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ABSTRACT 
The Forest Products Laboratory conducted revolv­

ing drum tests of statistically random samples of 
similar pallets before and after 4 years of service 
with Eckert Orchards, Inc. of Carbondale, Ill. Re­
usable pallets of the types tested were estimated to 
be serviceable for about 4 to 1 2  years, depending upon 
the pallet type and composition. The work also indi­
cated that the descending order of rough-handling 
resistance of reusable pallets was picture-frame, 
3-stringer (control), and notched-stringer pallets. 
Laboratory revolving drum testing indicated an un­
realistically longer service life for lighter weight 
pallets (such as  those made of yellow-poplar). Never­
theless, it’s believed that the testing technique used 
here provides a suitable basis for determining total 
service life. 
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INTRODUCTION 
This study is a part of a research series con­

ducted at the Forest Products Laboratory, to 
demonstrate the utility of Appalachian hardwoods 
for making pallets. The research was done in 
cooperation with the North Central Forest Exper­
iment Station (NCFES), Forestry Sciences 
Laboratory at Carbondale, Ill., and with the 
Northeastern Forest Experiment Station and their 
Forest Products Marketing Laboratory at Prince­
ton, W. Va. A summary of the major results of 
the preceding work is given in Appendix I. 

Laboratory rough-handling tests of woodpallets 
are usually conducted until one or more of the 
parts of each become(s) dislodged. Tests of this 
nature can be conducted rapidly, inexpensively, 
and under well-controlled conditions when com­
pared to evaluation by use in service. However, 
laboratory testing fails to reproduce some time-

dependent conditions that affect pallet strength 
and durability; e.g., nailed joints that generally 
tend to lose strength with time, structural weak­
ness created by weathering, and the associated 
progressive checking and splitting of members 
with time. Additionally, the mechanical strength 
of members tends to increase as the wood mem­
bers dry. 

There are positive and negative aspects of 
pallet appraisal based on laboratory testing or  
field usage. Ideally, the correlation between these 
two tests should be established. Tests could then 
be conducted on an accelerated laboratory testing 
basis with more assurance as to the application of 
results. This work was conducted to initially estab­
lish a relationship. 

Specifically investigated was the development 
of an approximate correlation between laboratory 

1Research Forest Products Technologist at the Forest Products Laboratory, maintained at Madison, Wis., 
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2 Presently, Processing Specialist with the State and Private Forestry Group of the Northeastern Forest 
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testing of pallets to their destruction and their 
total service life under actual handling environ­
mental conditions, before initial repair became 
necessary. 

PROCEDURE 

Materials and Assembly 

Two sets of 120 pallets were constructed jointly 
by the Carbondale laboratory and FPL. Both sets 
of pallets were made from wood members under 
the same conditions from the same species groups 
and selected by systematic randomization. One 
new set was evaluated by laboratory testing one 
month after construction, and the results were 
presented in a Forest Service Research Paper.4 

The set of pallets discussed herein differed from 
the first in that some pallets were lost in service 
or repaired and, therefore, not included in the 
final testing. The essential details of the materials 
used and the construction of the pallets are given 
in Appendix II of this report for completeness and 
for the convenience of the reader. 

Field Service 

NCFES personnel at the Carbondale laboratory 
made periodic inspection trips and kept detailed 
notes on their observations during the 4 years of 
field service use at Eckert Orchards, Inc. One 
important observation was that the reusable-type 
pallets (i.e., the picture-frame, notched-stringer, 
and 3-stringer control types) were used to a much 
greater extent than the expendable types in the 
orchard operation. This was because of the 
greater rigidity of the reusable types and the 
resulting fork truck operator preference for this 
type to avoid spilling, collapse, etc. NCFES per­
sonnel estimated that reusable pallets were 
handled on the average of twice a week, but that 
most were customarily placed in storage for about 

4-1/2 months per year. The 120 test pallets initial­
ly comprised about 15 percent of the 800 platform-
type pallets employed at that time by Eckert 
Orchards, Inc. 

Of the original set of 120, 77 unrepaired pal­
lets qualified for laboratory testing after 4 years 
of use. During this period, 43 pallets were elim­
inated: 31 were lost in service and 12 others 
were repaired. Because this study was conducted 
to provide an estimate of service life before 
initial repair was necessary, these 43 pallets 
were not included in the experiment. 

Subsequent Laboratory Testing 

After a careful examination of all pallets re­
turned to FPL, it was decided that the most 
relevant results would be obtained if all of the 
77 unrepaired pallets were tested to a predeter­
mined failure point by the revolving drum test. 
This type of test was selected (1) because of the 
similarity between loading of the pallets and 
rough handling of pallets during service, and 
(2) because, if other types of tests had been con­
ducted with their corresponding end points as in 
the preceding test series,4,5 a large number of 
the pallets would have been classified as “having 
failed” even before the laboratory tests had 
begun. 

Therefore, each pallet was revolved in the 
drum until it was considered to be “completely 
unserviceable.” This condition usually occurred 
when at least three major components were 
separated from the pallet but complete unservice­
ability might have involved dislodgement of fewer 
(or more) than three major parts. For example, 
a pallet might have become completely unser­
viceable, yet still have lost fewer than three 
major parts. Also, several parts might have sep­
arated on the last drop of the test, and the result­
ing total might have become greater than three. 
Damage characteristics were noted and recorded 
continuously during the tests, 

A drum 14 feet in diameter and revolving at 
the rate of one revolution per minute and having 

4Kurtenacker, R. S., Heebink, T. B., and Dunmire, D. E. 1967. Appalachian Hardwoods for Pallets--A 
Laboratory Evaluation. U.S. Forest Serv. Res. Pap. FPL 76. Forest Prod. Lab., Madison, Wis. 

5 -Kurtenacker, R. S. 1969. Appalachian Hardwoods for Pallets: Effect of Fabrication Variables and 
Lumber Characteristics on Performance. U.S.D.A. Forest Serv. Res. Pap. FPL 112. Forest Prod. Lab., 
Madison, Wis. 
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a hexagonal interior was used for testing. During 
the tests the pallets slid, tumbled, and impacted 
the sides of the drum and the attached hazards 
until failure occurred. 

PALLET CONDITIONING 
AND PERFORMANCE 

The forms of damage observed included the 
following: 

(1) Joint failure (i.e., pulled nails or staples 
and nailhead “pull-through”). This same phenom­
enon was indicated less obviously by joint loose­
ness and racking. 

(2) Failure of the fasteners themselves (broken 
nails or staples). 

(3) Splitting of wood component parts (often 
beginning with existing splits accrued during nail­
ing and seasoning checks, especially at fasten­
ers). 

(4) Separation of major pallet parts from the 
pallet proper. 

A detailed list of the results is given in table 1. 
Figures 1 through 14 give the reader a visual 

impression about the condition of representative 
pallets before and after laboratory testing at FPL. 
The condition just after service of a typical 
hickory pallet of each style is shown in figures 1 
through 5. Residual pallet performance capability 
could not be estimated by the visible degradation 
resulting from field service. A typical range of 
pallet conditions after service, progressing from 
worst to best, that existed in each set is shown 
in figures 6, 1, and 7. 

Some of the failure patterns after testing are 
shown in figures 8 through 14. By nature of their 
c on s tr u c t i on, picture-frame pallets resisted 
racking best, and they usually failed by separa­
tion of deckboards as shown in figure 8. Less 
rigid forms of pallet construction often under­
went severe racking during the testing (fig. 11); 
this produced loose joints and hastened destruc­
tion of the pallets. 

The nature of the failures appeared to be 
definitely related to the species of lumber used 
to make the pallets. For example, the relative 
presence of splits at failure is shown for oak and 
yellow-poplar pallets, respectively, from the 
same construction-type group in figures 12 and 

14. The pallets made from both species had sim­
ilar checks shortly after construction, but the 
checks in the yellow-poplar pallets elongated 
much more rapidly. 

Rating of Damage 

Initially, the possibility of rating the progres­
sion of revolving drum test damage was considered 
as being directly correlated with failure. Ideally, a 
comprehensive, weighted, rating scale would be 
used to appraise the remaining strength before 
failure of the pallet during service and laboratory 
testing. 

Rating systems of this sort were tried and 
found to be cumbersome and impractical, because 
of the following factors: 

(1) Uncertainty about the relative importance 
of individual factors contributing toward failure 
of pallet as a unit. 

(2) The need, difficulty, and expense of check­
ing pallets over carefully after each fall. 

(3) The hidden or subtle progression of the 
following factors that can lead to failure: 

(a) Broken nails. 
(b) Nailhead pullthrough. 
(c) Checks and splits. 

(4) The difficulty of relating the nonlinearity of 
the racking-failure phenomena with number of 
falls in the revolving drum. 

(5) Variations inherent to the tests themselves. 

Service Life Estimation 

In view of these uncertainties, it was decided 
to use a much simpler approach as follows: 

Therefore 

where nt = average number of falls in laboratory 
6

revolving drum tests of comparable pallets, 
6"New" pallets were those which had been assembled for 1 month and had not been used for testing or 

service previousIy. 
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R is the residual number of falls in laboratory 
revolving drum tests following 4 years of service 
in Eckert Orchard, Inc.’s system, (n - R) is the 

t 
relationship between 4 years of service and an 
equivalent amount of Laboratory rough handling, 
and is the probable and adjusted total number 
of years of serviceability of pallets used through­
out the year under similar service conditions. 
(Note: A factor of “2.5” was used in equations 
(1) and (2), instead of “4.0,” because the pallets 
were actually used only 62.5 percent of 4 years 
in service.) 

For each group of pallets the number of falls 
required to dislodge the first n1, second n

2’ 
and 

third components n3 of each were averaged indi­

vidually and then pooled for an overall average 
nt . Mathematically, 

(3) 

A graphical summary of data obtained for the 
individual groups, as presented in table 1, is 
shown in figure 15. 

As expected, all reusable pallets exhibited a 
definite drop between initial performance and 
that after 4 years. Expendable-type pallets pro­
duced contradictory failure data because they 
were essentially unused in service, 

Adjusted average life expectancy values for 
pallets of the reusable type were calculated by 
equation (2) (table 2). This computation indicated 
that adjusted average service life expectancy for 
reusable pallets varied between 12.0 years for a 
hickory picture-frame pallet to 4.2 years for 
yellow-poplar picture-frame pallets and hickory 
notched-stringer pallets. 

Laboratory revolving drum testing indicated an 
unrealistically longer service life for lighter 
weight pallets such as those made of yellow-
poplar. This is not borne out by control informa­
tion gained from actual service. However it is 
believed that the “before and after” testing tech­
nique used in the Laboratory provides a suitable 
basis for determining total service life. The 
greatest average performance from the stand­
point of design was obtained with the picture-
frame styles. In descending order, the 3-stringer 
style was next, and the notched-stringer style 
was last. 

FPL 169 

CONCLUSIONS 

(1) Reusable pallets made of the materials and 
styles included in this work can be expected to 
function properly in general service from about 
4 to 12 years before initial repair. 

(2) Yellow-poplar pallets, being lighter in weight 
than similar pallets made from hickory or oak, 
initially resist a substantially greater number of 
impacts in the revolving drum test. However, the 
strength loss rate for similar yellow-poplar pal­
lets is much greater than that for oak and hickory 
pallets of the same design. Therefore, it is 
concluded that pallets made from hickory or oak 
are usable substantially longer than similar pal­
lets made from yellow-poplar. 

(3) The overall descending order of service­
ability of reusable pallets before initial repair 
is required is picture-frame, 3-stringer (control), 
and notched-stringer types. 

(4) The equivalence between service life and 
laboratory testing was not established for expend­
able pallets because they were essentially unused 
during the 4-year period. 

(5) Using the data given in this report, one can 
estimate the percent reduction in life expectancy 
for the included reusable pallet types and species 
under these service conditions. 

4 
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Figure 1.--A picture-frame pallet. Figure 2.--A notched stringer pal let, 

(M 138 344-4) (M 138 344-3) 


Figure 3.--A three-stringer (Control) pallet. Figure 4.--A MIL-P-26966 (expendable) pal let. 

(M 138 345-12) (M 138 344-1) 


Figure 5.--An expendable slicewood pallet. (M 138 344-2) 


Typical hickory pallets after 4 years of service (untested by FPL). 
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Figure 6.--Worst in a series of hickory, picture-frame pallets after 4 years of service. 


(M 138 347-5) 


Figure 7.--Best in a series of hickory, picture-frame pallets after 4 years of service. 


(M 138 347-4) 
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Figure 8.--An oak, picture-frame pallet. Figure 9.--A yeIlow-poplar, notched stringer 

(M 138 570-11) pallet. (M 138 569-2) 


Figure 10.--A hickory, three-stringer Figure 11.--An oak, three-stringer (control) 
(control) palIet. pal let showing racked condition at failure. 


(M 138 570-12) 

(M 138 570-4) 


Typical failure patterns of pallets after revolving drum testing. 
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Figure 12.--An oak, MIL-P-26966 Figure 13.--An oak slicewood (expendable) 


(expendable) p a l  let. (M 138 570-8) pal let. (M 138 570-1) 


Figure 14.--A yellow-poplar MIL-P-26966 (expendable) pallet. 


(M 138 570-7) 


Typical failure patterns of pallets after revolving drum testing. 
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Figure 15.--A comparison of pallet performance before and after 4 years of service. 
The length of each bar indicates the range in performance for that group. The number 
corresponding to the horizontal line inside each bar indicates the average number of 
falls for the group. (M 139 779) 
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Table 2.--A summary of laboratory rough-handling performance data and 
estimates of pallet service life 
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APPENDIX I 
PRINCIPAL CONCLUSIONS FROM 

PREVIOUS RESEARCH PAPERS IN THIS SERIES 
FPL 76, Appalachian Hardwoods for Pallets: A (e) Pallets of the notched-stringer design 

Laboratory Evaluation exhibit a characteristic tendency to split between 
notches during rough-handling tests. 

(a) Serviceable pallets of either the reusable or 
expendable types can be produced from any of the 
most prevalent Appalachian hardwood species: FPL 112, Appalachian Hardwoods for Pallets: 
hickory, oak, or yellow-poplar. Effect of Fabrication Variables and Lumber 

(b) Splitting of boards resulting initially from Characteristics on Performance 
nailing is a major cause of damage to pallets 

during service. (a) Established the relative order of effective­


(c) “Picture-frame” pallets perform as well ness of various pallet fasteners in resisting 
as, or better than, other styles included in the impact loading conditions. 
work (b) Pallets with notched stringers do not per­

(d) An expendable-type slicewood pallet design form as well m those made with blocks. 
is capable of producing acceptable pallet (c) Wane does not affect pallet rough-handling 
serviceability. performance significantly. 

APPENDIX II 
MATERIALS AND ASSEMBLY 

The most prevalent hardwood species in the 
Appalachian area (oaks, yellow-poplar, and hick­
ories) were selected for study. The Forest 
Products Marketing Laboratory at Princeton, 
W. Va., obtained the raw materials for fabricat­
ing the two sets of 120 pallets. To make pallets 
of four of the five designs, rough greenlumber of 
each of the three species was shipped to the 
North Central Forest Experiment Station’s project 
location at Carbondale, Ill. 

Logs of each species, sufficient to produce 
material for the fifth design, were procured and 
shipped to the U.S. Forest Products Laboratory. 
Logs were end-coated and the lumber carefully 
wrapped in plastic film to maintain the green 
condition. 

Sawn Pallets 

At Carbondale, the lumber was graded and 
sorted according to species and thickness. The 

lumber grades for the study lumber were: Yellow-
poplar, No. 2B Common; hickory, No. 2 Common: 
and red oak species groups, No. 3 Common. The 
material was further sorted randomly into four 
lots from which pallets of four designs were 
fabricated, briefly described as follows: 

(1) Picture-frame design.7 --A 40- by 48-inch, 
four-way entry, double-face, nonreversible, flush 
type, nine block pallet. 

(2) Notched-stringer design.--A 48- by 40-inch 
modified four-way entry, double-face, nonrever­
sible, flush stringer pallet. 

(3) Three-stringer control design.--A 40- by 
48-inch, two-way entry, double-face. nonrever­
sible, flush stringer pallet. 

(4) Specification MIL-P-26966 design.--A 40­
by 48-inch, four-way entry, double-face, nonre­
versible, flush type, nine block pallet. 

The green lumber was machined by individual 
lots into pallet parts, with more than sufficient 
number being produced to permit elimination of 

7 Nicholson, S. S. 1965. Shipping Device. (A U.S. patent No. 3,204,583 assigned to American Can Co., 
New York, N.Y.) 
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defective parts before assembly. 
Pallet parts were permitted to contain certain 

defects as  follows: 
1. Physical 

a. Knots, knot holes, and other holes--upto 
three-eighths the width of the member (mea­
sured perpendicular to the length). 

b. Surface checks--those judged not to 
weaken the member. 

c. Splits and shakes--up to the width of a 
member. 

d. Cross grain--where slope is not greater 
than 1in 10. 

e. Bark pockets--up to three-eighths of the 
width of the member. 

f. Mineral streaks and stain--unlimited 
amounts. 

g. Tension wood--unlimited. 
h. Wane--up to one-half the thickness and 

one-sixth the width of the member. 
i. Decay--prohibited. 

2. Machining. 
a. Warp. 

(1) Slight cup--3/16 inch or less in 
6 inches of width. 

(2) Bow andtwist--thatcould be straight­
ened by nailing. 

(3) Crook--Prohibited in stringers and 
edgeboards, but allowed up to 1/4 inch in 
interior deckboards. 
b. Hit and miss dressing--up to 1/16 inch 

deep. 
c. Torn grain--up to 1/16 inch deep and 

three-eighths the width of the member. 
The defective pieces were discarded and the 

pallets were assembled. Because of numerous 
nail splits during assembly, especially in hick­
ory, it was not feasible to maintain strict controls 
on splitting at the nails. 

Af te r  assembly and inspection, the pallets were 
rapidly kiln dried to approximately 7 percent 
moisture content to simulate severe in-use dry­
ing. One-half of the pallets of each species and 
design were shipped to the Forest Products Lab­
oratory for  immediate evaluation. The other 
half were sent to  Eckert Orchards, Inc., Carbon-
dale, for  service use and subsequent laboratory 
testing at FPL. 

Slicewood Pallets 

Pallets of only one design were fabricated at 
the Forest Products Laboratory. This was the 
slicewood design--a 48- by 40-inch, modified 
four-way entry, double-face, nonreversible, flush 
stringer pallet. For these pallets, the logs were 
crosscut into bolts, which, in turn, were sawn 
lengthwise into quarters or  flitches. All  flitches 
were submersed in steam-heated water with con­
ditions controlled to bring the center of the flitches 
to within 10° F. of the desired temperature for 
slicing (190° F. for yellow-poplar and 210Á F. for 
the oak and hickory). The flitches were cut into 
3/8-inch-thick slicewood, on the Laboratory's 
slicer. Af ter  each flitch was sliced, there re­
mained a backboard about 2 inches thick which 
was used to produce the stringer. 

AS with the sawn pallets, the slicewood pallets 
were assembled while the material was green, 
Pallets were then rapidly kiln dried to  about 
7 percent moisture content by placing them in an 
atmosphere of 130° F. and 50 percent relative 
humidity for 5 days, and then at 130° F. and 
30 percent relative humidity until they reached 
equilibrium conditions. 

Half of the slicewood pallets were kept for 
immediate laboratory testing; the other half were 
sent through the North Central Experiment Station 
Forestry Sciences Laboratory at Carbondale to 
Eckert Orchards, Inc. 

Fasteners 

Helically threaded pallet nails, f i v e p e n n y 
cement-coated sinker nails, sixpenny common 
nails, and nylon-coated staples were used to  
assemble the pallets. 


