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ABSTRACT

This report discusses the behavior of
nailed and stapled reusable oak pallets when
impacted by a forklift truck, with and without
an impact panel, at approximately 2 miles
per hour. The 48- by 40-inch, partial four-
way-entry pallets, fabricated by the U.S.
Forest Products Laboratory from locally
grown green red oak lumber, were loaded
with either 750 or 3,000 pounds. It was con-
cluded that 15-gage, pneumatically driven,
plastic coated staples, having 2Yz-inch legs
and 7/,-inch crown, are satisfactory for
assembling oak pallets. The National Wooden
Pallet and Container Association’s staple
specification amendment requiring  more
staples than nails is satisfactory and the use
of an impact panel with the forklift truck,
regardless of whether the pallets are assem-
bled with staples or nails, greatly extends the
pallet service life.
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INTRO'DUCTION

The National Wooden Pallet and Con-
tainer Association (NWPCA) estimated that,
in 1974, the wood pallet industry produced
and sold 205 million units.2 The majority of
these required vast quantities of nails. Dur-
ing recent years, many pallet nails were
imported and nails were sometimes in short
supply. An alternate fastener would tend to
alleviate this situation.

As long as 10 years ago, the U.S. Forest
Products Laboratory was interested in the
behavior of pneumatically driven staples in
container applications (1).2 Since that time,

the Laboratory has published other reports
(2,3) involving staples as pallet fasteners.
Other work involving staples for assembling
wood pallets has been reported from Virginia
Polytechnic Institute and State University,
Blacksburg, Virginia.

Recently, NWPCA approved the use of
certain 2%:-inch-long plastic-coated staples,
and published a specification amendment for
their use in assembling pallets (4).

This work reports on some typical wood
pallets, half assembled with nails and half
assembled with pneumatically driven staples.

MATERIALS AND METHODS

Lumber and Fasteners

Wisconsin-grown red oak (Quercus ru-
bra, L.) lumber, purchased as No. 3A and 38
or better, was delivered to the Laboratory
while still above the fiber saturation point.

Two different US.-fabricated mechani-
cal fasteners used were:

(1) Nails with a wire diameter of 0.120
inch, a length of 2% inches, and shanks
helically threaded with five flutes at a helical
angle of about 60° with a plane perpendi-
cular to the axis. These nails met the
NWPCA requirements and had a MIBANT
angle ranging from 14° to 22° with an aver-
age of 16°, therefore, classified as "tough
hardened steel nails” (5).

(2) Staples with 2%-inch-long chisel-
pointed legs. The staples had a 7/-inch
crown and were made from 15-gage galva-
nized steel wire. The lower 1Y/ inches of the
legs were coated with plastic material. These
also conformed to NWPCA requirements.

Pallets
Design

While the lumber was still green, it was
surfaced and cut into deckboards and notch-
ed stringers. Pallet parts were selected to
meet or exceed the minimum standards for
"A" grade pallets (4). The parts were selected
randomly to be assembled as 16 green, 48- by
40-inch,  three-stringer, partial  four-way-

1The author wishes to acknowledge the help and assis-
tance of G. Wilson and J. D. Wiese, Engineering
Technicians, in obtaining the experimental data.

2Maintained at Madison, Wisconsin, in cooperation with
the University of Wisconsin.

3Executive vice-president, William H. Sardo, Jr.,, to the
28th Annual NWPCA meeting, Feb. 22-24, 1975.
Montreaux, Switzerland.

4Numbers in parentheses refer to literature cited at the
end of report.



entry, nonreversible, reusable
pallets.

The top decks consisted of nine 3/,-
inch-thick deckboards. There were five deck-
boards 5'/,, inches wide - two at each end
and one in the middle. The other four top
deckboards were 31, inches wide with two
located each side of the center deckboard.
The bottom decks consisted of five boards
5-1/,, inches wide, one located at each string-
er end and three between the notches. All top
and bottom deckboards were evenly spaced

(figs. 1 and 2).
Assembly

flush-type

Of the 16 pallets, eight were assembled
with nails driven by a hammer and eight with
pneumatically driven staples.

The nails were driven into each stringer
in two rows in a staggered pattern. There
were three nails to each joint for 5'.-inch-
wide deckboards and two nails to each joint
for the 3/,,-inch-wide deckboards (fig. 1).

The staples were slightly staggered and
placed so that their crowns made 45° angles
with the grain of the deckboard. There were
two staples in each joint of the 3/,,-inch-
wide deckboards, four staples in each joint
of the 5Y-inch-wide intermediate deck-
boards, and five staples in each joint of the
5'/,-inch-wide end deckboards (fig. 2).

Test Methods

It was possible to conduct 32 tests by
using both ends of the pallets. This permitted
a 2% full factorial experimental design with
four replicates; two assembly methods (nails
and staples); two impact conditions (conven-
tional forks and modified forks with an
impact panel (6); and two loads (750 and 3,000
pounds).

Prior to testing, the completed pallets
were stored in a dry atmosphere for at least
30 days to simulate ambient warehouse con-
ditions tending to dry out green pallets.

One-half of the stapled pallets and one-
half of the nailed pallets were tested with a
750-pound load while the other half were
tested with a 3,000-pound load. One end of
each pallet was impacted by a powered,
hand-type forklift truck weighing 2 tons and
equipped with conventional forks; the other
end was impacted by the same fork truck
equipped with an impact panel designed to
apply impact stresses to stringer ends.

The test method, loads, and impact panel
were as described in reference (6). All pallets
were impacted by the fork truck, traveling at
about 2 miles per hour, until failure or until
the pallet was deemed in need of repair or
until it had received 300 impacts, at which
point the test was terminated.

Figure 1. - Red oak pallet, nail-assembled and ready for loading and
impacting from forklift truck. Black lines at ends of deckboards

designate splits, generally at the nails.
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Figure 2. - Red oak pallet, staple-assembled and ready for loading and

impacting from forklift truck.

(M 124 424)

RESULTS AND DISCUSSION

The moisture content of the pallet parts
at time of test ranged from 6 to 9 percent and
averaged 7 percent for deckboards; moisture
content range for stringers was 7 to 27 per-
cent, averaging 12 percent.

Performances of the pallets impacted by
a powered, hand-type forklift truck traveling
at about 2 miles per hour are given in table 1.
The staple-assembled pallets with or without
the impact panel, with either 750- or 3,000-
pound load, performed as well as similar
pallets assembled with conventional, helical-
ly threaded pallet nails. Improved pallet per-
formance resulted from the use of the impact
panel, especially with the heavier 3,000-
pound load.

Conventional Forks
750-Pound Load

It is interesting to note that one nailed
and one stapled pallet, each carrying a 750-
pound load and impacted with conventional
forks, withstood 300 impacts (table 1). They
were, however, considered in need of repair,
although the deckboards had not completely
separated from the stringers. The leading

edge deckboard was displaced in the direc-
tion of impact so that the first and second
leading edge deckboards were butted togeth-
er. The front edge of the leading edge deck-
board was raised considerably from the
stringers exposing pulled staples and nail-
heads that had pulled through the deckboard.

The other nailed pallets in this group had
three to six splits at the nails in the leading
edge deckboard. The nailheads tended to pull
through the deckboard with the deckboard
eventually separating from two or more
stringers (fig. 3).

With the stapled pallets, there were oc-
casional splits at the staples with some slight
tendency for the staple to pull through the
deckboard. The general trend in these pallets
was for the staples to pull from the stringers
so that the leading edge deckboard was
separated from at least two stringers (fig. 4).

3,000-Pound Load

Failure with conventional forks, with a
3,000-pound load, was characterized by the
leading edge deckboard separating from at
least two stringers. Generally the nailheads
pulled through the deckboard while the



Table 1.—Performance of pallets impacted by forklift truck

Figure 3. - Typical failure of nail-assembled pallet when impacted by a
powered, hand-type forklift truck equipped with conventional
forks. This condition is representative whether pallet was loaded
with 750 or 3,000 pounds. Note nails remaining in stringers. (M 142 637)
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Figure 4. - Typical failure of staple-assembled pallet when impacted by
a powered, hand-type forklift truck equipped with conventional
forks. This condition is representative whether pallet was loaded

with 750 or 3,000 pounds. Note staples pulling from stringers.

staples generally pulled from the stringers.
There were more splits at the fasteners with
nailed pallets than with stapled pallets (figs.
3 and 4).

Impact Panel
750-Pound Load

Both the nailed and stapled pallets
impacted with modified forks (impact panel),
with a 750-pound load, were in comparable
usable condition after 300 impacts. The ends
of outside stringers showed signs of impact
and the leading edge deckboard was separat-
ed from the stringers approximately 1/, to
%y inch (figs. 5 and 6).

(M 142 638)

3,000-Pound Load

One staple assembled pallet impacted
with modified forks (impact panel), with a
3,000-pound load, was judged a failure after
293 impacts (table 1). All three of its stringers
had splits across the ends. One of the outside
stringers was crushed at point of impact and
a piece of the center stringer was broken off.
The left side of the leading edge deckboard
was pushed back to the second deckboard
and the entire deckboard was separated from
the stringers almost 2 inches. It was evident
that this damage was not the result of fasten-
er failure but rather failure of the ends of the
stringers to withstand the repeated blows
from the impact panel.

The rest of the pallets - regardless of
fastener - had deckboard separation from
stringers ranging from '/, to 3/, inch with
somewhat more separation evident in the
staple-assembled pallets. The ends of all
stringers showed evidence of impact.



Figure 5. - Typical condition of a nail-assembled pallet after 300

impacts from a powered, hand-type forklift truck equipped with
the impact panel. This condition is representative whether the
pallet was loaded with 750 or 3,000 pounds. Black lines at ends of

deckboards designate splits, generally at the nails. (M 142 752)



Figure 6. - Typical condition of a staple-assembled pallet after 300
impacts from a powered, hand-type forklift truck equipped with

the impact panel. This condition

is representative whether the

pallet was loaded with 750 or 3,000 pounds, except for the one

3,000-pound-loaded pallet that failed.

(M 142 634)

CONCLUSIONS

1. Serviceable, reusable pallets of dense
hardwoods may be assembled with 15-gage
plastic-coated staples having 2'/,-inch legs
and 7/,-inch crown.

The staple specification amend-
ment of the National Wooden Pallet and Con-
tainer Association is satisfactory, but it
requires somewhat more staples than nails.
For pallets studied here it amounted to about
one-third more staples.

2. Pallets of the type used in this study
and subjected to fork truck impacts with
conventional forks will most likely develop
characteristic separation of the deckboard

and stringers depending on the fastener. For
nail-assembled pallets, the tendency will be
for nailheads to pull through the deckboards.
For staple-assembled pallets, the tendency
will be for the staple legs to withdraw from
the stringers.

There is a tendency towards less
splitting of the deckboards when pallets are
assembled with staples as compared to nails.

3. Greatly extended service life expec-
tancy of pallets results with the use of an
impact panel with the forklift truck, regard-
less of whether the pallets are assembled
with staples or nails.
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