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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.

1. Scope 1.4.1 General-Purpose Pallets\When the objective of the

1.1 These test methods cover the performance of pallets arf@St i to determine the safe working load or to classify a
related structures, functioning as skids, bases, platforms, arfteneral-purpose pallet as a single- or multiple-use pallet, all
bins in materials handling and shipping. Their use facilitatedests described in these test methods shall be performed in the
the protection of both packaged and unpackaged produc&rder s.pecmed.The same _pallet shall be used for all static and
during storage and transportation. The test methods includé/namic tests, where feasible. o
measurements of the relative resistance of pallets and related1-4-2 Special-Purpose Pallets\When the objective of the
structures to deformations, damages, and structural failurd§St is to determine the safe working load or to classify a
which detrimentally affect the functionality of the unit load. ~SPecial-purpose pallet, as a single- or multiple-use pallet, only

1.2 These test methods include conditioning requirementdhose tests representing the intended condition of use shall be
static stiffness and strength tests, and dynamic tests of struperformed. Certain special-purpose pallet designs, because of
tural reliability. These test methods are used to evaluate th&€ pallet size, its shape, or the material of fabrication, or
relative performance of new, used, or reconditioned genergOmbinations thereof, cannot be reliably tested using this
and special-purpose pallets fabricated from various materiai@ethodology. When available, alternative test methods should
including solid wood, wood composites, fiberboard, honeyP€ used. _ . _
comb, plastics, or metal, or to compare the performance of 1.4.3 Field Testing—It is recommended that pallet designs
such pallets and related structures to specified performan®@ssing these acceptance tests be further subjected to field
criteria. Recommended criteria for all tests specified in thig€sting in the distribution environment.
standard are listed in Appendix X2. 1.5 Simulation of the Distribution EnvironmeniThese test

1.2.1 These test methods are also used to classify pallets Hethods are not intended to lead to exact simulations of pallet
single- or multiple-use pallets and to determine the saferformance in the distribution environment. These test meth-

conditions. that they are repeatable, do not depend on exceptional skills,
1.3 Nonmandatory Preliminary TestsBecause each pallet @nd are safe to conduct without elaborate precautions. The test
may be used under several different conditions of load andndings are not expected to lead to unalterable conclusions.
support, pallet-design considerations and safe working-loadesting in the distribution environment may be necessary to
estimates shall be based on that condition under which th¥erify the results obtained from laboratory tests.
pallet offers least resistance or is most severely stressed. 1.6 This standard does not purport to address all of the
1.3.1 Preliminary, short-duration static tests up to the ulti-Safety concerns, if any, associated with its use. It is the
mate (see 8.2, 8.3, and 8.4) shall be performed on previouskgsPonsibility of the user of this standard to establish appro-
non-tested pallets to determine which load and support condpriate safety and health practices and determine the applica-
tions influence most severely the pallet load-carrying capacitfility of regulatory limitations prior to useSpecific precau-
and safe working loads. tions are given in 9.5.3.5, Note 5.
1..3.2 Durmg the deyelopment of prototypes leading .toz_ Referenced Documents
designs that will be subject to acceptance testing, as described i
in 1.4, these preliminary tests shall include the free-fall drop 2-1 ASTM Standards:

tests in accordance with 9.1. D 642 Test Method for Determining Compressive Resis-
1.4 Mandatory Acceptance Tests tance of Shipping Containers, Components, and Unit
' Load$
D 996 Terminology of Packaging and Distribution Environ-
mentg

1 These test methods are under the jurisdiction of ASTM Committee D-10 on
Packaging and are the direct responsibility of Subcommittee D10.21 on Shipping
Containers and Systems—Application of Performance Test Methods.
Current edition approved Nov. 10, 1998. Published March 1999. Originally
published as D 1185 —51 T. Last previous edition D 1185 — 98. 2 Annual Book of ASTM Standardgol 15.09.
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D 999 Methods for Vibration Testing of Shipping Contain- 3.2 datum load—a preload level applied to the specimen to
erg reduce test variables as influenced by the test setup during the

D 1505 Test Method for Density of Plastics by the Densi-initial stage of testing. Test deformations shall be assumed to
ty—Gradient Techniqife be zero at this preload level.

D 1761 Test Methods for Mechanical Fasteners in Wood 3.3 general-purpose palletspallets designed and con-

D 2395 Test Methods for Specific Gravity of Wood and structed to support a wide range of loads using a variety of

Wood-Base Materiafs applicable handling devices.
D 4003 Test Methods for Programmable Horizontal Impact 3.4 preliminary safe working loadg-an estimate of the safe
Test for Shipping Containers and Systéms working load of a pallet not yet confirmed by all of the
D 4332 Practice for Conditioning Containers, Packages, oappropriate tests specified in these test methods.
Packaging Components for Testing 3.5 safe working load-The maximum load, determined
D 4442 Test Methods for Direct Moisture Content Measure-from tests, that a pallet can support without failure in handling,
ment of Wood and Wood-Base Matertals storage, and distribution including an appropriate allowance
D 4444 Test Methods for Use and Calibration of Hand-Heldfor variations in performance as well as necessary safety
Moisture Meter$ factors.
D 4728 Test Method for Random Vibration Testing of 3.6 special-purpose palletspallets designed and con-
Shipping Containefs structed to support a specified load using certain handling
F 680 Methods of Testing Nafls devices.

F 1575 Test Method for Determining Bending Yield Mo- L
. 4. Significance and Use
ment of Nail§

F 1667 Specification for Driven Fasteners: Nails, Spikes, 4-1 Static compression and bending tests provide data that

and Staples are used to estimate stiffness, strength, and safe working loads
2.2 ASME Standaré for pallets under specified load and support conditions. These
MH 1 Pallets, Slipsheets, and Other Bases for Unit Loads€Stimates provide a basis for designing pallets and comparing
23 1SO Standard the performance between pallets of different designs and
ISO 445 Pallets for Material Handling— Vocabulary HEAT : : :
2 4 TAPPI Standard’ 4.2 Dynamic tests provide data which are used to estimate

the physical durability and functionality of a pallet in specified
material handling and shipping environments. These estimates
provide a basis for designing single or multiple-use pallets.
3. Terminology 4.3 _Other tests may be performed to assess the properties of
— _ . specific materials (Test Methods D 2395, D 4442, D 4444, and
3.1 Definitions—The following standards are applicable, T 208 OM) and connecting devices (Test Methods D 1761,

with dTe(rjminc;:ogy D 9?6’ dtp be -c_?nsid.erclad thg 9%%ve'\r/lnl_i|ng,: 680, Test Method F 1575, and Specification F 1667), design
z;adnlggj Lllré]lé e case of a dispute: Terminology ' features, use applications, and other variables encountered.

TAPPI T 208 OM - 89 Moisture in Wood, Pulp, Paper and
Paper Board by Tolvene Distillation

5. Materials

5.1 These test methods are pertinent to pallets constructed
of materials listed in Table 1.
2 Annual Book of ASTM Standardgol 08.01.
4 Annual Book of ASTM Standardéol 04.10. 6. Sampling
5 Annual Book of ASTM Standardgol 15.08. . . .
6 Available from the American National Standards Institute, 11 West 42nd Street, 0.1 Sampling shall provide for the selection of representa-
13th Floor, New York, NY 10036. tive specimens. The number of test replications required varies.

7 Available from the Technical Association of the Pulp and Paper Industry, P.OAt |east three replications per pallet design shall be tested.
Box 105113, Atlanta, GA 30348.

TABLE 1 Conditioning and Testing Environments

L . Minimum
Con'dmonlng Tempoerature, Re!a.nve Conditioning Pallet Material
Environment C Humidity, % )

Time, h
no conditioning unprocessed sawn wood assembled with metal connectors*8
required metals

A +60 + 2€ 24 plastics®

B -25+3

C 25+3 90 =5 48 paper-based materials, wood assembled with adhesives, and processed

D 20 =5 24 wood (that is, plywood, strandboard, particle board, and other wood based

materials).?

A The moisture content of unprocessed sawn wood components shall represent the maximum that would occur during the use of the pallet.

B Special purpose pallets may be conditioned to temperatures reflecting anticipated use conditions.

€ 45°C shall be the temperature used for 8.4, Pallet Bending Tests.

b Environment D shall be used for pallets made of these materials when it is expected that the pallets may be exposed to water in the distribution environment.
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7. Conditioning 1, relative to the ground (or test frame}) @t the datum load

7.1 Some pallets are constructed of materials whose progSee 8.3.2 and 3.1)2) at the beginning and end of the full-load
erties are affected by changes in temperature, relative humiditp€riod; and 8) upon unloading, at the datum load (see 8.3.2),
and environmental moisture conditions prior to and during us&€very 5 min until successive readings are practically identical
in the distribution environment. Prior to test, these pallets shalfimited to a maximum period of 1 h). _
be conditioned as described in Table 1. 8.3.1.1 When, due to test procedure, the deflections at

7.2 Where conditioning influences pallet performance, thd-ocations A, B, C, and D are not identical, the average of the
specified test-specimen environment shall exist during the timfour observations shall be used as the test measure (see Fig. 1).
of testing. If the test environment cannot be maintained at the 8-3.2 Test Procedure .
required conditioning level, the tests shall be performed 8-3.2.1 Place the palletin a normal position on a flat, hard,
immediately after the pallet has been removed from thdigid, and horizontal surface. Place a rigid load applicator of
conditioning environment. Immediately after each individualSufficient size to overlap the pallet edges and ends, as shown in
test, specimens subjected to Environments A or B shall b&9- 1. _
returned to the conditioning environment for a minimum of 1 8.3.2.2 Gradually apply the test load at a uniform rate of 0.5
h prior to the next test. For additional details concerning® 0.1 in./min from 0 to 0.1®R, whereRis the preliminary safe
conditioning procedures, see Practice D 4332. W(_)rkmg load based on the pr(_ahmlnary test or on that deter-

7.3 For wood or wood-base materials, the moisture conterflined from tests to failure. This value of 0.F0shall be the
of selected components shall be observed and recorded at tHatum load for subsequent deflection measurements (see Note
beginning of the test (see Test Methods D 4442 and D 4444)L). Apply the full test load of 1.M-R, where M is the

7.4 Pallets fabricated of several different materials, such ag'@ximum number of pallet loads expected in a stack during
composites, shall be conditioned to the extremes applicable 65€: The datum as well as the full test loads shall be applied in

the materials in the structure. not less than 1 min or more than 5 min. Maintain the full test
load for a period of at least 24 h. Reduce the test load to the
STATIC TESTS datum load for the necessary period (see 8.3.1). Take deflection

measurements at A, B, C, and D (see Fig. 1).
8. Summary of Test Method ( g1

8.1 Static tests are performed to determine the strength ar}]dNOTE F-LFor plastic, corrugated paperboard, or honeycomb pallets,
stiffness of the pallet under specified load and support condl-atum load Jevels, of 10Q to 200 Jof are _reco_n_]mendecj' ) )
tions. For all static tests described in 8.3-8.5, the test load 8-3:2.3 If because of the unavailability of a suitable testing
applied shall include the mass of all load applicators supportefachine, dead weights are used for the test load, they shall be
by the pallet. The performance criteria in X2.1 of Appendix X2 Symmetrically placed during loading and unloading. Dead

may be used to determine the safe working load of a pallet (se&eights shall be carefully placed, without dropping, within a 1
1.2.1 and 1.4). to 5-min loading period.

8.2 Apparatus 8.3.2.4 An alternative to the full pallet compression test is

8.2.1 Calibrated Compression Testing Machjneith suffi-  the test of an individual spacer as in block or post pallets or a
cient load capacity to structurally fail the pallet and a suffi- Portion of the spacer as in stringer pallets (see Fig. 2). The
ciently large bed to support the pallet and the pallet supportdatum load shall be adjusted by the ratio of the bearing area of
(see 8.3.2). the individual spacers or portions of spacers tested and the

8.2.2 Floating Head used for application of rigid loads. ~ bearing area of all spacers in the pallet. For non-uniform

8.2.3 Fixed Head used for supporting load at prescribed loading, only the most severely stressed spacers shall be tested.
angles (see 8.4.1).

8.2.4 “Dead Weights” simulate the desired load, used in- LOAD LOAD
stead of a testing machine. These dead weights shall conform - RPPLICATOR
to the description in 8.4.1. yrl | = — |Iy
8.2.5 Deformations shall be monitored and recorded using
micrometer dial gages or other suitable measuring devices,/ {/ N
such as calibrated sensors, capable of measuring deformation UNIFORM RIGID

or deflection of 0.025 mm (0.001 in.). SUPPORT

8.2.6 Calibration and Standardization of the Compression
Test Apparatus-The accuracy of the compression testing
device shall be verified using procedures described in Test—o A
Method D 642.

8.3 Compression Tests on Pallet Deck Spacers or
Supports—The purpose of this test is to determine the resis-
tance to compression of deck spacers (stringers, blocks, and
posts) of pallets. l

8.3.1 [_)eformatlon Measurem?mhen tested in accor- FIG. 1 Load and Support Conditions and Locations of Deflection
dance with the procedure specified in 8.3.2, record the changfeasurements for Compression Tests of Pallet Deck Spacers or
in the heighty, at Locations A, B, C, and D, as shown in Fig. Supports

A4
B
i ch
D
&
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FIG. 2 Load Application and Deflection-Measurement Locations for Compression Tests of Individual Pallet-Deck Spacers or Portions of
Spacers

8.3.2.5 The average of the deflections measuredandA,  same geometric interface between the load and the pallet deck
shall be used (see Fig. 2). When testing only a portion of thas the actual in-service load.
pallet, at least three tests shall be performed at different 8.4.2 Supports—Placement of rigid supports for pallet
locations of the pallet, such as At B,andC in Fig. 2. bending tests shall be based on the mode of support during use.

8.3.2.6 Observe and record any structural damage or faikvhen more than one mode of support is likely to occur, that
ures. The pallet has failed the test if the observed damage iwhich most limits the functionality of the pallet under load
any pallet tested would affect pallet stiffness, strength, okhall be used for testing. That support which limits pallet
functionality. The rate of deformation is expected to decreasgunctionality in bending shall be used which causes greatest
during the full-load static test. deflection or structural failure at the lowest load levels. This is

8.3.2.7 During preliminary testing and to determine thetypically the support that results in the greatest unsupported
preliminary safe working loaR (see Table X2.1), this test free span. Support modes are shown in Fig. 3 and described as
shall be continued to a load level causing structural failure. Irfollows:
such a case, the failed pallet is no longer suitable for use in g 4.2.1 Fork-Tine Suppor-Under the top deck or in the
sequential testing. stringer notch in stringer pallets.

8.4 Bending Tests on PalletThe purpose of this testis to g 4 5 » Rack Support-Under the bottom deck or outside of
determine the flexural stiffness and strength of the whole pallet,o geck spacers in wing pallets.

8.4.1 Test Loads-Typical representative loads (case goods, 8.4.2.3 Sling Suppor—Under the top deck, outside of the

bagged goods, blocks, barrels, etc.) shall be used in pall%teck spacers such as in wing pallets. For sling tests, support

bending tests. Where various loads will be placed on palletﬁé’nodes shall be determined by the intended distribution cycle

3\]/?: Ioadt ty?? rzsultlng |{1bthe gr(jeatgst lsttredsT sZaII be use d the sling equipment used in that distribution environment.
en actual loads cannot be used, simufated '0ads aré accepi,q; yayices may include wire, tape, or chain slings and rigid,
able. Uniformly distributed case goods or bag loads ar

simulated using an inflatable bag or a tube restrained in aound, or rectangular spreader bars.)
g g 8.4.2.4 With the exception of very long or wide pallets,

testing rig or by using a vacuum chamBe&@oncentrated loads . L -

on pallets are simulated with load applications exhibiting theWhICh exhibit large cantilevers beyond the supports, the racl_<
mode generally represents the greatest span and corresponding
deflection.

8 Pallet device incorporating an inflatable dunnage bag is described in: Mackes, 8.4.3 Deformatlon Measuremen%s_When tested in accpr-

K. H., Loferski, J. R., and White, M. S., A Pneumatic Pressure Bag Testing Machindlance with the method specified in 8.4.4, the deflection at

for Applying a Uniform Load to Panels and Palletdournal of Testing and  |Locations A, B, and C, as shown in Fig_ 4, when measured

Evaluation Vol. 23, No. 4, 1995, pp. 295-299. A test device incorporating a vacuum ;

chamber is described in: Dallas, J. E., and Mitzner, R. C., “Vacuum Loadingrelatlve to the upper (OI’ Iower) surface of the tOp (OI’ bOttom)

Technigue Increases Accuracy of Pallet Testing,” Technical Netegst Products decks and the ground (Or test frame)' shall be observed and

Journal 1985, Vol. 27, pp 48-50. recorded as follows:
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¥ 1 a 1 to 5-min loading period.

8.4.4.5 Repeat the test along the second horizontal axis of
the pallet (that is, when both length and width are to be tested).
A further set of deflection measurements shall be taken at

2« —— . . Locations C, D, and E. Observe and record any damage and
structural failure. The pallet has failed the test if the observed

g I = = ‘—'r—r_‘= damage in any pallet tested affects pallet stiffness, strength, or
Fork-tine Support functionality. The rate of deformation is expected to decrease

during the full-load static test.
8.4.4.6 During preliminary testing and to determine the
preliminary safe working loadR (see Table X2.1), this test
shall be continued to a load level causing structural failure. In
>_( )_( >_< such a case, the failed pallet shall not be used for further
testing.

Rack Support 1 8.5 Bending Tests on Pallet DeekgJnder certain load and
support conditions, the flexural stiffness and strength of the
pallet top or bottom deck limits functionality. The purpose of
this test is to determine the stiffness and flexural strength of

B pallet decks between supports.
—) rigid round ot

E*S 8.5.1 Deflection Measurements
rectangular . . .
! | spreader bar 8.5.1.1 When tested in accordance with 8.5.2, deflection
Sling Support shall be measured in a minimum of two locations at mld—spgn
FIG. 3 Suboort Modes for Static Pallet.Bending Test of the longest span between deck spacers, such as at Locations
' PP g A, B, C, and D in Fig. 5, or at the location of the concentrated
loads.
8.5.1.2 Measurements relative to the upper or lower surface
the deck and the opposite deck or the ground (or test frame),
shall be recorded as follows:

8.4.3.1 At the datum load (see 8.4.4),
8.4.3.2 Upon unloading, at the datum load (see 8.4.4), every,
5 min until successive readings are practically identical (lim-
ited to a maximum period of 1 h). ]
8.4.3.3 The distance between the dechks,at mid-span (1) At the datu_m lload (see 8.5.2); )
between deck spacers, measured in order to obtain data on the?) At the beginning and end of the full load period;
minimum fork entry heights under given loads. (3) Upon unloading, at the datum load (see 8.4.3), every 5
8.4.3.4 Between the decks, similar measurements made &N until successive readings are practically identical:
Locations C, D, and E when the test is repeated along the 8.5.2 Test Procedure
second horizontal axis of the pallet (see 8.4.4). 8.5.2.1 Gradually apply the test load at a uniform rate from
8.4.4 Test Procedure 0 to 0.1R in a 1 to5-min loading period. This shall be the
8.4.4.1 For most pallets stressed in bending, the suppoftatum load for subsequent deflection measurements. Apply the
mode which limits functionality is the rack support or the full testload of 1.15-Rfor the top deck and 1.134- 1) Rfor
support under the bottom deck in double-face pallets or unddhe bottom deck of non-reversible pallets, if load effects on
the top deck in single-face pallets. Under these conditions ofallets in the stack are cumulative, in not less than 1 min and
support, place the pallet top deck uppermost on rigid suppofftot more than 5 mirRis the preliminary safe working load per
beams with square or semicircular cross section. If the spapallet andM is the maximum number of pallet loads expected
between the supports is unknown, place the inside edges of tii@ a stack during use. The datum as well as the full test load
supports (or centerline in semicircular cross-section support$hall be applied in not less than 1 min or more than 5 min.
51 mm (2 in.) from the outer edges of the pallet (see Fig. 4)Maintain the full test load in place for a period of at least 24 h.
8.4.4.2 Gradually apply the test load at a uniform rate from 8.5.2.2 Reduce the test load to the datum load for the
0 to 0.1R, whereR is the preliminary safe working load per necessary period (see 8.5.1) and take the deflection measure-
pallet and 0.1R is the datum load for subsequent deflectionments at Locations A, B, C, and D. This test shall be repeated
measurements. Apply the full test load of 1X5R whereM is  for both decks of a double-face pallet. Observe and record any
the maximum number of pallet loads expected when supportedamage or structural failures. The pallet has failed the test if the
or tested. Maintain the full test load for a period of at least 240bserved damage in any pallet tested affects pallet stiffness,
h. strength, or functionality. The rate of deformation is expected
8.4.4.3 Reduce the test load to the datum load for thdo decrease during the test.
necessary period (see 8.4.3) and observe the deflection mea8.5.2.3 If, because of unavailability of a suitable testing
surements at Locations A, B, and C (see Fig. 4). machine, dead weights are used for the test load, they shall be
8.4.4.4 If, because of the unavailability of a suitable testingsymmetrically placed during loading and unloading. Dead
machine, dead weights are used for the test load, they shall eeights shall be carefully placed, without dropping, and within
symmetrically placed during loading and unloading. Deada 2 to 5-min loading period.
weights shall be carefully placed, without dropping, and within  8.5.2.4 During preliminary testing and the determination of
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FIG. 4 Schematic Diagram of Pallet Bending Test Using Uniformly Distributed Load

LOAD specific event that occurs in the distribution cycle that may
‘é% sorrompeck  POSe a hazard to the pallet and the unit load. If any deviations
DEFORMATION MEASURING D are made from this sequence to meet specific requirements or
/F 4/ 4 limitations, they shall be indicated and explained in the report.
AN

UNIFORM RIGID 9.2 For the dynamic tests described in 9.5, the test load
SUPPORT

[}
’ applied shall include the actual package systems unitized
% similar to the expected unit load. In the case where represen-
tative actual products cannot be used, dummy products that are
A 8 similar in size and weight shall be used. However, the
7 packaging used shall be identical to that of real loads, since the
- dynamics of the unit load is affected if a dead load representing
the total pallet load is placed on the pallet base. The perfor-
mance criteria in X2.2 of Appendix X2 may be used to classify
FIG. 5 Load and Support Conditions and Locations of Deflection pallets as single- or multiple-use (see 1.2.1 and 1.4).
Measurements for Bending Test of Pallet Decks 9.3 Free-Fall Drop Tests on Pallet Corners and Edges
along Pallet Ends and SidesThe purpose of these tests is to
the preliminary safe working loal (see Table X2.1), this test determine the resistance to impacts of the pallets, including its
shall be continued to a load level causing structural failure. Irflecks and blocks, as a result of free-fall pallet drops during
such a case, the failed pallet shall not be used for furthefandling. Such drops occur during unstacking or removal of

testing. pallets. For those non-rigid pallets which may deform as a
result of dropping, this test can be used to measure the relative
DYNAMIC TESTS diagonal pallet rigidity (see 9.3.1).
9.3.1 Test Procedure
9. Summary of Test Method 9.3.1.1 Subject the pallet to free-fall drops from a fixed

9.1 Dynamic tests are performed to determine the stabilitheight of 1.0 m (40 in.). Conduct drops using a suitable
of the pallet and unit load on the pallet when exposed tesuspension device (such as a hoist) to allow accurate position-
elements of the handling and shipping environments. Thesieg of the suspended pallet and a solenoid or other drop-test
tests shall be sequentially performed in the order described andlease mechanism. Make all drops onto a rigid, massive block
each represents one hazard element. A hazard element isohconcrete, steel, or other suitable dense material, having a
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