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Summar,y.

A group of 24 aspen pallets, fabricated with thicker deckboards than are used
in standard pallets, outperformed pallets made of commonly used hardwoods
in a series of rough-handling tests 'at the Forest Products Laboratory. The
specially designed aspen pallets survived over twice as many falls in the
revolving drum during this study as startdard pallets did in studies made

Previously at the Laboratory and by the U.S. Navy, In drop tests, the aspen
pallets deformed much less from cornerwise impacts--2.6 percent--than oak
pallets did--3.7 percent--in a previous Laboratory study. Toughness tests,
conducted as a supplement to the performance evaluations, indicated that aspen,
for a lightweight species, is a very tough wood. Based upon the results of
this study, it is apparent that aspen pallets will perform satisfactorily.

Introduction

Aspen lumber is used mainly for paper pulp and to a lesser extent for boes,
crates, excelsior, and matches. Although it is soft, relatively weak in
bending, and low in nail-holding ability, aspen lumber is low in cost and has
some good properties that are advantageous in pallet manufacture. Specifically,
it is light in weight, straight grained, fine textured, and resistant to
splitting during nailing.

In the United States, two closely related species of trees—quaking aspen and
bigtooth aspen--are designated commercially as aspen or sometimes as popple.
Aspen lumber is produced principally in the Northeastern and Lake States;
some is produced in the Rocky Mountain area.

Some areas of the country have a surplus of aspen lumber. Although the
clear and high grade boards are marketable, the proper utilization of lower
grade boards, with knots, discoloration, cross grain, and so forth is
difficult. Northern Minnesota, a mining region, is one such area. Pallet

•      –Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
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manufacturing could be a factor in bolstering the economy of the area if
aspen lumber could be used satisfactorily as pallet material and a pallet
industry could be established in Minnesota. Such pallet markets as the Twin
Cities and the St. Lawrence Seaway port of Duluth are within reasonable
hauling distance.

Similar market situations can also be found in other areas where stands of
aspen are of economic importance. Making more efficient use of forest
resources is one of the primary goals of the Forest Products Laboratory.
In keeping with this goal, therefore, the Laboratory undertook a study to
determine whether aspen would perform satisfactorily as pallet material.

Descri tion of Material

A supply of aspen lumber was obtained from Minnesota mills through the
cooperation of the Iron Range Resources and Rehabilitation Commission, which
is a State Commission devoted to promoting industry in the mined-over areas
in Minnesota. The supply was secured from seven different mills so it would
be representative of the aspen in the area. Figure 1 shows the locations
of these mills and their proximity to the potential markets at Duluth and
the Twin Cities of Minneapolis and St. Paul. The towns nearest to the mills
were Aitkin, Bemidji, Big Fork, Blackduck, Max, Nisswa, and Pine River, all
in Minnesota.

The lumber was received in the green condition. There was no significant
drying before the pallets were fabricated so the average moisture content of
the lumber was at or above 30 percent.

An attempt was made to secure only low-grade boards. This was not possible,
however, because it was midwinter and the snow was deep so a wide selection
was not. available. Thus, everything was accepted including clear lumber.

The following steps were taken to insure that all the pieces used in the
pallets were representative of the quality of material usually used for
pallets. First, pieces without strength-reducing characteristics were dis-
carded. Second, pieces with large knots over about three-eighths.of the
width were discarded. Also, wane, or lack of wood, at the corners of the
cross section was limited to one edge and to one-quarter of the width and
three-quarters of the thickness.

In the fabrication of the pallets, a randomizing system was employed to
make certain that every piece had an equal chance to occur in any one pallet.
After the deck boards and stringers had been selected for each pallet, one
other selective procedure was followed. The two best stringers were used on
the outside, and the two best deck boards, top and bottom, were placed

•
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at the leading-edge locations. Placement of the best stringers and deck
boards at the edges would be a good practice for all pallet fabricators to
adopt.

Fabrication of Pallets

Twelve pallets were made with three 40-inch stringers and six 48-inch
top deck boards and another 12 pallets with three-48-inch stringers and
seven 40-inch top deck boards. All had four bottom deck boards that were
5-1/2 inches wide. The pallets were all two-way, nonreversible. The
stringers were 1-3/4 by 3-3/4 inches in cross section, which is standard
for most hardwood pallets.

Two significant changes were made in the fabrication of the aspen pallets:
First, the deck boards were surfaced to a full 1-inch thickness to compen-
sate for aspen's low strength in bending, and second, longer and improved
nails were used to compensate for aspen's low nail-holding ability.

The 1-inch thickness was selected on the basis of a Laboratory classifi-
cation of wood species into 2 three groups--A, B, and C--according to their
relative bending strengths.— Class A species are those with the lowest
bending strength values, class B with intermediate bending strength values,
and class C with the highest bending strength values. Aspen is in the
class A group, soft elms and maples in the class B group, while in the
class C group are such species as oak, birch, and hickory. A 1-inch-thick
deck board made of a class A species has about the same load-carrying
capacity as a 7/8-inch-thick deck board made of a class B species or a
3/4-inch-thick deck board made of a class C species, according to this
classification.

The nails that were selected to fabricate the aspen test pallets were 3
inches long by 0.120 inch in diameter, spirally grooved, and hardened.
Three nails were used where each deck board crossed each stringer, and a
definite nailing pattern was adopted so that no two nails from opposite
faces of the stringers could possibly meet or cross.

Evaluation Procedures

Two Laboratory procedures were chosen to obtain data on the aspen pallets:
The 14-foot-diameter revolving drum test; and the free-fall corner drop
test. The data was then compared with similar data on commonly used

2—Heebink, T.B. Load-Carrying Capacity of Deck Boards for General-Purpose
Pallets. Forest Products Lab, Rpt. No. 2153. 1959.
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41hardwood pallets, which had been obtained in previous studies at the
Laboratory and by the U.S Navy.1-1

RaalELILTEELT.

Each evaluation was started with the pallet placed (top deck up) in the
crotch of a hazard in the revolving drum as shown in figure 2. As the drum
revolved at a speed of 1 revolution per minute, the pallet slid, tumbled, and
fell from face-to-face, usually skipping the faces without hazards (every
other one). If the pallet would happen to catch on a face without a hazard,
it was moved forward to the next face with a hazard. As the test continued,
a record was made of the development of damage, such as racking, splits,
broken boards or stringers, and failure of the fastenings. Movement of
the pallet from one face with a hazard to the next face with a hazard
was counted as one fall; thus, one revolution produced three falls. The
number of falls to produce the separation of one board, two boards, and
three boards was recorded. The average of these figures was considered to
be the criteria for pallet failure.

Free-Faq_qamn_plm Test

The test was started with the pallet suspended from one corner in such a
way that one of the diagonals of the top deck was vertical and the lowest
point of the pallet was 40 inches above a 1-1/2-inch-thick steel drop
plate embedded in a cubic-yard block of concrete in the floor. The pallet
was released by means of an electrical solenoid release mechanism and
permitted to fall freely from this position onto the impact surface. After
the impact, the pallet was restrained so as to prevent a secondary fall.
This procedure was repeated six times, always on the same corner. A record
was kept of the change in length of each diagonal dimension caused by each
fall. This was accomplished by having a small mark near each of the four
corners of both top and bottom decks. Diagonal dimensions of both decks
were measured before the first fall and after each of the six falls. The
average change of the four diagonals could then be calculated.

Discussion of Results

In the drum tests, the 12 pallets survived an average of 354 falls. The
low was 259 and the high was 456. In general, the figure in the "average"
column in table 1 represents falls to cause separation of two deck boards.
The B pallets were better than the A pallets. B pallets had 48-inch
stringers, 7 top deck boards, and 99 assembly nails, while the A pallets
had 40-inch stringers, 6 top deck boards, and only 90 assembly nails.

3–Lauck, David. Preliminary Results of Revolving-Drum Method of Pallet
Testing. Project No, NT003-020. U.S. Naval Supply Research and
Development Facility, Bayonne, N. J. 1956.
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• The extra deck board plus the extra nails apparently were the factors that
caused the better performance by the B pallets.

Table 2 shows an accumulation of data on dense hardwood pallets that were
either 40 by 48 or 48 by 40 inches in size. The data on the first 13
pallets in table 2 are the results of the Navy study. The average for this
group was 165. The high was 281 and the low was 60. For the hardwood
pallets previously evaluated at the Laboratory, the highs were not much
above 250. The aspen pallets evaluated in this study, therefore, performed
significantly better than did the hardwood pallets for which results are
given in table 2.

The revolving drum test was developed for evaluating boxes loaded with
dummy loads and later it was adapted to pallets. There is a ASTM pro-
cedure for evaluation of pallets by the revolving drum test,- and the Navy
has tested many pallets this way. The Laboratory believes the drum test is
realistic because it simulates actual rough handling of empty pallets. An
examination of many repairable pallets in warehouses and industrial oper-
ations disclosed that about 90 percent of the serious damage is to the
leading-edge deck boards, which is the typical kind of failure produced in
the 14-foot-diameter revolving drum.

The percentile distortions of the 12 aspen pallets after six 40-inch falls
in the free-fall corner drop tests are shown in the following tabulation:

Pallet	 Distortion

A.C1117111222	 (percent)

A-9	 2.8
A-5	 3.4
A-3	 3.3
A-2	 3.0
A-10	 2.7
A-1	 2.4

B-2
B-8
B-I0
B-6
B-7
B-5

2.0
2.8
2.1
2.2
2.8
2.1

The low for all 12 pallets was 2.0 percent and the high was 3.4 percent,
and the average was 2.6 percent. The average for the A pallets was 2.9
percent, while the average for the B pallets was 2.3 percent. Again, it
is believed that the greater number of assembly nails in the B pallets

4–Anerican Society for Testing and Materials. D1185-51T. Standard Method
of Testing Pallets. 1951.
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•accoupts for their better performance. Oak pallets in a similar performance
study– made recently at the Laboratory averaged about 3.7 percent.

Several reasons can be cited why these particular aspen pallets performed
so well in the laboratory tests. First, aspen pallets are about 30 percent
lighter than the dense hardwood ones. The energy or the severity of every
fall or impact is proportional to the mass or weight of the pallet. Heavy
dense pallets have to absorb greater energy quantities for each fall than
the lighter aspen pallets. This is not only true of laboratory tests but
also of actual rough handling. Generally, lighter pallets will survive more
rough handling than heavier ones.

The other reason for the good performance of aspen pallets is that the new
improved nail used in their fabrication is superior to the old standard
2-I/2-inch nail. It is slender, hardened, and long. After moisture changes,
the withdrawal resistance is excellent. It has been shown that spirally
grooved nails retain most, if not all, of their resistance after moisture
changes, while the resistance of plain or coated nails drops off almost 50
percent. The stiffness, which accompanies the hardness, increases the nail's
resistance to bending. The slenderness reduces splitting of deck boards.

Toughness___,'T_eQts

Since toughness is a property involving energy absorption or resistance to
impacts, it might be a very important property for pallet lumber. pis
theory is di cussed in Forest Products Laboratory Report No. 2153. – The
Wood Handbook— does not have a value for aspen toughness.

Because aspen performed well in the impact tests, it was thought that perhaps
its toughness values might be high.

Since a representative supply of aspen lumber was available for this study,
Laboratory research workers decided to obtain toughness values. All the
clear pieces that had been discarded when the wood was selected for the
fabrication of the test pallets were cut up into 5/8- by 5/8- by 10-inch
sticks. Half were cut from the green boards and half from boards that had
been dried down to 12 percent moisture contqnt, and these were tested in the
Forest Products Laboratory testing machine.. L The values obtained were 115
inch-pounds for dry aspen and 165 inch-pounds for green aspen.

5—abebink, T. B. Performance Comparison of Slender and Standard Spirally
Grooved Pallet Nails. Forest Products Lab. Rpt. No. 2238. 1962.

-Forest Products Laboratory. Wood Handbook. U.S. Department of
Agriculture Handbook No. 72. 1955.

,Forest Products Laboratory. Forest Products Laboratory's Toughness Testing
Machine. Forest Products Lab. Rpt. No. 1308. 1961
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In figure 5 these values are compared with toughness values for all other
species on which the Laboratory has toughness data. The toughness for the
aspen material tested is above the average for other species with similar
specific gravity values. This lot of aspen had a specific gravity of 0.42,
which is slightly higher than aspen that had been tested at the Laboratory
previously. Aspen toughness, in the dry category, is on a par with southern
yellow pine, which has a considerably higher specific gravity. In the green
category, aspen is about equal to Douglas-fir.

These results indicate that aspen, for its weight, is a very tough wood.
This means that aspen should be capable of absorbing bumps and impacts very
well and may be another reason why the pallets did so well in the revolving
drum and corner drop tests.
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Table 1.--Results of revolvin: drum tests of 12 pallets
fabricated from Minnesota aspen

Pallet	 Weights	 :	 Number of falls to loss of:

number : 	
At fabri- :	 At	 1	 :	 2	 :	 3	 : Average

:	 cation	 test : board : boards	 : boards :
.	 : . 
:	 Lb.	 :	 Lb.	 :	 :

..........,,,
A-4	 81	 54	 :	 333	 :	 361	 :	 362	 :	 352 `

A-6	 78	 :	 53	 :	 172	 :	 290	 :	 316	 :	 259

A-7	 :	 85	 :	 54	 :	 345	 375	 :	 435	 385

A-8	 84	 56	 :	 256	 307	 351	 :	 305

A-11	 89	 :	 56	 :	 290	 290	 :	 290	 :	 290
Low

A-12	 85	 58	 :	 308	 :	 332	 :	 357	 :	 332 259

Average	 :	 84	 :	 55	 :	 284	 :	 326	 :	 352	 :	 321
Average

354
B-1	 :	 80	 55	 :	 392	 :	 419	 428	 413

B-3	 :	 82	 :	 52	 :	 242	 :	 269	 :	 449	 :	 320 High
456

B-4	 :	 79	 :	 52	 :	 309	 :	 455	 :	 500	 :	 421

B-9	 :	 74	 :	 54	 :	 406	 445	 :	 518	 :	 456

B-11	 :	 85	 :	 54	 :	 330	 377	 377	 :	 361

B-12	 :	 81	 :	 53	 :	 248	 .	 403	 :	 408	 :	 353

Average	 80	 :	 53	 :	 321	 395	 :	 447	 :	 387



: Soft maple	 :	 192
:•••••••••do•••••••••••	 228
: Hardwood
: Softwood

o	 ea * •	 0•• n _00•

• 00•'

172
286

220
261
149
248

•• •••••• •

• 00•:• •••••••••*

•••••••••• •••••••0•014 •

: Oak
:.........do. 00000000,	 117	 185

201	 180
196	 :	 166

151	 188•

Table 2.--Results of revolvin drum tests of some conventional wood
ENihisilyere made mostly  of dense hardwoods

Pallet
number :

Remarks Number of falls to 1
0101 ....

ss of:

1 board : 2 boards • 3 boards : Average
ro mis oo:me op ow	 ON,010.OW000000

	31	 : Hardwood	 167	 .	 219	 331	 239

	

9	 : Hard maple	 .	 257	 281	 :	 306	 281

	

29	 :.........do.........	 206	 240	 278	 241

	

10	 : Hardwood	 192	 :	 197	 229	 .	 206

	

25179	 198	 218	 198

	

22	 :.........do......000•	 132	 158	 179	 156

	

15	 128	 152	 156	 147

	

1	 : Hard maple	 86	 131	 :	 147	 136

	

26	 Hardwood	 •. 118	 140	 143	 •.	 123

13:.........do... .... . •i.•	 121	 .	 120	 .	 132	 :	 123

	

21	 : Hard maple	 :	 120	 -. 126	 '	 129	 125

	

23	 : Hardwood .	100	 -.	 106	 -	 123	 110

	

14	 :..........do...	 .... '• 53	 :	 56	 72	 :.	 60

Average	 . 	  ...........	 144 •	 163	 188 • 165

• warn ow.

: Plywood, reinforced :•••••••••:•••00• • 0 •e*

....a. 1.1 0.• 0(1000•••••••• n 	 •••••••••••• ••••t, 0

:•••• ..... do•••••••••• • .10 6 •••••:••••••••• et

00• • 0 ,000 d0 6 00• 040 •• •• • : •••• •• • • 	*• ••••••	 ••:•

394	 :	 346
304	 :	 267
146 •	 128
223	 196
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Figure 1. --Location of mills from which lumber was obtained for study
of aspen pallets at Forest Products Laboratory.



Figure 2. --A 48- by 40-inch aspen pallet being evaluated in the 14-foot
revolving drum.



Figure 3. --A 48- by 40-inch aspen pallet being evaluated in the corner drop test.



Figure 4. --A top view of the FPL toughness testing machine
with a 5/8- by 5/8- by 10-inch aspen specimen in place
ready for evaluation.



Figure 5. --Toughness values for green and dry aspen compared
to toughness values of other species for which the Forest
Products Laboratory has such data.
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