in. or
and where the product does not support m,
any of the load. , , w = width of shipping unit or individual container, in. or
2. Corrugated, fiberboard, or plastic container 45 3.0 20 6.0 45 3.0
that has stress-bearing interior packag- m, . 303 3
ing with rigid inserts such as wood. K = 1728 in’/ft°or 1 m3/m , and
3. Containers constructed of materials other 3.0 2.0 1.5 4.0 3.0 2.0 F = a factor to account for the combined effect of the
than corrugated, fiberboard, or plastic individual factors described above
that are not temperature or humidity sen- '
iti h th duct ts th .
z;\éed?rre\gﬂ; rfir fxﬁ,i?plif Cf,‘ﬁf&‘;;iione Nore 3—The value foH, when unknown, is reduced to 54 in.(1.4 m)
package. from 108 in.(2.7 m) for packages under 30 Ib(13.6 kg) and Z@f56
4. If the product supports a known portion of m°) or less in size when applied to a vehicle stacking hazard in LTL
the load, the F factor is calculated in the shipments.
following manner:
F=P(F,) + C(Fo (1)  12. Schedu D - Stacked Vibration and Schedule E -
) Vehicle Vibration
where:
F, = factor given above for compression package (con- 12.1 The test levels and test methods for these schedules of
struction Type 3), the distribution cycle are intended to determine the ability of
P = percent of load supported by product, shipping units to withstand the vertical vibration environment
F. = factor given above for appropriate container construc-during transport, and the dynamic compression forces resulting
tion, and ) from vehicle stacking. The test levels and methods account for
C = percentage of load supported by container. the magnitude, frequency range, duration, and direction of

vibration. Select a Schedule D-stacked vibration or Schedule
If a full pallet load is tested, F factors may be reduced by 30 %E_yehicle vibration (no stacking) test as defined by the
11.3 For warehouse stacking and vehicle stacking made ugiistribution cycle. Two test method options are permitted, sine
of identical shipping units, load the shipping unit to the and random. The two methods are not equivalent; they will not
computed load value, as calculated below. Remove the loagecessarily produce the same results. The random test method
within 3 s after reaching the specified value. results in a better simulation of actual transport vibration
environments, and is the preferred method for qualification.

H-h
L=MxJ < F @ The sine test method is often used in conjunction with the

h



Ay D 4169

random method as a means of determining and observinghile some fatigue failure modes may require morentBdn to

system resonances. occur. Test durations ranging from 30 mim & h have been
12.2 Schedule D-Stacked VibratierPerform the test along used successfully for different product or package types. The

the vertical axis with the load in the normal shipping orienta-recommended 180—min duration is reasonable in the absence

tion. It is permissible to use a concentrated dead load t®f specific shipping or testing experience.

simulate an upper unit load or mixed commodities. The 12.5 Sine Test Optian

concentrated load may be calculated from the formulas in 11.3 Test Methods D 999, Method B or C.

and 11.4, with theF factor set equal to 1. Recommended Conditioning—See Section 6.

intensities and durations for the random tests are given in 12.4, Special Instructions-Dwell time is for each noted product

and those for sine tests are given in 12.5 or package resonance up to four discrete resonances. If more
12.3 Schedule E-Vehicle VibratierPerform the test for than four resonances are noted, test at the four frequencies

each possible shipping orientation. Recommended intensitiaghere the greatest response is noted. In frequency sweeps it is

and durations for the random tests are given in 12.4, and thoglvisable to consider the frequency ranges normally encoun-

for sine tests are given in 12.5. tered in the type of transportation being considered. The
12.4 Random Test Option resonant frequency(ies) may shift during test due to changing
Test Method D 4728, Method A or B.A characteristics of the container system. It is suggested that the

Conditioning—See Section 6. dwell frequency be varied slightly during the test to detect any

Special Instructions—The following power spectral densities, as defined by their shift and to continue testing at the frequency of maximum
mode of transport, frequency and amplitude breakpoints, and test durations are . .
recommended. The Truck test is recommended for Distribution Cycles 1, 3, 4, 5 response. Use the fO”OWIng test levels:

and 6. The Rail test is recommended for Distribution Cycles 7, 8 and 11. A 60 Amplitude Dwell
min Truck test followed by a 120 min Rail test is recommended for Distribution Assurance (O-Peak), g Time,
Cycles 9 and 10. A 60 min Truck test followed by a 120 min Air test is recom- Level Frequency Range, Hz Rail Truck min
mended for Distribution Cycles 12 and 13. | 3 to 100 0.25 0.5 15
Truck: 1l 3 to 100 0.25 0.5 10
Power Spectral Density Level, g%/Hz 1] 3 to 100 0.25 0.5 5
Assurance Level  Assurance Level  Assurance Level
Frequency, Hz | 1l 1 _ - :
N 0.0001 0.00005 0.000025 13. Schedule F - Loose Load Vibration
4 0.02 0.01 0.005 13.1 The test levels and the test method for this schedule of
. i e oo the distribution cycle are intended to determine the ability of
80 0.002 0.001 0.0005 the shipping unit to withstand the repetitive shocks occurring
200 0.00002 0.00001 0.000005 during transportation of bulk or loose loads. The test levels and
Overall, g rms 0.73 0.52 0.37

test method account for amplitude, direction, and duration of

Duration, min? 180 180 180 -
the repetitive shocks.
Rail: bower S | Denity Level. a7l 13.2 Use the following test levels:
ower Spectral Density Level, g z
Assurance Level Assurance Level  Assurance Level Test M.eth_oeI—D 999, Me.thOd Al or A2.
Frequency, Hz [ Il I Conditioning—See Section 6.
; 8-83‘2)02 8-88201 8-888205 Special Instructions-Dwell time distributed 50 % along

50 0.002 0.001 0.0005 normal vertical shipping axis and remaining 50 % evenly along

90 0.0008 0.0004 0.0002 all other possible shipping orientations

200 0.00002 0.00001 0.000005 . 4
Overall, g rms 0.41 029 020 Assuranlce Level Dwell 2?8’ min
Duration, min? 180 180 180

[ 40
Air- 1l 30
N F’Lowelf Splfctfa' DenSLity Ll‘fve"AQZ/HZ Lovel 13.3 DC-18—Description of this schedule is in accordance
Froquency, He T SsHAne Rever  Asstane Feve with 13.2, except that total dwell time for Assurance Levels |
2 0.0004 0.0002 0.0001 and Il shall ke 2 h iftested in one position, @B h if tested in

12 0.02 0.01 0.005 more than one position.

100 0.02 0.01 0.005

300 0.00002 0.00001 0.000005 ) ) o
Overall, g rms 1.49 1.05 0.74 14. Schedué G - Simulated Rail Switching
Duration, min® 180 180 180

A If Method B is used, the drive signal must be equalized for the specific shaker H 14.1 The test Ievgls and teSt' methOdS for thIS 'SChedL!le are
and shipping unit dynar’nics per Test Method D 4728, Section 8. In.tendEd to determme. the ablllty of the Shlpplng unit to

B For vehicle vibration tests in multiple shipping unit orientations, the total withstand the acceleration levels and compressive forces that
duration should be distributed evenly between the orientations tested. might occur during rail switching operations.

12.4.1 If more detailed information is available on the Test Method D 4003, Test Method A or Test Method D 5277.
transport vibration environment or the damage history of the Conditioning—See Section 6.
shipping unit, it is recommended that the above procedure be Special Instructions-Three impacts shall be performed. For
modified to use such information. The average test timeailcars with standard draft gear, shock durations of400
required to reproduce shipping damage is dependent on thas shall be used, as measured on the floor of the carriage. For
mode of failure, as well as the vibration level. Some over-stresgailcars with long—travel draft gear, shock durations of 300
and abrasion modes of failure will occur in much less than 3 h50 ms shall be used.
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Note that Test Method D 5277 is used for standard draft gear 120 to 130 (49 to 54) 4
only. 50 to 60 (10 to 15) X 2
For purposes of this test, the coefficient of restitution shall be e (tggltoo) 54) .
considered 0.0, and the total velocity change shall be equiva- 50 to 60 (10 to 15) X 2
lent to the specified impact velocity. Container impact surface ;éot t058 i£2t3 tloo)—18) g
. . (0] (0]
should be the same as occurs in actual shipment. If more than 120 to 130 (49 to 54) 16
one orientation is possible, impact that surface which is known I 120 to 130 (49 to 54) 16
to be most sensitive to damage. 50 to 60 (10 to 15) X 2
Refer to Test Methods D 4003 or D 5277 for specific 25230633(%43 t1°5)54) X ‘21
instructions on how to instrument and conduct the test. The cyclic sequence shall be repeated on three consecu-
14.2 Procedure—Load shipping unit on Carriage against tivg days. At the end of the threelday period, the unit pack
bulkhead. Total backload shall be equivalent to a minimum of o0 130 (150 oy et 16
3 ft lineal (0.9 m) of cargo. The package used as backload in I Not applicable
gggggew'th the test package must be identical to the test 15.3 When specified in the contract, this test should be

d performed as part of the complete distribution cycle for the

14.3 Test Levels- Allow the carriage to impact a cushione smallest complete shipping unit, as part of the contract.

barrier in accordance with the following assurance levels:

Impact Velocity
Assurance Level Number of Impacts mph (m/s) 16. Report
! i 2 ggg; 16.1 Report fully all the steps taken. At a minimum, the
" 5 6 (2.68) report should include: _ _
1 4 (1.79) 16.1.1 Reference to this practice,
t ; e g‘;g; 16.1.2 Description of product and shipping unit,

o o ] 16.1.3 Distribution cycle (DC) and test plan,
14.4 Procedure Modification-If more detailed information 16.1.4 Assurance levels and rationale,

is available on backload or shock characterlsilcs it is recom- 1~ 1 5 Number of samples tested,

mended that the above procedure be modified to use such L

. . o - . 16.1.6 Conditioning used,

information. The specified backload and shock characteristic 16.1.7 Acceptance criteria

are intended to simulate the conditions that occur on rail cars -2/ ACCEP ) ' .
16.1.8 Vibration option used, random or sine,

equipped with standard type draft gear. v . .
16.1.9 Random vibration power spectral density plot, if
15. Schedw H - Environmental Hazard used,

15.1 This schedule is intended to provide for the anticipated 16.1.10 Variation from recommended procedures, and
and often rapid changes in ambient conditions associated with 16.1.11 Condition of specimens after test.
the military distribution of material. This hazard schedule 16.2 Government Shipmentdn addition to 16.1.2-16.1.11,
determines the susceptibility of the total pack to the effects ofhe complete report includes:
moisture, temperature shock, or the combined effects of cyclic 16.2.1 Party, other than contractor, performing testing,
exposure. The result of conditioning may involve the 16.2.2 Testing facility used, other than contractor’s,
observation/measurement of moisture or water within packs, 16.2.3 Government representative witnessing testing, and
evidence of corrosion on packaged items, or compromise of the 16.2.4 When environmental hazard is performed for other

enclosure’s structural integrity such that physical protectionhan smallest complete shipping unit (see 15.3).
can no longer be ensured. Testing shall be in accordance with

Test Method D 951, where spray intensitieE © + 1 in/  17. Precision and Bias
h(100+25 mm/h) are used for Assurance Level dl &1+ 0.5
in/n(50 + 10 mm/h) for Level II.

15.2 Test levels shall be as follows:

17.1 The precision and bias of this practice are dependent
on those of the various test methods used, and cannot be
expressly determined.

Assurance Level Temperature, °F (°C) Water Spray  Duration, h
| 120 to 130 (49 to 54) 16
50 to 60 (10 to 15) X 2 18. Keywords
~10t0 0 (-23 to —18 2 . C o .
120 10 13(0 (49% 54; X 5 18.1 compression test; distribution cycle; distribution envi-
50 to 60 (10 to 15) X 2 ronment; drop test; mechanical handling; package; packaging;
3510 50 (2 to 10) 16 random vibration; shipping container; shipping unit; vibration
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APPENDIX
(Nonmandatory Information)

X1. Appendix-Example Test Plans

X1.1 The following examples will serve to illustrate the use  X1.2.10 Step 10, Document Test Resulé/rite a report to
of this practice: cover all steps in detail, in accordance with Section 16.

X1.2 Example A—Test a packaged consumer product. The X1.3 Example B—Product to be tested is identical to the
moderate value and volume of shipment are typical of otheproduct from Example A, except that it will be shipped
products in the shipper’s line. No damage is acceptable and thadividually through the small parcel-surface distribution sys-
package must be in good condition after the test. The fibertem. Additional information is that the container is 18 in. (0.46
board packaged product weighs 28 Ib (12.7 kg), is 9 in. (0.23n) long and 18 in. (0.46 m) wide. Height is 9 in. (0.23 m) and
m) high, and palletized 63 in. (1.6 m) high for storage and LTLweight is 28 Ib (12.7 kg).
shipment. The product does not support any of the load. X1.3.1 Step 1, Define Shipping UsitShipping unit to be

X1.2.1 Step 1, Define Shipping UritShipping unit to be tested is a single package.

tested is a typical pallet load. X1.3.2 Step 2, Establish Assurance LeveAssurance
X1.2.2 Step 2, Establish Assurance LeveAssurance | eyl || will be used, based on value and volume of shipment.

Level Il will be used, based on value and volume of shipment. yq 3 3 Step 3, Determine Acceptance Criteri Assurance
X1.2.3 Step 3, Determine Acceptance CritegdAssurance | ayel |I: ’

Level Il: o
Criterion 1—No product damage. Criterion 1—No product damage.

Criterion 2—All packages in saleable condition. Criterion 2—All packages in saleable condition.
X1.2.4 Step 4, Select Test ScheduleBC—6 will be used X1.3.4 Step 4, Select Test Schedud3C-3 will be used for

for this palletized, LTL shipment. this single package §h|pment of less than 100 Ib (45.4 kg).
X1.2.5 Step 5 Write Test Plan: X1.3.5 Step 5, Write Test Plan
Sequence Test Schedule Test Methods Level Sequence Test Schedule Test Method Level
1 AHandling - D 6055 Method A Pick up, transport around test 1 AHandling— D 5276 One drop on top, two drops
Mechanical course, set down, 5 cycles. Manual on adjacent boFtom edges,
D 880 Procedure B Horizontal impact all four tWO_tC“’(E)PS;.tO” diagonally op-
sides, 4.0 ft/s (1.22 m/s) posite bottom corners, Ohe
D 6179 Method C  Rotational drop, one impact ‘iVSO_P o?Sg(c)momi drop height
on two opposite base n. mm).
edges frc?r?] 6 in. (0.152 m). 2 C Vehicle D 642 Compression to 589 Ib (2620
2 D Stacked D 4728, "Truck” PSD profile, 0.52 g Stacking Nz (M=10.0 Ib/ft3, H=54 in.,
Vibration Method A or B rms, duration 180 min. Test F__7'0)' .
a column stack of seven 3 F Loose Load D 999, 20 min on bottom, 10 min on
individual containers® Vibration Method Al or A2 each of two adjacent sides.
3 A Handling - D 6055 Method A Pick up, transport around test 4 E_Veh,'de D 4728, "Truck” PSD_ profile, _0'52 9
Mechanical course, set down, 5 cycles. Vibration Method A or B ms, duration 60 min on
D 880 Procedure B Horizontal impact all four EZCh of three adjacent
sides, 4.0 ft/s (1.22 m/s) ) sides. )
D 6179 Method C  Rotational drop, one impact 5 ,:\AHanc:llng— D 5276 Or:e df(;)P on vertldc_al Ed?&_d
on two opposite base anual wo drops on adjacent side
edges frc?r?l 6 in. (0.152 m). faces, one drop on top cor-
4 B Warehouse D 642 Compression to 756 Ib (3360 ner, one drop on adjacent
Stacking N) (individual container® Egg Oedge,) déop hdelght 13bmt.
H=63 in., F=4.5). mm). One drop on bot-
) tom, drop height 26 in. (660
mm).
AAlternative vibration test configurations, 1: test full pallet load, 2: test a single
individual container with 168 Ib dead weight load to simulate the pallet load. X1.3.6 Step 6, Select Samples for FeSelect representa-
folternative full pallet load compression test, 529 Ib (2350 N) per bottom tier tive samples.
container. » -
X1.2.6 Step 6, Select Samples for FeSelect representa- X1.3.7OStep 7, Condition SamplesCondition to 23+ 1°C,
i +
tive samples. 50 = 2% relative humidity, in accordance with Practice

X1.2.7 Step 7, Condition SamplesCondition to 23+ 1°C, D 4332. .
50 + 2% relative humidity, in accordance with Practice X1.3.8 Step 8, Perform TestsPerform tests in accordance

D 4332. with the test plan in Step 5, as directed in the referenced ASTM
X1.2.8 Step 8, Perform TestsPerform tests in accordance standards and in the special instructions for each test schedule.
with the test plan in Step 5, as directed in the referenced ASTM X1.3.9 Step 9, Evaluate ResulsExamine products and
standards and in the special instructions for each test schedufgackages to determine if the acceptance criteria have been met.
X1.2.9 Step 9, Evaluate ResultsExamine products and X1.3.10 Step 10, Document Test Resulé/rite a report to
packages to determine if the acceptance criteria have been metver all steps in detail, in accordance with Section 16.

10
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