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INTRODUCTION

Stevedore pallets are used in preference to other types of pallets in many poris.
The function of stevedore pallets is to provide effective ways of handling materials at
the docks. These pallets are designed to carry all kinds cf products, such as bagged
cereals and fertilizers, kegs, drums, boxes, and crcies, The pallets are to withstand
such heavy impacts as are exerted by the forks of lift frucks. Furthermore, these pal-
lets are often used in atmospheres of high humidity, with the air having a high salt
content, hence, being corrosive,

Since stevedore palletfs are used mainly to facilitate matefials handling at the
docks, they can be considered captive pallets, For this reason, i is both feasible and
desirable to design and build these pallets in such a way that they have a useful ser-
vice life over a long period, thereby capitalizing on the fact that long=lasting pallets
are normally the most efficient pallets,

Because of their more or less continuous rough use and exposure to the elements,
stevedore paliets should be of optimum design and construction, Otherwise, they are
subjected to excessive damage and deterioration which could require more or less con-
tinuous and expensive repairs,

In Brazil, where pallets are expected to play a major role in the rapid industrial -
ization during the country's immediate future, stevedore pallets are used at the docks
to a considerable extent. Relatively large numbers of Brazilian stevedore pallets are
repaired daily, a situation which is aggravated by the fact that the workmen involved
in pallet repair have received insufficient instruction to perform in a most effective
manner. These pallets are of 48" by 63" (1200 by 1600 mm) size and usually assembled
with mixed Brazilian hardwoods, some of which have densities similar to the density of
the North American red oaks, a principal group of species, which are used for pallet
assembly in many parts of North America,

The majority of the captive Brazilian pallets are assembled today with Brazilian
helically fluted nails, while helically threaded hardened-steel nails are used for this
purpose in North America. These fluted nails are normally non-hardened and rela-
tively soft.

The performance of pallets is influenced by the properties of the wood and the
fastener used as well as the paliet design and construction which result in interaction

of wood and fastener under load. For a given species of wood, improvements of pal-



let performance may be attained either by improving the design and construction or
the means of fastening.

One of the prevalent modes of failure is the separation of the top leading-edge
deckboards from the siringers as a result of repeated impacts by the forks of lift trucks.
To reduce this incidence of failure, nails of improved toughness and holding power
can be used for the fastening of deckboards to stringers, In addition, reinforcing the
leading-edge deckboards against impact may be achieved by locating the adjacent
deckboard directly next to the leading-edge deckboard, in order to allow interaction
among both deckboards when impact forces are applied by the lift trucks.

The observed Brazilian stevedore pallets are of conventional design, as shown in
Fig. 1. Improvements in their design as well as in ther construction have been re-
commended. Pallets of both conventional and improved designs and consfructions,
also shown in Fig, 1, were tested, in order to fulfill the objective of this study, that
is, to demonsrate the effectiveness of these improvements, They included back-up
deckboards for the leading-edge deckboards as well as a larger number of improved
rnails for fastening the deckboards to the stringers., No consideration was given to any
other potential design and construction improvements during this study.

Whereas peroba (Aspidosperma polyneouron) and other mixed hardwoods have

been used predominantly in Brazil for stevedore pallets, red oaks and other dense
hardwoods are, as already indicated, the principal species used for this purpose in
North America. The conventional and improved stevedore pallets under study were
made of North American red oadk, since data on red oak pallets are of significant
value in North America and since South American woods were not as readily available
to the investigator for the assembly of the pallets under scrutiny,

In order to provi.de needed data on the effectiveness of the fasteners used for the
assembly of stevedore pallets as manufactured in the Americas, the pallet deckboards

were nailed to the pallet stringers with four different nails, as shown in Fig. 2.



OBJECTIVES

The objectives of this study include the quantitafive evaluation of
a) the stiffness, rigidity, and load~carrying copacity of stevedore pallets of
conventional and improved designs as well as their resistance to forces ex~
erted by the forks of forklift trucks; '
b) the performance of two types of nails used in Brazil and two sizes of nails
used in the U.S, A, for the assembly of paliets,
With such information at hand, it should be possible to advance recommendations
which can result in the manufacture of more effective and longer lasting pallets which
do not require such costly repairs throughout the pallet life as are experienced with

the conventional pallets in. common use today,



LITERATURE REVIEW

Pallets, as they are known today, cre o product developed since Worid War 1i,
when the forklif truck was infroduced. It required the use of a platform on which
products could be placed for moving, handling, stering, display, etc. These platforms
are known as pailets (palle in Danish; pclette in French; Palette in German; palete,
esirado or plataforma in Portuguese; paleta in Spanish; cnd lastpall in Swedish). Most
of them are made of wood. A sizeable quantity is made of piywood\ and relatively few
are made of steel, aluminum, and plastic, The pallets made from these latter materi-
als are usually special purpose pallets where use requirements may justify the high ini-
tia! cost of these pallets, Because of the advantages offered by wooden pallets, they
can be expected to remain in high demand wherever wood is eccnomically available
for their manufacture (8).

The economic significance of wooden pailets becomes evident from some of the
statistics available. The manufacture of wocden pailets in the U.S. A, increased dras-
tically during the past few years, as is evident from Table 1. The most recent statis-
tics indicaie that as many as 236 million wooden pallets, produced in the U.S.A. dur=
" ing 1977, required the use of 15% of the national lumber production (8). Worldwide,

these figures are more limited, as is shown in Table 2 {22).

Resecrch on and evaluation of pallets have been underway during the past two de
cades in order to assure that pallets perform as anticipated under given use conditions
and to demonstrate the benefits of given improvemenis (%), The economic aspects of
such improvements have been given special consideration (30), This experimental and
market research has influenced pallet performance to such an extent that the impor-
tance of such research has been recognized by both pallet manufacturers and paliet
users,

Methods of testing pallets were standerdized by the American Society for Testing
and Materials (ASTM) several years ago. Among these methods is the two-step pallet
stiffness test which evaluates the stiffness (a) across the pallet width and (b) across the
pailet length (4). Another ASTM test is the diagonal rigidity test (4) and a third one
is the leading~edge impact resistance fest (4), The laiter two test methods were among
those used during this study of the evaluation of stevedore pallets,

Among the test methods developed at the William H. Sardo Jr, Pallet and Con-

tainer Research Laboratory (10) and published by the American National Standards



(8,

Institute (ANSI) is one which allows the simuitanecus tesiing of the pallet for its stiff-
ness across both its length and width as well as at the pailet center while the pallet is
supported at its four corners and loaded at the center (3). Both the ASTM and VPI&SU
stiffness test methods were evaluated at the Sardo Laboratory by performing fully com~
parative tests in order to provide comparative data resuiting from the use of the two test
methods (20), Pallets were tested for their stiffness and uitimate load at failure, The
VPI&SU method, in comparison with the ASTM method, was found to be simpler, less
time-consuming, better suited for yielding valuable supp!ementary data, and more
stringent with respect to the ultimate load-carrying capacity of the tested pallet, This
improved test method can yield highly reproducible and accurate test data, Conse=
quently, it appears to be not only reliable but worthy of confidence (20).

Among the many experimental studies undertaken at the Sardo Laboratory and of
particular interest to the Brazilian pallet manufacturer is one designed to determine the

performance of warehouse and exchange pallets made of Eucalyptus saligna shook sawn

from bolts of 55-year old and older trees. The fasteners used for shock assembly were
"NWPCA-gpproved (a) 23" x 0.113" and 2%" x 0.119", helically threaded, hardened-
steel, pallet nails, and (b) 22" x 15-gauge, 7/16"-crown, polymer-coated, pallet
staples (26).

During tests on eucalyptus deckboard-stringer joints, the 2%' x 0.119" pallet nail
provided, on the average, a one-fifth higher immediate and delayed deckboard-string~
er separation and shear resistance than the 21" x 0,113" pallet nail. The 23" x 15-
gauge pailet staple provided, on the average, a 6% and 59%, respectively, lower
immediate and delayed shear resistance than the 24" x 0.113" pallet nail. According
to these test data, from 1.1 to 2.5 pallet staples may replace the 21" pallet nail; while
from 1.3 to 3.0 pallet staples may replace the 21" pallet nail (26).

During tests on 48" by 40" eucalyptus pallets, no failures were observed during
the static stiffness test up to a total load of 2000 Ib. and only minor failures were
noted during the impact rigidity test up to twelve free-fall drops. Furthermore, the
average stiffness of the “standard" pallets, as described in the referenced report and
assembled with 23" or 2% pallet nails or 23" pallet staples and that of the "food"
pallets, as also described in the referenced report and assembled with 23" pallet nails
were practically the same, varying as much as from ~8% to +5% from the average
values for the pallets tested, However, the average stiffness of the stapled pallets was
6% to 13% higher than that of the nailed pallets. In addition, the average rigidity of

the nailed "standard" and "food" pallets was the same, varying only as much as from -2%



to +3% from the average rigidity of the nailed pallets. On the other hand, the aver-
age rigidity of the stapled pallets was considerably lcwer than that of the nailed pal-
lets (26).

With respect fo the analytical evaluation of pailets, a method was developed, dur-
ing 1976, for use by pallet manufacturers who are continucusly faced with the problem
of providing a product of sufficient sirength to perferm as required, which is safe to
use and low in cost (27). The design procedure uses graphs as an alternative to rather
complex calculations. These methods are based on the use of three factors: (a) a pal-
let use factor, which depends on the condifions under which the pallet is used; (b) a
pallet design factor, which refers to the characteristics of the pallet design; and (c) a
material factor, which refers to the characteristics of the materials used.

This analytical design procedure was found to be valid and conservative in a study
of southern pine pallets, during which the predicted values for the cost per use, the
safe load, and the economic life were compared with those obtained by pallet testing.
The procedure was found to be conservative, since the computed valuas were lower
‘than the test values in all instances under observation (28).

A similar, however, simplified analytical procedure, based on the same engineer~
ing principles, was developed during 1977, for the prediction of pallet performance
(29). Certain engineering practices warerecommended which should be adhered to dur-
ing the design of pallets, Three loading situationsver considered and formulae were ad-
vanced covering the stiffness and load-carrying capacity of pallets under these condi-
tions.

The performance of wooden palleis is influenced by the performance of the fasten-
ers, such as nails and staples, which are most commonly used for pallet assembly (11).
The deckboard-stringer separation resistance depends to a great exfent on the holding
power of the fasteners in the wood used. The pallet rigidity is affected considerably
by the ductility and toughness of the fastener. Its driveability, especially into dense
hardwoods, is influenced by its buckling resistance, which is directly related to its
ductility and toughness,

Ductility, pliability, and buckling resistance, as well as the brittleness of the
fastener are properties which can be determined and quantified by testing the fastener
with the "Morgan Impact Bend~Angle Nail Tester", the MIBANT device, according to
established procedures (15, 21),

Since the infroduction of any quality conirol requires the establishment of quality-~

control criteria, such criteria were suggested on the basis of the performance of



MIBANT tests on numerous helically threaded pallet naiis taken from many manufac-
turing lots (17). The tested nails could be senarated into three distinct groups of nails:

a) "Hardened-steel nails" having MiBANT bend angies ranging from 8° to 280;

b) *Stiff-stock nails" having MIBANT bend angles ranging from 29° to 460;

c) "Soft nails" having MIBANT bend angles beyond 46°,

The acceptance criteria also limit the number of partial and complete nail failures to
8% of the 25 samples randomly selected from each lot of nails,

MIBANT test procedures for pallet staples have been suggested (21). However, no
acceptance criteria have been advanced to-date,

The design and construction of wooden warehouse and exchange paliets have been
studied for many years, Improvements have been recommended and evaluated. Among
the major improvements introduced are the use of (a) back~up deckboards placed di-
rectly next to the leading~edge deckboards (23, 26) and (b) appropriate numbers of
helically threaded, instead of helicaily fluted, hardened-steel, instead of stiff-stock,
nails (10, 13, 14, 16, 18, 19).

The use of the back-up deckboard was found io incre ase by one-fifth the rigidity
of 30% heavier mixed hardwood paliets of improved design. The use of hardened-steel
nails was found to increase the pallet rigidity as much as two-thirds regardless of the
wood species used, Since pallet rigidity may, under given conditions, be equated
with pallet life, these improvements are highly significant from the pallet cost-per-use
aspect (23).

Information on the laboratory and field performance of stevedore pallets has not
beer found in the published literature. Thus, it appears that this study introduces a
new dimension in the design and construction of stevedore pallets, On the other hand,
they are basically similar to other captive warehouse pallets, with the stiffness result-
ing from the large size and weight and the inclusion of top and/or bottom deckboard

wings in the design of stevedore pallets,



MATERIALS

Lumber

The two lots of lumber used for the assembly of the deckboard-stringer joints and
the pallets tested during this study were of the red~oak family from the southwest re-~
gion of Virginia, purchased directly from a Montgomery County sawmill, The lumber
was received af the Sardo Laboratory in green condition, planed to uniform cross-sec-
tions and subsequently stored in the Laboratory's 100% relative humidity chamber until
used. Therefore, it was considered to have been green during its assembly into pallet
joints and pallets.

The oven~dry specific gravity (as determined according to a procedure described
in the chapter on Test Procedures) of the paliet deckboards ranged from 0,50 to 0.68,
with an average of 0.59 and a standard deviation of 0,06, The oven=~dry specific gra-
vity of the pallet stringers ranged from 0.60 to 0.78, with an average of 0.68 and a
standard deviation of 0.04, The bar diagrams in Fig. 3 indicate that the randomly se~
lected deckboards and siringers provided pallets of a comparable nature, since the

pallet deckboards and stringers were of relatively uniform oven-dry specific gravity.

Nails

Prior to the mass-production of helically threaded pallet nails in Brazil during 1977,
23" helically fluted nails were predominantly used there for pallet assembly, Both types
of nails, shown in Fig. 2, are readily available in Brazil at this time, These nails were
tested at the Sardo Laboratory and used for the assembly of the tested joints and the
pellets of both conventional and improved designs, in addition fo these two types of
Brazilian nails, two helically threaded nails, used in the U.S,A, for pallet assembly
and shown also in Fig. 2, were tested during this study and used for the assembly of the
deckboard-stringer joints as well as the pallets. Since the nail data obtained are of a
fully comparative nature, the performance of the tested nails could be fully analyzed.
The four different nails, numbered according to the VPI&SU Laboratory numbering sys=-
tem, are described in the following paragraphs:

Nail a.,- The Brazilian helically fluted nail (VPI&SU No, 2017) is of 24" (length)
x 0,143" (flute~crest diameter) size, with four helical flutes having an 80° flute angle,

an 0,30"-diameter flat head, and a medium diamond point, and weighing 4.546 g,

8



The MIBANT bend angles of 25 random sampies, given in Appendix Table 16a, ranged
from 29° to 360, with an average of 32°. Therefere, this nail can be classified as a
stiff-stock nail.

Nail b.- The Brazilian pointless helicaily threadec nail (VPI&SU No, 2018) is
of 23" (length) x 0,127" (wire diameter) size, with three helical thread flutes having
a 68° thread angle, an 0.142" thread~cresi diameter, and a 3" clearance between
thread and 0,287" -diameter umbrella head, and weighing 4.221 g. The MIBANT bend
angles of 25 nail samples, given in Appendix Table 16b, ranged from 35° to 4]0, with
an average of 37°. Therefore, this nail can be classified as a stiff-stock nail,

Nail c.= The short helically threaded nail (VP1&SU No, 1999-A), commonly
used in the U.S.A., is of 2 9/18" x 0,119" size, with four helical thread flutes having
a 59° thread angle, an 0,138" thread-crest diameter, a 3" clearance between thread
and 0,276" -diameter flat head, and medium diamond point, and weighing 3.800 g.
The MIBANT bend angles of 25 nail samples, given in Appendix Table 1éc, ranged
from 15° to ]90, with an average of 17°. Therefore, this nail can be classified as ¢
hardened-steel nail,

Nail d.= The longer helically threaded nail (VPI&SU No, 1785) is of 3" x 0.120"
size, with four helical thread flutes having a 63° thread angle, an 0,136" thread-
crest diameter, and a §" clearance between thread and 0.316" flat-topped umbrella
head. It is pointless and weighs 4.589 g. The MiBANT bend angles of 25 nail samples,
given in Appendix Table 16d, ranged from 12° to 250, with an average of 16°. There-

fore, this nail can be classified as a hardened-steel nail.

Deckboard-Stringer Joints

Each deckboard-stringer joint was assembled with a single nail fastening the

3u

" x 13" x 6", deckboard specimens across a clear, green

matched, clear, green, 1
2.3" x 3.6" stringer of ppropriate length (48"),

For matching purposes, the 6" deckboard specimens were sawn consecutively from
represeniative deckboard strips of 63" length. The joints with the four nails tested were
located in sequence next to each other and spaced 34" center-to-center along the
stringers, The joints tested for nail withdrawal were adjacent to the joints tested for
nail shear along the stringer length,

Ten replicate joints were made of wood from randomly selected deckboards and
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stringers. This resulted in data as representative of the wood used in this study as
were feasible with decuple replications. Because of the maiching procedure used, the
deckboard-stringer joints yielded fully comparative individual and average test values
for the four nails tested for withdrawal and shear resistance,

Six-week seasoning of the assembled joints prior fo testing resulted in an average
moisture content of 9,4% for the deckboards and 29.8% for the stringers during the
deckboard-siringer separation tests and 10,6% for the deckboards and 31.3% for the
stringers during the deckboard-stringer shear tests.

The average oven-dry specific gravity was 0.64 for the deckboards and 0.67 for
the stringers of the deckboard-stringer separation jecints and 0,70 for the deckboards

and 0.72 for the stringers of the deckboard=stringer shear joints.

Pallets

The pallets of both conventional and improved designs were reversible, double-
face, wing-type, two-way entry pallets, having the same overall 48" x 43" dimen-
sions, as shown in Fig. 1. The pallets were accurately assembled with green red oak
at the Sarde Laboratory. Durin\g assembly of the pallets, the best stringers were used
for the outer stringers, The besii deckboards of those at hand were chosen for the
. leading-edge deckboards and the better edges of the laading-edge deckboards were
used for the outer edges. The inner deckboards were randomly selected.

Seasoning of the pallets took place in the Laboratory (nominal 50% relative hu-
midity at 70°F. temperature) over a period of at least nine weeks prior to testing. The
moisture content ard the oven=dry specific gravity of the fop center deckboard and of
the center stringer were defermined, affer the testing of the pallets had been com~
pleted, by securing small samples. After testing the pallets to failure, their moisture
content ranged from 9.3% to 10.7%, with an average of 9.8%, for the top center deck-
boards, and from 14.8% to 27.6%, with an average of 21.6%, for the center stringers,

The oven=-dry specific gravity of the top center deckboards ranged from 0,50 to
0.68, with an average of 0.59, and that of the center stringers ranged from 0,40 to
0.78, with an average of 0.68. (For further details, see the Section on Lumber,)

The pallets of conventional design, shown in Fig. 1, had the same overcli dimen-
sions, the same lumber dimensions, and the same number and location of nails as the
pailets being used ot Brazilian docks. The quantity and size of the green pallet shook

and the number of nails used for the assembly of pallets of conventional design are



11

shown in Table 3,

The pallets of improved design, aiso shown in Fig. 1, utilize top and bottom fol-
low-up deckboards placed tig htly against the leading-edge deckboards during pallet
assembly. As a result of seasoning of the originally green shook after pallet assembly,
the follow-up deckboard is eventually spaced approximctely 3" from the leading-edge
deckboard. Despite this spacing, the combination of the two boards at each pallet end
is highly effective in increasing the pallet rigidity and its resistance fo such forces as
are exerted by the forklift truck. Because of the tight spacing of the first two top and
bottom deckboards at each pallet end, it was found necessary to include an additional
deckboard in each pallet face in order to avoid excessive spacing for the inner deck-
boards.

The pailet of improved design also used an additional nail for each deckboard-
stringer joint because of the undernailing of the palleis of conventional design (12).
This improvement was found highly desirable because of the large size and weight of
the pallet with its shook both in green and seasoned conditions,

The material requirements for the pallet of improved design are also given in Table
3. A comparison of the material requirements of pallets of conventional and improved
designs indicates that the pallets of improved design required 12% more lumber and
64% more nails than those of conventional design,

A detailed description of these pallets is given in Tables 4a and 4b.

The average assembly and test weights, in pounds, of the pallets of conventional
and improved designs are summarized in Table 5, Consequently, the improved pallets
were, on the average, 12,7% heavier during assembly and during the final testing phase
than the conventional pallets if no adjustment is made for the difference in lumber from
the two batches received for this study. If, on the other hand, weight adjustments are
made, the improved pallets were, on the average, 14,0% heavier than the convention-
al pallets. Furthermore, on the average, the pallets of conventional and improved de-
signs had, by the final testing phase, lost 36% of the initial pallet weights as a result
of seasoning in the Laboratory.

To facilitate pollet identification, all test pallets were sequentially coded accord-
ing to the following convention:

A) Conventional design

B) Improved design

a) 23" fluted nail as used in Brazil
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b) 23" threaded nail as used in Brazil
c) 231" threaded nail as used in U.S. A,
d) 3" threaded nail as used in U,S.A,
1-5) Replications
Thus, Pallet Aal is a pallet of conventional design, assembled with the Brazilian

fluted nail, and representing the first of five replications.



EXPERIMENTAL DESIGN

Deckboard-Siringer Joints

An analysis of variance was used for the decuple dafa obtained both for the
deckboard-stringer separation and shear resistance of the joints assembled with the
four nails tested. The purpose of such a stafistical analysis was to determine whether

the mean values differed significanily and to make comparisons between the means,

Pallets

A two~factor analysis of variance and a Duncan's multiple range test were cho-
sen as the statistical models for the evaluation of the research dauta covering the pal-
lets of conventional and improved designs on the one hand and the four nails used
for the assembly of the pallets on the other hand. This statistical analysis was applied
to the data on the initial static stiffness, impact rigidity, impact deckboard-stringer
separation resistance, follow=-up static stiffness, and static ultimate load-carrying
capacity of the quintuplicate pallets.

The statistical design used for the 2 (designs) x 4 (nails) x 5 (replications) = 40
~ pallets tested during this study is given in Table 6,

13



TEST PRCCEDURES
Minor Tesk

1) Moisture Content of Pallet Shook

After completion of the tests on the deckboard-siringer joints as well as the tests
on eadh pallet, small clear samples were sawn from the specimens and weighed imme-
diately and after oven-drying at approximately 101° C, for a period of not less than
24 hours (6). In the case of the joints, all deckboard samples as well as all siringer
samples were treated as single samples. This resuited in the determination of average
moisture contents for both the deckboards and the stringers used. In the case of the
pallets, small clear samples were sawn from the center part of the top center deck-
board and center stringer of each pallet according to established Laboratory proce-
dure, and each was weighed immediately and after oven~drying. Thus, the moisture

content was obtained for one deckboard and one stringer of each pallet.

2) Oven-Dry Specific Gravity of Pallet Shook

After weighing each oven-dry specimen, its volume was determined by using the
VPI&SU Mercury Volumeter (7, 25), The specific gravity of the pallet shook used

was determined on the basis of oven-dry weight and volume of the samples.
Major Tests

1) Deckboard-Stringer Joints

Deckboard=siringer joints were assemHed and tested to provide basic information
on their performance,

The static deckboard=stringer separation resistance was determined six weeks af-
ter the assembly of the decuple red-oak joints with the faur nails under investigation,
with a single nail per joint, This was accomplished by holding the stringer in a sta-
tic position and applying a normal force o the deckboard in the axial direction of the
nail at a constant rate of motion of 0,100 inches per minute of the movable cross-
head of a 3000-ib. capacity Tinius Olsen Electomatic testing machine, Whenever a
head pull-through failure occurred, the fastener was subsequently tested by gripping

14
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the protruding nail shank cnd determining the axial withdrawal resistance of the nail.
The static deckboard-stringer shear resistance wes determined in a similar man-
ner with similar joints by holding the stringer in c static position and applying an
axial force in the plane and parallel with the grain of the deckboard perpendicular
to the nail axis and the grain of the stringer.
The ultimate test load and the mode of failure were observed and recorded for

the eighty joints tested.

2) Pdllets

Whole pallets were tested since the required information cannot be obtained in
any other way,

The following tests were performed in sequence, as shown in Figs. 4a to 4f, on
each of the forty pallets of conventional and improved designs, assembled with the

four nails under investigation,

a) Initial Pallet Stiffness as Determined by Static Load-Deflection Test

The basic test procedure is described in American National Standard 1977, ANSI-
MH 14,1 ~ 8,3 ~~ Combined Deckboard, Stringer, and Pallet Stiffness and Strength
Test (3).

This test procedure was used to determine the relative stiffness of the deckboards,

stringers, and complete pallets supported at the four pallet corners and loaded at the
pallet center. The test frame has four 2" x 2" bearing plates supporting the four pal=
let corners, a 12" x 14" x %0.56)" steel plate with a spherical loading device, and
five linear position fransducers allowing deflection recordings in one thousandth of an
inch up to a maximum of 6" (Waters Manufacturing, Wayland, Massachusetts 01778),
The sensors were located at the midpoints of the pallet sides and ends and directly be-
low the pallet center, In order to provide sufficient space for the installation of the
sensors, the wings of the top center deckboards of the pallets of improved design had
to be sawed off prior to the performance of the initial stiffness tests,

In order to ascertain that the loading was uniform throughout the testing and to
be able o observe any creep, the load was applied with a computer-controlled motor-
ized 6000~1b, capacity pump in increments of 200 lb,, with each step load maintained
automatically for a period of two minutes, up fo a load of 2000 lb., when the test was

termimted,
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The average load-deflection curves for the pallet sides and the pallet ends as
well as the load-deflection curve for the paliet centzr were automatically plotted
during the progress of the test, The initicl and final deformations at every load step

provided the information for the plot,

b) Pallet Rigidity as Determined by Impact Free~Fall Cornerwise Drop Test

The test procedure is described in American National Standard 1977, ANSi-
MH 1.4.1 = 4,2 == Corner Drop of Vertically Suspended Pallet (1),

The drop test simulates impact racking forces imposed by dropping the paliet onto

one of its four corners during pallet handling. Such dropping may occur during un-
stacking of loaded and unloaded pallets as well as during their removal. The test was
performed by dropping the pallet six times from a height of 334" above the level sur~
face of a heavy concrete mass onto one of the pallet corners.

The unloaded pallet was suspended at one corner in such a manner that the dia~
gonal across the pallet face from the suspended corner to the impact corner was ver~
tical. The pallet was allowed to fall freely from its original position onto the impact
surface., After the impact had occurred, the pallet was restrained to prevent a secon~
dary fall.

Prior to the first drop and after each subsequent drop, the lengths of each of the
two top~deck and two botiom-deck diagonals were measured with a graduated scale,
measuring one hundredth of an inch, and recorded. The test was terminated after

dropping the pallet for the sixth time.

c) Resistance of Pallet to Forces Exerted by Forklift Truck as Determined by Impact

Incline Deckboard-Siringer Separation Test

The impact incline test is described in American National Standard 1977, ANSI-
MH 1.4.1 = 5,6 == Incline Impact Deckboard-Stringer Separation Test (2),

The purpose of this test is to simulate the forces imposed by the forks and fork

heels of a lift truck, when they strike the top leading-edge deckboard during and
upon termination of fork entry. The test is performed to determine the resistance to
damage of the pallet's top leading~edge deckboard and its leading edge as well as the
resistance of the top leading-edge deckboard to its separation from the stringers as a
result of forces applied by the lift truck.

The pallets were tested in an apparatus which is described in ASTM Standard



D880-73 (5) and modified by affixing forks as shown in ANSI MH 1.4,1 - 5.6.2 (2).

The dolly of the tester was raised up the incline to leave a 30" space between the
dolly front and the fork heel, The pallet was placed on the dolly in such a way that
the forward leading edge of the pallet was parallel with the forward leading edge of
the dolly and overhanging it by two inches. Furthermore, the bottom leading-edge
deckboard of the pallet next to the *C" sensor, shown in Fig. 1, during the initial
static stiffness test was placed in such a way as to become the top leading-edge deck-
board which was to receive the impact. A 410-lb, weight box was placed onto the
patlet in such a manner that the trailing upper edge of the 40" -wide and 32" -long
box was flush with the trailing upper edge of the pallet and the kinetic energy of the
box was transferred at impact directly to the stringers,

Failure was considered to have occurred when the forks had destroyed the iead-
ing edge of the pallet and/or when the top leading-edge deckboard was torn at least
from two stringers, At that time, the test was terminated.

Immediately after test termination, the tested pallet was repaired. This was ac-
complished by completely separating the partially separated leading-edge deckboard
of the conventional pallet and the partially separated leading-edge deckboard and
its back-up deckboard of the improved paliet from the three stringers and by renail-
ing these deckboards to the three stringers. Under given conditions, one or both of
the damaged deckboards were replaced and fastened to the three siringers with the
appropriafe new nails. The exceptions were pallets Bal, Bb1, and Bcl. The lead-
ing-edge deckboard of paliet Bal was renailed with eight nails and the follow-up
deckboard was renailed with three nails, since the two deckboards were not removed
completely from the three stringers, Similarly, the follow-up deckboard of pallet
Bb1 was renailed with six nails and the follow-up deckboard of pallet Bc1 was not

removed from the three stringers, hence, was not renailed.

d) Follow=-Up Pallet Stiffness as Determined by Follow-Up Static Load-Deflection Test

The purpose of this test is to determine whether the impact free~fall cornerwise
drop test and the subsequent incline impact deckboard-stringer separation test influ-
enced the stiffness of the pallet after its repair. Any difference between the initial
and the follow=up stiffness test values can be atiributed to loss in stiffness as a result
of a simulated field service by the pallet and the effect of the repair,

This test was performed with the pallet located in the test rack in the same way
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as during the initial stiffness test, Furihermore, the follow~-up test was performed in
the same manner as the initial stiffness test, except that the test was terminated
only after a load of 6000 ib, had been applied,

e) Pallet Load~-Carrying Capacity as Determined by Stafic Load-Deflection Test

The purpose of this test is to determine the pallet's sltimate load=carrying capa-
city in the same manner as the pallet's stiffness, except that the first 6000-Ib, load
was applied in a single step and that each subsequent 200-lb, load was applied only
after a two-minute constant-load interval. Furthermore, a 20,000-lb, capacity hand-
operated pump was used for loading instead of the computer~controlled motorized
pump used for the determination of the pallet stiffness. During this test, no deflection

readings were recorded, The type of failure was observed and recorded,



RESULTS AND DISCUSSION

Deckboard-Siringer Joints

1) Static Deckboard-Stringer Separation Resistance in Direction of Nail Axis

The detailed static ultimate nail-withdrawal and deckboard=-siringer separation=-
resistance data are presented in Appendix Table 17a. The average nail -withdrawal
values are summarized in Table 7.

In comparison with the withdrawal resistance of the 23" helically fluted nail (a),
the 23" helically threaded nail (b) performed 44% better and the 24" and 3" helically
threaded nails (¢ and d) performed 61% and 111%, respectively, better in resisting
axial withdrawal forces,

The efficiency of the nails, on a uniform weight basis, indicates that, in com-
parison with the efficiency of the 24" helically fluted nail (a), the 23" helically
threaded nail (b) was 56% more efficient, and the 23" and 3" helically threaded
nails (¢ and d) were 93% and 109%, respectively, more efficient in resisting axial
withdrawal forces,

These findings are presented graphically in the bar diagrams of Fig. 5. The three
threaded nails performed considerably better than the fluted nail, The 23" and 3"
threaded nails (¢ and d) performed similarly on the basis of uniform shank penetra-
tion into the nailing member,

The helically threaded nail (b) could, of course, have been provided with a con-
siderably more effective thread, which would have increased its holding power and
the energy required for driving, Increasing ifs length and head diameter would also

have increased its effectiveness.

2) Static Deckboard-Stringer Shear Resistance in Direction Perpendicular to Nail
Axis

The detailed static ultimate deckboard-stringer shear-resistance data are pre-
senfed in Appendix Table 17b, The average shear values are also summarized in
Table 7,

In comparison with the shear resistance of the deckboard-stringer joint assembled
with the 23" helically fluted nail (a), that of the joint assembled with the 24" he-
lically threaded nail (b) was 28% higher and that of the joints assembled with the

19
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24" and 3" helically threaded nails (c and d) was 35% and 70%, respectively,
higher.

The efficiency of the nails, on a uniform weight basis, indicates that, in com-
parison with the efficiency of the 23" helically fluted nail (a), the 23" helically
threaded nail (b) is 37% more efficient and the 24" and 3" helically threaded nails
(c and d) are 61% and 69%, respectively, more efficient in resisting shear forces,

These findings are presented graphically in the bar diagram of Fig. 6. As in
withdrawal, the three threaded nails performed considerably better than the fluted
nail, with the 3" nail providing higher shear resistance than the 23" nail of same

design,

Pallets

1) Initial Pallet Stiffness as Determined by Static Load-Deflection Test

The detailed load-defiection data are presented in Appendix Tables 18a and 18b.
The average data are given in Appendix Table 19, The average load-deflection
curves are plotted in Fig. 7,

During these tests, no failures were observed,

The average cumulative load-deflection values, throughout the test range from
0 to 2000 Ib,, for the quintuplicate pallets of conventional and improved designs,
assembled with the four types of nails under study, are presented in Tabie 8,

The material for the pallets of improved design came from two lots of red oak. An
examination of the pallet weights revealed a significant difference between the
weights of the pallets assembled with the lumber of the two lois. In order to elimin-
ate the influence of the differences in pallet weights on pallet stiffness, all average
cumulative deflection values for the seven pallets of improved design assembled
with lumber from the second lot (Nos, Be4, Bc5, and Bd1 to 5) were adjusted, as is
shown in Appendix Table 20, for differences in pallet weights according to D (in in.)
=46.23 - 0,198 W (in Ib.). This least-square line regression relationship between
pallet weight and cumulative deflectionvalues is indicated in Fig. 8. The relatively
high value of the correlation coefficient justified this adjustment,

The weights of the 13 remaining pallets of improved design and of the 20 palleis
of conventional design, having been assembled with lumber from the first lot, had

similar narrow ranges of weight distribution, as is shown in Fig. 8. An adjustment
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of the cumulative deflec tion values for these paliets had no justification. (Likewise,
no adjustments were justified for the test values emanating from the rigidity, deck-
board-stringer separation resistance, follcw-up stiffness, and ultimate load-carrying
capacity tests on the pallets of both conventional and improved designs.)

In the light of the data presented, the use of the four fypes of nails was of no in-
fluence on the initial static stiffness of the pallets of conventional and improved de-
signs. On the other hand, the 12% heavier pallets of improved design proved fo be,
on the average, 15% stiffer than those of conventional design,

The average deflections, in 1/1000 inch, of ail pallets of conventional and im-
proved designs per 100 b, of static load applied at the pallet center, according to
the deflections observed up to a test load of 2000 Ib., are presented in Table 9,
These findings are shown graphically in the bar diagram of Fig. 9.

in the light of these observations on quintuplicate pallets of conventional and
improved designs, assembled with the four nails under scrutiny, the average deflec-
tions of the centers of the pallet sides per 100 1b, of load amounted to 0.007"; those
of the centers of the pallet ends amounted to 0,031" and 0.027", respectively; and
those of the pallet centers amounted to 0,035" and 0.031", respectively.

A statistical analysis of the adjusted initial static stiffness data is presented in
Appendix Table 21, This analysis confirmed the conclusions drawn from the previous
evaluation of the test data, as can be observed from the following statements:

1) The initial static stiffness of the pallets of improved design, being 15%
higher than that of the pallefs of conventional design, was significantly
different at the 5% level of significance from that of the pallets of conven-
tional design.

2) The nails did not influence the pallet performance.

3) No interaction existed between nails and designs.

2) Pallet Rigidity as Determined by Impact Free-Fall Cornerwise Drop Test

The detailed load-deformation data are presented in Appendix Tables 22a and 22b.
The average changes in length of the diagonals for each pallet are plotted against
the number of free falls in Fig. 10.

The grand~average changes in length as well as the percentile distortions, that
is, the percentages of distortions based on the original dimensions of the paliets

assembled with each type of nail, are given in Appendix Table 23 and presented
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graphically in Fig. 11.

During these tests, all pallets performed without major failures, However, three
pallets of conventional design and two pailets of improved design were damaged by
splitting of the leading-edge deckboards, Furthermore, some of the 23" and 3"
threaded nails (c and d) backed out or failed, especically in pallets of conventional
design.

Unexpectedly, the 23" threaded non-hardened Brczilian nail (b) performed better
than the 23" threaded hardened-steel nail (c) used in the U.S,A. This may be ex-
plained by the lower flexibility of the latter nail in comparison with that of the for-
mer nail. The relatively large number of failures of the 24" hardened—steel nail (c)
during the performance of the free~fall drop tesis is one indication of this finding.

The average percentile distortion of the quintuplicate pallets of conventional
and improved designs after the sixth drop and the cumulative average length changes
of the pallet diagonals up to and nduding the sixth drop are presented in Table 10,
These data are presented graphically in the bar diagrams of Fig. 12.

Based on these data, the pallets of both conventional and improved designs assem=
bled with the 23" threaded nails (c) were most rigid; those assembled with the 3"
threaded nails (d) were second best; those assembled with the 23" threaded nails (b)
were the third best; and those assembled with the 22 fluted nails (a) were least rigid.

Furthermore, in comparison with the pallets of conventional design assembled
with the four different nails, the corresponding pallets of improved design were 15%,
16%, 27%, and 24% more rigid.

The test findings indicate that the pallets of conventional design assembled with
the 23" fluted nails (a) were less rigid than all other pallets, Specifically, the pal-
lets of conventional design assembled with the 23" threaded nails (b) and 22" and 3"
threaded nails (c and d) were 8%, 46%, and 42%, respectively, more rigid and the
pallets of improved design assembled with the 24" fluted nails (a), 23" threaded nails
(b), and 2" and 3" threaded nails (c and d) were 16%, 24%, &0%, and 55%, re-
spectively, more rigid.

An analysis of variance performed on the sums of average changes in the lengths of
the diagonals is shown in Appendix Table 24, It is evident that the rigidity of the pal-
lets of both designs as well as the rigidity of the pallets assembled with the four dif-
ferent nails were significantly different at the 5% level. On the other hand, there
was no interaction between the four different nails and the two different designs at

the 5% levei of significance,
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The Duncan's test for equality of means, applied io the sums of average changes
in the lengths of the diagonals, in inches (see Table 10}, revealed that all the means
were significantly different at the 5% level, except for the rigidity of pallets of con-
ventional design assembled with the 24" and 3" threaded nails (c and d). Thus, the
highest rigidity was obtained for the pallets of improved design assembled with the
23" threaded nail (c), which was 60% higher than the rigidity of the pallets of con-

ventional design assembled with the Brazilian naii {a).

3) Resistance of Pallets to Forces Exerted by Forklift Truck as Determined by Impact

Incline Deckboard-Stringer Separation Test

The detailed impact incline deckboard-stringer separation test data are presented
in Appendix Tables 25 and 26. The numbers of runs and hits of each pallet are shown
in the bar diagram of Fig. 13. The averages and grand-averages of the numbers of
runs are presented in Fig. 14.

Prior to testing, the leading~edge deckboard of pailet Bc2 had a 12" crack and
its back-up board had a 20" crack, The leading~edge deckboard of pailet Ba5 had a
14" crack, The leading-edge deckboard and the back-up board of pallet Bd3 had 2"
splits. The leading-edge deckboard of pallet Bd4 was cupped.

During the tests, the leading-edge deckboards of 38 of the 40 pallets were torn
off two siringers., Only in two instances, pallet Ad5 of conventional design and pal-
fet Bb3 of improved design had their leading-edge deckboards destroyed by the forks,

Additional splits were observed during the testing of pallets of both designs. In
pallets of conventional design, splits occurred at the beginning of the test and, in the
pallets of improved design, splits occurred only after the leading-edge deckboard and
the back-up deckboard had been torn off the center stringer just prior to test termina~
tion,

The major test findings are presented in Table 11,

Based on these test results, the pallets of both conventional and improved designs,
assembled with 3" threaded nails (d) proved to be most resistant to impact deckboard-
stringer separation; those assembled with 22" threaded nails (b) were the second best;
those assembled with 24" threaded nails (c) were the third best; and those assembled
with 23" fluted nails (a) were least resistant to impact deckboard-stringer separation
forces,

In a comparison of the performance of all 20 pallets of conventional design, the
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corresponding paliets of improved design were, on the average, 23, 17, 17, and 6
times, respectively, more effective, .

With the pallets of conventional design assembled with 24" fluted nails (a) serving
as basis of comparison, the pallets of conventional design assembled with 2%" threaded
nails (b) and 23" and 3" threaded nails {c and d) appear to have been equally effec-
tive, with the average test values having teen only 3, 3, and 11 times, respectively,
higher, Furthermore, the pallets of improved design assembled with 23" fluted nails
(@), 2% threaded nails (b), 23" and 3" threaded nails (¢ and d) were, on the average,
23, 52, 43, and 66 times, respectively, more effective than the pallets serving as
basis of comparison,

Whereas the difference in performance of palleis of conventional and improved
designs was relatively small, however, significant during the initial stiffness and rigi=
dity tests on these pallets, the difference during the deckboard-stringer separation
tests was very large and highly significant from the practical viewpoint,

According to an analysis of variance and Duncan’s test, presented in Appendix
Table 27, the above observations were confirmed, as is shown by the following
statements:

) 1) The two pallet designs differed in performance at the 5% significance level.

2) The average numbers of runs were different for pallets assembled with the
four different nails at the 5% significance level,

3) Some interaction existed between the pallets of both designs assembled with
the four types of nails at the 5% significance level; but not at the 1% signifi-~
cance level,

4) According to Duncan's test, no significant difference was shown at the 5%
level among the pallets of conventional design assembled with the four differ-
ent nails, On the other hand, a significant difference was shown at the
same level among the pallets of improved design assembled with the four dif-
ferent nails, Furthermore, the pallets of improved design assembled with the
23" threaded nail (b) used in Brazil and the 3" threaded nail (d) performed
similarly and better than the other pallets of improved design. Also, the pal-
lets of conventional design assembled with the 3" threaded nails ¢ and the pal-
lets of improved design asembled with the 23" fluted nails (a) performed in a
similar manner. The same was observed for pallets of improved design assembled
with the 23" threaded nails (b and ¢) used in South and North America.



Thus, according to the impact incline deckboard-stringer separation tests,
pallets of conventional design assembied with the test (3" threaded) nail can

replace pallets of improved design assembled with the poorest (23" fluted) nail.

4) Follow=Up Pallet Stiffness as Determined by Foilow-Up Static Load-Deflection Test

Detailed load-deflection data up to a test load of 6000 |b, === obtained after the
performance of the initial static stiffness test up fo a concentrated load of 2000 b.,
the rigidity test up to six free-fall drops, and the subsequent incline impact deck-
board=-stringer separation test, followed by pallet repair === are presented in Appen-
dix Tables 28 and 29. The average load-deflection curves are presented in Fig, 15,

Except in two cases, no failures were observed during these tests, The exceptions
were pallet Ad3 with the center stringer broken at a knot and pallet Ad2 with one top
deckboard completely separated from the center stringer,

The average cumulative load~deflection values throughout the test ranges from 0O
to 2000 1b, and from 0 1o 4000 Ib, for the quintuplicate pallets of conventional and
improved designs are presented in Table 12,

During the follow-up stiffness tests, the deflection of the pallets within the 0 to
2000~1b, test range was higher and, therefore, the stiffness of the pailets was lower
than the correspondirg values observed during the initial stiffness tests, as is indicated
in Table 13.

The pallets of both conventional and improved designs appear to have been equai-
ly effective, with the average test vaiuves having been only 7% and 3%, respectively,
lower than those during the initial stiffness despite the performance of the rigidity
test,  the incline impact deckboard=stringer separation test,and the pallet repair
prior to the performance of the follow-up stiffness test,

The stringers of the paliets of improved design appear to have been as effective as
those of conventional design during the initial static pallet stiffness tests, with the
average test values being 5% stiffer. The stringers of the pallets of improved design
were also equally effective as those of conventional design during the follow=-up pal -
let stiffness tests, however, with the average ®est values being 6% lower,

Whereas the deckboards of the pallets of improved design were 16% stiffer during
the initial static stiffness tests than those of conventional design, the deckboards of
pallets of improved design were 18% stiffer during the follow-up stiffness tests within

the same test range.
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Furthermore, although the pallets of improved design \«}ere , on the basis of the
deflection of the pallet sides, pallet ends, and pallet center, 15% stiffer during the
initial static stiffness tests than the pailets of conventional design, the pallets of
improved design were 16% stiffer during the follow-up stiffness tests within the same
test range.

in the light of these findings, the stiffness of the stevedore pallets of conventional
and improved designs were not affected to any great extent by the performance of
the rigidity test and incline impact deckboard-stringer separation test prior to the
performance of the follow-up stiffness test and may have been compensated for by
the limited pallet repair prior to the performance of the follow=-up stiffness test,

The analysis of variance of the data for the follow=up static load-deflection tests
up to a load of 2000 Ib. is presented in Appendix Table 20, On the basis of the data
presented in this Table, the following conclusions could be advanced:

1) The two pallet designs differed significantly in performance at the 5% signi~-
ficance level, confirming that the reported 15% and 16% increased stiffness
of pallets of improved design versus that of pallets of conventional design is
indeed a difference,

2) The effectiveness of the four nails was significantly different at the 5% signi-
ficance level, This can be explained by the fact that, during the free~fall
drop test and the incline impact test, some of the rails broke, a fact which was
of influence on the follow-up stiffness of the pallets,

3) No interaction existed between nails and design at the 5% significance level.

5) Pallet Load=~Carrying Capacity as Determined by Static Load-Deflection Test

The detailed static ultimate load~carrying capacity of the tested paliets, when
supported at their four corners and loaded at the center, is presented in Appendix

Table 31.

The average values for the ultimate fest loads for the quintuplicate pallets are
shown in Table 14,

The test on the static ultimate load-carrying capacity of the pallets was termina-
ted when a major failure occurred or when the pallet could no longer support the test
load reached previously.

For almost all the pallets tested, the ultimate load was reached when two or more

top or bottom deckboards broke. The exceptions were three pallets of conventional
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as well as two of improved designs (Ac2, Aa3, Ad2, Bcl, and Bc2), where the ulti-
mate loads were limited by failure of the center stringer.

The pallets of improved design could, on the average, support an approximately
20% higher ultimate load than the pallets of conventional design, if supported at
their four corners and loaded at the center,

The analysis of variance, presented in Appendix Table 32, indicated that

1) the static ultimate load-carrying capacity of the patlets of improved design was

different at the 5% significance level from that of the pallets of conventional
design;

2) the four nails did not influence the pailet effectiveness at the 5% significance

level;

3) no interaction existed between nails and design at the 5% significance level.

When the ultimate test load per pallet was correlated with the pallet weight, the
average specific ultimate test load supported by the pallet of improved design was
ohly 7% higher than that of the pailet of conventional design, This observation con-
firmed the previous experience that density of the pallet shook was of lesser impor=-
tance on the ultimate load-carrying capacity of a pallet than the shook's knots, grain

deviations near knots, cross-grain, etc, (24),



LIMITATION AND APPLICATION OF DATA

Since pallets of designs different from those studied may perform in a significant-
ly different manner, the data presented need to be limited fo the two designs inves-
tigated,

The pallets tested during this study were assembled with wood of one species group,
red oak, which is one of the most common species groups used for pallet assembly in the
U.S.A. The perfarmance of red oak is, however, not representative of many of the other
wood species used for pallet assembly,

Four nails were selected for the assembly of the pallets under scrutiny, in order
to obtain data which provide information on the influence of these nails on pallet
performance, The use of similar nails from different production lots and of different
nails may result in different pallet performance.

In the light of the above, the application of the presented data to pallets of dif=-
ferent designs, made of different woods, and/or assembled with different nails is limi-
ted,

The test procedures used in this study yield data which are limited in their appli=-
cation, Some of these test procedures simulate certain field conditions, while others
are specifically designed to yield representative data of a fully comparative nature,
which are applicable only to given field conditions and not necessarily to others,
Therefore, the findings must be used with discretion and should not be considered ap-
plicable to any and all situations encountered.

The data obtained during this study provide information which makes it possible
to demonstrate how and to what extent stevedore pallets of conventional design and
construction may be improved. This is of importance in the light of failures of innu-
merous stevedore pallets in use or their performance which is so often below justified
expectations, Thus, it is demonstrated how and to what extent conventional stevedore
pallets can be improved by the introduction of a basic design change and by the use
of improved fasteners, Both improvements may, under given conditions, be incorpora-
ted to advant age also in pallets of other designs and consiructions, Yet, the extent
of a given improvement may be different in magnitude and nature under different en-
vironmental conditions,

Certain improvements may be achieved by using, for instance, four stringers in-
stead of three, with the two inner stringers possibly of smaller cross-section than the

conventional center siringer, Such a step may make it feasible to reduce the
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thickness of the deckboards without reducing the pallet performance below expecta-
tions, thereby saving lumber at the cost of the use of an increased number of deck-

board-stringer fasteners and of labor if the nails are hammer=~ or gun-driven and not
machine-driven, In such a design change, the presented data may be indicative of

what might be expected, provided full consideration is given to the nature of the

proposed change or changes in design and construction,



SUMMARY

1) The tested pallets of both conventional and improved designs were heavy. Their

average assembly weights amounted to 217 lb,, with a standard deviation of 2.8

Ib., in the case of pallets of conventional design; and to 245 |b,, with a standard
deviation of 4.6 lb,, in the case of pcllets of improved design. The average weights
of these pallets of conventional and improved designs after the performance of all
tests were 138 |b., with a standard deviation of 2.2 |b,, and 156 |b., with a stan-
dard deviation of 3.0 Ib., respectively. Consequently, the pallets of conventional
and improved designs lost, on the average, 36% of their assembly weight during

seasoning.

2) The testing of the deckboard=stringer joints indicated that, both during the static

deckboard-stringer separation-resistance test and during the static deckboard-
stringer shear-resistance test, the 3" threaded hardened-steel nails (d) performed
best, the 22" threaded hardened-steel nails (c) performed second best, the 23"
threaded stiff-stock nails (b) performed third best, and the 23" fluted stiff-stock

nails (a) offered the least resistance to separation and shear forces.

The testing of the two types of pallets revealed the following:

a) The average initial stiffness of the 12% heavier pallets of improved design was
15% higher than that of the pallets of conventional design. Furthermore, the
four different nails tested influenced the initial stiffness of the pallets of either
design in the same manner.

b) The testing of the two types of pallets for their rigidity indicated that those
assembled with the 23" threaded nails (c) were the most rigid; those assembled
with the 3" threaded nails (d) performed second best; those assembled with the
23" threaded nails (b) performed third best; and those assembled with the 24"
fluted nails (a) were the least rigid. In addition, the pallets of conventional
design assembled with the 23" fluted nails (a) were less rigid than all other pal~
lets tested, Specifically, the pallets of conventional design assembled with the
21" threaded nails (b) and 22" and 3" threaded nails (c and d) were 8%, 46%,
and 42%, respectively, more rigid, and the pallets of improved design assembled
with the 23" fluted nails (a), 22" threaded nails (b),and 22" and 3" threaded
nails (c and d) were 16%, 24%, 60%, and 55%, respectively, more rigid.
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¢) The testing of the pallets for their impact incline deckboard-stringer separation
resistance revealed that the pallets of both conventional and improved designs
assembled with 3" threaded nails (d) provided optimum resistance; those assem-
bled with 23" threaded nails (b) were second best; those assembled with 23"
threaded nails (c) were third best; and those assembled with 23" fluted nails (a) :
provided least resistance. Using the pcllets of conventional design assembled
with the 23" fluted nails (a) as the basis of comparison, the pallets of improved
design assembled with the 23" fluted nails (a), 23" threaded nails (b), 2" and
3" threaded nails {c and d) were, on the average, 23, 52, 43, and 66 times,
respectively, more effective.

d) The average follow-up static stiffness of the pallets of improved design was 16%
higher than that of the pallets of conventional design within the 0 to 2000-{b,
and 0 to 6000~lb, load ranges. In addition, the follow-up stiffness of the sieve- i
dore pallets of improved and conventional designs was not affected to any great
extent by the performance of the rigidity test and the impact incline deckboard-
stringer separation test prior to the performance of the follow-up stiffness test,
Furthermore, the four different nails were of same influence on the performance
of the pallets of both conventional and improved designs.

e) The average ultimate static load=carrying capacity of the pallets of improved
design was 20% higher than that of the pallets of conventional design. During
this test, the pallet performance was influenced in the same manner by the four
nails tested,

Hence, based on all tests performed, the pallets of improved design were super-
ior to those of conventional design. Based on the rigidity test, the pallets of im~
proved design assembled with the 24" threaded hardened-steel nails (c) used in the
U.S.A., were the best pallets and based on the deckboard-siringer separation test
the pallets of improved design assembled with the 3" threaded hardened-steel mils
(d) were better than all the pallets tested,

On the average, in comparison with the pallets of conventional design, the pal-
lets of improved design were one-sixth stiffer during the initial and follow-up stiff-
ness tests, one-fifth more rigid during the drop test, one-fifth stronger during the
deflection test, and eleven times as strong in resisting deckboard-stri nger separation.

The two hypotheses were fully substantiated that the pallets of improved design
and the pallets assembled with improved nails would perform better than the pallets

of conventional design assembled with the fluted nail commonly used in Brazil.
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4)

RECOMMENDATIONS

Since peroba and eucalyptus as well as mixed hardwoods from the Brazilian coastal
rain forests are readily availabie in Brazil, comparative laboratory tests on im-~
proved pallets, assembled with these woods and Brazilian nails, would yield val-

uable information, The performance of comparative tests is recommended,

The Brazilian helically threaded nails (b) could be improved considerably by pro-
viding them with a less steep thread angle and with four, instead of three, im-
proved thread flutes in the light of past experience covering the use of threaded
nails in building construction and assembly, The effectiveness of these nails could
also be improved if their length and head diameters were increased. To meet the
MIBANT criteria adopted in the U.S.A, for pallet nails, those to be used for the
assembly of stevedore pallets will have to be hardened-steel nails. This require-
ment is of special importance in the light of the large size and weight of the steve-
dore pallets, Therefore, it is recommended that preference be given to the use of

such improved nails for the assembly of stevedore pallets,

[t is desirable that comparative field tests on non-treated and preservatively
treated stevedore pallets of improved design be conducted at the docks of Santos
in the State of Sao Paulo, Brazil. A tentative outline of such field tests is pre-
sented in Table 15,

To reduce the weight of the improved stevedore pallets and to save lumber, it is
suggested that the use be investigated of four, instead of three, stringers combined
with the appropriate corresponding reduction in deckboard thickness, as justified
on the basis of the following calculations:

According to previous studies, the deflection of pallets supported along their

sides and loaded at their center can be determined by the following equation:

4
d=ky - £, L 27, 29)
A hY Eg

If similar pallets with three and four siringers are to serve the samz purpose, and

are to be equally stiff, that is, deflect the same amount under load, then

4
k1y-\/l--s-3——]—=k2y—w——$-é-—]—
A h, Eg A h:2 Eg
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3 _ /3
ky/hy = ky'hy

a) From the tables (29) presented for fiush pallets cssembled with hardened-

steel nails,

_1.94 125
ky = 37— and k) = S

if h] = 1.000", then the deckboard thickness, h,, = 0,866",

b) From the tables (27) presented for flush pailets assembled with hardened-

steel nails,
k; = 0.15225y"" andk, = 0.109875 y~'

if h] = 1,000", then the deckboard thickness, h, = 0,888",

2
Consequently, a three=siringer pallet with deckboards of 1" thickness can be
replaced by a four-stringer pallet with deckboards of " thickness, if the pal~

lets are alike otherwise.

In the instance of pallets of improved design with four siringers (two outer 28"

x 4" and two inner 13" x 4" stringers) and " deckboards, the amount of lumber re-

quired is 5%, by weight and volume, less than that for pallets with three 28" x 4"

stringers and 1" deckboards. On the other hand, the number of nails required for the

four-siringer pallets (184 or 1.5 1b.) is 33% more than that for the three=-stringer pal-
lets (138 or 1.2 |b,). Despite this, the weight of the four-stringer pallets (233 ib.
when green and 149 |b, when seasoned) should be approximately 5% less than that of

the three=stringer pallets (245 |b, when green and 156 Ib. when seasoned).
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Fig.13.- Number of runs during incline impact tests on pailets of conventional and improved designs.



60

462
i
E3 Nail
& Nail z§§ 265
=3 Nail (¢ '.
@M Nail (d
[ Grand-Avg. °
kl rgz
74
[ ]
, L
0 .
¢ -
o
1]
(]
1% |°,
°
4
o
4
.'
74 .
I .
u r
30 L ]
8 2 ’
Pallets of Conventional Design Paliets of improved Design

Fig.14.- Average and grand-average number of runs of
pailets of conventional and improved designs.



Test Lood, in Pounds

Nails (a) and (b) Nails (c) and (d)

AB cD cb E
2000 ab ab gb ba ¢ dc d c d_c d
I[ lly" :/' U /ol /
' / / /
18 JI ' ’ Il l/ JI
7 1
’ 117,/ / // / /, ‘[ /
l/’ 7 / / /l I’ /
1600 e Y L1
‘ / 7 /// ,
/VII ,/ ’ / '/ // /
14 ) i Y,
7 yZ S K 7 /
/// /’ / // 1 / ’I
1200 A M [ i/
7/ ,/ 77 f‘
2 / /! / ey
’ ’// A ,/ / r ),
1000 Wi Y70 112 s
/// /” ! 7 /‘/ 4 /
/II 4 ! // 4 / /
1; / 1:/ ! ’/ ¢ 4
800 v/ g .y 77 7
¢ / " i, / /
I' ¥ / // ’// 4 /%
m j1 7/ ! ,1,1
/ 4 77, 74
/ I/ l// %
. / / 7
400 A7 7 ;'/ i,
I / /// /,/ /;/
20{} ,/ '1;/ l/’/
/ // / —— Conventional Design
/ ----Improved Design
°'o 100 0,200 0.300 0.400 0,500 0.600 0,700 0.800 0 0.100 0,200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.0X

Average Deflection, in inches

Fig.15a.- Average load-deflection curves for follow-up stiffness on pallets of conventional and improved designs,

with E curves off-set by 0,200 inches,

L2



62

Fig. 15b.- Average load-deflection curves for follow-up stiffness
of pallets of conventional and improved designs, with
E curves off-set by 0,200 inches.
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TABLES
1-15

In all Tables, 100% serves as basis of comparison.
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TABLE 1
Production of Pallets in U.S.A.

Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977
Pallet Units
(in millions): 87.7 103.8 104.3 1150 133.7 126.3 138.0 154.7 185.4 205.1 159.3 195.7 235.9

U.S. Dollar
Volume (in

millions): 259 348 361 407 495 484 530 623 970 1206 1018 1117 1411

Percentage of
National Lum-

ber Production: 6.2 6.9 7.3 8.0 9.1 8.6 9.7 10,0 12,0 149 127 13 15

G9
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TABLE 2

Estimated Production of Pallets in Selected Couniries During 1976

Couniry Mitlions
Brazil 0.5
France 20
ftaly 7
Japan 30
United Kingdom 14
U.S.A, 196

West Germany 25



TABLE 3
Material Requirements for Pallet Assembly

Design item  Quantity Size Amount

Conventional Deckbeards 12 1"x6"x63" (25x150x1600 mm) 43 3
Stringers 3 23"xA"x48" (60x100x1200 mm)~+32 Pdft. (94em
Nails 84 e, 0.71 to0 0,86 Ib.

Improved Deckboards 14 1"x6"x63" (25x150x1600 mm)
Stringers 3 23%xd"x48" (§0x100x1200 mm) 487 bdft. (106 cm
Nails 138 e 1.17 to 1.41 b,

)

3



TABLE4a

Inspection Record of Conventional Red-Odk Sto'vndore Pallets

Test Weaight, in Lb,
Pailet Paliet Assembly During During During  During During Moist, Cont,  Oven-Dry Count Deckboard Stringer Cup- Center  Top Center

Nails  No.  Weight, Init, Stiff. Rigidity Incline Fol.-Up St. Ult, Load  After Testing Sp. Grav, of End Split End Split  ping  Stringer Deckboard

in Lb, Test Test Test Test Test  Dkbd. Stringer Dkbd. Stringer Nails Nails Other Nails Other Height, In, Width, in,
24" Al 22004 - 13950 138,34 13598  135.98 135.06 9.4 174 0.52 0.48 84 1 4 0 0 7 3,87 5,73
Noil (o) Aa2 220,48 143,50 141,62 139.89  139.89 137.95 9.3 225 0.61 0.6 84 1 5 0 1 6 387 5.58
Aa3 218,00 141,00 138.42 13745 137.45 13547 9.3 252 0.56 0.62 84 1 7 0 0 3 3.83 5.49
Aod 212,88 142,47 139,53 138,19 138,19 136.44 9.9 276 068 070 84 2 3 0 ] 3 3.93 5,65
Aad 217,95 142,00 139.28 137.91 137.91 136,62 9.9 247 055 075 84 1 4 0 1 7 3.9 5.62
Avg. 217.85 14149 '39.48 138,08 138,08 13631 9.6 234 058 0.8 84 1 5 0 | 5 3.88 5.6
24" Abl 21500 14538 14350 14198 141,98 139.89 9.3 247 0.0 0.69 84 0 4 0 1 7 3.94 5.54
Nait (b) Ab2  216.81 143,47 141,16 13950 139,50 137.42 103 176 0.8 073 84 0 6 0 ! 7 3.86 5,82
Ab3 212,25 14586 142,70 14181 141.81 139.69 9.7 168 0.8 074 84 0 1 0 0 7 3.80 5.63
Ab4 21519 146,12 142,62 14119 141,19 139.2 9.8 247 0.64 0.4 84 0 5 0 1 8 3.9 5.53
AbS 211,06 143,69 139.81 138,53 141,78 136.53 10.0 173 050 0.5 84 0 3 0 1 5 388 5.8
Avg. 214,06 14490 141,96 140,60 141.25 138,59 9.8 202 046! 0.49 84 0 4 0 | 7 3,08 5,59
2 é" Act 217,81 143.00 140,59 138,70 138,70 13675 9.8 227 0.5 071 84 0 6 0 0 5 3.93 5.9
Nail (¢) Ac2 2143 142,97 140,56 139.59  139.59 137,67 9.8 19.6 0.5 0.0 84 1 3 0 0 6 3.84 5.68
Ac3 215,56 139.88 137,44 13826 139.33 134.56 9.7 229 0.62 0.8 84 0 4 0 0 5 3.83 5.57
Acd 21650 143,28 140.03 139.25 1423 137.53 9.6 22,5 0.5 0.68 84 0 3 0 2 5 3.75 5.4
Ac5  219.62 140,86 138,16 134,75 141,36 135.81 10,0 22,5 054 0,70 84 0 4 0 1 8 3.88 5.57
Avg. 217,16 142,00 139,36 138.11 140,26 136,46 98 220 0.5 0.7 84 0 4 0 1 $ 3.85 5.63
3" Adl 220,69  148.3t 14586 14380 143,80 142,88 9.7 214 059 0,48 84 0 5 0 1 9 3.87 5.54
Nail (d) Ad2  220.38  150.88 148,28 147.06  147.06 140,28 9.8 148 059 0.78 84 0 3 1 2 7 3.81 5,56
Ad3 215,12 144,06 14230 141,06 141,06 139.44 9.7 23,7 0.66 0.64 84 0 5 0 0 5 3.95 5,65
Add 217,56 141,23  139.41 138,02 142,12 137.55 10,7 17,6 0.6 0.67 84 0 6 0 1 5 3.83 5.65
Ad5 21686 144,76 142,76 14195 147,42 14125 9.7 236 0.62 0.8 84 0 2 1 1 é 3.94 5.57
Avg. 218,12 14585 143,72 142,38 144,29 140.28 9.9 20,8 062 069 84 0 4 0 1 6 3.88 5.59
Grand Avg, 216,80 143,61 141,13 139.79 140,97 137,91 9.8 21,6 059 0.8 84 0 4 0 ! é 3.87 5.61
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TABLE 4b

tnspection Record of Improved Red~Ock Stevedore Pallets

Test Weight, in Lb, .
Pallet Pallet Assembly Priorto  During  During buring  During Durin Moist, Cont,  Oven-Dry  Count Deckboord Stringer  Cup- Center  Top Center
Nails Nos. Weight, Init, Stiff. Init, Stiff. Rigidity Incline Fol.-Up St. Ult, Load  After Testing  Sp, Grav, of End Split End Split  ping Stringer Dgckb ard

Test Dkbd, Stringer Dkbd, Stringer Noils Nails Other Nails Other Height, In. Width, In,

inLb, Tes? Test Test Test Test
24 Bal 251,25 167.00 1656.45 164.34 161,48 161,48 158.81 100 266 052 0,48 138 1 6 0 0 6 3.93 5.61
Nail (o) Ba2 252,52 166,38 165.83 163.88 160,50 140,50 158.75 10.7 273 0.1 075 138 0 7 { 0 6 3.82 5.65
Ba3 24886 16717 166.62 143,03 160.12 140,12 158.58 99 186 0462 076 138 0 6 1 0 5 3.85 5.63
Ba4 249.00 163.20 162,65 158,69 155.86 161.44 156.19 9.7 129 0.47 0,67 138 3 5 0 2 4 3.92 5,67
Ba5 248,81 164.67 164,12 161.26 159.61  159.61 158,62 95 208 0.5 077 138 4 2 3 0 [ 3.85 5.62
Avg. 250.09 165,68 165,13 162,24 159.51 180.43 158,19 10,0 212 056 0.73 138 2 5 1 0 5 3,87 5.64
23 Bb1 241,00 162.25 161,70 159.12 157.20 157.20 154,66 104 238 0.4 0.68 1
Nail (b) Bb2 246,00 171,66 [YAR]] 167.81 162.53 148,31 161,72 10.4 20,6 0.1 0.48 lgg ? g g ('J ; gg; gﬁ
Bb3 24475 166.55 166.00 161,33 158,16 158.16 157.00 (AN 248 057 0.8 138 0 7 0 0 3 3.91 5>63
Bb4 246,12 164,22 160.67 158.33 156,48  156.48 155.72 10.4 178 0462 078 138 0 1 0 1 8 3.88 5.58
BbS 242,00 161.55 161.00 158.59 156.92 156,92 156,06 104 193 0,55 0.78 138 0 3 0 1 3 3.89 5.:’>6
Avg. 243.97 164.65 164.10 161,04 158,26 159.41 157.03 10.5 21,3 040 0.72 138 ! 4 0 1 é 3'39 5‘61
2 Bcl 245,44 161,19 160.64 158.59 156,44 156,44 153,88 9.9 186 0464 076 138 ‘ .
Nail (¢) Bc2 247,56 166,38 165.83 162.50 160.00 160,00 158,83 10,7 18.6 0.58 0.81 138 g g g :l’ l? ggg g%
Bed 245,56 162,25 161.70 158,26 156,95 156,95 156,14 10.2 289 054 0.47 138 4 5 0 0 ¢ 3.91 5. 5'9
Bc4  233.25 157.00  156.45 154.92 153,25 153,25 152,62 102 238 0.0 0,74 138 1 2 0 0 é 3.80 554
8c5 244,75 156,75 156,20 154,64 152,47 152,47 151.91 10,1 20.3 062 0.73 138 1 3 0 0 n 3'70 ;-&2
Avg. 243.31 160.71 160.16 157.78 155,82 155,82 154,68 10,2 220 040 0.74 138 1 4 0 1 9 3.67 5'66
kY Bd1 238,30 155.69 155.14 153.56 152,67 152.67 150,47 10.1 18.7 0.58 0.5 138 | 4 .‘
Naoil (& 8d2 244,31 155,66 154,19 153.78 152,39 152,39 151.34 10.5 177 056 0.70 138 0 0 (l) g '2 ggg g;g
Bd3 245,61 155,52 155.11 154,44 15226 180.97 154,58 9.6 167 0.56 0.67 138 4 2 0 2 1n a9 5.65
Bd4  249.50 163.55 162,89 162,25 159.50  159.50 158,94 11,2 247 0,63 0.67 138 3 2 0 1 9 3.91 5.75
Bd5 240.75 157.61 156.97 156.52 154,06 154,06 153.84 10,7 259 0.2 0.720 138 0 2 (v} 0 8 3-97 5.52
Avg. 243.89 157.61 156.86 156,11 154,18 155,92 153,83 104 207 059 0.8 138 2 2 0 I 9 X7 5.68
Grand Avy. 245,27 162,16 161.56 159.29 156,94 157,95 155.93 10.3 213 059 0.72 138 2 4 0 I 7 3.89 5.64
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TABLE 5

Average Assembly and Test Weights, in Pasnds, of Pallets of
Conventional and Improved Designs

Pallet Assembly Test Weights* During
Design Weights In, Stiffness Drop Test incline Test  Fol.-Up Ult. Load
Test Stiff. Test Test
Avg. s Avg. s Avg. s Avg. s Avg. s Avg. s

Conventional 216.80 2,76 143,61 2,78 141,13 2,69 139,79 2.65 140,97 2.82 137.91 2,18
improved 245,27 4.57 161.56 4,71 159,29 3,97 156.94 3.27 157.95 3.94 155.93 3.02

Difference  +13% +12% +13% +12% +12% +13%

*Prior to testing the pallets of improved design, both wings of the top center deckboards were
cut off to facilitate installation of the deflection sensors, This reduced the pallet weights, on
the average, 0.60 lb,
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TABLE 6

Statistical Design Used for Quintuplicate Pallets

of Conventional and Improved Designs Assembled
with Four Different Nails

Source of Variation

Degrees of Freedom
Designs (2-1)

................ 1
Nails 4-1),,............... 3
Interaction (2-1)x(4-1),......... 3
Error (40-7-1),............... 32
Total



TABLE 7

Static Deckboard-Siringer Separation Resistance in Direction of Nail Axis and Shear Resistance

Test Property 2% Fluted Nail (a) 23" Threaded Nail (b) 23" Threaded Nail (c) 3" Threaded Nail (d)
Withdr. Resistance, in Pounds 486 (100%) 702 (144%) 783 (161%) 1027 (211%)
Withdr, Res., in Pounds/Inch of
Shank Penetration into Stringer 324 (100%) 468 (144%) 522 (161%) 514 (159%)

Shear Resistance, in Pounds 727 (100%) 927 (126%) 980 (135%) 1239 (170%)
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TABLE B

Evaluation of Initial Static Stiffness of Pallets

Pallet Pallet Avg, Pallet Average Cumulative Deflection Value, Sum
Design Nos. Test Weight, in 1/1000 In. (ABCDE),
in Lb, Sides Ends  Center Sum in Percent
(AB) (CD) (E) (ABCDE)

Conventional Aal to 5 141.69 1560 7041 8153 16754 103%
Abl to 5 144,90 1482 6779 7802 15863 97%
Acl to 5 142,00 1382 6955 7855 16192 100%
Adl to 5 145,85 1436 4958 7885 16279 100%
Grand Avg,  143.61 1465 6933 7874 16272 100%
Improved Bal to 5 165.13 1352 5684 6506 13542 95%
Bbl to 5 164,10 1281 5604 6346 13431 93%
Bcl to 5 160,16 1492 4064 6910 14466 102%
Bdl to 5 156,86 1670 6450 7449 15769 111%
Grand Avg, 161,56 1449 6001 - 6802 14252 100%_

Difference +12% =1% =13% -14% =-12%
Improved Bal to § 165,13 1352 54684 6506 13542 98%
with Bbl to 5 164,10 1281 5604 6346 13231 96%
Adjusted Bcl to 5 160,16 1438 5846 6660 13944 101%
Values Bdl to § 156.86 1517 6046 6770 14330 104%
Grand Avg, 161,56 1397 5794 4571 13762 100%.

Difference* +12% ~5% ~16% =17% =15%

* Adjusted values for improved pallets versus values for conventional pallets,
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TABLE 9

Average Deflections, in 1/1000 Inches, of All Pallets of Conventional and Improved
Designs Tested,per 100 Lb, of Static Load Applied at Pallet Center, According to
Deflections Observed Up to Test Load of 2000 Lb,

Pallet Sides Ends Center
Design (AB) (CD) (E)
Range Avg. Range Avg. Range Avg.

Conventional 6-7 7 30-32 31 34-35 35
improved  6-8 7 25-31 27 28-34 31



Pallet
Design

Pallet
Nos,

Conventional Aalto 5

Improved

Abl to 5
Acl to 5
Adl to 5

Bal to 5
Bbl to 5
Bcl to 5
Bdl to 5

TABLE 10

Evaluation of Pallet Rigidity Data

Pallet Weight Avg. Percentile Avg. Cumulative Length
in Lb, Distortion of Diagonals Change, in In., of Diagonals
After 6th Drop Up to and Including
6th Drop

139.48 100% 9.23 100% 100% 26.83 100% 100%
141,96 103% 1009 7.81 85% 85% 24,58 92% 92%
139.36 101% —= 4,49 49% 49% 14,44 54% 54%
143.72 104% 4,78 52% 52% 15.53 58% 58% >
162.24 100% 7.80 100% 85% 22,63 100% 84%
161.04  99% 4,40, 6.95 84% 71% 20.44 90% 76%
157.78  97% ° 3,27 42% 35% 10.73 48% 40%
156.11  96% 3.65 47% 40% 12,10 53% 45%
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TABLE 11
Evaluation of Impact Incline Pallet Deckboard-Siringer Separation Data
Pallet Pallet Avg. Pallet Range of Numbers Average Numbers of

Design Nos, Test Weight, of Runs Prior to Runs Prior to
in Lb, End of Test End of Test

Conventional Aal to 5 138.08 4t0 9 7

Abl to 5 140,60 9?to 38 21

Aclto 5 138,11 5to 60 18

Adl to 5 142,38 10 to 137 74

Improved  Bal to 5 159.51 62 to 312 160

Bbl to 5 158,26 220 to 552 365

Belto5 155,82 221 to 406 302

Bd1 to 5 154,18 319 to 598 462



Pallet
Nos,

Pallet
Design

Aal to 5
Abl to 5
Acl to 5
Adl to 5

Conventional

Grand Avg.

Bal to 5
Bbl to 5
Bclto 5
Bdl to 5

improved

Grand Avg,

Difference

Avg. Pallet
Weight,
in Lb,

138,08
141.25
140,26
144.29

140.97

160,63
159.41
155,82
155,92

157.95
+12%

TABLE 12

Evaluation of Follow~Up Static Stiffness of Pallets

Avg, Cumulative Deflection Value

from 0 to 2000 Lb,, in 1/1000 in,

Sides
(AB)

1522
1359
1266
1404

1388

1334
1438
1451
1664

1472
+6%

Ends
(CD)

7470
7434
7328
7822

7514

5826
4024
5982
6762

6148
-18%

Center
(E)
8707
8271

8314
8941

8558

6715
6997
6850
7513

7019
-18%

Sum
(ABCDE)

17699
17064
16908
18167

17460

13875
14459
14283
15939

14639
-16%

Sum
(ABCDE),
in Pct,

101%
98%
97%

104%

100%

95%
99%
98%
109%

100%

Avg. Cunulative Deflection Value
from O to 6000 Lb., in 1/1000 In,

Sides
(AB)

11221
10277

9572
10382

103583

10595
11100
11728
13001

11604
+12%

Ends
(CD)

60441
60824
59025
60434

60181

47851
48385
48564
54425

49806
-17%

Center
(E)

72495

68893

67666
73549

70651

55164
55858
56194
61034

57063
~19%

Sum
(ABCDE)

144157
139994
136263
144365

141195

113610
115343
116486
128460

118475
~16%

Sum
(ABCDE),

in Pct,

102%
99%
97%

102%

100%

96%
97%
98%
108%

106%

LL
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TABLE 13
Comparison of Initial and Follow-Up Pallet Stiffness Data
Pallet Pallet Increase in Average Cumulative Deflection Value,
Design Nos, During Follow=Up Stiffness Test
Sides Ends Center Sum
(AB) (CD) (E) (ABCDE)
Conventional Aal to 5 - 2% + &% + 7% + 6%
Abl to 5 - 8% +10% + 9% + 8%
Aclto 5 - 8% + 5% + 6% + 4%
Adl to 5 - 2% +12% +13% +12%
Grand Avg, -~ 5% + 8% + 9% + 7%
Improved  Balto 5 - 1% + 2% + 3% + 2%
Bbl to 5 +12% + 7% +10% + 8%
Beltod - 3% - 1% - 1% - 1%
Bdl to 5 - 0% + 2% + 1% + 1%
Grand Avg. + 2% + 2% + 3% + 3%



Pallet
Design

Conventional

Improved

Difference

79

Average Ultimate Pallet Test Loads

Pallet
Nos.

Aal to 5
Abl to 5
Acl to 5
Adl to 5

Grand Avg.

Bal to 5
Bb1 to 5
Bel to 5
Bdl to 5

Grand Avg.

TABLE 14

Avg. Pallet  Avg. Ult,

Test Weight, Test Load,
in Lb, in Lb,
136.31 8480
138.59 10120
136.46 9980
140,28 8920
137.91 9375
158,19 11360
157.03 11640
154,68 10680
153.83 11600
155.93 11320
+13% +21%

Avg. Ult, Test Load,
in Lb., with Pallets
with Stringer Failures Omitted

8800
10120

9980

9650

9638

11360
11640
11800
11600

11600
+20%
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TABLE 15

Tentative Outline of Proposed Field Tests on Stevedore Pallets of Improved Design

A)  All three=stringer pallets of improved design, same size and type, and same construc-
tion, with best deckboards used for backing=-up deckboards and with best edge of lead-
ing-edge deckboard used for outer edge

Pallet Wood Nail  Nail Number of Nails Nail Pallet
Sign Species Type Steel per End-Deckbd, Joint Treatment Treatment
(1 () Q) 4 é) (6) (7)

A(1-100) Peroba (a) - 4 none none
B " (b) ) 4 none none
C n (b) HS 4 none none
D " (b) HS 4 galvanized dipped
E Eucalyptus (@) - 4 none none
F " (b) SS 4 none none
G " (b) HS 4 none none
H " (b) HS 6 none none
| " (b) HS 6 galvanized dipped

9 x 100 = 900 pallets (400 peroba and 500 eucalyptus)

B)  All pallets identical to those above, yet with four, instead of three, stringers, with
the inner 2 x 4 (50 x 100 mm) stringers spaced 12" (300 mm) on centers

Pallet Woed Nail Nail Number of Nails Nail Pallet
Sign Species  Type Steel per End-Deckbd. Joint Treatment Treatment
(M @) Q@ @ ) (6) 7
A(1-100) Peroba (b) HS 4 none none
B Eucalyptus (b) HS 4 none ncne

2 x 100 = 200 pallets (100 peroba and 100 eucalyptus)
SS = Stiff-Stock HS = Hardened-Steel



APPENDIX

TABLES 16 - 32
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MIBANT data sheets for nails {a), (b), (c), and (d)

Six-week delayed deckboard~stringer separaticn and shear resistance of
red-oak patlet joints

Detailed load-defiection data for pallets of conventional and improved
designs

Average load-deflection values

Summary of linear regression analysis for parameters of D = A + BW for
pallets of improved design

Two-factorial analysis of variance of initial stiffness test data for pallets
of two designs, assembled with four different nails

Detailed test data for free-fall drop tests on pallets of conventional and
improved designs

Average data for free~-fall drop tests of pallets of conventional and improved
designs

Two-factorial analysis of variance of free~fall drop test data for pallets of
two designs, assembled with four different nails, and Duncan's multiple
range test on average cumulative length changes of diagonals after 6th drop

Detailed deckboard-siringer separation data for pallets of conventional
design

Detailed deckboard-stringer separation data for pallets of improved design
Two-factorial analysis of variance of incline impact test data for pallets of
two designs, assembled with four different nails, and Duncan’s muliiple

range test on the average numbers of runs during incline impact test

Detailed follow-up load~deflection data for pallets of conventional and im-
proved designs

Average follow-up load deftection values for pallets of conventional and
improved designs

Two-factorial analysis of variance of follow=-up stiffness test data for pallets
of two designs, assembled with four different nails

Detailed load-carrying capacity data

Two-factorial analysis of variance for ultimate static load test data for pal-
lets of two designs, assembled with four different nails

82



-~

-~

- =

P =

MIBANT DATA SHEET FOR PALLET NAILS
(use separate form for each lot of 25 nails)

INDUSTRIA DE  ARAMES CLEIDE 1

APPENDIX TABLE 160

Nails Submitted by (complete oddress):

let

LAvenide D.Pedrod, o790 s 24
Santo Andre - Sao Paulc - Brozil ! oo
................................................................. &3®
Nail Description {manufacturer, type, lot, identification): ....ovuvuvnan. ‘3'5 g
Same a3 above, Ardox nail, 2
........................................ Ceeaseensseseseassansass (3 c'g'
Field Experience with Nails: ....oooiiiiiininiiiiiiiinniiiineennnas o= _g =E
........................................................... veeee. |29
Date of Submission: ....ouvvvennns.. [ s

Date of Receipt at VPI: . &) VPI Nail N220Y7,,

Nail Size (length x wire dnqme!er):z.*." x 0:'??."

Nail Type: Low-Carbon-Steel ... Stiff-Stock X, . Hardened ... Tempered ...
Shank Deformation: Annularly Threoded ... Helically Threaded ... Fluted .%X. Twisted ...
Thread-Crest Diameter: 0.143." 1) Thread Angle:80° 12) Number of Flures: . %.......
ALPEOMINCE: .. ivunrireraniniotsersssnassones eveeae Seebesstetanestesateretaoseny
MIBANT TEST DATA: Date of Test: P2£: .20, 77 Machine Operator: Nilion Frgnge .
Test  Angle Portiol Complete Notes and Remarks: «.u.vvivrsuvrnccioaes
No. in Degr. Failure ::i‘fure
35

2 R e

3 B 7P eesessnes

4 0

2 gg 20 Frequency Distribution

7 32

8 :2,2 s

¢ -

10 % . 15

n 3g §

3@ g op ,

14 30 w I

15 3 - | |

16 X 5 |

7 J

B 3 0

19 30 0 [¢] 20 30 40 50 60
g? 333 Bend Angle, in Degrees

22 3

23 32

24 3N

25 M4

Wood Ressarch & Wood Construction Laboratary
Virginio Polytechnic Institute & State Umvemty
Blacksburg, Virginio 24061 E. Geomge Stern

Avg.: 32 Torol: 0  Total: 0

MIBANT DATA SHEET FOR PALLET NAILS APPENDIX TABLE 1éb

{use separate form for each lot of 25 nails)

1) Nails Submitted by (complete address): AR-FIX DO BRASIL IND . COM., k] _lg
LTDA. ... Rua Rigchuslo, 201, ¢ andar, conjunte A............. e B3
............ Sao Pole - Seo, Pavlo - Brexil . ..., 283

2) Nail Description (manufactures, type, iot, identification): ......cutns .es §§ g
Same.anobove .. AirzEix Catelosue Ne AF0.07. ..o 3 % 4

3) Field Experience with Nails: ......o..uuen Ceeeetraetianans veveeresues E__‘é
...................................................... reeeeenen | BB

[

4) Dote of Submission: .vvvvireeerennnnnnn evenes =0

5) Date of Receipt at VPL: Dw 12.0977.......... .. 6) VPI Nail N> QI8 .

7) Nail Size (length x wire diameter): 2.}." x 0127,

8) Nail Type: Low-Carbon-Steel ... Stiff-Stock .%. Hardened ... Tempered ...

9) Shank Deformation: Annulorly Threaded ... Helically Threaded . Fluted ... Twisted ...
10) Thread-Crest Diameter: 0,142." 11) Thread Angle: €3° 12) Number of Flutes: . 3.......

13) Agpeorance: CPointless e Heteesesnsearonnccncosnnsacacssios
14) MIBANT TEST DATA: Date of Test: De£,300 77, Machine Operatar: tNilson Frenge. ..
Test  Angle Portial Complate Notes ord Remarks: o .ocvvesencnsnnsess .
No. inDegr. Faile Failwe o T
‘ “ R N I R I R I A A IR DRI AR Y tersr
2 37
3 T beeesenensanns ves
4 3%
2 ;; 20 Frequency V??l’(lbullon
7 38
8 %
9 3 U VU IR S
0 ¥ L»
n k') ‘;:
By g0 ‘
1“4 38 w ’
15 35 - | ]
16 37 5 ¥
17 40
18 37 0
19 36 0 0 20 30 40 50 [
20 39 Bend Angle, in D
21 39 L ngle, In Vegress
22 37
23 3%
24 37
25 4
Avg: 7 Toral: 0 Totol: 0 Wood Research & Wood Construction Laborotory

Virginia Polytechnic institute & State Umvomty
Blacksburg, Virginia 24081 E. George Stern

£8
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MIBANT DATA SHEET FOR PALLET NAILS APPENDIX TABLE l6¢

(use separate farm for each lot of 25 noils)

1) Nails Submitted by (complete address): _Philstone Nail Corporation T %
e ceeereresrene. SanRn, Mossachusetty 33
eeeeeeeaeineas eeetiteeneteeerereananne jgf_f

2) Nail Description (manufacturer, §§ 2

3) Field Experience with Nails: ....coouvveuiieiiieiieininienieniennnens E.g"é
....... B OO PP RUURPTDPI F -

4) Date of Submission: ... _‘ga

5) Dote of Receipt of VPI: .. Qctober 4, 1977 4y VP Mail No, 19774

7) Nail Size (length x wire diameter):2,9{« 0. JJ9

8) Nail Type: Low-Carbon-Steel ... Stiff-Stock ... Hardened .X. Tempered ...
9) Shank Deformation: Annularly Threaded ... Helically Threaded . X Fluted ... Twisted ...
10) Thread-Crest Diameter: 0.138. V1) Throad Angle: 59° 12) Number of Flutes: 4........

13) Appearance: ........ Ceerenssnriacaene teresrevreiinnnenn Cersenraanes reaeereanas
14) MIBANT TEST DATA: Date of Test: . M/5/77.. Machine Operator: Ksppeth Alber) |
Test  Angla Partial Comflnn Notes and Remarks: v.ovvveennn. teeenaees
No. inDegr. Failure Failure
1 15
2 7 Cerreesees Cereeenens N vaeeees
3 15 ., et
4 16
‘2 :g 2 Frequency Distribution
7 17
8 :6
9 6 -
10 17 = 13
1l 8 2 |
12 15 - !
ER § 10
4 19 w
15 17 L -
16 18 5
7 17
w7 0
19 17 0 0 20 30 40 50 60
;? ;; ------------------- X Band Angle, in Degrees
22 17
23 19
24 7
25 18
Avg: V7 Tokal: 0 Total: ! Wood Rasearch & Wood Comstruction Laboratory

Virginia Polytechnic Institute & Siote Univenity

Blacksburg, Vicginia 24061 €. George Stern

MISANT DATA SHEET FOR PALLET NAILS APPENDIX TABLE 144

(use separate form for each lot of 25 nails)

. ¥
1) Nails Submitted by (complete address): Philstope Nail Garperetion, . ...... kP
P, Q. Deawer G Gantany, Masashusetts. Q200 ....oviniiiieeenn. |83
»Poo
e fereerieaeaes Cereees B L B -
2) Mail Description (manufacturer, type, lot, identification): Soopleaf...... 38 2
B T S PET: }Sg
3) Field Experience with Nails: vuuienvinoressionieriiiatensacnsianes :'_:E
IEUORORUUOUUUDUUPOURRRRPORPR &
..... v eeeeeerearaseiraasrensnannssinse i
4) Dote of Submission: ...evineeverncecscncroasons =0

5} Date of Receipt ot VPI: Sl 22, 0974, .. oinit 6) VP Nail No.: 38D

7) Noil Size {length x wire diameter): 3..%x 020«

8) Nail Type: Low-Carbon-Steel ... Stiff-Stock ... Hardened X. Tempered ...

9) Shank Deformation: Annulorly Threaded ... Helically Threaded X, Fluted ... Twisted ...
10) Thread-Crest Diameter: 0.132.% 11) Thread Angle;éio 12) Number of Flutes: .4.......
13) Appearance: Paintless <=- Flateped. Ubpellatepd .. ....oooiieiiiiiiiieennin

Dote of Test: bdy.28. 1974 Machine Operator: Jo W, Akes,.. ..

Notes ard Remarks: o..oveiiivnrassinenes

14) MIBANT TEST DATA:
Test  Angle Partial  Complete

No. in Degr. Foilure Failure cesseeveacren treerieassranerne seeress
l l“o esesssavIes s st .
2 18 Cereieeenaens
3 1° eeeeeerei e
4 243
5 15 .

o Frequency Distribution
7o 2
8
9 15 PRSI DU
10 W >
noo1e? H
12 “o >0
13 25° ¢
14 £ I
15 18°
16 13° 5
17 14
18 142 0 | N
19 17‘; 0 0 20 30 40 50 &0

g(‘) :;o Bend Angle, in Degrees
2 13°
23 ug
24 léa
25 16

Avg.: 16° Totol: 0 Torah:0 Wood Research & Wood Construction Laboratory

Virginia Polytechnic Institute & State Univenity
Blacksburg, Virginio 24061 €. George Stern
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APPENDIX TABLE 17q
Six~Week Delayed Deckboard-Stringer Separation Resistance of Red~Oak Pallet Joints
Nails driven through 1,00"-thick deckboards of 99,8% moisture content and 0,64 oven-dry specific gravity
into 2,40"-wide siringers of 70.0% moisture content and 0.67 oven-dry specific gravity,

Nails pulled through deckboard of 9.4% moisture content and/or withdrawn from stringer of 29,8% moisture content,

Oak  Repli- 23" Nail (@) 23" Nail (b)) 24" Nail (c) 3" Nail (d)

Stick  cation (2017) (2018) (1999q) (1785)
(b) (b) (b) (@ (b) (o)
A 1 433 680 752 975
A 2 567 715 838 1200
B 3 434 775 772d 1100-1120-812
C 4 498 733 830 1065-898
C 5 478 733 918 1095
D 6 468 665 728 905- 968~978
E 7 560 735 695d 888d
E 8 440 600 6804 872d
F 9 518 648 835 950~ 955-890
G 10 465 738 - 785 890-1130- 690
Avg. 486 702 783 1027 922
Avg. 100% 144% 161% 211% 190%
Coefficient
of Variation  10,1% 7.5% 9.4% 10.8% 15. 4%

(@) Head pull-through resistance,  (b) Shank withdrawal resistance,
(c¢) Head failure, (d) Stringer split at nail location,

G8



APPENDIX TABLE 17b
Six-Week Delayed Deckboard-Stringer Shear Resistance of Red-Oadk Pallet Joints
Nails driven through 1,02"-thick deckboards of 74,3% moisture content and 0.70 oven=-dry specific gravity

into 2,40"-wide stringers of 63.8% moisture content and 0,72 oven-dry specific gravity.
Nails sheared or pulled through deckboards of 10.6% moisture content and/or withdrawn from stringers of 31,3% moisture content,

QOak  Repli- I Nail (@) 23" Nail (b) 21" Nail (c) 3" Nail (d)
Stick  cation (2017) (2018) (199%a) (1785)
A 1 718¢ 989c 1005¢ 1328b
B 2 812c 1025¢ 1070c 1335b
B 3 780c¢ 970¢ 1100¢ 1415d
C 4 703c¢ 965¢ 988¢ 1288¢
D 5 752c¢ 882c 895¢ 1028¢
D 6 690c 833c 895¢ 1075b
E 7 670ce 935¢ 938ce 1195b
F 8 745¢ 915¢ 1058¢c 1125b
F 9 690c 945¢ 832a 1262¢
G 10 712¢ 905¢ 1022b 1335b
Avg. 727 927 980 . 1239
Avg. 100% 128% 135% 170%
Coefficient
of Variation 6.1% 5.8% 8.9% 10.3%

(@) Nail shank sheared,  (b) Nail pulled through deckboard,  (c) Nail withdrawn from stringer,
(d) Nail head failure,  (e) Stringer split at nail location,
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Tew
Lood

200

Test
Lood

0

Paitet
A B

13
10 15
23 29

A 8

No. Aal
c

0 000 000 000 000
54

55 &
63 N
122 12
136 145
188 201

37

APPENDIX TASLE 180

Demiled Lood-DeRection Dera, in Lb. and 1./10CD in,
Pailen of Conventionol Design

515 83 89 470 429

430
591 96 100 528 496
645

Paller No, Ac2
E A 38 C D E
000 00D 000 000 000 000
43 13 16 60 54 &
72 4 18 & &0 7N
133 0 33 123 120 142
153 34 37 133 131 157
26 46 50 188 188 223
20 49 53 197 197 237
290 43 45 244 249 W01
M8 45 47 255 260 NS
345 79 73 X1 310 375
380 82 8} 313 2 390
438 93 2 359 71 40
455 95 95 371 383 446
510 106 106 416 433 524
528 109 109 428 448 540
585 120 119 472 494 600
605 123 123 486 507 618
&0 133 133 527 551 675
682 136 126 542 564 494
T 146 144 581 607 747
756 150 146 596 419 788
Poliet No, Ab2
3 8 C D E
000 000 000 000 000 000
4 09 10 &0 &2 &
68 10 12 44 & N
130 25 23 122 127 18
T42 27 25 132 138 150
20 39 35 184 193 214
215 41 39 196 205 227
271 52 48 243 259 286
286 54 52 254 272 0!
2 66 41 03 324 157
8 68 45 315 339 372
410 80 73 361 39 427
429 82 76 373 406 442
479 91 B4 417 454 495
496 93 87 429 448 509
545 107 94 472 514 564
564 109 98 484 530 530
613 117 103 523 573 6%
633 12) 104 534 590 &4
679 135 112 575 435 496
698 139 114 585 452 711
Poilet No, Ac2
E A B 0 E
000 000 000 000 000 000
3 0% 10 67 34 &7
49 10 10 71 58 7t
133 20 19 131 112 138
145 23 23 142 122 148
208 33 X2 199 175 210
220 35 34 210 184 224
279 A4 46 285 235 285
294 46 51 279 246 298
353 58 &0 331 295 358
367 0 &4 344 204 3N
426 7' 73 396 355 431
77 348 445
85 416 501
517
575
591
448
&85
717
733

123 27 29 12y 118
135 29 33 133 1)
191 38 44 197 181
203 41 48 205 194
257 51 58 261 240
269 54 62 275 254
322 &3 71 331 298
335 & 76 45 312
B4 76 86 I

397 79 KN 43 372
446 88 99 443 416

Pallet No, Aad

A

123

Pailer
A B

BIREFNEEREESRE

142

104
107
17
120
129
13!
139
142

C

00
57
83

28
1
134

Pallet No,
8 C

000 000 000

15

10
1
18

81

&7
125
137
192
205
257
m
3

[*]

000
34
61

18
129
186
198

253

266

322

402

E

fallet No, Aoé
o

~
~

00 0CO 000 000

G

o7
”
2

]
19
21
27
o]
37
0
47
51

22WRIIBRY

Q3 8
8 &8
130 129
142 142
202 198
214 210
273 262
287 279
44 328
158 343
411 394
424 410

Pailet No, abé
8 C D

000 000 0CO 000

YRR LBEYI

E23REIFNAGGKEE

Paliet No, Ad4
A 8 C

00
10
2]
24

£33

100 566

101

000 000

[+
06
13
15
23
26

ZBENZ gz LRy

17
18

B -1 99335

X %0
& 42

D

000 €00
a8
&8 76
125 141
136 153
190 214
203 227
257 283
27 297
323 253
1 39
I K26
409 442
458 496
478 SH1
526 559
549 574
596 618
425 434
569 876
490 493

E
000

&8

74
142
156
n
23
29%
s
374

s88 ~ BdBEREPIEEY

E8RS

249

A

Paliet No, Aa5
c 0

000 000 000 000 000

16
16

BEIEIITNSEBBELBEY

164

A

A

12

3IRINEBBEEEBE

95

7

611

Pailet No,
8 C

000 G060 000

33

12
13
24
27

&

65
12
131
181
191
236
247
293
05
353
368
412
425
471
485
527

57 n

128 153

EREELD

B

88
£33

ER
33

3
333
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APPENCIX TAME 188

Detailed Lood-Deflaetion Data, in Lb, and 1/i000 in,
Polien of imaruved Design

Test  Pallet No, Ba? Pollet No. Ga2 Paltet Mo, Bo3 Palter No. Bod Pallet No, Ba3
lood A 8 C D & A 8 C D E A 8 CDE A B CDE AB oD ¢
D 000 000 000 000 GO0 000 000 000 000 000 €00 00D MO0 030 OO0 400 10U 000 CX0 000 000 000 000 000 000
200 14 05 49 40 0 11 11 49 4 12 10 51 48 %£ (8 18 49 & 63 08 06 & 4 31
16 07 52 43 54 12 12 53 49 1311 54 48 10 21 S5 44 48 09 08 23 31 35
w0 31 1 99 83103 25 24 99 94107 24 21 W01 931 23 29 103 115 122 20 14 100 9% 109
M 14107 %012 27 1C6 103 117 27 23109 101 120 24 R 12 124 1R 2 16 1C8 108 19
so 8 20051 131 10 41 B I 49 B 36 D 10 43I 18 B WIS 2 1e7 3 23 153 154 172
51 21 160 129 170 45 41 159 160 180 41 2 139 152 130 &2 41 18 183 200 35 25 18] les 183
a0 63 27201 176216 59 53202 204 20 49 41 )99 192 22 56 44 211 78 3] 43 T 2@ 208 29
& 20 212 188 227 & 57 213 216 243 53 43 708 % 3 51 24 240 265 47 35 211 218 243
oo 7 25322121 75 6B 254 2% 293 A1 51 248 241 284 71 57 11 26 N6 57 4 12 28] 298
8 3 264 230 284 80 73 267 27 X7 65 53 238 251 296 73 &0 284 299 I 39 48 282 271 208
00 2 W WS W W B4 XM N2 WS 73 40295 250 19 67 66 28 I W0 48 3 X2 I 323
S6 46 317 274 40 98 91 X0 15 69 7B &3 206 299 30 72 69 2 154 W4 71 36 311 23 38
oo 107 51355 308 30 107 102 362 368 418 85 7D M2 D6 IR 101 75 287 399 43 B0 & 351 23 412
11 54 36 318 393 114 106 375 30 S0 72 352 47 45 109 79 402 413 40 &2 66 30 T3 424
Jeoo 122 60 404 350 434 134 117 420 424 484 B 79 387 B4 446 120 84 M3 453 06 R 74 ) 413 471
125 63 416 20 447 138 122 433 437 01 101 G2 I98 295 458 125 @7 457 468 522 94 76 412 424 483
1500 136 63 430 I9) 487 135 131 473 473 347 108 88 431 A1) 4% 136 93 496 01 56 103 34 451 462 529
141 72 465 403 500 148 136 407 487 353 112 91 442 443 511 140 95 511 $13 583 106 &7 462 473 M3
200 152 78 47 433 338 158 146 525 522 408 119 %8 474 476 351 130 101 47 347 424 116 94 498 7 508
154 80 512 445 352 14] 150 541 534 &25 122 101 487 489 558 153 106 %42 50 640 18 9§ S11 S &2
Tew  Poliat No, b Pollet No. Bb2 Pollet No. b3 Pallet o, Bbé Poller No, TS
Lood 8 ¢ D E A B C DE A S CDE a8 CDE A D E
0 C00 000 000 000 000 000 00O 000 000 000 000 000 000 000 009 000 (GO 000 000 €00 000 000 000 000 000
20 10 10 49 43 50 12 08 49 42 51 13 09 55 47 & 08 49 4 52 08 08 39 %0 43
12 13 54 47 55 10 09 54 46 56 14 00 & 49 & 10 08 52 49 4 08 07 &2 54 47
w0 24 20100 91104 27 18 B M 106 27 1810 57 14 21 16 B 99 8 19 15 B4 106 1D
2 27100 99116 0 20108 97 114 0 21 120 104 125 24 18 106 108 117 21 17 93 1S 110
wo 35 BISI M2 il 41 29 147 139 162 43 D Je8 W7 177 T 27 151 158 12 33 24 134 167 163
3B 41 159 150 173 43 31 138 148 172 48 2 177 157 187 40 27 140 164 182 35 27 142 179 174
oo 46 90200189219 54 33 134 188219 8 920 19720 52 M W22 2m 48 35 IR 28
@ 53 208 198 57 40 22 199 20 63 43 232 205 249 54 15 212 12' 243 49 T 19 240 239
oo 36 63249 2B 5 68 48 2MW 273 75 49 273 43 295 &7 41 254 287 & 15 230 287 208
38 65 258 248 287 71 49 249 248 285 79 53 285 254 309 7! 42 268 279 27 63 47 241 299 W}
oo & 75795 24 I 81 57284 286 27 91 O 24 3032 & 47 08 12 14 75 54 279 M4 1D
70 78 305295 42 B4 59 293 295 X7 95 63 336 01 385 86 49 220 330 M8 77 57 250 358 4
oo 78 2 342 333 93 a5 17 21 377 106 70 T4 N6 08 98 54 362 s 416 89 &3 128 22 41)
8) 89 352 344 397 96 48 137 342 BB 110 73 34 347 420 102 54 TS5 BT 29 N2 es Al 416 428
o %0 98 B9 T8 A0 108 74 369 77 47 121 81 420 W2 42 112 42 418 4D 476 103 72 M 42 473
93 100 399 389 452 109 76 380 3BY 440 125 B4 432 392 475 117 63 429 441 450 106 74 W1 476 g
100 101 108 435 625 493 119 32 412 424 479 13 92 447 &7 517 127 68 471 4@ 536 118 80 429 2 54
105 111 448 437 S8 122 B4 424 437 490 140 95 479 437 531 131 70 484 495 351 122 83 442 536
200 14 118 482 471 549 131 90 454 469 326 150 '02 510 469 570 140 74 S22 531 396 134 88 479 577 598
120 120 495 434 543 134 92 468 484 542 154 106 525 482 588 145 76 337 545 812 13 50 491 391 612
Tet  Pallet No, Aci Pollet No, Bc2 Poliet No. 3c3 Patler No, Bed Poliet No. B3
lod A 8 C D E 8 C D E A 8 C E A B C € A 8 C D E
0 000 000 0G0 000 000 000 000 000 C0O 000 000 000 000 GCO 000 000 000 000 000 000 000 GO0 000 000 000
wo ! 08 48 56 56 11 10 49 43 52 10 08 48 B 4 13 12 57 & I 09 13 2 % 5
12 08 SI & & 12 12 53 45 35 1 09 52 €2 0 13 62 53 &3 10 14 %6 41 &
w0 24 16 35111 14 23 24100 % 109 21 19103 88 101 27 27 119 106 122 23 28 109 % 173
2 17103120123 26 27109 9 118 24 21 112 93 110 31 30 129 116 (33 25 31 118 106 134
38 24 145 171 175 3708 141172 35 31 161 139 164 A 41 1B 166 191 3B 43 148 160 14
800 1) 26 153 IB0 186 41 40 149 150 B3 A0 34 172 148 175 47 43 193 177 02 42 47 177 171 205
wo 2 X 19222728 53 50218 150 28 53 43218 104 728 40 35244 25 258 54 40 23 14 242
55 35 701 236 249 58 54 230 201 251 59 44 230 205 238 63 58 254 235 270 57 43 23 236 774
oo 6 41241784299 70 63279238 X2 73 S4 I MV 73 N D4 78I RS 68 76 278 207 29
& 43 250 295 311 76 &8 295 251 20 B2 56 287 262 04 78 73 316 297 X7 71 ¥ 268 298 342
00 79 S0 29 339 358 87 78 341 289 %9 93 45 320 206 353 86 85 Je6 3% 39 83 93 30 M4 4
82 53799 350 0 93 83 355 03 Bs S8 &7 344 119 367 0 S8 376 M4 402 87 97 343 358 409
o 3 €0 37 39 416 102 93 399 M0 434 109 76 39 W1 47 T 99 424 3 452 98 109 b 403 42
40 o 42 M7 402 428 108 T8 414 355 451 112 79 400 370 4 102 10 434 199 465 104 116 401 421 479
1 105 69 384 443 474 117 108 454 392 498 120 89 445 413 477 110 V14 483 440 514 118 128 440 449 53
600 1op 71 194 45 486 123 114 468 407 515 123 92 460 425 49! 114 117 195 451 528 123 13 45 486 3%0
117 80 43! 472 50 13 123 508 445 560 132 101 01 488 539 123 127 542 47 377 134 146 438 333 400
1800 100 g3 440 503 Se4 137 130 522 461 577 134 104 515 476 553 128 131 555 499 591 141 153 514 551 639
200 129 %0 475 544 588 147 138 560 497 &23 143 112 555 512 59 135 | 531 437 151 154 553 598 &46
131 94 487 355 &2 15) 146 575 513 642 147 114 572 D24 &14 140 143 613 542 453 158 174 370 413 686
Tet  Palfet No, Bdl Paller No. 842 Paliet No, 842 Polier No. Bd4 Poilet No. &5
lowd A 8 C D E A B8 C D E A 8 C D E A B CDGE A B CDE
0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 OGO 000 COO 000 000 000 000 €00 000
wo 1314 51 8 &2 13 54 5 57 13 13 49 W 54 ' 10 % 54 3 10 09 % 54 58
14 15 54 &1 45 15 10 & 4 & 14 15 55 35 & 13 13 &1 9 &3 I 10 54 B &
wo O VW77 28 1817103120 27 W 14108 10 27 27 118 12 12 26 18 108 112 117
2R WIS X 2128112131 29 34 123 14 10 3 10 122 i34 28 20 114 120 128
o 48 4517 10 199 is M 181 161 18 41 49 179 165 189 45 42 138 175 193 43 29 18 173 I8
52 49 183 191 213 49 X2 192 172 200 43 52 190 175 201 S0 45 200 186 206 47 0 175 184 195
g0 55 60231 241 272 63 40 241 20 257 4 &7 243 14 260 84 57 251 23 264 62 3B 23 234 22
72 64 244 251 286 6B 42 254 232 289 56 71 254 235 272 71 &0 248 246 278 &F 41 236 248 287
oo B0 75292 11 M4 82 48 302277 T4 &5 87 WS 281 29 &4 72 I 295 N[é 52 48 284 295 13
9% 81 307 314 359 88 50 316 290 1P 6 93 317 293 342 91 74 135 W6 30 87 5 798 X9 39
100 103 95 35 361 416 101 36 34 336 31 75 109 49 19 398 103 84 383 353 02 101 57 34 3% W
107 104 375 375 432 108 57 379 M8 407 77 14 B3 250 412 110 39 398 35 417 108 & 341 JD 409
vaoo 119 117 924 422 88 122 &2 27 W2 AP 85 178 412 I 47 120 9 M3 410 48 121 4B 47 419 42
125 125 444 436 506 120 43 442 05 473 B7 134 446 08 482 127 100 458 422 483 130 73 424 434 480
teop 139 136 49! 482 359 143 48 491 4SI 524 96 1S3 499 459 50 13 112 32 470 533 WS 79 471 484 52
147 140 507 495 577 152 7 506 463 542 9B 157 514 472 556 144 116 517 483 S48 154 85 438 498 3%0
1aoo 160 148 552 537 429 lss 74 353 09 594 103 172 542 517 612 134 125 540 528 599 167 92 529 547 em
172 151 574 553 &52 176 78 571 322 613 107 177 578 331 &29 159 129 577 $43 617 172 9 544 52 620
2000 |91 139 422 596 706 190 82 816 365 66k 114 193 427 575 663 169 138 618 85 es6 B0 106 SE 405 687
201 163 644 813 728 202 84 836 579 &84 117 200 646 389 704 174 143 £36 599 64 184 111 597 &23 636
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APPENDIX TASLE 19

Avarags Losd-Deflettion Value, in Lb, o 1/ 1000 In.
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APPENDIX TABLE 20

Summary of Linear Regression Analysis for Parameters
of D= A+ BW for Pallets of Improved Design

2
Intercept Slope r r
(1/1000 tn.)  (1/1000 In./Lb.)
46227 -198 0.76 0.58

D = Cumulative deflections (ABCDE)
W = Weight of pallets

Adjusted Values Based on Slope of Regression Line

Design Nail
a b c d

Conventional 17010 16192 16185 14750
16817 16188 16269 16645

16778 17082 16672 16359

16940 15075 17372 17544

16229 14753 14391 16098

Improved 12585 12841 13613
14126 12553 14269
12900 13573 13863 13982
14698 13660 14161
13352 13514 13812
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APPENDIX TABLE 21

Two-~Factorial Analysis of Variance of Initial Stiffness Test Data
for Pallets of Two Designs, Assembled with Four Different Nails

a. for unadjusted values

Source of Sum of Degrees of Mean Computed Critical
Variation Squares  Freedom  Square f f
Design 39.86 E6 1 39.86 E6 60.58 4,15 S
Nail 11.19 Eé 3 3.73 E6 5,67  2.90 S
Interaction 10.60 E6 3 3.53E6 5.36 2.90 S
Error 21,05 E6 32 0.66 E6
Total 82.70 E6 39 .
b.- for adjusted values
Source of Sum of Degrees of Mean Computed Critical
, Variation Squares Freedom  Square f f
: Design 62,95 E6 1 62,95 E6 98.98  4.15 S
' Nail 3.25 E6 3 1.08 E6 1.70 2.90 NS
! interaction 2,28 E6 3 0.76 E6 1.20 2.90 NS
Error 20,35 E6 32 0.64 E6

Total 88.83 E6 39
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APPENDIX TABLE 22q

Detailed Test Data for Free-Fail Drop Tests from 33%" Height
of Conventionai Stevedore Pallets

Pallet Test Length of Dicgonals, in In, Change in Length, in In, Average
Number Condition {a) (b) (¢) (d) {a) (b) ?c) (d)  Change

Aal Prior to test 73.86 73.59 74,03 73,31

After Ist Drop 72,04 75,37 72,16 75.11 1,82 1,78 1,87 1.80 1.82
After 2nd Drop 70.67 76.62 70.77 76,39  3.19 3,03 3.26 3.08 3.14
After 3rd Drop 69.49 77.67 69.63 77.42 4,37 4,08 4,40 4,1} 4,24
After 4th Drop 68.50 78.54 68.61 78,30 5.36 4.95 5,42 4,99 5.18
After 5th Drop 67.62 79.28 67.72 79.21  6.24 5.69 6.31 5,90 6.04
After 6th Drop 66,75 79.98 66.86 79.75 7,11 6.39 7.17 6.44 6,78
Total Distortion, in Percent: 9.63 8,68 9.69 8.78
Avg. Distortion, in Percent: 9.20

Aa2  Prior to test 73.39 73.80 73.45 73.49
After Ist Drop 71,61 75,49 71,56 75.41 .78 1,69 1.89 1,72 1.77
After 2nd Drop 70.31 76,67 70.21 76.61 3.08 2.87 3.24 2.92 3.03
After 3rd Drop 69.25 77.61 69,11 77.55 4,14 3.81 4,34 3.86 4,04
After 4th Drop 68,23 78,48 68.11 78.41 5.16 4,68 5,34 4,72 4,98
After 5th Drop 47.22 79.32 67.11 79.23  6.17 5,52 6,34 5,54 5.89
After 6th Drop 64,38 80,02 66.21 79,95 7.01 6.22 7.24 4.26 6.68
Total Distertion, in Percent: 9,55 8.43 9.86 8.50
Avg, Distortion, in Percent: 9.09

Aa3 Prior to test 73.45 73.89 73.51 73.74
After Ist Drop 71.70 75.54 71.78 75,37 1.75 1.65 1.73 1.63 1.69
After 2nd Drop 70,44 76,70 70,50 76.53 3.01 2,81 3.01 2.79 2,9
After 3rd Drop 69.30 77.71 69.40 77.51 4,15 3,82 4.17 3,77 3.96
After 4th Drop 68.26 78.59 68,29 78.38 5,19 4.70 5,12 4,64 4.9
After 5th Drop 67.40 79.31 67.50 79.12  6.05 5.42 6.01 5.38 5.72
After 6th Drop 66.47 80,07 66,55 79.86 6.98 6,18 6,96 6.12 6.56
Total Distorfion, in Percent: 9.50 8.36 9.42 8.30
Avg. Distortion, in Percent: 8.90

Aa4  Prior to test 73.47 73.77 73.52 73.71
After 1st Drop 71,72 75,40 71.78 75.37 1.75 1,63 1.74 1.66 1.70
After 2nd Drop 70.35 76.68 70.37 76.63 3.12 2,91 3,15 2,92 3.03
After 3rd Drop 69,18 77.70 69.21 77.66 4,29 3.93 4,31 3,95 4,12
After 4th Drop 68,10 78.62 68,15 78,54 5,37 4,85 5,37 4,83 5.1
After 5th Drop 67,08 79.48 67.14 79,40 6,39 5,77 6,38 5.69 6.04
After 6th Drop 66.18 80,17 66.29 80.10 7.29 6.40 7,23 6.39 6.83
Total Distortion, in Percent: 9.89 8.68 9.83 8.67
Avg. Distortion, in Percent: 9.27

Aa5 Prior to test 73.50 73.70 73.91 73.28
After 1st Drop 71,61 75,50 72.02 75.11 1,89 1.8C 1,89 1.83 1.85
After 2nd Drop 70,22 76,76 70.54 76.41 3.28 3.06 3.37 3.13 3.21
After 3rd Drop 69.18 77.67 69.51 77,32 4,32 3,97 4,40 4.04 4,18
After 4th Drop 67,89 78.78 648,19 78,44 5,61 508 5,72 5.16 5,39
After 5th Drop 66.98 79.53 47.34 79.16 6,52 5.83 6,57 5,88 6.20
After 6th Drop 65.98 80.33 66.28 80,00 7.52 6.63 7.63 6.72 7.13
Total Distortion, in Percent: 10,23 9.0010,32 9,17
Avg. Distortion, in Percent: 9.68



APPENDIX TABLE 22b

Detailed Test Data for Free-Fail Drop Tests from 333" Height
of Conventional Stevedore Pallets

Pallet Test Length of Diagonais, in In, Change in Length, in In, Average
Number Condition (a) (b) (e) {d) (@) () (¢) (d) Change

Abl  Prior to test 73.54 73,57 73,63 73.53

After Ist Drop 71.64 75,37 71.70 75.36 1.90 1.80 1,93 1.83 1.87
After 2nd Drop 70,37 76.55 70.40 76,53 3,17 2.98 3,23 3.00 3.10
After 3rd Drop 69.38 77.40 49.44 77,40 4,16 3.83 4,19 3,87 4,01
fter 4th Drop 68.66 78,10 68,74 78.00 4,88 4,53 4,89 4,47 4.69
After Sth Drop &8,04 78,53 68,14 78,50 5,50 4,96 5,49 4,97 5,23
After éth Drop 67.50 79,00 67.640 78,98 6,04 5,43 6,03 5,45 5.74
Total Distortion, in Percent: 8,21 7.38 8,19 7.4}

Avg. Distortion, in Percent: 7.80

Ab2  Prior to test 73.58 73,66 73.57 73.64

After 1st Drop 71,72 75.44 71.66 75.45 1.86 1,78 1,91 1.81 1.84
After 2nd Drop 70.47 76.57 70.39 76,60 3.11 291 3,18 2,96 3.04
After 3rd Drop 69.40 77.34 659.49 77,39 3.98 3.68 4,08 3.75 3.87
After 4th Drop 68,85 77.99 68.73 78,03 4,73 4,33 4.84 439 4,57
After 5th Drop 68.26 78.50 68.15 78,54 532 4.84 542 4,90 5.12
After 6th Drop 67.71 78,96 67.57 79,02 5,87 5,30 46.00 538 5,64
Total Distortion, in Percent: 7.98 7.20 8.16 7.31

Avg. Distortion, in Percent: 7.66

Ab3  Prior to test 73.60 73.49 73.74 73.50

After &t Drop 71,77 75,24 71,80 75,30 1,83 1,75 1,94 1.80 1.83
After 2nd Drop 70.51 76,37 70,56 76,43 3.09 2.88 3,18 2,93 3.02
After 3rd Drop 69.57 77.10 69.61 77.26 4,03 3.61 4,13 3,76 3.88
After 4th Drop 68.78 77.87 68,85 77,92 4,82 4,38 4,89 4,43 4,83
After 5th Drop 68.16 78,42 68,19 78.48 5.44 4,93 555 4.98 5,23
After éth Drop 67.53 78.93 67.57 79.00 6.07 5.44 6,17 5.50 5.80
Total Distortion, in Percent: 8,25 7.40 8,37 7.48

Avg, Distortion, in Percent: 7.88

Ab4  Prior to test 73.77 73.58 73.78 73.59

After 1st Drop 71,65 75,50 71,75 75.54 2,12 1,92 2,03 1.95 2,01
After 2nd Drop 70.34 76.69 70,46 76.72 3.43 3,11 3,32 3,13 3.25
After 3rd Drop 69.44 77.48 69,58 77.50 4.33 3.90 4.20 3.9! 4,09
After 4th Drop 68,70 78,10 68.81 78,17 5.07 4,52 4,97 4,58 4,79
After 5th Drop &48.03 78.68 68.14 78,74 5.74 5,10 5.64 5.15 5.41
After 6th Drop 67.46 79,16 67.52 79.25 6.31 5.58 6.26 5.66 5.95
Total Distertion, in Percent: 8.55 7.58 8.48 7.69

Avg. Distortion, in Percent: 8.08

Ab5  Prior to test 73.69 73.69 73.75 73.80

After 1st Drop 71,78 75.51 71,75 75,46 1,91 1,82 2,00 1,86 1.70
After 2nd Drop 70.43 76.71 70,45 76,64 3,26 3,02 3,30 3.04 3.16
After 3rd Drop 69.50 77.53 69,53 77.45 4,19 3.84 422 3,85 4,03
After 4th Drop 69,01 77,97 68.99 77.91 4,68 4,28 4,76 4.31 4,51
After 5th Drop 68.41 78,47 68,37 78,43 528 4,78 5,38 4.83 5,07
After 6th Drop 67.78 78,99 67.76 78.93 5,91 5,30 5.99 5.33 5.43
Total Distortion, in Percent: 8.02 7,19 8.12 7.24

Avg. Distortion, in Percent: 7.64
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APPENDIX TABLE 22¢

Detailed Test Data for Free-Fall Drop Tests from 333" Height
of Conventional Stevedore Pailets

Pallet Test Length of Dicgonals, in In. Change in Length, in In,
Number  Condition (a) (b (e (d) @ () (&) (@

Acl  Prior to test 73.58 73,44 73.78 73.46

After 1st Drop 72.34 74,81 72.54 74,62 1.24 1,17 1.24 1,16
After 2nd Drop 71,46 75.47 71.82 75,30 1.92 1,83 1,96 1.84
After %rd Drop 71,26 75.83 71,46 75,66 2,32 2,19 2,32 2.20
After 4th Drop 70.%0 76.10 71,08 76.00 2,68 2.50 2,70 2,54
After 5th Drop 70.40 76.42 70.80 76.24 2,98 2.78 2,98 2,78
After &6th Drop 70,30 76.70 70.50 74.51 3.28 3,06 3.28 3.05
Total Distortion, in Percent: 4,46 4,16 4,45 4,15
Avg. Distortion, in Percent: 4,31

Ac2  Prior to fest 73.79 73.57 73.73 73.50
After 1st Drop 72.57 74,71 72,53 74.67 1.22 1,14 1,20 1.17
After 2nd Drop 71,98 75.30 71.91 75,26 1.81 1,73 1,82 1,76
After 3rd Drop 71,50 75.71 71,46 75.65 2,29 2,14 2,27 2,15
After 4th Drop 71,21 754,00 71,18 75,93 2.58 2,43 2,55 2.43
After 5th Drop 70,97 76,22 70,90 76.18 2,82 2,65 2,83 2.48
After 6th Drop 70,70 76.46 70,65 76,40 3,09 2.89 3.08 2,90
Total Distortion, in Percent: 4,19 3,93 4,18 3.95
Avg. Distortion, in Percent: 4,06

Ac3  Prior to test 73.47 73.93 73.43 73.75
After 1st Drop 72.25 75.06 72.26 74.89 1,22 1,13 1,17 1,14 1.17
After 2nd Drop 71,55 75.77 71.50 75.59 1.92 1,84 1,93 184 1.91
After 3rd Drop 71,07 76,23 71,00 76,02 2,40 2,30 2,43 2.27 2,35
After 4th Drop 70,68 76.60 70,63 76.37 2,79 2,67 2.80 2,82 2.72
After 5th Drop 70,23 77,00 70.17 76.80 3,24 3.07 3.26 3.05 3.16
After 6th Drop 69.98 77.23 69.94 77.00 3,49 3.30 3.49 3.25 3.38
Total Distortion, in Percent: 475 4,46 4,75 4 .41
Avg, Distortion, in Percent: 4,59

Acd4  Prior to test 73.60 73.74 73.49 73.40
After 1st Drop 72.48 74,88 72.36 74.50 1.12 1.14 1,13 1.10 1.12
After 2nd Drop 71.74 75,59 71,61 75,19 1.86 1,85 1.88 1.79 1.85
After 3rd Drop 71,12 76,14 71,00 75,75 2,48 2,40 2.49 2,35 2.43
After 4th Drop 70.80 74.44 70,67 76.06 2,80 2.70 2.82 2.66 2,75
After 5th Drop 70.43 76.77 70,29 76,40 3.17 3.03 3.20 3.00 3.10
After 6th Drop 70.24 76,93 70,10 76,58 3,36 3.19 3.39 3.18 3.28
Total Distortion, in Percent: 4,57 4,33 4,61 4,33

Avg. Distortion, in Percent: 4.46
Ac5  Prior to test  73.22 73.89 73.53 73.79

After 1st Drop 71.95 75,10 72,29 75.00 1.27 1.21 1.24 1,21
After 2nd Drop 71.24 75,78 71,58 75.66 1.98 1.89 1,95 1,87
After 3rd Drop 70.66 76,30 70,99 76,20 2.56 2,41 2.54 2.41
After 4th Drop 70.21 76,72 70,53 76.61 3,01 2,83 3.00 2,82
After 5th Drop 69.79 77.10 70,11 76,97  3.43 3.21 3,42 3.18
After 6th Drop 69.37 77.48 69,69 77.34 3,85 3.59 3.84 3.55
Total Distortion, in Percent: 5.26 4,86 522 481
Avg, Distortion, in Percent: 5.04

LWRN —
NU8ESS
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APPENDIX TABLE 22¢

Detailed Test Data for Free-Fail Drop Tests from 334" Height
of. Conventional Stevedore Pallets

Pailet Test Length of Diagonals, in In, Change in Length, in In, Average
Number Condition (a) (b) () (d) @ ®) () (d) Change

Adl  Prior to test 73.37 73.84 73.37 73.89

After 1st Drop 72,13 75,02 72.11 75.06 1.24 1,18 1,26 1,17 1.21
After 2nd Drop 71.37 75,73 71,36 75,80 2,00 1.89 2,01 1,91 1.95
After 3rd Drop 70.89 76.16 70.89 76,22 2,48 2,32 2,48 2.33 2,40
After 4th Drop 70.58 76.46 70.56 76.51 2,79 2,62 2.81 2,62 2.71
After 5th Drop 70.19 76,80 70,19 76,86 3,18 2,96 3.18 2.97 3.07
After 6th Drop 69.98 77.00 69,98 77.02 3,39 3,16 3,39 3.13 3.27
Total Distortion, in Percent: 4,62 4,28 4,62 4,24
Avg, Distortion, in Percent: 4,44

Ad2  Prior to test 73.58 73.70 73.45 73.51
After ist Drop 72.21 75.00 72.11 74,81 1.37 1.30 1.34 1,30 1.33
After 2nd Drop 71.35 75,80 71.24 75.62 2,23 2,10 2.21 2,11 2.16
After 3rd Drop 70.79 76.31 70.67 76,13 2,79 2.61 2.78 2,62 2,70
After 4th Drop 70.34 76.72 70,22 76,55 3.24 3,02 3,23 3,04 3.13
After 5th Drop 70.09 76.93 69.98 76,76  3.49 3,23 3.47 3.25 3.3
After &th Drop 69.89 77.12 49,75 76,977 3,69 3.42 3.70 3.46 3.57
Total Distortion, in Percent: 5.01 4,64 5,04 4,71
Avg, Distortion, in Percent: 4,85

Ad3  Prior to test 73.79 73.57 73.85 73.36
After 1st Drop 72.45 74.84 72.54 74,64 1.34 1,27 1.31 1,28 1.29
After 2nd Drop 71,80 75.66 71,48 75,46 2,19 2,09 2,17 2,10 2,14
After 3rd Drop 70.96 76.25 71.04 76,05 2,83 2,68 2,81 2,69 2.75
After 4th Drop 70.33 76.83 70.46 76.59 3.46 3.26 3.39 3.23 3.4
After 5th Drop 69.79 77.30 69.91 77,07 4,00 3.73 3.94 3.71 3.85
After &th Drop 69,37 77.67 69.48 77.46 4,42 4,10 4,37 4,10 4,25
Total Distortion, in Percent: 5,99 5,57 5,92 5,59
Avg. Distortion, in Percent: 5.77

Ad4  Prior to test 73.43 73,78 73.44 73.61
After 1st Drop 72,17 75.00 72,18 74,82 1.26 1.22 1,26 1,21 1.24
After 2nd Drop 71,50 75.61 71,52 75,46 1,93 1.83 1,92 1.85 1.88
After 3rd Drop 71.00 76,10 71.02 75.91 2,43 2,32 2.42 2.30 2,37
After 4th Drop 70.55 76.50 70.60 76.30 2,88 272 2,84 2,69 2,78
After 5th Drop 70.35 76.70 70.39 76.49 3.08 2,92 3.05 2.88 2,98
After 6th Drop 70.09 76.94 70,14 76,70  3.34 3.16 3,30 3.09 3.22
Total Distortion, in Percent: 4,55 4,28 4,49 4.20
Avg, Distortion, in Percent: 4,38

Ad5  Pricr to test 73.31 73.84 73.45 73.80
After ist Drop 72.11 75.00 72,23 74,98 1.20 1.16 1,22 1,18 1.19
After 2nd Drop 71.29 75,74 71.42 75,71 2,02 1,9 2,03 1,91 1.97
After 3rd Drop 70.80 7620 70,92 76,19 2,51 2,36 2.53 2.39 2.45
After 4th Drop 70.51 76,48 70,62 76,43 2,80 2,64 2,82 2.63 2.73
After 5th Drop 70,15 76,80 70.27 76,77 3.16 2.96 3.18 2,97 3,07
After 6th Drop 69.92 77,00 70.04 76.98 3.39 3.16 3.41 3,18 3.29
Total Distortion, in Percent: 4,62 4,28 4,64 4.31
Avg, Distortion, in Percent: 4,46
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APPENDIX TABLE 22e

Detailed Test Data for Free~Fall Drop Tests from 333" Height
of improved Stevedore Pailets

Pailet Test Length of Diegonals, in In.  Change in Length, in In. Average
Number  Condition (a) b (e (d (@ () (¢) (d) Change

Bal  Prior to test 73.29 73,91 73.42 73.98

After 1st Drop 71,82 75,41 71,92 75.3% 1.47 1,50 1,50 1.41 1.47
After 2nd Drop 70.83 76.38 70,73 76,47 2.66 2,47 2,69 2.49 2,58
After 3rd Drop 69.65 77,23 69.74 77.34 3,64 3,32 3,68 3,36 3.50
After 4th Drop 68.66 78.10 68.75 78.19 4,63 4,19 4,67 4.21 4 .43
After 5th Drop 67.85 78.80 67.90 78.91 5.44 489 552 4,93 5.20
After 6th Drop 66.96 79.53 67.21 79.60 6.33 5,62 6.21 5,62 5,95
Total Distortion, in Percent: 8.64 7.60 8,46 7.40
Avg. Distortion, in Percent: 8.08

Ba2  Prior to test 73.31 73.75 73.97 73.84
After 1st Drop 71,87 75,13 71.95 75,24 1.44 1,38 1,52 1,40 1.44
After 2nd Drop 70,78 76.14 70,85 76,25 2,53 2,39 2.62 2.41 2.49
After 3rd Drop 69.79 77.05 69.85 77.16  3.52 3.30 3,62 3,32 3.44
After 4th Drop 68,91 77.81 68,96 77,93 4,40 4,06 4.51 4,09 4,27
After 5th Drop 68.10 78,52 48.14 78,64 5,21 4,77 5.33 4.80 5.03
After &th Drop 67.33 79,17 67.37 79.28 5.98 5.42 6.10 5.44 5.74
Total Distortion, in Percent: 8,16 7.35 8,30 7.37
Avg, Distortion, in Percent: 7.80

Ba3  Prior to test 73.41 73,86 73.48 73.77
After 1st Drop 71.78 75.36 71.87 75.20 1.63 1.50 1,61 1,53 1.57
After 2nd Drop 70.64 76.43 70.64 76.34 2.77 2.57 2.74 2.57 2,66
After 3rd Drop 69.63 77.33 69.72 77.26 3.78 3.47 3.76 3.49 3.63
After 4th Drop 68,72 78,13 68.80 78,05 4.69 4,27 4.8 428 4,48
After 5th Drop 67.92 78,81 68.01 78.73 5,49 4,95 547 4,96 5.22
After 6th Drop 67.14 79,46 67.25 79.39 6.27 5.60 6.23 5.62 5,93
Total Distertion, in Percent: 8.54 7,58 8.48 7.62
Avg. Distortion, in Percent: 8.06

Bc4d Prior to test 73.45 73,72 73.63 73,67
After 1st Drop 71.98 75,14 72,15 75.09 1.47 1,42 1,48 1,42 1.45
After 2nd Drop 70.93 76,12 71,07 76.09 2.52 2,40 2,56 2,42 2,48
After 3rd Drop 69.94 77.00 70.10 76,97 3,51 3.28 3.53 3.30 3.41
After 4th Drop 69.07 77.77 69.23 77.73 4,38 4.05 4,40 4,06 4,22
After 5th Drop 68.29 78,45 68,46 78,40 5,16 4.73 5,17 4.73 4,95
After éth Drop 67,62 79.01 67.78 78,97 5,83 5.29 5.85 5.30 5,57
Total Distortion, in Percent; 7.94 7,18 7.95 7,19
Avg, Distortion, in Percent: 7.57

Ba5  Prior to test 73.32 73,95 73.38 73.97
After 1st Drop 71,80 75.41 71,80 75.45 1.52 1.46 1,58 1.48 1.51
After 2nd Drop 70.67 76.45 70,85 78.49  2.65 2,65 2.73 2.52 2,60
After 3rd Drop 69.87 77.17 69.83 77.23  3.45 3.22 3,55 3.26 3.37
After 4th Drop 68,97 77.97 68,94 78,01 435 4,02 4,44 4,04 421
After 5th Drop 68,27 78,56 68,25 78,60 5,05 4,61 5,13 4,43 4,86
After 6th Drop 67.56 79.16 67.55 79.18 576 5,21 5,83 5.21 5.50
Total Distortion, in Percent: 7.86 7,05 7,94 7,04

Avg. Distortion, in Percent: 7.47
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Detailed Test Data for Free~Fall Drop Tests from 33%' Height
of Improved Stevedore Peiiets

Test
Condition

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

Length of Dicgonals, in In,

(@ (b)

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

73.66 73.58
72,03 73,15
71,17 75,96
70,17 76.86
69.36 77.57
48,78 78,08
68,22 78.58

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th D op
After 6th Drop

73.34 73,97
71.84 75.39
70.75 76.39
70,02 77.03
69.39 77.59
68.85 78.06
68.39 78.48

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

73.67
72,22
71.16
70.43
69.87
69.35
68.93

73.53
74.94
75.91
76,58
77.08
73.53
77.90

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

73.73
71,98
71,01
70.17
69.53
69.01
68.49

73.43
75,12
76.02
76.87
77.35
77.80
78.25

Total Distortion, in Percent:
Avg. Distortion, in Percent:

()

73.70
72.21
71.10
70,30
69.83
69.41
48,98

73.84
72,19
71,24
70.29
69.51
68.91
68.35

73,46
71,98
70.92
70,18
69.54
69.02
68.55

73.81
72,26
71.22
70.47
69.91
69.41
68.98

73.87
72,13
71,14
70,29
69.65
69.13
68,61

(d)

73.81
75,19
76.23
76.96
77.36
77.73
78.12

73.49
75.06
75.93
76.80
77.48
78,00
78,49

73.74
75.21
76.20
76.85
77.43
77.90
78.30

73.26
74,72
75.71

76.50
77.33
77.71

73.31
74,99
75.92
76.69
77.26
77.73
78.17

Change in Length, in In. Average
@) (&) () () Change
1.41 1.32 1.49 1.38 1,40
2.54 2,46 2,60 2.42 2.51
3.36 3.10 3.40 3.15 3,25
3.85 3,52 3.87 3.55 3,70
4,23 3,90 4,29 3.2 4,09
4,69 426 472 4.3 4,50
6.41 576 6,40 5,84

6.10
1.63 1.55 1,65 1,57 1.0
2,49 2.38 2,60 2.44 2,48
3,49 3,28 3,55 3.31 .4
4,30 3,99 4.33 3.99 4,15
4,88 4,50 4,93 4,51 4.71
5.44 5,00 5.49 5.00 5,23
7.39 6,80 7,43 6,80

7.1
1.50 1.42 1.48 147 1.47
2,59 2,42 2,54 2.46 2.50
3.32 3.06 3.28 3.1 3.19
3.95 3.62 3.92 3.69 3.80
4,49 4,09 4,44 4,16 4,30
4,95 4,51 491 456 4,73
6,75 6.10 6,88 6.18

6.43
1.45 1,41.1,55 1,46 1.47
2.51 2,38 2,59 2,45 2,48
3.24 3.05 3.34 3,14 3,19
3,80 3,55 3.90 3.44 3.72
4,32 4,00 4,40 4.07 4,20
4,74 4,37 4,83 4,45 4,60
6,43 5,94 654 6.07

6,25
1,75 1.69 1.74 1,68 1.72
2.72 2,59 2,73 2,61 2,66
3.56 3.35 3,58 3.38 3.47
4,20 3,92 4,22 3,95 4,07
4,72 4,37 474 4,42 4,56
5.24 482 5,26 4,88 5.05
7.11 6.56 7.12 6,63

6.86



Pallet
Number

8ci

Be2

Be3

Bed

BeS
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APPENDIX TABLE 22g

Detailed Test Data for Free-Fall Drop Tests from 33%" Height
of Improved Stevedore Pcliets

Test
Condition

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

Length of Diagonais, in In.
(@ (b) () (d)

73.31 73,84 73.55 73.76
72,40 74,82 72,69 74,82
71,90 75.23 72,18 75.10
71,58 75,54 71.82 75,40
71.48 75,59 71.76 75.48
71,17 75.90 71.46 75.77
71,10 75,96 71.33 75.86

Total Distortion, in Percent:
Avg, Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After Sth Drop
After 6th Drop

73.32 73.65
72,49 74,46
72,03 74.87
71.64 75.23
71.38 75.49
71.16 75.68
71.00 75.84

73.61
72,75
72,31
71.93
71.64
71,45
71.28

73.69
74,49
74.93
75.29
75.53
75,73
75.90

Totai Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After &th Drop

73.69
72,74
72.17
71.81
71.51
71.27
71.09

73.65
74.55
75.01
75.45
75.71
75.95
76.12

73.72
72.79
72,21
7.182
71.53
71.29
71,13

73.58
74,49
75.04
75,40
75.67
75.90
76.04

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

73,35 73.93
72,52 74.75
71,98 75,26
71.65 75.56
71,36 75.82
71.13 76,04
71,95 76,20

73.87
72,80
72,26
71.92
71,62
71.41
71.21

73.61
7.447
75.00
75.29
75,58
75.80
75.97

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test

After 1st Drop
After 2nd Drop
After 3rd Drop
After 4th Drop
After 5th Drop
After 6th Drop

73.43
72.47

73.68
74,59

73.29 73,76
72,35 74.70
71,77 75.23 71.87 75.14
71.35 75.61 71,46 75,52
70.95 76.00 71,08 75.89
70,69 76.23 70.83 76.12
70.50 76.40 70.64 76,28

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Change in Length, in In, Average
@ ® (© (@ Change
0.91 0.98 0,86 0,86 0.90
.41 1.39 1.37 1.34 1.38
1.73 1.70 1,73 1,64 1.70
1.83 1.75 1,79 1.72 1.77
2.14 2,06 2,09 2,01 2,08
2,21 2,12 2,22 2,10 2,16
3,01 2,87 3.02 2.85

2.94
0.83 0.81 0.86 0.80 0.83
1.29 1.22 1.30 1,24 1,26
1.68 1.58 1.68 1.&0 1.64
1.94 1.84 1,97 1.84 1.98
2.16 2,03 2,16 2.04 2,10
2,32 2,19 2,33 2.21 2,26
3.16 2,97 3.17 3.00

3.08
0.95 0.90 0.93 0.91 0.92
1.52 1.36 1.51 1,47 1.46
1.88 1.80 1.90 1,82 1.85
2.18 2,06 2,19 2,09 2,13
2,42 2,30 2,43 2.32 2,37
2.60 2,47 2.59 2,46 2.53
3.53 3.35 3.51 3.34

3.43
0.83 0.82 0.87 0.88 0.85
1.37 1.33 1.41 1,38 1.38
1.70 1,83 1.75 1.48 1.69
1.99 1.89 2.05 1.97 1.98
2.22 2,11 226 2,19 2.20
2.40 2,27 2,46 2,36 2,37
3,27 3.07 3.34 3.2!

3.22
0.94 0.94 0.96 0.91 0.94
1.52 1,47 156 1,46 1,50
1.94 1,85 1,97 1,84 1.90
2.34 2,24 2,36 2.21 2,29
2,60 2,47 2,60 2,44 2,53
2.79 2,64 2,79 2.80 2,71
3.81 3,58 3,80 3.52

3.48



Pallet
Number

Bd1

Bd3

Bd4

Bd5
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Detailed Test Data for Free-Fall Drop Tests from 333" Height
of Improved Stevedore Pailets

Test Length of Diagonals, in In,

Condition (@) (b)

Prior to test 73.34 73.92
After 1st Drop 72,36 74.86
After 2nd Drop 71.67 75.50
After 3rd Drop 71,26 75.87
After 4th Drop 70.95 76,16
After 5th Drop 70.67 76.43
After éth Drop 70.48 76.60

Total Distortion, in Percent:
Avg, Distortion, in Percent:

Prior to test 73.68 73,38
After 1st Drop 72.69 74.33
After 2nd Drop 72.01 74,98
After 3rd Drop 71.63 75.34
After 4th Drop 71.43 75.54
After 5th Drop 71.14 75,80
After 6th Drop 70.97 75.97

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test 73.81 73,44
After 1st Drop 72,87 74.35
After 2nd Drop 72,27 74.90
After 3rd Drop 71.89 75.28
After 4th Drop 71.53 75.60
After 5th Drop 71,28 75.84
After 6th Drop 71.08 76.02

Total Distortion, in Percent:
Avg, Distortion, in Percent:

Prior to test 73.85 73.32
After 1st Drop 72,77 74,34
After 2nd Drop 72.04 75.05
After 3rd Drop 71.66 75.39
After 4th Drop 71.40 75.63
After 5th Drop 71.05 75,93
After 6th Drop 70.96 76.02

Total Distortion, in Percent:
Avg. Distortion, in Percent:

Prior to test 73.41 73,95
After 1st Drop 72.42 74,9
After 2nd Drop 71.80 75.49
After 3rd Drep 71,41 75,83
After 4th Drop 71.15 76,09
After 5th Drop 70.96 76.25
After 6th Drop 70.79 76,42

Total Distortion, in Percent:
Avg, Distortion, in Percent:

(c)

73.44
72,42
71.72
71,30
71.00
70,72
70,52

73.84
72,84
72,16
71.74
71,55
71.26
71.08

73.77
72,84
72,45
71.86
71,52
71.25
71.05

73.80
72,76
72,03
71.65
71.39
71,06
70.95

73.60
7.261
71,99
71.62
71,35
71,14
70,98

(d)
73.75
74.70
75,35
75.74
76.02
76,29
76.47

73.40
74,33
75,00
75,39
75.58
75,84
76,00

73.47
74,39
84,93
75.30
75,63
75.90
76.06

73.39
74,40
75,11
75.47
75.70
76,02
76,11

73.86
74,83
75,41
75,76
76,00
76,19
76,36

Change in Length, in In, Average
@) ® () (@ Change
0.98 0.94 1,02 0.95 0.97
1.67 1.58 1.72 1.0 1.64
20.8 1.95 2.T4 1,99 2,04
2,39 2,24 2,44 2,27 2,34
2,67 2.51 2,72 2,54 2,61
2,86 2,68 2,92 2.72 2,80
3.90 3.63 3.98 3.59

3.77
0.99 0.95 1.00 0,93 0.97
1.67 1,60 1.68 1,60 1,64
2,05 1.96 2,10 1.99 2.03
2,25 2,16 2,29 2,18 2,22
2.54 2,42 2,58 2,44 2,50
2,71 2,59 2,76 2.60 2,67
3.68 3.53 3.74 3.54

3.62
0.94 0.91 0.93 0.92 0.93
1.54 1,46 1,32 1,46 1.45
1.92 1.84 1,91 1,83 1.88
2,28 2,16 2,25 2,16 2,28
2,53 2.40 2,52 2,43 2,47
2,73 2,58 2,72 2,59 2,66
3.70 3.51 3.69 3.53

3.61
1.08 1,02 1.04 1.01 1.04
1.81 1,72 1.77 1.72 1.76
2,19 2,07 2,15 2,08 2,12
2,45 2,31 2.41 2.9 2,37
2,80 2,61 2,742,463 2,70
2,89 2,70 2,85 2,72 2,79
3.91 3.68 3.86 3.71

3.79
0,99 0.95 0.99 0.97 0.98
1.1 1.54 1,61 1,55 1,58
2.0 1.88 1,98 1.9 1,94
2,26 2.14 2,25 2,14 2,20
2,45 2,30 2,46 2,33 2,39
2,62 2,47 2,62 2,50 2,55
3.57 3.34 3,56 3,38

3.46
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Average Chan

Conventional and improved Stevedore Pailets
Diagonais, in

Average Data for Free-Fail Drop Tests from 334" Height of
Test
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APPENDIX TABLE 24

Two=Factorial Analysis of Variance of Free~Fell Drop Test Data
for Pallets of Two Designs, Assembled with Four Different Nails

Source of Sum of Degrees of Mean Computed Critical

Variation Squares Freedom Square f f
Design 149,61 1 149,61 202,01 4,15 S
Nail 1117.72 3 372,53 503.47 2.90 S
Interaction 1.00 3 0.33 0.45 2,90 NS
Error 23.70 32 0.74

Total 1292,03 39

Duncan's Multiple Range Test on Average Cumulative
Length Changes of Diagonals After 6th Drop

b 2 3 4 5 & 7 8

rp 2.882 3.029 3.125 3.193 3,245 3,285 3.318
Rp 111 117 120 1,23 1,25 126 1,28

Avg. Differences

10.73

: 1.37

12,10 234 3.71 4.80

14,44 3.43 9.71
1.09 8.34 11.90

15,53 6.00 10,53 13.85
4,91 8.19 12.48 16,10

20.44 7.10 10,14 14,73
2.19 9.05 12,39

22,63 1795 4,14 6 39”.30

24,58 2‘25 4,20

26.83 “

Bc Bd Ac Ad Bb Ba Ab Aa

1073 12.10 14.44 15,53 20.44 22,63 24.58 26.83
(60%) (55%) (46%) A42%) (24%) (15%) (8%)
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APPENDIX TABLE 25
Detailed Deckboard-Stringer Separation Data for Pallets of Conventional Design

Pallet Pallet Paliet Test Number of Runs
Nails No. Weight, in Lb. Failure of Leading-Edge Deckboard Prior to End of Test
2§ Aal 136.98 Spiitting (6); first deckboard off two stringers (6); six nails withdrawn, é
Nail (a) Aa2 139.89 Splitting (5); first deckboard off two stringers (7); six nails withdrawn, 7
Aa3 137.45 First deckboard off two siringers (9); six nails withdrawn, 9
Aad 138,19 Splitting (1); first deckboard off twe stringers (7); six noils withdrawn
and one nail pulled through at split. 7
Aa5 137.91 First deckboard off two siringers (4); six nails withdrawn, 4
Avg. 138.08 7
24 Abl 141,91 First deckboard off two stringers (10}; one nail broken and five nails
Nail (b) withdrawn, 10
Ab2 139.50 Splitting (2, 5); first deckboard off two stringers (9); one nail broken,
two nails pulied through, and three nails withdrawn, 9
Ab3 141,81 First deckboard off two siringers (22); one nail broken and five nails
withdrawn, 22
Ab4 141,19 First deckboard off two stringers (38); six nails withdrawn, 38
AbS 138,53 Splitting (3, 8, 10); first deckbocrd off two stringers (24); five nails
withdrawn and one nail pulled through at split; first deckboard destroyed. 24
Avg. 140.60 21
23" Acl 138.70 First deckboard off two siringers (3); two nails broken and four nails
Nail (¢) withdrawn, 3
Ac2 139.59 Splitting (6, 13, 14); first deckboard off two siringers (14); one nail
broken, two nails pulled through, and two nails withdrawn, 14
Ac3 138.26 Splitting (1, 1); first deckboard off two stringers (5); one broken nail,
two nails pulled through, and three nails withdrawn; first deckboard
destroyed. 5
Acéd 139.25 Splitting ‘4, 5, 6); first deckboard off two siringers (7); four nails
withdrawn, two nails pulled through, and one nail broken; first deck~
board desiroyed. 7
Ac5 134.75 Splitting (32); first deckboerd off two stringers (60); two nails broken,
three nails withdrawn, and one noil puiled through at split; first deck-
board destroyed (60). 60
Avg. 138.11 18
3" Adl 143,80 Splitting (71, 97); first deckboard off two stringers (100); four nails
Nail (d) broken, one nail pulled through, and two nails withdrawn, 104
Ad2 147.06 Splitting (5, 129, 131, 132); first deckboerd off two stringers (137);
three nails broken and two nails pulied through. 137
Ad3 141,06 Splitting (4); first deckboard off two stringers (10); two nails broken,
two nails puiled through, and two nails withdrawn, 10
Ad4 138.02 Splitting (6, 11, 11); first deckboard off two siringers (12); one nail
broken, three nails withdrawn, and two pulled through at splits; -
first deckboard destroyed (12). 12
AdS 141,95 Splitting (6, 35, 48, 106); first deckbocrd off central siringer (106);
first deckboard destroyed (106). 106

Avg. 142,38 74



Pailet Pailet

Nails

2y
Noil (a)

2y
Nail {b)

2 &u
Nail (c)

"

Nail (d)

No,

Bal
Ba2
Ba3
Ba4

Ba5

Avg,
8b1

8b2

B8b3

B8bS

Avg,
8cl

8c2
8¢3
8c4
BcS

Avg,
Bdl

8d2
8d3

Bd4

BdS
Avg,
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APPENDIX TABLE 26

Detoiled Deckboard~Stringer Separation Dara for Paliets of imoroved Design

Pailet Test
Weight, in Lb.

161.48
160.50
160.12
155.86

159.61

159.51
157.20

162,53

158.16

156.48
156.92

158,26
156.44

160.00
156,95
153.25
152,47

155.82
152.67

152.39
152,26

159.50

154,06
156.54

Number of Runs

Failure of End Deckboard Prior to End of Test

First deckboard off two stringers (85); eight nails withdrawn; second deck-
board off one siringer; three nails withdrawn (85),

First and second deckboards off two stringers (62); eight and six nails with-
drawn,

First deckboard off two stringers (88); eight nails withdrawn; second deck-
board off one stringer (88); three nails withdrawn.

Splitting (222, 227, 292); first deckboard off two stringers (312); seven nails
withdrawn and one nail pulied through; second deckboard off two stringers
(312); one nail broken ond five nails withdrawn,

Splitting (199); first deckboard off two stringers (252); eight nails with~
drawn; second deckboard off one outer stringer (252); two nails withdrawn
and one nail pulled through,

Splitting (47); first and second deckboards off two stringers (245); three
nails broken and five nails withdrawn; two nails broken and three naiis
withdrawn (one nail for the second deckboard was a shiner,)

Splitting (432); first and second deckboards off two stringers (434); seven
nails broken and two noils withdrawn; four nails broken ond one nail
pulled through.

Splitting (4); first deckboard off center stringer and one-half of first deck~
board, split in two, off one outer stringer {220); two nails broken and
four nails withdrawn,

First deckboard off two stringers (552); five nails broken and three nails
withdrawn; second deckboord off center siringer (552); three nails broken
Splitting (373); first and second deckboards off two stringers (375); four
nails broken and four nails withdrawn; three nails broken and three nails
withdrawn,

First deckboard off two siringers {271); seven nails broken and one nail
withdrawn,

First and second deckboards off two stringers (271); six nails broken and
two nails withdrawn; six nails broken,

First and second deckboards off two stringers (221); five nails broken and
three nails withdrawn; three nails broken and three nails withdrawn,
Splitting {3); first deckboard off two stringers (341); five naiis broken
ond three nails withdrawn; four nails broken,

First deckboard off two stringers (406); eight nails broken; one nail bro-
ken and two nails withdrawn at center stringer,

Splitting of leading deckboard (498) and of second deckboard (521); first
deckboard off two stringers (560); eleven nails broken; four nails broken,
Splitting of second deckboard (551); first deckboard off two stringers (598);
ten nails broken; second deckboard off one siringer (578); three nails broken.
First and second deckboards off two stringers (383); six nails boken, one

nail withdrawn, and one nail pulied through ot split; four nails broken and
two nails pulled through at split; first and second deckboords destroyed (383),
Splitting (316); first and second deckboards off two stringers (319); seven
nails broken and one nail pulled through at spiit; five nails broken and

one nail withdrawn,

First deckboard off two stringers (451); eight nails broken; five naiis broken,

85
62
38

312

252
160

245

220
552

375

271
271
221

383

319
451
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APPENDIX TABLE 27

Two-Factorial Analysis of Varionce of Inciine Impact Test Data
for Pallets of Two Designs, Assembled with Four Different Nails

Source of  Sum of Degrees of Mean  Computed Critical

Variation  Squares Freedom  Square f f
Design  856.15 E3 1 856,15 E3 124,72 4,15 S
Nail 176.21 E3 3 58,74 £3 8.56 2.90 S
Interaction 78,46 E3 3 26,15 E3 3.81* 2,90 S
Error 219,67 E3 32 6.86 E3

Total 1330.49 E3 39

*not significant at 1% level of significance,

Duncan's Multiple Range Test on Average Number of Runs
during Incline impact Test

P 2 3 4 5 6 7 8

rp 2.882 3.029 3.125 3.193 3.245 3,285 3.318
Re 107 112 116 118 120 122 123

Avg. Differences

12 1y

21 3 56 .7 153
53 142 295

74 139 284 358
86 281 347 455

160 228 344 444
142 291 441

302 '3 205 S, 388

365 37 160

462

Aa Ac Ab Ad Ba Bc Bb Bd
7 18 21 74 160 302 365 462




Test
{ood

Paliet No. Agl

8 C

241 1769
245 1817
250 1844
254 1887
260 1913
266 1959

D E

271 1987 2030 233!
276 2032 2047 2378

APPEMDIX TABLE 260

Detuiled Foilow-Up Load-Dseflection Data, in L5, and 1/1000 in,
Pclists of Conventional Design

Pallet No, Aa2
A 8 C D

E
000 0CO 000 000 000
50

46 &
136
150
29
235
234 296
312
75
391
452

A3 470

1590 2110
1616 2145
1649 2193
1675 222
1716 2284
1743 2318
1777 2345

Pailet No, Aa3
cC 0

1955 2746

Pallet No.

Aol

c D E
000 000

48 55
64 73 76
128 148
139 183 147
198 241 245
208 258 261
262 329 33
273 345 348
R5 410 412
339 429 40
391 494 496
405 513 514
AS7 574 579
470 593 59

1698 2014 2108
1734 2058 2154
1764 2091 2191
1804 2135 2238
1834 2147 2275
1874 2216 2325
1903 2247 2340
1942 2291 24C8

Pallet No.

291
296
0!

C

1717 1857
1752 1889
1786 192
1821 1962
1856 2003
1893 203!

BRESE

~
)

=35883a3882Y

2208
2247

06 1927 2072 290



Tent
Lood

1600

BEEEUBECEBBEBEBERERUBE

Paifet No. Ab}
3

D

1966 2133
1999 2175

Detuiled Follow:

Pallet No. Ab2
8 € D

000
49
54

112
123
177
187

000 000
54 56
&0 63
122 128
134 141
196 206

208 218

268 283

283 298
342 364

362 1382

416 444

427 40

JYBRIBESE
- 33

S
88

1974 2274
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APPENDIX TABLE 28b

Lood-Deflaction Dota, in Lh. and 1/1C00 In,
Pailets of Conventional Design

i Pailet N
Al 8

C

000 000 000

1155
63
23 131

305 2056

o, Ab3

O E

59 61

1716 1940
1747 1979
1778 2015
1809 2052
1839 2089
1868 2126
1900 21485
1929 2200
1961 2239
1989 2274
2023 231

J[INGEIULRLEEE

L3
w

EREA IS IR R REPEERN IR T AR S 2

276

1921 2143

g
38EEY

433
z3%

BIER

171 1379
1196 1413
1221 1447
1243 1483
1274 1517
1300 1552
1327 1588
1352 1622
1379 1659
1402 1494
1422 174
1457 17

1489 1807
1512 1839
1543 1882
1566 1914
1598 195%
1621 1991
1655 2039
1676 2071
1711 218
1732 2151
1767 2198



EEESBEEEEBERES

38

g

&

1349 1507
1281 1545
1411 1577
1441 1612
1472 1646
1501 15817
1533 1717
1561 1752
1596 1789
1623 1825
1657 1862
1683 1896
1718 1935
1745 1949
1781 2010
1807 2044
1844 2086
1870 2118
1905 2158
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APPENDIX TABLE 28¢

Detailed Follow=Up Load-Deflection Data, in Lb, and 1/1000 In,
Pallets of Conventicnal Design

Pallet No. Ac2
o

1013 1148

1705 1957
1731 1990
1770 2038
1795 2069
1833 2115
1858 2148
1894 2192

388 »

a8

Pailet No, Ac3 '
8 C D E

000 000 000 000
09 55 57 6!
10 & 68 72
19 129 137 145
22 143 150 159

9 204 214 232

226 247

<
~N
@

SIEBINIBEREREE LY
3
5
3

246 1780 1669 1987
251 1822 1701 2029
235 1853 1728 2063
260 1902 1765 2109
265 1930 1791 2143
271 1979 1827 2189
276 2007 1850 2221
281 2053 1884 2266

Pallet No. Acd
8 C o]

14 52 &8 63
16 63 79 74
27 131 145 147
31 147 158 164
42 212 233 240
44 227 246 257
54 289 09 28

335 2158 2008 2310
340 2184 2036 2342
344 2253 2072 2399

388 >

Paliet No.
B

AcS

D



EEEEEBUEEREE

£E88

1897 2124
1925 2162
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APPENDIX TABLE 284

Detailed Follow~Up Load~Deflection Data, in Lb. and 1/1000 in,
Patlens of Conventional Design

Pallet No. Ad2
8

D
000
58 75
66
133
145 170
213 245

225 280
290 33

381 431

Pallet No, AdJ

C

D

2041
2067
2101

D95
2136
2149
212
2244
2284

Pallet No, Ad4

07

C

D

1814
1845

3

FEIBRREBESERRUTE e

3
—_
re

§E33583088

213
2173
2214

267

Pallet No, Ad5
c Do

1592 1849
1620 1878
1640 1917
1689 1944
1729 1987
1755 2014
1820 2052
1844 2081
1888 2124
1916 2151
1941 2194
1988 2222

2277
2328
2362

279 2031 2243 2409
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A

Pailet No, 3al
B [
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APPENDIX TABLE 28e

Detailed Follow-Up Load-Ueflection Datg, in Lb. and 1/1000 In,
Pallets of improved Design

Pollet No,
8

Ba2
2]

23538888 »

23882 BF ISR SRBL5288E8588

k)]

Poilet No,
]

Ba3

Pallet No, Bad
8 cC 0

000 000 000 000
09 39 55 5
10 4 463 59
24 94 128 122
26 101 137 13}
38 142 203 1%
41 151 214 201
52 191 276 28)
55 202 287 273
45 241 350 332

290 1401 1608 1663
294 1435 1635 1694
300 1457 1662 1724
303 1494 1691 1756
307 1514 1719 1784
312 1552 1747 1819
317 1574 1775 1847
320 1407 1804 1882

Pallet Na, BaS

2688 o

g



Test
Lood

Paollet No. &bl
A B8 C

[}
1t
13
24

000
13
15
0
g
45
49

000
43
49
98

106

152

164

206

219

262

274

313

Ré

3464

377

411

424

457

448

501

512

1370
1417

2]

1374

1516

110

APPENDIX TABLE 28f

Oetailed Foliow-Up Load-Defiection Dam, inLb, end 1/1000 in,
Pallets of improved Design

Pallet No. 8b2
A 8

000
12

000
12
18
k)i

372

(o

1381

1513
1545

D
000

48

&
137
127
178
188
235
244
293
04
350
3461
405
418
462
476
518
532
572
587
626
643
478
695
731
747
783
797
830
847
878
897
928
948
977
998

1025
1046
1073
1095
19
1144
1148
1192
1216
1242
1265
1292
1315
1339
1363
1389
1411

1437

1459
1487
1510
1538
1560
1586

[
000

46

60
17
133
184
195

Pallet No. Bb3
8 cC D

1119
1139

1178
1224

1242
1262

1222
1340

Pollet No, Bbé

1553
1579

E
000

ks

4“4

100
109
143
173
220
241
298
312
369

383
435
448
500
514
564
577
426
642
489
703
747
763
804
820
859
874
914
32
967

990
1023
1050
1081
1102
1133
1156
1185
1207
1236
1259
1285
1310
1336
1382
1399
1415
1441
1469
1495
1522
1548
1575
1601
1629
18355
1685
1709
1739

Pallet Na, 85

D

000 000
49 18
8 2
1ns 49
125 76
180 122
191 129

241 172

251 182

01 224

314 235

364 276

76 385

422 324

433 33

477 7

489 38!

531 418



Test
Lood

0

Pollet No, Bel
A 8 € D

i

APPENDIX TABLE 289

Detaiied Follow=-Up Lood-Defection Dato, in Lb. and 1/5000 In,
Pailets of improved Design

Pallet No. 82

8

<

o}

1313
1339

1478
1524
1572

Poliet No. 8e3
C D

000

000
45
53

117

126

186

196

1748

Paliet No, Be4

<

1102
1123
1148
1166

1209
1233
1253
1278
1298
19

[}

000
18

1007
1059
mumn

Pallet No, Be5
8 C

000
41
50

101

109

159

167

216

226

271

281

324

376
386



Tost
Load

Paliet No, Bd!
8 C

]

000
4
53

107

nz

169

178

224

Detaifed Foilow=Up Lood-Deflecticn Dara, in Lb, and 1/1000 in,

Paliet No, 3d2
[}

112

APPENOIX TABLE 28h

Palters of improved Design

Pallet No, Bd3
A 8

212
318

43

51
110
120
175
188
240

0 £

47 49
54 57
112 124
121 134
179 198
188 211
243 273

W7 49

677

1701 2011
1729 2050
1753 2081

s
331 2011 1780 2119

g68 of

£
00

43

56
118

127 13
136 194

1560 1735
1582 1763
1610 1794
1632 1822
1660 1854
1681 1880
1709 1912

36

Pailet No, Bd5
8 C

2
37
jerd]

o}

000 000
41 42
51 54

107 117
116 125

170 184
179 193

235 249

246 259

3302 314

33314

&
3
»
=

g
BEEBINZNEERENE

1174 1175
1195 1198
1210 1213
1238 1234
1254 1252
1274 1274
1291 1293
1322 13N
1339 130
1358 1352
1376 1371
1404 139C
1427 1413
1452 1433
1479 1458
1504 1478

1709

326 1525 1502 1737



Tast Paller

Lood Ag
0
200

400
600
800
1000
1200

2200
2400
2400
2800

3200

Dozﬂocﬂom AB

196

215

Deflections CD
3 4

1623 1970
1642 200!
1453 2045
1673 2075
1689 2117

685
1719
1750
1787
1821
1859
1892
1930
1962
2000

APPENDIX TABLE 2%

Average Follow-Up Load-Deflection Values, in Lb. and 1/1000 in,

000 000 000
6 50 53
76 6 &

149 138 128

144 150 139

237 219 202

254 235 218

23 296 275

340 312 292

407 375 352

00

2044 2025 2124
2083 2062 2161
2129 2110 232)

772 2167 2145 2361

2211 2193 2491

Deflection E
2 3

1711 1827
1746 1658
1784 1497
1822 1728
1859 1763
1901 1799

68 1940 1840

1985 1881
2023 1921
2072 1959
2108 1997
2154 2041
2191 2082
2238 2126

Avg,
000
58
7
142
155
226
242
307
kr)
387
405

550

2252

2247 2232 2535 2275 2165 2291
2294 2284 2424 2325 2208 2347
2331 2318 2663 2360 2247 2384
2378 2365 2746 2408 2290 24377

Paliet
Ab 1

Deflections AB
2 4

Doflections CD
2 4

000
52
57

1354

129

187

198

254

269

24

343

398

411

471

486

539

555

606

623

677

692

740

759

810

57

55

1411
1439
1471
1499
1533

1594
1624

1685
1718
1748

1811
1839
1874

1940

Deflection £
2 3

000 000
8 56
65 43

125 128

139 141

205 206

224 218

290 283

07 298

72 34

390 382

451 444

000
81
69

142

153

22!

234

02

315

382

396

444

478

544

561

633

651

714

735

796

814

875

894

951

71

1026
1048
1100
1124
1172
1198
1245
1271
1316
1344
1389
1417

1878 1964 2015
1918 2002 2052

1957 2039

2089

1989 2077 2124
2034 2118 2165 2011 2039 207}
2035 2156 2200 2046 207} 2166
2094 2195 2239 2087 2118 2147
2133 2233 2284 2120 2151 2182
2175 2274 2311 2163 2158 2224

4

000
58
48

138
149
218
232
296
309

372
385
445
459
516
532
591
808
670
689
74)
782
814
833

1219
1243
1278
1310
1344
1379
1413
1447
1483
1517
1552
1388
1622
1659
1694
1734
1767

793 1807

1839
1882
1914
1959

971 199t

1957
1996
2031

el



Test Patlet

Lood Ac
0
200

2200
2400
2600
2800

3200

4200

4600
4800

5200

Defloctions AB
2 3

000 000
0

38

1423

1510

1827
1719
1745

1805
1827

Defloctions CD
2 3 4

000
48
0

4i7
128
184
197

249

261

n

326

379

393

443

459

522

1849

000 000
56 &0
67 71

133 138

147 153

209 223

222 237

282 299

296 4

354 373

38 3N

425 48

439 467

493 522

507 541

561 595

574 414

1841 2035
1903 2083
1929 2110
1970 2183

1584
1622
1646
1687

APPENDIX TABLE 29b

Average Follow-Up Lood-Deflection Values, in Lb, and 1/1000 in,

1
000 000
& 53
68 &
137 13
148 143

1895 1913
1935 1957
1949 1990

Deflection E
2 3

4

1875 1978
1911 2009
1953 2058
1987 2090
2029 2140
2063 1271

2010 2038 2109 2223

2044 2049
2084 2115
2118 2148
2158 7192

2143 2255
2189 2310
2221 2342
2266 2399

Avg,

1930 2152
1977 2198

Pollet
Ad

Deflections AB
4

000
&9
7

142

153

216

228

287

301

59

373

1723 1858

1786 1936
1814 1983
1851 2606
1879 2034
1916 2078
1945 2105
1980 2147

174
1767
1800
1827
1857

2162 2771

Deflection £
2

1252
1277
1349
145
1384
1414
145¢
1484
1524
1553
1593
1624
1662
1697
1732
1765
1803
1838
1874
1913
1949
1935
2021
2080

1774
1809
1845
1660
1918
1952
1990

200

1229 1189
1272 U
13 1282
1344 1304
1378 1332
1417 1376
1453 1413
1491 1453
1528 1468
1548 1529
1803 1593
1639 1633
1679 1671
1716 1710
1755 1749
1790 1784
1834 1828
1869 1848
1914 1914
1950 1952
1995 2002
2030 2040
2075 2007
2109 2123
2185 2186

2095 2023 2197 2213
2136 2063 2245 2247
2169 2097 2277 2273
2212 2139 2328 2307
2244 2173 2362 2335
2284 2214 2409 2368

vil



Test Pallet
B

Deflections AB
Load 2 3 4

1200 67 106 57 81 &4 75
1400 77 116 & 91 72 84
79 19 & 94 75 87
1600 8 112 74 103 83 9
92 135 76 110 85 100
1800 101 147 84 120 92 109
103 150 88 124 94 112
2000 10 159 %4 132 102 19
114 164 98 136 106 124
2200 122 177 105 143 112 1%
126 180 106 147 N5 135
2400 135 189 13 155 121 143
137 193 N6 158 125 148
2600 44 205 122 186 131 154

3000 167 233 145 191 152 178
3200 175 239 15) 198 157 184
179 244 155 200 183 168
3400 185 251 181 206 168 194
189 256 144 211 170 198
3600 196 262 169 218 175 204
199 267 173 222 181 208
1600 207 274 179 227 185 214
210 287 183 231 189 219
w0 216 287 189 237 193 224
220 291 192 242 198 229
200 227 298 198 248 201 235
231 303 202 253 208 239

'

Deflections CD
2 3 4

000 000 (00 000

41

41

94
103
146
154
197

7

54
100
107
151
160
201
21
252
282
302
313
52
4
404
415
452

47
55

APPENDIX TABLE ¢

Average Follow-Up Load-Deflection Values, in Lb, and 1/1000 in,

Deflection E
2 k] 4

000 000 000

48

52
107
"7
167
176
229
243
292
308
57
372
418
432
462

41
81
13
123

51

59
122
131
190
201
26!
273
xR
4
399
412

1819
1847

1810

1669
1495
1727

Patlet
&b

Deflections AB
4

Deflections CD
3 4

1483 1447
1515 1469
1537 1489
1568 1512

000
3
42

101

1319
1342
1345
1390
1413
1436
1460
1483
1510

000
54

Defloction E
3 4

000
5
“

100

109

143

173

230

241

Gil



Test
toad

0
200

2200
2400
2600
2800

3200
3400

4200

4600
4800

5200

Paliet

Deflections AB
Bc 2

174
181

Deflections CO
2 3 4

000 000 000 000
47 2 ¥ 25
§1 33 45 38
100 84 9
108 106
155 155
164 164
207 213
217 222
259 267
268 279
209 323
318
3s8
349
410
422
463
474
12
524
562
574
610
624
680
673
708
m
755
772
804
821
850
849
900
917
945
967
996
1017
1044
1067
1092
1114
1138
1160
1185
1208
1231
1255
1278
1302

88

99
147
157
203
21
256
267
308
k73
363
376
417
432
473
488
527
51
580
595
631

1415
1436
1460

1505
1530

1418

1523
1576
1629

APPENDIX TABLE 29d

Averoge Follow-Up Load-Deaflaction Values, in Lb, ond 1/1000 in,

Deflection E Patiet Deflections AB
Avg, 1 2 k] 4 vg. Bd 1 2 3 4 5  Awg.
000 000 000 090 000 000 000 000 000 000 000 000 000
3% 54 44 37 4 49 & 10 N 1n 1 o8 10
4 57 5 4 B & 13 13 16 10 13
9 114 110 100 92 123 108 28 24 29 M 2 27
105 123 120 109 104 134 118 31 26 N 442 4 N
155 177 177 143 157 197 174 4 38 45 56 3% 44
164 187 189 172 148 207 185 47 41 49 63 B 48
212 239 249 226 218 271 241 &0 53 & 77 5 &
222 250 264 235 231 282 252 43 55 45 84 53 4
269 300 323 289 282 342 X7 75 8 76 9% &5 76
280 311 339 01 295 353 320 78 49 8! 101 & 79
324 350 394 351 344 411 I 89 80 92 111 7 %
336 371 409 364 359 424 385 98 B3 97 115 8 95
379 419 483 411 409 480 438 110 94 110 126 90 106
AT 431 478 424 420 492 449 17 97 14 128 9 110
434 478 531 472 448 547 499 130 106 126 139 101 120
447 490 548 485 483 561 508 133 108 130 143 103 123
489 539 599 535 530 614 S43 142 119 139 152 11 13
502 550 615 548 546 628 577 146 123 145 158 113 137
542 596 685 594 590 478 625 160 13 154 185 123 147
555 609 680 411 605 491 639 1643 136 159 172 125 151
593 657 727 458 653 736 686 177 145 168 182 132 14}
&6 671 744 674 648 747 701 181 148 173 187 133 144
643 714 788 720 712 792 745 190 158 181 195 142 113
857 729 B06 735 730 804 761 193 161 186 201 145 177
693 773 851 780 769 845 BO4 208 169 195 209 152 187
709 788 870 797 788 859 820 210 173 201 214 154 190
742 827 909 BI7 826 898 859 219 182 209 222 161 199
757 843 29 856 B45 914 877 228 185 215 227 165 204
790 882 949 894 880 952 915 236 193 223 235 172 2
807 900 991 912 $00 971 935 240 196 230 240 174 216
839 938 1028 951 933 1008 972 248 204 238 248 182 224
858 957 1050 972 955 1031 993 253 208 244 254 184 229
886 991 1087 1007 986 1067 1028 266 215 251 262 91 237
907 1011 1111 1027 1007 1091 1049 270 219 258 268 194 242
936 1048 1146 1084 1037 1128 1085 277 226 266 275 200 249
957 1067 1173 1085 1059 1194 1116 286 231 274 281 204 255
984 1101 1207 1119 1089 1187 1141 293 239 281 289 210 262
1006 1123 1233 1140 1111 1215 1164 299 242 287 295 213 247
1033 1158 1262 1175 1139 1247 1196 311 250 294 303 220 276
1054 1180 1288 1198 1164 1274 1221 318 254 301 X9 223 28!
1080 1213 1319 1229 1191 1305 1251 24 31 W9 6 229 288
1102 1236 1344 1251 1215 1333 1276 29 265 315 322 232 293
1127 1266 1374 1283 1241 1365 1306 340 273 X3 329 239 0)
1151 1289 1400 1307 1245 1393 133} 345 277 129 335 243 304
1174 1319 1430 1337 1289 1423 1380 352 284 337 M2 249 313
1198 1344 1458 1350 1314 1453 1386 357 287 343 M8 252 317
1222 1373 1485 1391 1341 1483 1415 369 295 350 355 258 325
1229 1398 1513 1416 1345 1515 1441 374 299 357 381 263 331
1270 1424 1542 1445 1391 1544 1470 380 306 3464 37 268 337
1295 1453 1573 1470 1420 1578 1499 393 310 372 374 272 44
1319 1481 1599 1501 1447 1607 1527 99 317 379 380 277 35
1344 1508 1629 1527 1472 1641 1555 404 321 387 388 281 356
1367 1537 1658 1553 1498 1669 1583 414 328 394 392 287 383
1392 1563 1688 1579 1524 1703 1611 419 330 402 398 291 348
1415 1590 1715 1410 1549 1731 1639 425 337 409 404 297 74
1440 1618 1746 1637 1576 1765 1648 430 34! 418 410 301 380
1443 1646 1774 1664 1600 1793 1695 440 348 424 406 07 87
1489 1676 1806 1691 1628 1829 1726 448 352 433 422 312 I3
1512 1703 1834 1720 1654 1858 1754 453 359 44) 428 317 400
1536 1732 1865 1748 1681 1891 1783 452 364 450 43U 21 404

Deflections CO
3 4

000
&7 45
76 53
m
21
177
188

000
42
55

Deflection E
2 3 4

000
49
57

124

134
198

N

73

287

349

364

425

439

501

520

582

600

640

679

735

755

810

a9

986
1023

1362
1417
1447
1482
1512
1544
1578
1610
1643
1674
1709
1741
1776
1808
1843
1874
1912
1941
1982
1749 2011
1779 2050
1807 2081
1836 2119

000
43
56

118

133
194
206

1674

1763
1795
1824
1838
1884
1916

91t
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APPENDIX TABLE 30

Two~-Factorial Analysis of Variance of Follow-Up Stiffness Test Data
for Pallets of Two Designs, Asembled with Four Different Nails

Source of Sum of Degrees of Mean Computed Critical

Variation Squares Freedom Square f f
Design 79.25 E6 1 79.25E6 87.09 4,15 S
Nail 13.61 E6 3 4,54 E6 4,99 2,9 S
Interaction 3,68 Eb 3 1.23 E6 1.35 2,90 NS
Error 29,15 E6 32 0.91 E6
Total 125,69 E6 39




Detailed Load~Carrying Capacity Data, in Lb.

118

APPENDIX TABLE 31

Pallet Pallet Pallet

Design No.

Conventional  Aal
Aa?
Aa3
Aad
Aa5b

Avg.

Ab1
Ab2
Ab3
Ab4
Ab5

Improved Bal

Avg.

Bb1
Bb2
Bb3
Bb4
BbS

Avg.

Weight

135.06
137.95
135.47
136.44
136.62

136.31

139.89
137.42
139.69
139.42
136.53

. 138.59

158.81
158,75
158.58
156,19
158.62

158.19

154,66
161,72
157.00
155,72
156.06

157.03

Ultimate
Test Load

8800
8800*
7200*
9200
8400

8480

10200
10800
98C0
10400
9400

10120

11800
12000
11600

9800
11600

11360

13800
12400
10800

9400
11800

11640

Pallet
Ne.

Acl
Ac2
Ac3
Ac4
Ach

Avg.

Ad1
Ad2
Ad3
Ad4
AdS

Avg.

Bel
Be2
Be3
Bc4
BeS

Avg.

Bd1
Bd2
Bd3
Bd4
Bd5

Avg.

Pallet
Weight

136.75
137.67
134,56
137.53
135.81

136.46

142,88
140.28
139.44
137.55
141.25

140,28

153.88
158.83
156.14
152,62
151.91

154,68

150.47
151,34
154,58
158,94
153.84

153.83

*Ultimate test load li mited by failure of center stringer.

Ultimate
Test Load

11000
10400
9400
8600
10500

9980

9600
6000+
10400
9800
8800

8920

11800*
6200*
11600
12600
11200

10680

11600
11400
11800
11200
12000

11600
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APPENDIX TABLE 32

Two-~Factorial Analysis of Variance fer Ultimate Static Load Test Data
for Pallets of Two Designs, Assembled with Four Different Nails

Source of Sumof Degreesof Mean Computed Critical

Variation Squares Freedom Square f f
Design 37.83 E6 1 37.83 E6 20.23 415 S
Nail 4,74 E6 3 1.58 E6 0.84 2,90 NS
Interaction 7,87 E6 3 2,62 E6 1.40 2,90 NS
Error 59,90 E6 32 1.87 E6

Total 110,34E6 &
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EVALUATION OF THE IMPROVED STEVEDORE PALLET

by
Nilson Franco

(ABSTRACT)

An evaluation was made of the performance of 48" x 63", reversible, double~
face, wing-type, two-way eniry, nailed red-oak, stevedore pallets of two designs
assembled with four different nails, Special consideration was given to Brazilian sit-
uations in the light of the interest of the author in the industrial potential of Brazil.

The pailets of improved design had their top and bottom leading-edge deckboards
backed up by follow-up deckboards. Furthermore, four nails, instead of three, were
used for fastening the leading-edge deckboards and three nails, instead of two, were
used for fastening the inner deckboards to each stringer.

The sequence of tests on each pailet started with the initial stiffness test, followed
by the rigidity test, the impact-inciine deckboard=siringer separation test, and the foi-
low-up static stiffness and load~carrying capacity tests.

The pallets of improved design were better than those of conventional design dur-
ing all tests performed. The influence of the nails on pailet performance was signifi-
cantly different only during the performance of the rigidity and impact~-incline tests,
During the latter test, the pallets of improved design assembled with 3" helically
threaded hardened-steel nails were, on the average, 66 times better than the conven-
tional paliets assembied with the Brazilian 23" helically fluted nails.

Recommendations were advanced, suggesting that the study be continued and that
special consideration be given to the wood species available in Brazil for pallet assem-
bly, to the use of improved nails, and to the environmental conditions under which

stevedore pallets are exposed.
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