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INTRODUCTION 

Stevedore pallets are used in preference to other types of pallets in many ports. 
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 crctes. The pallets ere to withstand 
such heavy impacts as are exerted by the forks of lift trucks. 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 pallets are used mainly to facilitate materials handling at the 
docks, they can be considered captive pallets. For this reason, it 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 pallets 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 country1s immediate future, srevedore 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 m~t effective 
manner. These pallets are of 48 11 by 63 11 (1200 by 1600 mm) size and usually assembled 
with mixed Brazilian hardwoods, some of which have densities similar to the density of 
the North Armrican 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 wel I as the pallet design and construction which result in interaction 
of wood end fastener under load. For a given species of wood, improvements of pal-
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let performance may be attained either by improving the design and construction or 
the means of fastening. 

One of the prevalent modes of faih.ire is the separation of the top leading-edge 
deckboards from the stringers as a result of repeated im~acts by the forks of I ift trucks. 
To reduce this incidence of failure, naib 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, !n order to allow interaction 
among both deckboards when impact forces are applied by the lift trucks. 

The observed Brazil ion stevedore pallets are of conventional design, as shown in 
Fig. l. Improvements in their design as well as in ther construction have been re-
commended. Pallets of both conventional and improved designs and constructions, 
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 
nails 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 princ1pal :;pecies used for this purpose in 
North America. The conventional and improved stevedore pallets under study were 
made of North American red oak, 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 provLde 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 quantitative evaluation of 
a) the stiffness, rigidity, and load-carrying capacity of stevedore pellets of 

conventional and improved designs as well cs their resistance to forces ex-
erted by the forks of fork! ift trucks; 

b) the performance of two types of na ii s used in 3raz ii and two sizes of na i Is 
used in the U.S.A. for the assembly of pallets. 

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 pal let life cs are experienced with 
the conventional pallets in common use today. 
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LITERATURE REVIEW 

Pal lets, cs they are known today, ere c product deve!oped since World War 11, 
when the forklift tr.;ck was introduced. It required the use of a platform on which 
products could be placed for moving, handling, storing, displcy, etc. These platforms 

ore known as pallets (palle in Danish; palette in French; Palette in German; palete, 
estrado or plataforma in Portuguese; paleto in Spanish; c:nd lastpall in Swedish). Most 
of them are mode of wood. A sizeable quantity is made of plywood and relatively few 
are made of steel, aluminum, and plastic. The pallets made from these letter materi-
als ere usually special purpose pallets where use requirements may justify the high ini-
tial cost of these pallets. Because of the advantages offered by wooden pallets, they 
can be expected to remain in high demand wherever wood is economically available 

for their manufacture (8). 
The economic significance of wooden pallets becomes evident from some of the 

statistics available. The manufacture of wooden pallets in the U.S.A. increased dras-
tically during the past few years, as is evident from Table l. The most recent statis-
tics indicate 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 improvements (9). The economic aspects of 
such improvements have been given special consideration (30). This experimental and 
morket research has influenced pallet performance to such an extent that the impor-
tance of such research hos been recognized by borh pal let manufacturers and pal let 
users. 

Methods of testing pallets were standcrdized by the American Society for Testing 
end 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 lest (4). The latter 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 

4 
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Institute (ANSI) is one which allows the simultaneous testing of the pallet for its stiff-
ness across both its length and width as well as at the pallet ce.nter while the pallet is 
supported at its four corners and loaded at the center (3). Both the ASTM and VPl&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 ultimate load at failure. The 
VPl&SU method, in comparison with the ASTM method, was found to be simpler, less 
time-consuming, better suited for yielding valuable supplementary 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 Eucalxptus saligna shook sawn 
from bolts of 55-year old and older trees. The fasteners used for shock assembly were 

· NWPCA-approved (a) 2dr" x O. l 1311 and 2!'' x 0.11911 , helically threaded, hardened-
steel, pallet nails, and (b) 2!" x 15-gauge, 7/1611 -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 2dr11 x 0.11311 pallet nail. The 2!" x 15-
gauge pallet staple provided, on the average, a 6% and 590/o, respectively, lower 
immediate and delayed shear resistance than the 2..\:11 x 0.113" pallet nail. According 
to these test data, from 1.1 to 2.5 pallet staples may replace the 2dr" pallet nail; while 
from 1.3 to 3.0 pallet staples may r~place the 2!" pallet nail (26). 

During tests on 48" by 4011 eucalyptus pallets, no failures were observed during 
the static stiffness test up to a total load of 2000 lb. 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 2dr11 or 2!'' pallet nails or 2!" pallet staples and that of the "food11 

pallets, as also described in the referenced report and assembled with 2dr11 pallet nails 
were practically the same, varying as much as from -8% to +5% from the average 
values for the pal lets 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 11standcrd11 and "food" pallets was the same, varying only as much as from -2% 
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to +3% from the average rigidity of the nailed pallets., On the other hand, the aver-
age rigidity of the stapled pallets was considerably !ewer than that of the nailed pal-
lets (26). 

With respect to the analytical evaluation of pcilets, a method was developed, dur-
ing 1976,for use by pallet manufacturers who are conl"inrJously faced with the problem 
of providing a product of sufficient strength ro perform 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 conditions 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 val id 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. 
Tne procedure was found to be conservative, since the computed values were lower 
then the test values in all instances under observation (28). 

A similar, however, simplified analytical procedure, based on the some engineer-
ing principles, was developed during 1977,for the prediction of pallet performance 
(29). Certain engineering practices v.ererecommended which should be adhered to dur-
ing the design of pallets. Three loading situationsv.eie considered and formulae w:read-
vcnced covering the stiffness and load-carrying capacity of pallets under these condi-
tions. 

The performance of wooden pallets 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 extent on the holding 
power of the fasteners in the wood used. The pallet rigidity is affected considerably 
by the ductility end toughness of the fastener. Its driveability, especially into dense 
hardwoods, is influenced by its buckling resistance, which is directly related to its 
ductility end 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 11 Morgan Impact Bend-Angle Nail Tester11 , the MIBANT device, according to 
estobl ished procedures ( 15, 21). 

Since the introduction of any quality control requires the establishment of quality-
control criteria, such criteria were suggested on the bcsi s of the performance of 
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MIBANT tests on numerous helically threaded pallet nails taken from many manufac-
turing lots (17). The tested nails could be !.e?orated into three distinct groups of nails: 

a) "Hardened-steel nails11 having MIBANT bend angles ranging from 8° to 28°; 
b) 11Stiff-stock nails" having MIBANT bend angles ianging from 29° to 46°; 
c) 11Soft nails" having MIBANT bend angles beyond 46°. 

The acceptance criteria also limit the number of partial end 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-dote. 

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

The use of the beck-up deckboard was found ro increase by one-fifth the rigidity 
of 30% heavier mixed hardwood pal lets of improved design. The use of hardened-steel 
nails was found to increase the pellet 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 
been found in the published I iterature. 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 pellets 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 
wcs received at the Sardo Laboratory in green condition, planed to uniform cross-sec-
tions end subseq1;ently stored in the Laboratory's JOOOA> 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 pallet 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 striogers 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 stringers 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 pellet nails in Brazil during 1977, 
2~11 helically fluted nails were predominantly used rhere 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 
pallets of both conventional and improved designs. In addition to 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 VPl&SU Laboratory numbering sys-
tem, ore described in the following paragraphs: 

Nail a.- The Brazilian helically fluted nail (VPl&SU No. 2017) is of 2~' (length) 
x 0.14311 (flute-crest diame·ter) size, with four helical flutes having an 80° flute angle, 
an 0.3011 -diameter flat head, and a medium diamond point, and weighing 4.546 g. 

8 
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The MIBANT bend angles of 25 random sampies, given in Appendix Table l6a, ranged 
from 29° to 36°, with an average of 32°. Therefore, this· nail can be classified as a 
stiff-stock nail. 

Nail b.- The Brazilian pointless heliccily thre:oci()c n~il (VPl&sU No. 2018) is 
of 2f' (length) x 0.12711 (wire diameter) size, with three helical thread flutes having 
a 68° thread angle, an 0.142 11 thread-crest diameter, and a ~11 clearance between 
thread and 0.28711 -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 41°, with 
an average of 37°. Therefore, this nail can be classified as a stiff-stock nail. 

Nail c.- The short helically threaded nail (VPI &sU No. 1999-A), commonly 
used in the U.S.A., is of 2 9/1611 x 0.11911 size, with four helical thread flutes having 
a 59° thread angle, an 0.138 11 thread-crest diameter, a ~11 clearance between thread 
and 0.27611 -diameter flat head, and medium diamond point, and weighing 3.800 g. 
The MIBANT bend angles of 25 nail samples, given in Appendix Table 16c, ranged 
from 15° to 19°, with an average of 17°. Therefore, this nail can be classified as a 
hardened-steel nail. 

Nail d.- The longer helically threaded nail (VPl&sU No. 1785) is of 311 x 0.120 11 

size, with four helical thread flutes having a 63° thread angle, an 0.13611 thread-
crest diameter, and a ! 11 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 25°, 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 
matched, clear, green, l 11 x 1 ~11 x 611 , deckboard specimens across a clear, green 
2.3" x 3.611 stringer of cppropriate length (4811 ). 

For matching purposes, the 6" deckboard specimens were sawn consecutively from 
representative deckboard strips of 63" length. The joints with the four nails tested were 
located in sequence next to each other and spaced 3~" 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 matching 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 l'o testing resulted in an average 
moisture content of 9.4% for the deckboords and 29.8% for the stringa-s during the 
deckboard-stringer 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 joints and 0.70 for the deckboards 
and 0.72 for the stringers of the deckboard-stringer shear joints. 

Pol lets 

The pallets of both conventional and improved designs were reversible, double-
foce, wing-type, two-way entry pallets, having the same overol I 4811 x 6311 dimen-
sions, as shown in Fig. l. The pellets were accurately assembled with green red oak .. 
at the Sardo Laboratory. During assembly of the pallets, the best stringers were used 
for the outer stringers. The best deckbocrds of those at hand were chosen for the 
leading-edge deckboards and the better edges of the leading-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 art! the oven-dry specific gravity of the top center deckboard and of 
the center stringer were determined, after the testing of the pallets had been com-
pleted, by securing smcl I 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-
bocrds, and from 14.S°/o to 27.6%, with en 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 0.60 to 
0.78, with on average of 0.68. (For further details, see the Section on Lumber.) 

The pellets of conventional design, shown in Fig. 1, had the same overall dimen-
sions, the some lumber dimensions, and the some number end location of nails as the 
pellets being used at Brazilian docks. The quantity and size of the green pallet shook 
and the number of nails used for the assembly of pal lets of conventional design are 
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shown in Table 3. 

The pellets of improved design, also shown in Fig. 1, utilize top and bottom fol-
low-up deckboards placed tightly 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 approximately :!:11 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 to 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 pallet of improved design also used an additional nail for each deckboard-
stringer joint because of the undernailing of the pallets 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 mcrl'erial 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 Tahles 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 
then 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 averag~, 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 pol let identification, all test pallets were sequentially coded accord-
ing to the following convention: 

A) Conventional design 
B) Improved design 

a) 2~11 fluted nail as used in Brazil 
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b) 2~" threaded nail as used ln Brazil 
c) 2~11 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-Stringer Joints 

An analysis of variance was used for the decuple data obtained both for the 
deckboard-stringer separation and shear resistance of 7he ioints assembled with the 
four nails tested. The purpose of such a statistical analysis was to determine whether 
the mean values differed significantly and to make comparisons between the means. 

Pal lets 

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 data 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 
pellets tested during this study is given in Table 6. 

13 



TEST PROCEDURES 

Minor iests 

1) Moisture Content of Pallet Shook 

After comp I et ion· of the tests on the deckboard-siTi nger joints as wel I as the tests 
on each 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 stringer 
samples were treated as single samples. This resulted 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 
VPl&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-stringer joints were asseml:ied 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 fwr 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 to 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-lb. 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 and determining the axial withdrawal resistance of the nail. 
The static deckboard-stringer shear resistance was determined in a similar man-

ner with similar joints by holding the stringer in c static position end applying an 
axial force in the plane and para I lei 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) Pallets 

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, ANSl-
MH 1.4.1 - 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 211 x 211 bearing plates supporting the four pal-
let corners, a 1211 x 1411 x ~0.56) 11 steel plate with a spherical loading device, and 
five linear position transducers allowing deflection recordings in one thousandth of an 
inch up to a maximum of 611 (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 to observe any creep, the load was applied with a computer-controlled motor-
ized 6000-lb. capacity pump in increments of 200 lb., with each step load maintained 
automatically for a period of two minutes, up to a load of 2000 lb., when the test was 
termira ted. 
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The average load-deflection curves for the pal let sides and the pal let ends as 
well as the load-deflection curve for the pal let centar were automatically plotted 
during the progress of the test. The initial 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, ANSl-
MH 1.4. l - 4.2 -- Corner Drop of Vertically Suspended Pallet (1). 

The drop test simulates impact racking forces imposed by dropping the pallet 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 33~11 above the level sur-
face of a heavy concrete moss onto one of the pallet corners. 

The unloaded pallet was suspended at one corner in such a manner that the dia-
gonal across the pal let 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 pal let was restrained to prevent a secon-
dary foll. 

Prior to the first drop and after each subsequent drop, the lengths of each of the 
two top-deck and two bottom-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-Srringer Separation Test 

The impact incline test is described in American Notional Standard 1977, ANSl-
MH 7.4. l - 5.6 -- Incline Impact Deckboord-Stringer Separation Test (2). 

The purpose of this test is to simulate the forces imposed by the forks and fork 
heels of a I ift truck, when they strike the top leading-edge deckboard during and 
upon termination of fork enrry. The test is performed to determine the resistance to 
damage of the pallet's top leading-edge deckbocrd 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 
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0880-73 (5) and modified by affixing forks as shown in ANSI MH 1.4. l - 5.6.2 (2). 
The dolly of the tester was raised up the incline to leave a 3011 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 11 C11 sensor I 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 
pallet in such a manner that the trailing upper edge of the 40 11 -wide and 3211 -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 hove occurred when the forks had destroyed the lead-
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 beck-up deckboard of the improved pallet 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 stringers with the 
appropriate new nails. The exceptions were pallets Ba 1, Bb 1, and Be 1. The lead-
ing-edge deckboard of pallet Ba 1 was renailed with eight nails and the fol low-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 
Bbl was renailed with six nails and the follow-up deckboard of pal let Be 1 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 attributed 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. Furthermore, 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 lb. had been applied. 

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

The purpose of this test is to determine the pallet's ultimate load-carrying capa-
city in the same manner as the pallet's stiffness, except that the first 6000-lb. 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-Srringer Joint's 

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

The detailed static ultimate nail-withdrawal and deckboard-stringer separation-
resistance data are presented in Appendix Tobie l7a. The average nail-withdrawal 

values are summarized in Table 7. 
In comparison with the withdrawal resistance of the 2!" helically fluted nail (a), 

the 2f' helically threaded nail (b) performed 44% better and the 2!" and 311 helically 
threaded nails (c 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 2~11 helically fluted nail (a), the 2!11 helically 
threaded nail (b) was 56% more efficient, and the 2!11 and 3" helically threaded 
nails (c and d) were 93°k 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 2!" and 311 

threaded nails (c and d) performed similarly on the basis of uniform shank penetra-
tion into the nailing member. 

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

sented in Appendix Table 17b. The average sheer values are also summarized in 

Table 7. 
In comparison with the sheer resistance of the deckbocrd-stringer joint assembled 

with the 2i11 helically fluted nail (a), that of the joint assembled with the 2!11 he-
lically threaded nail (b) was 28% higher and that of the joints assembled with the 
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2-!'' and 3" helically threaded nails (c and d) was 35c;o and 70%, respectively, 
higher. 

The efficiency of the nails, on a uniform weight basis, indicates that, in com-
parison with the efficiency of the 2t11 helically fluted nail (a), the 2-!'1 helically 
threaded nail (b) is 37% more efficient and the 2~11 and 311 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 311 nail providing higher shear resistance than the 2-!'' nail of same 
design. 

Pallets 

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

The detailed load-deflection 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 lb., for the quintuplicate pallets of conventional and improved designs, 
assembled with the four types of nails lllder study, are presented in Table 8. 

The material for the pallets of improved design come 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 cf the two lots. 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. Bc4, Bc5, and Bdl 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 lb.). This least-square line regression relationship between 
pallet weight and cumulative def1ectionvalues 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 pallets 
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 pallets hod no justification. (Likewise, 
no adjustments were justified for the test values emanating from the rigidity, deck-
board-stringer separation resistance, fol!cw-up stiffness, and ultimate load-carrying 
capacity tests on the pal lets of both conventional and improved designs.) 

In the I ight of the data presented, the use of the four types of nails was of no in-
fluence on the initial static stiffness of the pal lets of conventional and improved de-
signs. On the other hand, the 12% heavier pallets of improved design proved to be, 
on the average, 15% stiffer then those of conventional design. 

The average deflections, in 1/1000 inch, of all pallets of conventional and im-
proved designs per 100 lb. of static load applied at the pallet center, according to 
the deflections observed up to a test load of 2000 lb., 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 lb. of load amounted to 0.007"; those 
of the centers of the pallet ends amounted to 0.031 11 and 0.027", respectively; and 
those of the pallet centers amounted to 0.035" and 0.031 11 , 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, cs can be observed from the following statements: 

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

2) The nails did not influence the pol let performance, 
3) No interaction existed between nails and designs. 

2) Pallet Rigidity cs 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 fal Is 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 pal lets 
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, al I pellets performed without major failures. However, three 

pallets of conventional design and two pellets of improved design were damaged by 
splitting of the leading-edge deckboards. Furthermore, some of the 2~11 and 311 

threaded nails (c and d) backed out or foiled, especially in pallets of conventional 
design. 

Unexpectedly, the 2~11 threaded non-hardened Brazilian nail (b) performed better 
than the 2~' 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 2~1 hardened-steel nail (c) 
during the performance of the free-fall drop tests 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 ncLding the sixth drop are presented in Table 10. 
These data are presented graphically in the bar diagrams of Frg. 12. 

Based on these data, the pallets of both conventional and improved designs assem-
bled with the 2f' threaded nails (c) were most rigid; those assembled with the 311 

threaded nails (d) were second best; those assembled with the 2-f' threaded nails (b) 
were the third best; and those assembled with the 2~' 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 2~11 fluted nails (a) were less rigid than all other pallets. Specifically, the pal-
lets of conventional design assembled with the 2f' threaded nails (b) and 2f' and 311 

threaded nails (c and d) were 8%, 46%, and 42%, respectively, more rigid and the 
pallets of improved design assembled with the 2f' fluted nails (a), 2~' threaded nails 
(b), and 2 f' and 311 threaded nails (c and d) were 16%, 24%, 600/o, 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 we. re significantly different at the 5% level. On the other hand, there 
wcs no interaction between the four different nails and the two different designs at 
the 5% level of significance. 
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The Duncan's test for equality of means, applied ro 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 2f' end 311 threaded nails (c and d). Thus, the 
highest rigidity was obtained for the pal lets of improved design assembled with the 
2f' threaded nail (c), which was 600k high~r than the rigidity of the pallets of con-
ventional design assembled with the Brazilian nail (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 palle.t Bc2 had a 1211 crack and 
its back-up board had a 20" crack. The leading-edge deckboard of pailet Bc5 had a 
1411 crack. The leading-edge deckboard and the back-up board of pellet Bd3 had 211 

splits. The leading-edge deckbocrd of pallet Bd4 was cupped. 
During the tests, the leading-edge deckboards of 38 of the 40 pallets were torn 

off two stringers. Only in two instances, pallet Ad5 of conventional design and pal-
let 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 311 threaded nails (d) proved to be most resistant to impact deckboard-
stringer separ~tion; those assembled with 2!11 threaded nails (b) were the second best; 
those assembled with 2f' threaded nails (c) were the thi·rd best; and those assembled 
with 2 ! 11 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 pallets of improved design were, on the overage, 23, 17, 17, and 6 
ti mes, respectively, more effective. 

With the pallets of conventional design assembled with 2!'' fluted nails (a) serving 
as basis of comparison, the pallets of conventional design assembled with 2f' threaded 
nails (b) and 2~11 and 311 threaded nails (c and d) appear to have been equally effec-
tive, with the average test values having been only 3, 3, and 11 times, respectively, 
higher. Furthermore, the pallets of improved design assembled with 2f' fluted nails 
(a), 2f' threaded nails (b), 2f' and 3" threaded nails (c 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 pallets 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: .. 

l) 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 
2!'' threaded nail (b) used in Brazil and the 311 threaded nail (d) performed 
similarly and better than the other pallets of improved design. Also, the pal-
lets of conventional design assembled with the 311 threaded nails ~ and the pal-
lets of improved design as!embled with tre 2f' fluted nails (a) performed in a 
similar manner. The same was observed for pallets of improved design assembled 
with the 2f' threaded nails (band c) used in South and North America. 
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Thus, according to the impact incline deckbocrd-stringer separation tests, 
pallets of conventional design assembled with the best (311 threaded) nail can 
replace pallets of improved design assembled with the poorest (2~" fluted) nail. 

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

Detailed load-deflection date up to a test load of 6000 lb. --- obtained after the 
performance of the initial static stiffness test up to a concentrated load of 2000 lb., 
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 ct 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 0 
to 2000 lb. and from 0 to 6000 lb. for the quintuplicate pallets of conventional and 
improved designs are presented in Table 12. 

During the follow-up stiffness tests, the deflection of the pall-ets within the 0 to 
2000-lb. test range was higher and, therefore, the stiffness of the pallets was lower 
than the correspondirg values observed during the initial stiffness tests, cs is indicated 
in Tobie 13. 

The pallets of both conventional and improved designs appear to have been equal-
ly effective, with the average test values 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 fol low-up stiffness test. 

The stringers of the pallets of improved design appear to have been as effective cs 
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 lest 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 were, 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 pallets 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 fol low-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 lb. is presented in Appendix Table 20. On the basis of the data 
presented in this Tobie, the following conclusions could be advanced: 

l) The two pal let 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 pellets. 

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

5) Pellet Load-Carrying Capacity as Determined by Static Load-Deflection Test 

The detailed static ultimate load-carrying capacity of the tested pallets, when 
supported at their four corners and loaded at the center, is presented in Appendix 
Table 31. 

The average values for the ultimate test 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 pellet 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 deckbocrds broke. The exceptions were three pallets of conventional 
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as well as two of improved designs (Ac2, Ao3, Ad2, Bel, 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 
200/o 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 pallet 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 
only 7% higher than that of the pallet 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-groin, 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 m~ed to be limited to 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 performanc:e of red oak is, however, not representative of many of the other 
wood spec.ies used for .pcillet 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 whet 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 advantage also in pallets of other designs and constructions. 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 stringer. 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 nunb er 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 
lb., in the case of pallets of conventional design; and to 245 lb., with a standard 
deviation of 4.6 lb., in the case of pellets of improved design. The average weights 
of these pallets of conventional and improved designs after the performance of all 
tests were 138 lb., with a standard deviation of 2.2 lb., and 156 lb., with a stan-
dard deviation of 3.0 lb., 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 311 threaded hardened-steel nails (d) performed 
best, the 2f' threaded hardened-steel nails (c) performed second best, the 2!'' 
threaded stiff-stock nails (b) performed third best, and the 2~11 fluted stiff-stock 
nails (a) offered the least resistance to separation and shear forces. 

3) 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 naifs tested influenced the initiaf stiffness of the pallets of either 
design in the same manner. 

b) The testing of the two types of pallets for their rigid!ty indicated that those 
assembled with the 2f' threaded nails (c) were the most rigid; those assembled 
with the 311 threaded nails (d) performed second best; those assembled with the 
2!11 threaded nails (b) performed third best; and those assembled with the 2f' 
fluted nails (a) were the least rigid. In addition, the pallets of conventional 
design assembled with the 2f' fluted nails (a) were less rigid than all other pal-
lets tested. Specifically, the pallets of conventional design assembled with the 
2f' threaded nails (b) and 2f' and 311 threaded nails (c and d) were 8%, 46%, 
and 42%, respectively, more rigid, and the pallets of improved design assembled 
with the 2f' fluted nails (a), 2f' threaded nails (b),and 2f' and 311 threaded 
nails {c and d) were 16%, 24%, 600k, and 55%, respectively, more rigid. 
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c) 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 311 threaded nails (d) provided optimum resistance; those assem-
bled with 2f' threaded nails (b) were second best; those assembled with 2f' 
threaded nails (c) were third best; and those assembled with 2f' fluted nails (a) 
provided least resistance. Using the pallets of conventional design assembled 
with the 2!11 fluted nails {a) as the basis of comparison, the pallets of improved 
design assembled with the 2!11 fluted nails (a), 2!" threaded nails (b), 2f' and 
311 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-lb. 
and 0 to 6000-lb. load ranges. In addition, the follow-up stiffness of the steve-
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 some 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 2!" threaded hardened-steel nails (c) used in the 
U.S.A., were the best pallets and based on the deckboard-stringer separation test 
the pallets of improved design assembled with the 311 threaded hardened-steel rails 
(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. 



RECOMMENDATiONS 

1) Since peroba end eucalyptus as well as mixed h·:m:!wo,,ds from the Brazilian coastal 
rain forests are readily available in Brozil, 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. 

2) 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 pest experience covering the use of threaded 
nails in building construction ard 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, 

3) It 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. 

4) To raduce 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, cs justified 
on the basis of the following calculations: 

According to previous studies, the deflection of pal lets supported along their 
sides and loaded at their center can be determined by the following equation: 

w s4 1 
d=ky-; h3 E; (27, 29) 

If similar pallets with three and four stringers are to serve the same purpose, and 
are to be equally stiff, that is, deflect the same amount under load, then 

k W s4 l W s4 1 
ly-A -h3 -=k2y- h3 -

1 Eg A 2 Eg 
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k /h3 = k /h3 
1 l z 2 

a) From the tables (29) presented for flush pallets assembled with hardened-
steel nails, 

k = 1.94 d 
1 32 an 

If h1 = 1.00011 , then the deckboard thickness, ii2 = 0.86611 • 

b) From the tables (27) presented for flush pallets assembled with hardened-
steel nails, 

k1 = 0.15225 y-i and k2 = 0.109375 y -l 

If h1 = 1.00011 , then the deckboard thickness, h2 = 0.888 11 • 

Consequently, a three-stringer pallet with deckboards of 111 thickness can be 
replaced by a four-stringer pallet with deckboards of i- 11 thickness, if the pal-
lets are alike otherwise. 

In the instance of pallets of improved design with four stringers (two outer 2i11 

x 411 and lwo inner li- 11 x 4 11 stringers) and i 11 deckboards, the amount of lumber re-
quired is 5%, by weight and volume, less than that for pallets with three 2i11 x 411 

stringers and 111 deckboards. On the other hand, the number of nails required for the 
four-stringer pallets (184 or l.5 lb.) is 330/o more than that for the three-stringer pal-
lets (138 or l.2 lb.). Despite this, the weight of the four-stringer pallets (233 lb. 
when green and 149 lb. when seasoned) should be approximately 5% less than that of 
the three-stringer pallets (245 lb. when green and 156 lb. when seasoned). 
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Fig. 2.- From left to right, 
Nail (a) 2 ~11 x 0.14311 Brazilian helically fluted nail (No. 2017); 
Nail (b) 2 ~" x 0.12711 Bra-zilian helically threaded nail (No, 2018} 
Nail (c) 2 9/1611 x 0.119 11 helically threaded pallet nail (No. 1999A); 
Nail (d) 3" x 0.120 11 helically threaded pallet nail (No. 1785). 
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Fig. 4o. - Sequential tests on reversible, double-face, wing -type, two-way, three-stringer, 
nailed red-oak, 48" x 63", stevedore pallets: 
a) Initial static stiffness as determined by computerized static load deflection test (bottom right); 
b) Pol let rigidity as determined by impact free-foll cornerwise drop test (bottom left), followed 

by pallet weighing on platform scale (center left); 
c) Resistance of pallet to forces exerted by forklift truck as determined by impact incline deck-

boord-stringer separation test (center), followed by pallet repair (center right); 
d) Follow-up pallet stiffness as determined by computerized follow-up static load-deflection test 

(bottom right); 
e ) Pollet load-carrying capacity as determined by static load-deflection test (bottom right). 
Note: The four pol lets shown in the referenced locations in the foreground ore pallets of improved 
design. The numerous pallets in the background ore experimental red-oak pallets with steel-pin 
reinforced stringers provided with product-retention bars and the 20 pallets in the center back-
ground ore experimental red-older pallets. 



Fig. 4b.- Computerized static load-deflection tester, shown in foreground, with printer (at left ), plotter (in center), and test rock with five sensors (at right). 
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Fig. 4c.- Impact free-fall cornerwise drop test on reversible, double-face, wing-type, two-way, 
three-stringer, nailed red-oak, stevedore pallet of improved design (held by Ni Ison Franco). 



Fig. 4d . - Impact incline deckboard-stringer separation test on loaded, reversible, double-face, 
wrg-type, two-way, three-stringer, nailed red-oak, stevedore pal let of improved design,. placed 
on dolly, with stationary lift-truck forks in front of oak-faced steel rack. 



Fig. 4e.- Failure of stevedore pallet of improved design (Bd5), assembled with 3" x 
0.120" helically threaded, hardened-steel pallet nails, after 451 ru"ls during impact 
incline deckboard-stringer separation test, with impacted leading-edge deckboard 
fu 11 y separated from two stringers. 
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Fig. 4f .- Repair of pallet previously tested for initial static stiffness, impact rigidity, and impact 
resistance to forces exerted by forklift truck, when front top leading-edge deckboard was pried off 
stringers (renai led by James W. Akers). 
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Fig. 4g.- Improved stevedore pai'let Bbl in test rig at ultimate test load of 13800 lb. 
(top and center) and after release of this load (bottom). 
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Fig. 4h.- Failures of stevedore pallets in test rig at ultimate test loads: 
Top, conventional pallet Aa2 at 8800 lb., with two top deckboards separated from 

broken center stringer. .'.' 
Center, conventional pal let Ad3 at 10400 lb., with near-center top deckboard bro-

ken at knots. 
Bottom, improved pallet Bd5 at 12000 lb., with compression failure of front top lead-

ing edge deck board and mi nor failure of inner top deck board at knot nerir end. 



49 

Fig 4i.- Failures of stevedore pallets in test rig at ultimate test loads: 
Top, conventional pallet Ac3 at 9400 lb., with near-center bottom deckboard 

separated from outer stringer (nail failure). 
Bottom, conventional pallet Ad3 at 10400 lb., with near-center top deckboard, 

broken at knot, separated from quter stringer (nail failure}. 
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Fig. 4j.- Failures of stevedore pallets in test rig at ultimate test loads: 
Top, conventional pallet Aa2 at 8800 lb., and bottom, improved pallet Bc2 at 

6200 lb., with cross-grain of center stringer being the reason for early failures. 
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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 

l - 15 

In all Tables, 100% serves as basis of comparison. 
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TABLE 1 

Production of Pal lets in U.S.A. 

Year 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 
Pallet Units 
(in millions): 87.7 103.8 104.3 115.0 133.7 126.3 138.0 154.7 185.4 205.1 159.3 195.7 235.9 
U.S. Dollar 
Volume (in 
millions): 259 348 361 407 495 484 530 623 970 1206 1018 1117 1411 

°' Percentage of (Ji 

National Lum-
ber Production: 6.2 6,9 7.3 8.0 9.1 8.6 9.7 10.0 12.0 14.9 12.7 13 15 
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TABLE 2 

Estimated Production of Pallets in Selected Countries During 1976 

Country 
Brazil 
Fronce 
Italy 
Japan 
United Kingdom 
U.S.A. 
West Germany 

Millions 
0.5 

20 
7 

30 
14 

196 
25 
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TABLE 3 

Material Requirements for Pal let Assembly 

Design Item 
Conventional Deckboards 

Stringers 
Nails 

Quantity 
12 
3 

84 
Improved Deckboards l 4 

Stringers 3 
Nails 138 

Size Amount 

l 11 x611 x6311 (25x 150x 1600 mm) 4 l b ( 4 3) 
2i11 x411 x4811 (60x100x1200 mm) 3~ dft. 9 cm 
. . . . . . . . . . . . . . . . . . . . . . . . . . 0.71 to 0.86 lb. 
l 11 x611 x6311 (25x150x1600 mm) 3 

2i11 x411 x4811 (60x100x1200 mm) 48~ bdft. (106 cm ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . • 1. 17 to 1.4 l I b. 



TABLE4a 

Inspection Record of Conventional Red-Ook Stavedore Pallets 

Test Weight, in Lb. 
Pallet Pallet Assembly During During During During During Moist. Cont. Oven-Dry Count De.ckboard Stringer Cup- Center Top Center 
Nails No. Weight, I nit. Stiff. Rigidity Incline Fol.-Up St. Ult. Load After Testing Sp. Grav. of End Split End Split ping String11r Deckboard 

in Lb. Test Test Test Test Test Okbd. Stringer Dkbd. Stringer Nails Nails Oth'llr Nails Other Height, In. Width, In. 
H" Ao I 220.14 139.50 138.34 136.98 136.98 135.06 9.6 17,4 0.52 0.68 84 I 4 0 0 7 3,8i 5.73 

Nail (a) kJ2 220.48 143.50 141.62 139.89 139.89 137.95 9,3 22.5 0.61 0.66 84 I 5 0 I 6 3.87 5,58 
Aa3 218.00 141.00 138.62 137.45 137.45 135.47 9.3 25.2 0.56 0.62 84 I 7 O O 3 3,83 5,49 
Aa4 212.88 142.47 139.53 138.19 138.19 136.44 9,9 27.6 0.68 0.70 84 2 3 0 I 3 3.93 5.65 
Aa5 217.95 142.00 139.28 137.91 137.91 l36.62 9.9 24.7 0.55 0.75 84 I 4 0 I 7 3.90 5.62 
Avg, 217.85 141.69 139.48 138.08 138.08 136.31 9.6 23.4 0.58 0.68 84 I 5 0 I 5 3.88 5.61 

2l" Abl 215.00 145.38 143.50 141.98 141.98 139.89 9.3 24.7 0.60 0.69 84 0 4 0 1 7 3,94 5.54 
Nail (bl Ab2 216.81 143.47 141.16 139.50 139.50 137.42 10.3 17,6 0.68 0.73 84 0 6 O 1 7 3.86 5.62 0. 

Ab3 212.25 145.86 142.70 141.81 141.81 '39.69 9.7 16.8 0.62 0.74 84 0 I 0 0 7 3.80 5.63 CX> 
Ab4 215.19 146.12 142.62 141.19 141.19 139.42 9.8 24.7 0.64 0.64 84 0 5 0 1 8 3.91 5.56 
Ab5 211.06 143.69 139.81 138.53 141.78 136.53 10.0 17.3 0.50 0.65 84 0 3 0 1 5 3.88 5.60 
Avg. 214,06 144.90 141.96 140.60 141.25 138.59 9.8 20.2 0.61 0.69 84 0 4 0 I 7 3,88 5.59 

2!" Acl 217.81 143.00 140.59 138.70 138,70 136.75 9.8 22.7 0.50 0.71 84 0 6 0 0 5 3.93 5.69 
1-.laif (c) Ac2 216.31 142,97 140.56 139.59 139.59 137.67 9.8 19.6 0.56 0.60 84 1 3 0 O 6 3.84 5.68 

Ac3 215.56 139.88 137.44 136.26 139.33 134.56 9.7 22.9 0.62 0.68 84 0 4 0 0 5 3.83 5.57 
Ac4 216.50 143.28 140.03 139.25 142.31 137.53 9.6 22.5 0.58 0.68 84 0 3 0 2 S 3.75 5.64 
Ac5 219.62 140.86 138.16 136.75 141.36 135.81 10.0 22.5 0,54 0.70 84 0 4 0 I 8 3.88 5.Sl 
Avg. 217.16 142.00 139.36 138.11 140.26 136.46 9.8 22.0 0.56 0.67 84 0 4 0 I 6 3.85 5.63 

3" Adi 220,69 148.31 145.86 143.80 143.80 142.88 9.7 21.4 0.59 0.68 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 14.8 0.59 0.78 84 0 3 I 2 7 3.81 5.56 

Ad3 215.12 144.06 142,30 141.06 141.06 139.44 9,7 23.7 0.66 0.64 84 0 5 0 0 5 3.95 5.65 
Ad4 217.56 141.23 139.41 138,02 142.12 137.55 10.7 17.6 0.66 0.67 84 0 6 0 I 5 3.83 5.65 
Ad5 216.86 144.76 142.76 141.95 147.42 141.25 9.7 23.6 0.62 0.66 84 0 2 1 I 6 3.94 5,57 
Avg. 218.12 145.85 143.72 142.38 144.29 140.28 9.9 20.8 0.62 0.69 84 0 4 0 I 6 3,88 5,59 

Grand Avg. 216.80 143.61 141,13 139.79 140.97 137.91 9.8 21.6 0.59 0,68 84 0 4 0 1 6 3,87 5.61 



TABLE4b 

Inspection Record of Improved Red-Ook Stevedore Pollets 

Test Weight0 in Lb. C D kb d Strin r Cup- Center Top Center 
Pallet Pallet Assembl Prior to During During uring During During Moist. Cont. Oven-Dry ount ec 00! E 9j. · S · er Deckb >0rd 
Nails Nos. Weight; lnit. Stiff. lnil, Stiff. Rigidity Incline Fol.-Up St, Ult. Load Dt~~er ~:s_ting D~fuj Gs.~· er t-f!ih N~~t, s~;~,n Na% Sb:~er ping He:~•ht~ In. Width, In. 

in Lb. Test Test Test Test Test Test • ringer • ring 

2~" Bal 251.25 167.00 166.45 164.34 161.48 161.48 158.81 10.0 26.6 0.52 0.68 138 I 6 0 0 6 3,93 5.61 

Nail (a) Ba2 252.52 166.38 165.83 163.88 160.50 160.50 158.75 10.7 27.3 0.61 0.75 138 0 7 I 0 6 3.82 5.65 

Ba3 248.86 167.17 166.62 163.03 160.12 160.12 158.58 9.9 18.6 0.62 0.76 138 0 6 I 0 5 3.85 5.63 
Ba4 249.00 163.20 162.65 158.69 155.86 161.« 156.19 9.7 12.9 0.47 0,67 138 3 5 0 2 4 3.92 5.67 

Ba5 2-48.81 164.67 164.12 161.26 159.61 159.61 158.62 9.5 20.8 0.56 o.n 138 4 2 3 0 6 3.85 5,62 

Avg. 250.09 165.68 165.13 162.24 159.51 160.63 158.19 10.0 21.2 0,56 0,73 138 2 5 I 0 5 3.87 5.64 

2!" Bbl 241.00 162.25 161.70 159,12 157.20 157.20 154.66 10.4 23.8 0.64 0.68 138 2 3 0 l 7 3.91 5.66 
Nail (b) Bb2 246.00 171.66 171. ll 167.81 162.53 168.31 161.72 10.4 20.6 0.61 0.68 138 l 5 0 0 9 3.87 5.64 °"' Bb3 244.75 166.55 166.00 161.33 158.16 158.16 157.00 II. I 20 0.57 0.68 138 0 7 0 0 3 3.91 5.63 -0 

8b4 246.12 161.22 160.67 158.33 156.48 156.48 155.72 10.4 17.8 0.62 0.78 138 0 I 0 I 8 3.88 5.:08 
8b5 242.00 161.55 161.00 158.59 156.92 156.92 156.06 10 ... 19.3 0.55 0.78 138 0 3 0 I J 3.89 5.56 
Avg. 243.97 164.65 164.10 161.04 158.26 159.41 157.03 10.5 21.3 0.60 0.72 138 1 4 0 I 6 3.89 5.61 

2!" Bel 245,44 161.19 160.64 158.59 156.44 156.44 153.88 9.9 18.6 0.64 0.76 138 0 6 0 3 9 3.86 5.62 
Nail (c) Bc2 2-'7.56 166.38 165.83 162.50 160.00 160.00 158.83 10.7 18.6 0.58 0.81 138 0 .. 0 I II 3.88 5.73 

8c3 2-'5.56 162.25 161.70 158.26 156.95 156.95 156.14 10.2 28.9 0.54 0,67 138 4 5 0 0 9 3.91 5.~9 
Bc4 233.25 157.00 156.45 154.92 153.25 153.25 152,62 10.2 23.8 0.60 0.74 138 I 2 0 0 6 3.80 5.64 
8c5 244.75 156.75 156.20 154.64 152.47 152.47 151.91 10.1 20.3 0.62 0.73 138 I 3 0 0 II 3.90 5.62 
Avg. 2.CJ.31 160.71 160.16 157.78 155.82 155.82 15.C.68 10.2 22.0. 0.60 0.7 .. 138 I .. 0 I 9 3.87 5.66 

3" lldl 238.30 155.69 155. 1-' 153.56 152.67 152.67 150.47 10.l 18.7 0.58 0.65 138 l 4 0 0 10 3.08 5.~7 
Nail (di lld2 244.31 155.66 154.19 153.78 152.39 152.39 151,34 10.5 17.7 0.56 0.70 138 0 0 l 0 6 3.95 5.59 

Bd3 245.61 155.52 155. ll 154.44 152.26 160.97 154.58 9,6 16.7 0.56 0.67 138 .. 2 0 2 12 3.91 5.65 
8d4 249.50 163.55 162.89 162.25 159.50 159.50 158.9-' 11.2 24.7 0.63 0.67 138 3 2 0 I 9 3.91 5.75 
Bd5 240.75 157.61 156.97 156.52 154.06 154.06 153.8-' 10.7 25.9 0.62 0.70 138 0 2 0 0 8 3.97 5.82 
Avg. 243.69 157.61 156.86 156. ll 154. 18 155.92 153.83 10.4 20.7 0.59 0.68 138 2 2 0 l 9 3.92 5.68 

Grand AVfl. 245.27 162.16 161.56 159.29 156.94 157.95 155.93 10.3 21.3 0.59 0.72 138 2 4 0 I 7 3.89 5.64 



TABLE 5 

Average Assembly and Test Weights, in POJnds, 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. B 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°/o +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. 

'! 
0 
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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 
Neils (4-1).... . . . . . . . . . . . . . 3 

Interaction (2-1)x(4-1).......... 3 
Error (40-7-1) .............••. 32 

Total . ..•.•................ 39 

.. 



TABLE 7 

Static Deckboard-Stringer Separation Resistance in Direction of Nail Axis and Shear Resistance 
Test Property 2-¥1 Fluted Nail (a) 2!11 Threaded Nail (b) 2~11 Threaded Nail (c) 311 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%) 
Shear Resistance, in Pounds 727 (100%) 

468 (144%) 
927 (126%) 

522 (161%) 514 (1590/o) 
980 (135%) 1239 (170%) "-! 

l'V 
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TABLE 8 

Evaluation of Initial Static Stiffness of Pallets 

Pollet Pallet Avg. Pollet Average Cumulative Deflection Value, Sum 
Design Nos. Test Weight, in 1/1000 In. (ABC DE), 

in Lb. Sides Ends Center Sum in Percent 
(AB) (CD) (E) (ABCDE) 

Conventional Aal to 5 141.69 1560 7041 8153 16754 103% 
Ahl to 5 144.90 1482 6779 7t:JJ2 15863 97% 
Acl to 5 142.00 1382 6955 7855 16192 100% 
Adl to 5 145.85 1436 6958 7885 16279 100% 

Grand Avg. 143.61 1465 6933 7874 16272 ~ 

Improved Ba 1 to 5 165. 13 1352 5684 6506 13542 95% 
Bbl to 5 164.10 1281 5t:JJ4 6346 13431 93% 
Bel to 5 lt:JJ.16 1492 6064 6910 14466 102% 
Bdl to 5 156.86 1670 6650 7449 15769 111% 

Grand Avg. 161.56 1449 6001 6802 14252 ~ 
Difference +12% -1% -13% -14% -12% 
Improved Ba 1 to 5 165. 13 1352 5684 6506 13542 98% 
with Bbl to 5 164.10 1281 5604 6346 13231 96% 
Adjusted Bel to 5 160.16 1438 5846 6660 13944 101% 
Values Bell to 5 156.86 1517 6046 6770 14330 104% 

Grand Avg. 161.56 1397 5794 6571 13762 ~ 
Difference* +12% -5% -16% -17°/o -15% 

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

Average Deflections, in 1/1000 Inches, of Al I 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 



TABLE 10 

Evaluation of Pallet Rigidity Data 
Pallet Pallet Pallet Weight Avg. Percentile Avg. Cumulative Length 
Design Nos. in Lb. Distortion of Diagonals Change, in In., of Diagonals 

After 6th Drop Up to and Including 
6th Drop 

Conventional Aal to 5 139.48 100% 9.23 JO()Ok 100% 26.83 1000k 100% 
Ab 1 to 5 141. 96 103% 100o/c 7.81 85% 85% 24.58 92% 92% 
Ac 1 to 5 139.36 101% 0 4.49 49% 49% 14.44 54% 54% 
Adl to 5 143.72 104% 4.78 52% 52% 15.53 58% 58% ........ 

01 

Improved Bal to 5 162.24 100% 7.80 100% 85% 22.63 100% 84% 
Bbl to 5 161.04 99% 113°1c 6.55 84% 71% 20.44 90% 76% 
Be 1 to 5 157.78 97% 0 3.27 42% 35% 10.73 48% 400/o 
Bdl to 5 156.11 96% 3.65 47% 40% 12.10 53% 45% 
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TABLE 11 

Evaluation of Impact Incline Pallet Deckboard-Stringer Separation Data 
Pallet Pallet Avg. Pallet Range of Numbers Average Numbers of 
Design Nos. Test Weight, of Runs Prior to Runs Prior to 

Conventional 

Improved 

Aal to 5 
Abl to 5 
Acl to 5 
Adl to 5 
Bal to 5 
Bbl to 5 
Bel to 5 
Bdl to 5 

in Lb. End of Test End of Test 
138.08 4 to 9 7 
140.60 9to 38 21 
138. ll 5 to 60 18 
142.38 10 to 137 74 
159.51 
158.26 
155.82 
154.18 

62 to 312 
220 to 552 
221 to 406 
319 to 598 

160 
365 
302 
462 



TABLE 12 

Evaluation of Follow-Up Static Stiffness of Pallets 

Pallet Pallet Avg. Pallet Avg. Cumulative Deflection Value Avg. Cumulative Deflection Value 
Design Nos. Weight, from 0 to 2000 Lb., in 1/1000 In. Sum from 0 to 6000 Lb., in 1/1000 In. Sum 

in Lb. Sides Ends Center Sum (ABCDE), Sides Ends Center Sum (ABCDE)~ 
(AB) (CD) (E) (ABC DE) in Pct. (AB) (CD) (E) (ABCDE) in Pct. 

Conventional Aal to 5 138.08 1522 7470 8707 17699 101% 11221 60441 72495 144157 102% 
Ab 1 to 5 141.25 1359 7434 8271 17064 98% 10277 60824 68893 139994 99% 
Ac 1 to 5 140.26 1266 7328 8314 16908 97% 9572 59025 67666 136263 97% '-! 
Adl to 5 144.29 1404 7822 8941 18167 104% 10382 60434 73549 144365 102% '-! 

Grand Avg. 140.97 1388 7514 8558 17460 100% 10363 60181 70651 141195 100% 
Improved Ba 1 to 5 160.63 1334 5826 6715 13875 95% 10595 47851 55164 113610 96% 

Bbl to 5 159.41 1438 6024 6997 14459 99% 11100 48385 55858 115343 97% 
Be 1 to 5 155.82 1451 5982 6850 14283 98°k 11728 48564 56194 116486 98% 
Bell to 5 155,92 1664 6762 7513 15939 109% 13001 54425 61034 128460 108% 

Grand Avg, 157,95 1472 6148 7019 14639 100% 11606 49806 57063 118475 100% 
Difference t12% +6% -18% -18% -16% +12% -17% -19% -16% 



78 

TABLE 13 

Comparison of Initial and Follow-Up Pallet Stiffness Data 
Pallet 
Design 

Conventional 

Improved 

Pallet Increase in Average Cumulative Deflection Value, 
Nos. During Follow-Up Stiffness Test 

Sides Ends Center Sum 
(AB) (CD) (E) (ABC DE) 

Aa 1 to 5 - 2% + 6% + 7% + 6% 
Abl to 5 - 8% + 100/o + 9% + 8% 
Acl to 5 - 8% + 5% + 6% + 4% 
Adl to 5 - 2% +12% +13% +12% 
Grand Avg. - 5% + 8% + 9% + 7% 
Ba 1 to 5 - 1% + 2% + 3% + 2% 
Bb 1 to 5 +12% + 7% +10% + 8% 
Be 1 to 5 - 3% - 1% - 1% - 1% 
Bdl to 5 - 0% + 2% + 1% + 1% 
Grand Avg. + 2% + 2°/o + 3% + 3% 



Pallet 
Design 

Conventional 

Improved 

Difference 
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TABLE 14 

Average Ultimate Pallet Test Loads 
Pallet Avg. Pallet Avg. Ult. Avg. Ult. Test Load, 
Nos. Test Weight, Test Load, in Lb., with Pallets 

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

Grand Avg. 
Bal to 5 
Bbl to 5 
Bel to 5 
Bdl to 5 

Grand Avg. 

in Lb. in Lb. with Stringer Failures Omitted 
136. 3 l 8480 8800 
138.59 10120 10120 
136.46 9980 9980 
140.28 8920 9650 
137.91 9375 9638 
158.19 11360 11360 
157.03 11640 11640 
154.68 10680 11800 
153.83 11600 11600 
155.93 11320 11600 
+13'k +21% +20% 
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TABLE 75 

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

A) All three-stringer pallets of improved design, some 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) (2) (3) (4) (5) (6) (7) 

A(l-100) Peroba (a) 4 none none 
B II (b) SS 4 none none 
c II (b) HS 4 none none 
D II (b) HS 4 galvanized dipped 
E Eucalyptus (a) 4 none none 
F II (b) SS 4 none none 
G II (b) HS 4 none none 
H II (b) HS 6 none none 
I II (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 1211 (300 mm) on centers 

Pallet Wood Nail Nail Number of Nails Nail Pallet 
Sign Species Type Steel per End-Deckbd. Joint Treatment Treatment 

( l) (2) (3) (4) (5) (6) (7) 

A(l-100) Peroba (b) HS 4 none none 
B Eucalyptus (b) HS 4 none none 

2 x JOO = 200 pallets ( 100 peroba and 100 eucalyptus) 

SS = Stiff-Stock HS =Hardened-Steel 
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MIBANT DATA SHEET FOR PALLET NAILS 
(use separate lonn for each lot of 25 nails) 

APPENDIX TABLE 16o 

1) Nail. Submitted by (complete address): •• l!'!l?~~T.R.IA .~~ •. ~~~~~ ,q~!I?~ ~ 
Aveni do D. Pedro I no 790 = 1 

• • • • • • • • • • •. • • • • • • •'• • • • • • • • • • • • • • •. • • • • • • • •• • • • •• • • • • • • •• • • • •" •• I &. 
Santo Andre - Sao Paulo - Broz ii ~ ,._ ! ~ 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ,..Q :>~ I "5 ~·;; 2) Nail Description (manufacturer, type, lot, identification): .••.•••• •..... 0 "' c: 

3) ~~!".~~~.~.V.•.· .. ~~'?~.n.a_i!· ......................................... I~~·! 
Field Experience with Nail.: ........................................ ~ 

4) 
........................................................... • •• •.. o E 
Dote of Submission: .......................... . 

5) Dote of Receipt at VPI: .I?~~ •. 1.9,, !?!? ........... 6) VPI Nail N>?!l.17.. 
n Nail Size (length x wire diomeler):~Lu x o:I~~." 
8) Nail Type: Low-C..rbon-Steel ••. Still-Stock !' •• Hardened .•• Tempered ••• 

9) Shonk Deformation: Annularly Threaded ••• Helically Threaded •.• Fluted .~. Twisted ••• 
Threod-Cre>I Diameter: o.1~~." 11) Thread Angle: f!<! 0 12) Number of Flutes: • ~ ....... 10) 

13) Appeomnce: .................................................... • • • • • •. • •. • • • • • 

14) Ml BA NT TEST DA TA: 

Test 
No. 

1 
2 
3 
4 

Angle 
in Degr. 

35 
32 
32 
30 

Partial 
Failure 

Dote of Te.I: P.•!',.~Q .. T! MJchine Operator: ':'l.i!s.o.n. f('llJ~q .•• 

Complete 
Failure 

Nates and Rernorks: .................... . 

5 32 
6 32 
7 32 

20 ~~~-Fr_e~qu~e_n_c_y_D_i_•t_ri_b_ut~i-on __ ~~~ 

8 30 
9 29 

10 30 
11 36 
12 33 
13 33 
14 30 
15 31 
16 32 
17 31 
18 33 
19 30 
20 30 
21 33 
22 33 
23 32 
2-6 31 
25 34 

Avg.: 32 Torul: 0 Total: 0 

15 
>. 
~ 
~ ... 10 
! 

u.. 
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0 0 10 20 30 40 50 60 
Bend Angle, in Degrees 

Wood Res...,rch & Wood Construction labomtory 
Virginia Polytechnic lnstitut• & State Univenity 
Blacksburg, Virginia 24061 .E. George Stern 

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

APPENDIX TABLE 16b 

· · ed ( I odd )· AIR-FIX DO BRASIL IND. COM. ~ 1) Nails Subm1tt by comp ete ren .............. • •. • • .. • • • .. • • • • f ,! ~ 
. ~!~.~· ...... R.I.('! .~i!'!'~!'!'J<;>, .~.1 •••• ~ .o • ..P.O!r •• c.o.nj~('!q A·................ i 8. :'. 
•••••••••••• ~'!'! P!'!'!'? :: ?!19. l'.~.I!'.: .8!!'!'!1.............. • • • • • • • • • • • • • ~ ~ := 

2) Nail Description (manufacturer, type, lot, identification): •••• • • • • • • • • • • g ,2 ·~ 
.~Qt11 •• qs.w9v• ... Air;n~ s::."'"'911'1• .N\>.~f:O.Q7........................ ;! ~ .r 

~ e ·-
.x~ E 

3) Field Experience with Nails: •••••••..•••• •. • •. • • • • .. • • • • • • • • • • • • • • • • 

4) Dote of Submission: .......................... . !o 
5) Dote of Receipt at VPI: .!?•~,I?. Jr(!............ 6) VPI Nail N>.~I.~. 

n Nail Size (length x wire diometer): H." x Or 1~7 .• 
8) N-,il Type: Low-C...bon-Steel ••• Stiff-Stack .'l. Hord1med ... Te...,otred • •. 

9) Shank Deformation: Annularly Threaded ••• Helically Threaded .'I. Fluted • •. Twi•ted • • • 
10) Thread-Crmt Diameter: o,1~7." 11) Throod Angle: 4Q 0 12) Number of Flute.: • ;t, •••.• • 
13) Appearance: .• fp)i;i!l!'!L ....................................................... . 

14) MIBANT TEST DATA: Dote of T ... t: Qpf,~Q • .TJ. Mlchin<: Operator: 1;-1.iJs~I\ fC'l'l~Q • • • 
Test Angle 
No. in Degr. 

I 36 
2 37 
3 38 
4 36 
5 41 
6 38 
7 38 
8 36 
9 35 

10 37 
II 36 
12 39 
13 37 
14 38 
15 35 
16 37 
17 40 
18 37 
19 36 
20 39 
21 39 
22 37 
23 36 
24 37 
25 41 

Avg.: 37 

Partial 
Failure 

Complete 
Failure 

Total: 0 Total: 0 

Notes or.d ~emo.l<s: ................... • • 

_:,~T'I~f~ 
l ++ 
! ·: . t1--L--l~--<~-->--

o 0 10 0 30 40 50 60 
Bend Angle, in Oeg111es 

Woad Research & Wood Construction laboratory 
Virginia Polytechnic INtitute & State Univenily 
Blacksburg, Virginia 24061 E. George Stern 
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MlllANT DATA SHEET FOR PALLET NAILS 
(u1e separate form for each lot of 25 nails) 

APPENDIX TABLE 16c 

I) Nails Submitted by (c""l'lete ocldrwu): • ~~~I!!~'!~ !'!~!I. ~~f'.":~t!~~ ••••••• 
. • ..... , , , , , , , , , , , , , , , , , , , , , , , , , , , , s~~!'!'!1, ~~~S?~!'!'!~!t! 0 0 0 • 0 • 0 0 0 0 

2) Nail Description (n"Onufacturer, type, lot, identification): ••••••••.••••• 

3) Field Experience with Noila: •••.•••••••••••••••••••••••••••••••••••• 

4) Date of Submiuion: ••••••••••••••••••••••••••• 
5) Date of Receipt at VPI: •• ~~'.'>.b.e!'.~· .. 1•9?? ........ 6) VPI Nail No.:!~A 
7) Nail Siu (length x wire diameter):2.'l,L'6.< O. JJ9' 
8) Nail Type: low-Carl>on-Steel ••• Stiff-Stock ••• Hardened .~. Tempered ••• 
9) Shank Deformation: Annularly Threaded ••• Helically Threaded • )( Fluted ••. Twisted ••• 

10) Thread-Cr•t Diameter: O.l;lll.• II) Thn>ad Angle: ~yo 12) Number of Flute.:!< •••••••• 
13) Appearance: ••••••••• , •••••••.•••••.••••••••••••••.•••••••••.•••••••.•••••••••• 

14) MlllANT TEST DATA: Date of Te1t: • JP/U77.. Mlchine Operat0<: 15,!'l'~l~ .~l.~r) •• 

Test 
No. 

Anglo Partial Complete 
in Degr. Falluno Fuilure 

15 
17 
15 
16 
16 
18 
17 
16 

Notti and Remarks: •.•••••••.••••••••••• 

20 
Frequency Distribution 

r 

I 
2 
3 
4 
5 
6 
7 
0 
9 

10 
II 
12 
13 
14 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

16 
17 

15 ~·- ~-1- ---.....__ 
18 
15 
17 
19 
17 
18 
17 
17 
17 ---------------------x 
17 
17 
19 
17 
18 

j 10 -

00 10 

I 
I 
-~->---

I 
20 30 40 50 60 

lend Artglo, in Octgrees 

Avg.: 17 Total: 0 Total: I Wood ReHorch & Wood Construction laboratory 
Vhglnia Polytochnlc Institute & State Univenity 
llocksburg, Virginia 24061 E. George St11rn 

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

APPENDIX TABLE l6d 

I) Noil• Submitted by (complete oJdreu): ."'1Jls.t91'f.~.lf ~qrpp19tiPI' •.•••••• 
!',.Q, .Q(tl•m Q, .Y1Qt.<1ri.. M<l\'ll~~vt<0t.t1. .Q~Q~I ••••••••••••••••••••••• 

································································· 
2) Nail Description (monufocturer, type, lot, identification): S9iwlo .Qf •••••• 

.~QQ~l!>,.lqt, •••••••••••••••••••••••••••••••••••••••••••••••••••••• 
3) Field Experience with Nails: •••••• , ................................ . 

································································· 
4) Dote of Submission: ...••......•..•..•...•.••.• 
5) Date of Receipt at VPI: .Jvlx .2J.,, J'/H ..... ,...... 6) VPI Nail No. :J7~ 
7) Nail Size (length• wire diameter): ~-. • • o.1~9. • 
8) N~il Type: low-Carbon-Steel ••• Stilf-Stock ••• Hardened ."J!.. Tempered ••• 
9) Shank Deformation: Annulorly Threaded ••• Helically Threaded ."J!.. Fluted ••• Twi>ted •• , 

10) Threod-Cre•t Diameter: o.I~~." II) Thread Angle:6;l. a 12) Number of Flutes: A ..... .. 
13) Appearance: .~qlMl~.-;-:: flqtl•l'l'~.Vi.WOllA HPAA ••••.•.......•..•.•.•...•••.••..• 
14) MIBANT TEST DATA: 

Test 
No. 

I 
2 
3 
4 
5 

Angle 
in Degr. 

14° 
14° 
130 
24a 
15° 

Partial 
Failure 

Date of Test:..liJy.~4. J'1HM1chine ~orator: J.W. A~CIQ ••• ,. 
Complete 
Failure 

Notei or.d Remarks: .......•.•..•.•...•.. 

frequency Distribution 
6 14° 20 I I --·--
7 12° 
8 14° 
9 21° 

10 17° 
II 16° 
12 14° 
13 25° 
14 11° 
15 16° 
16 13° 
17 14° 
18 14° 
19 17° 
20 14° 
21 18° 
22 13° 
23 14a 
24 16° 
25 16a 

Avg.: 16° Toto I: 0 Total: 0 

--- ---- ----- ----r-
--
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Wood Research & Wood Construction labO<atory 
Virginia Polytechnic Institute & State University 
Black•burg, Virginia 24061 E. George Stern 



APPENDIX TABLE 17a 

Six-Week Delayed Deckboard-Stringer Separation Resistance of Red-Oak Pallet Joints 

Nails driven through 1.00 11 -thick deckboards of 99.8% moisture content and 0.64 oven-dry specific gravity 
into 2.40 11 -wide stringers 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 Repl i- 2 ! 11 Nail {a) 2!11 Nail (b) 2!11 Nail (c) 311 Nail (d) 
Stick cation (2017) (2018) (1999a) (1785) 

(b) (b) (b) (a) (b) (c) 
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 680d 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% 

(a) Head pull-through resistance. (b) Shank withdrawal resistance. 
(c) Head failure. (d) Stringer split at nail location. 

(X) 
OI 



APPENDIX TABLE 17b 

Six-Week Delayed Deckboard-Stringer Shear Resistance of Red-Oak Pallet Joints 

Nails driven through 1.02 11 -thick deckboards of 74.3% moisture content and 0.70 oven-dry specific gravity 
into 2.40 11 -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 withdr~wn from stringers of 31.3% moisture content. 

Oak Rep Ii- 2-!" Nail (a) 2-!11 Nail (b) 2-!" Nall (c) 311 Nail (d) 
Stick cation (2017) (2018) ( 1999a) (1785) 

A 1 718c 989c 1005c 1328b 
B 2 812c 1025c 1070c 1335b 
B 3 780c 970c 1 lOOc 1415d 
c 4 703c 965c 988c 1288c 
D 5 752c 882c 895c 1028c 
D 6 690c 833c 895c 1075b 
E 7 670ce 935c 938ce 1195b 00 

°" F 8 745c 915c 1058c 1125b 
F 9 690c 945c 832a 1262c 
G 10 712c 905c 1022b 1335b 

Avg. 727 927 980 1239 
Avg. 100% 128% 135% 170% 

Coefficient 
of Variation 6.1% 5.8% 8.9% 10.3% 

(a) 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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D•tlliled Lood-0.t1Pction Dot.a, in Lb. anci 1/HXO tn. 
Pell•h of c-•-1 Design 

Pallet No. Aa2 
A I C D E 

000 000 000 000 000 
13 16 60 S4 66 
14 18 65 60 73 
30 33 123 120 142 
34 37 135 131 157 
"6 so 186 186 223 
"' 53 197 197 237 
63 65 2"" 2"9 30 I 
65 67 255 260 315 
79 78 301 310 375 
82 81 313 322 390 
93 92 359 371 450 
95 95 371 383 "66 

106 106 416 433 524 
109 109 428 4"6 5<IO 
120 119 4n 4114 600 
123 123 486 S07 618 
133 133 527 551 675 
136 136 542 564 6114 
1"6 1"4 581 607 747 
ISO 1"6 596 619 766 

Pallet Na. Ab2 
A 8 C D E 

000 000 000 000 000 
09 10 60 62 66 
10 12 64 66 71 
25 23 122 127 1:11 
27 26 132 138 ISO 
39 35 184 193 214 
41 39 196 205 227 
52 48 243 259 286 
S4 52 25" 2n :io1 
66 61 303 324 357 
68 65 315 339 3n 
80 73 361 391 427 
82 76 373 406 442 
91 84 417 45' 495 
93 87 429 468 509 

101 114 4n 514 564 
109 98 484 530 sso 
117 103 523 573 630 
121 106 534 S90 6"6 
135 112 575 635 696 
139 114 S85 652 711 

Pallet No. Ac2 
A 8 C D E 

000 000 000 000 000 
09 10 67 5" 67 
10 10 71 58 71 
20 19 131 112 I 36 
23 23 142 122 148 
33 32 199 175 210 
35 36 210 186 224 
44 "6 265 235 285 
"6 51 279 2"6 298 
58 60 331 295 358 
60 64 344 304 371 
71 73 396 355 431 
73 77 410 366 445 
81 85 458 416 SOI 
83 89 470 429 Sl7 
95 96 516 480 575 
96 100 528 496 591 

106 108 S75 544 648 
109 112 590 SS9 665 
115 120 634 607 717 
117 123 648 621 733 

Pallel Na. A4l 
A I C D E 

000 000 000 000 000 
16 IS 60 61 69 
17 16 64 65 73 
27 29 121 118 137 
29 33 133 131 ISO 
38 44 191 181 21S 
41 48 205 1114 230 
51 58 261 2-IO 290 
5" 62 275 25" 307 
63 71 331 298 366 
66 76 345 312 383 
76 86 399 358 440 
79 90 413 3n 457 
88 99 463 416 Sl3 
93 102 477 432 529 

10 I 111 524 475 583 
105 114 538 490 602 
114 121 583 531 65" 
119 125 599 SQ 674 
132 131 647 sa1 n8 
136 139 662 602 747 

Palle1 ~a. Aa3 
A 8 C D E 

000 000 000 coo 000 
1011575"63 
12 13 63 61 7G 
27 25 i21 118 137 
29 28 l:ll 129 149 
41 39 184 186 213 
'5 ii 195 198 227 
57 52 2"6 253 289 
60 S4 259 266 304 
75 64 311 322 367 
i8 67 323 335 382 
90 76 Jn 388 443 
114 . 80 386 '402 460 

106 89 <l32 457 520 
109 92 4"6 471 536 
122 101 490 522 595 
125 105 sos 536 611 
136 113 5"9 584 666 
141 117 564 599 684 
151 125 606 642 735 
156 130 624 656 753 

Pallet No. Ab3 
A I C D 

000 coo 000 000 000 
12 10 58 59 65 
14 13 64 65 n 
28 25 126 131 142 
31 28 137 143 154 
43 42 195 206 224 
"6 45 206 218 237 
57 57 260 279 300 
60 61 2n 292 315 
69 73 325 347 375 
71 77 339 362 391 
80 89 391 418 449 
83 93 .j()4 433 464 
91 101 451 484 519 
114 106 463 497 533 

102 114 508 544 587 
104 118 S21 558 603 
112 126 564 602 654 
l 14 130 S77 618 670 
121 139 615 662 718 
123 142 628 678 734 

Pollet No. Ac3 
A I C D E 

000 000 000 000 000 
05 15 67 66 7!l 
07 17 71 70 74 
15 30 133 129 142 
17 33 144 1-IO 153 
24 47 202 197 219 
26 49 214 208 232 
33 63 271 262 295 
35 65 283 273 208 
42 77 338 323 368 
45 91 351 335 382 
5" 92 403 386 4.j() 
56 95 416 399 45' 
63 104 463 ""7 S09 
65 107 476 "61 523 
74 117 520 510 s;a 
76 120 532 525 594 
86 129 576 5n 648 
88 131 588 587 664 
97 139 630 629 714 
98 142 645 644 731 

Pallel No. Ad3 
A I C D 

000 coo 000 000 000 
15 10 61 SS 63 
16 II 67 61 70 
34 18 125 114 131 
37 21 137 125 145 
5" 28 192 177 207 
57 31 205 189 221 
71 38 257 238 279 
74 41 271 2!0 295 
88 47 323 297 351 
92 SI 339 309 366 

106 57 390 355 423 
112 60 '405 366 438 
125 66 455 413 493 
131 70 473 428 Sii 
1"6 76 522 474 S66 
151 79 539 489 585 
162 85 588 S33 639 
166 90 606 547 658 
176 95 649 588 il)8 
·~ 99 667 605 721 

Pall•t Na. Aa4 
A I -. D 

coo 000 000 000 coo 
15 06 63 63 68 
16 C7 68 68 74 
32 ·~ 130 129 1'42 
35 13 142 142 156 
49 19 202 198 222 
52 21 214 210 236 
65 27 273 262 299 
08 30 287 279 315 
79 31 344 328 374 
a:;: .io 358 343 389 
92 47 411 394 448 
95 SI 424 410 464 

106 57 473 457 519 
109 62 487 473 534 
118 68 534 517 589 
121 73 5"7 533 607 
131 79 591 579 660 
134 85 607 599 680 
'"" 91 648 643 730 147 95 661 663 748 

Pallet No. Ab4 
A I C D E 

coo 000 000 000 000 
09 00 30 00 00 
21 10 60 42 43 
:TT 21 115 103 109 
.j() 24 127 115 122 
53 34 116 in 112 
55 36 186 185 1114 
66 45 231 235 249 
69 "6 242 248 262 
8 I 56 287 298 320 
84 S7 299 311 334 
95 65 343 360 386 
99 67 356 373 400 

110 76 '402 426 456 
114 77 416 ""'° 471 
124 84 457 488 S21 
128 85 473 503 538 
138 92 512 546 588 
142 94 528 561 605 
151 100 566 600 652 
156 101 580 613 661 

Pallet No. Ac4 
A I C D 

000 000 000 000 000 
11 14 73 57 69 
12 16 !IO 62 76 
24 30 I"" 117 1-IO 
27 34 159 128 1S5 
39 45 217 181 218 
42 so 232 193 232 
54 60 287 242 292 
56 65 304 253 307 
67 74 360 300 364 
71 79 379 312 381 
85 90 437 359 4.ol() 
90 94 459 371 458 

103 101 510 416 511 
111 105 533 429 532 
128 117 592 476 S93 :: :~~ ~ ::·~ 
161 131 cl93 547 691 in 139 739 ses 7-IO 
177 143 762 602 761 

Pallet No. Ad4 
A I C D E 
000 000 000 000 000 
05 17 63 70 73 
06 18 68 76 i9 
13 32 125 141 1"6 
15 36 136 153 159 
23 so 190 214 225 
26 5" 203 227 239 
34 66 257 283 301 
38 70 271 297 316 
"6 83 323 353 375 
51 88 341 369 392 
60 99 391 426 451 
66 102 409 442 470 
77 Ill 458 496 526 
85 114 478 511 54S 
97 123 S26 559 602 

108 125 5"9 574 624 
122 131 596 618 676 
141 134 625 634 702 
150 141 669 676 750 
155 1"4 690 693 771 

Pal let No. Aa5 
A I C D E 

000 000 coo 000 000 
16 12 71 57 71 
16 13 76 60 76 
32 25 138 117 141 
35 28 149 128 153 so 39 203 181 216 
52 43 213 192 228 
65 53 265 239 286 
68 57 276 251 300 
82 66 328 2111 355 
84 69 J.j() 310 369 
98 76 387 350 418 

102 80 '401 363 433 
114 87 447 405 484 
117 90 460 GI 499 
129 97 502 "62 548 
133 101 515 477 566 
1"6 107 558 518 617 
ISO 112 sn 536 636 
160 119 611 577 683 
164 123 626 596 702 

Pollet No. Ab5 
A I C D 

coo 000 coo coo 000 
13 08 63 58 65 
14 08 67 63 69 
30 l6 126 124 136 
32 17 135 134 147 
45 25 186 189 207 
47 27 194 200 218 
57 35 237 248 272 
59 38 2"6 258 283 
68 46 286 304 334 
70 48 295 314 344 
79 56 334 355 392 
81 58 344 366 .j()4 
89 66 381 '407 ""9 
91 68 391 418 "61 

100 75 428 457 507 
102 77 437 467 s 19 
110 84 473 504 564 
112 87 482 513 575 
120 93 517 5"9 619 
123 95 ~7 559 632 

Palle1 No. Ac5 
A a C D E 

000 000 000 000 000 
08 12 62 49 61 
08 13 65 ~ 65 
16 24 122 101 123 
18 27 131 109 133 
27 35 181 153 187 
27 38 191 16l 197 
35 47 236 205 249 
38 49 247 214 261 
47 57 293 256 313 so S9 305 266 326 
62 n 353 307 379 
65 74 368 317 393 
75 81 412 354 4.ol() 
79 83 '425 362 453 
90 90 47l '402 S02 
95 93 485 413 S17 

103 101 527 450 563 
107 103 5"2 "62 578 
118 117 586 sos 629 
121 !20 602 Sl9 6"6 

Pallel No. Ad5 
A I C D E 

000 000 000 000 000 . 
10 08 S7 54 60 
10 09 61 58 63 
21 18 117 116 126 
24 21 •29 127 139 
33 31 184 183 202 
36 34 196 195 215 
"6 42 2"" 258 274 
so "6 248 262 290 
S9 S3 311 314 348 
63 57 324 329 364 
n 65 375 380 •21 
76 70 390 395 437 
84 76 4.j() - 492 
87 82 456 459 510 
95 89 504 sos 566 
98 95 520 519 583 

106 102 569 S64 638 
110 108 586 5SO 657 
118 115 632 622 708 
122 120 651 638 n1 
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AfftNCIX T MU 181> 

0...iled ~-°" o. .. , in U.. - 1/1000 In. Polle11ol1__,o..i,.. 

Pvllet No. 8a2 
A I C D E 

000 000 000 000 000 
1111494652 
12 12 53 49 56 
25 24 99 94 107 
28 27 IC6 103 117 
41 38 150 149 168 
45 41 159 160 180 
59 53 202 204 230 
63 57 213 216 243 
75 68 254 256 293 
80 73 261 2:111 307 
92 lW 309 312 355 
98 " 320 325 369 

107 102 362 366 418 
114 l06 375 380 433 
134 117 QI 424 4114 
136 122 433 437 501 
145 131 473 473 547 
148 136 487 487 563 
l.511 146 525 522 608 
161 1:0 541 536 625 

Pallet No. llla2 
A I C D 

000 000 000 000 000 
12 08 49 42 51 
13 09 54 46 56 
27 l8 98 90 106 
30 20 106 97 114 
41 29 147 139 162 
43 31 156 14 In 
54 38 194 188 219 
57 40 20'Z 199 230 
68 48 239 238 273 
71 49 249 248 285 
81 57 284 286 :12.7 
84 59 293 295 337 
93 65 327 331 377 
96 68 337 342 388 

106 74 369 377 427 
109 76 380 389 ...., 
119 82 412 424 479 
122 lW 424 437 490 
131 90 454 469 526 
134 92 465 484 542 

Pall••No. k2 
A I C D E 

000 000 000 coo 000 
11 10 49 43 52 
12 12 53 46 5S 
23 24 101 90 109 
26 27 109 99 118 
38 37 1s 141 rn 
" 40 169 1:0 183 
53 so 218 190 238 
.511 54 230 201 251 '° 63 279 238 302 
76 68 295 251 320 
87 78 341 289 369 
93 83 355 303 386 

102 93 399 340 434 
108 98 "4 355 451 
117 108 454 392 -
123 114 ~ 407 515 
1:12. 123 508 445 s. 
137 130 522 461 577 
147 138 s. 497 623 
151 146 575 513 642 

Pallet No. ld2 
A I C D E 

000 000 000 000 000 
13 09 54 50 57 
15 10 60 54 63 
28 l8 1'7 103 120 
32 22 128 112 131 
46 30 181 161 188 
49 32 192 in 200 
63 40 241 220 257 
68 "2 254 232 269 
82 48 302 277 324 
88 so 316 290 339 

10 l 56 364 336 391 
108 57 379 348 llJ7 
122 62 427 392 459 
129 63 442 405 473 
143 68 491 451 526 
152 71 .506 463 542 
166 74 553 S09 594 
176 78 571 522 613 
190 82 616 565 "' 
20'Z 8' 636 579 684 

...itet No. la3 
A I C D E 

000 000 t.llO 000 000 
12 10 51 45 M 
13 11 54 48 59 
24 21 101 93 111 
27 23 109 101 120 
36 32 150 143 169 
41 32 159 152 190 
49 41 199 192 22• 
53 43 208 202 2:11 
62 51 248 241 284 
65 53 2.511 251 296 
73 60 295 290 339 
78 63 306 299 350 
86 ill 342 336 392 
90 n 352 3'7 405 
91 79 387 384 446 

101 82 398 395 4.511 
108 88 431 431 498 
112 91 4'2 -443 511 
119 91 474 476 551 
122 101 487 ., 566 

Pollet No. 8'3 
A I C D E 

ooo ooo ooo ooo cm 
13 09 5S 47 57 
14 09 60 49 60 
27 18 110 97 114 
30 21 120 104 125 
43 30 166 147 177 
46 32 177 157 187 
~8 39 220 197 237 
63 43 232 211.5 249 
75 49 273 243 295 
7' 53 285 254 309 
91 60 324 390 352 
95 63 336 30 l 365 

106 ill 374 336 408 
110 73 386 347 421 
121 81 421 382 462 
125 84 4:12. 392 475 
136 92 467 427 517 
140 95 479 437 531 
lSO 102 510 469 570 
154 106 525 .al2 .5116 

Pollet No. llc3 
.A I C D E 

000 000 000 000 000 
10 08 48 38 46 
11 09 52 42 so 
21 19 103 86 101 
24 21 112 93 110 
35 31 161 139 164 
40 3' in 149 175 
53 43 218 194 226 
59 .... 230 205 238 
73 54 273 249 290 
82 56 287 262 304 
93 65 329 306 353 
91 61 34' 3" 361 

109 76 389 361 417 
112 79 .jQQ 3:IO 430 
120 89 445 413 477 
123 92 460 425 491 
132 101 SOl 465 539 
134 104 515 476 553 
143 112 5S5 512 598 
147 '" sn 524 614 

Pollet No. ld3 
A I C D E 

000 000 000 000 000 
13 13 49 50 54 
14 16 5S 5S 60 
'11 30 114 106 120 
29 34 123 114 130 
41 49 179 165 189 
43 52 190 175 201 
54 67 243 224 260 
56 7l 254 235 272 
65 87 305 281 329 
66 93 317 293 342 
7S 109 369 339 398 
77 114 383 350 412 
85 128 432 397 467 
87 134 446 .jQ8 482 
96 153 499 459 5«> 
91 157 514 472 556 

105 172 562 517 612 
107 177 578 531 629 
114 193 627 575 615 
117 200 646 589 :1114 

Pal!et No. 1114 
A I C D E 

QCO >JOO 000 000 ODO 
C818-'96063 
10 21 55 " 68 
23 29 103 115 122 
24 32 I 12 124 132 
'.JI J9 157 172 187 
42 '' 168 •a 200 
54 4 211 221 251 
.58 51 224 241 265 
71 57 271 286 316 
75 40 284 299 331 
87 66 328 343 380 
92 " 342 356 394 

103 75 387 399 443 
109 .,, 402 413 460 
120 lW -443 453 506 
125 87 457 465 522 
136 93 496 501 566 
140 95 511 513 .5113 
150 101 547 547 624 
153 104 562 560 6IO 

Pallet No .... 
A I C D E 

000 000 000 000 000 
09 08 49 46 52 
10 08 52 49 54 
21 16 91 99 108 
24 l8 106 108 117 
37 27 151 1.511 172 
"' '11 160 166 182 
52 34 202 212 232 
54 35 212 221 243 
61 41 254 261 295 
71 42 266 279 307 
82 47 308 322 356 
116 49 320 333 368 
91 54 362 376 416 

102 56 375 387 429 
112 62 418 4311 476 
117 63 429 .... , 490 
127 68 471 .al2 536 
131 '° 484 495 5S1 
140 74 522 531 596 
145 76 537 545 612 

Pollet No. 11c4 
A 8 C D E 

000 000 000 000 000 
13 12 57 49 57 
15 13 62 53 63 
27 27 l 19 106 122 
31 30 129 ll6 133 
43 4 I 183 166 191 
47 43 193 177 202 
di) 55 24' 225 2.511 
63 58 254 235 2:111 
73 '° 304 281 325 
78 73 316 292 337 
116 85 366 336 389 
llO 88 376 346 402 
91 99 424 388 452 

102 103 436 399 465 
llO 114 483 '4'40 514 
114 117 495 451 S28 
123 127 542 487 577 
128 131 5S5 499 591 
135 139 600 531 6:11 
'"' 143 613 542 653 

Pallet No. 1114 
A 8 C D E 

000 000 000 000 000 
11105654.511 
13 13 6l 59 63 
27 27 I 18 112 122 
31 30 130 122 134 
45 42 186 175 193 so 45 200 186 206 
64 57 251 2:16 264 
71 60 268 246 278 
84 72 3211 295 336 
,, 74 335 306 350 

103 86 383 353 402 
JIO 89 398 365 417 
121 91 443 410 4611 
127 103 4.511 422 483 
138 112 502 471 533 
,.... 116 517 483 548 
154 125 560 528 599 
159 129 577 543 617 
169 138 618 585 666 
174 143 636 599 684 

PolletNo. w 
A I C D E 

ooo ooo ooo ooo oao 
08 06 48 46 51 
09 08 53 51 55 
20 14 100 99 109 
22 16 108 108 119 
33 23 153 154 172 
35 25 161 '" 183 
45 32 202 20I 233 
47 35 211 211 245 
57 43 252 261 295 
59 46 262 271 306 
68 53 3112 314 353 
71 56 311 323 365 
., 63 351 :163 412 
82 66 360 373 424 
92 74 401 413 471 
94 76 "12 424 483 

103 lW 451 462 529 
106 87 462 473 543 
116 \14 491 5111 -
l ll 91 511 520 602 

Pallet No. "5 
A a C D E 

000 000 000 000 ODO 
OI 06 39 :cl ol3 
08 07 .Q 54 47 
19 15 M 106 IC:O 
21 17 93 115 110 
33 24 13' 161 163 
35 27 142 179 174 
46 35 182 228 227 
49 37 191 240 239 
60 45 230 'WI -63 47 241 299 301 
75 S4 279 34' 350 
77 57 290 3.511 364 
89 63 328 402 411 
92 d6 341 416 425 

103 72 380 462 473 
106 74 391 476 488 
118 ., 429 521 534 
122 a 442 536 550 
l 34 88 47' 577 595 
138 90 491 591 612 

Pallet No. lc5 
A I C D E 

ooo ooo ooo ooo oao 
09 13 52 36 57 
10 14 56 41 61 
23 21 109 96 123 
26 31 118 106 134 
38 43 168 160 l\14 
42 47 177 171 205 
54 60 223 224 262 
57 63 233 236 274 
68 76 278 287 329 
71 ., 288 298 3G 
83 93 332 34' 394 
87 97 343 356 409 
91 109 386 405 462 

104 116 401 421 479 
116 128 443 469 533 
123 136 .s 486 550 
134 146 491 533 600 
141 153 514 551 619 
151 164 553 596 666 
1.511 174 ''° 613 686 

Pollet No. 11115 
A I C D E 

ooo ooo oao ooo ooo 
JO 09 SO 54 5S 
111054.51160 
26 18 106 112 117 
28 20 114 120 121 
43 29 163 173 183 
47 30 175 184 195 
62 38 223 234 252 
61 41 236 246 261 
82 ... 284 295 323 
87 SI 291 309 339 

IOI 57 34' 3.511 393 
108 62 361 3:IO 4G9 
121 68 l/J7 419 462 
130 73 424 434 480 
145 79 471 484 532 
154 85 488 491 550 
161 92 529 547 602 
172 91 54' 562 6211 
I., 106 582 605 661 
184 lll 597 623 686 
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O.ftectt-.AI 
2 3 4 .5 A1. 

000 OQQ ODO COO ODO ODO 
II 15 II 11 I' 12 
13 16 13 12 ,, 14 
26 l2 26 22 29 i• 
~l62924323l 
.... ...,3"4542 
4" SI '3 37 <ill 45 
51'4"465255 
61 66 57 " 63 59 
15 1' 70 SI 74 71 

11 12 n '' n '' 9'29383108715 
9' 9S 87 73 91 SI 

105 106 .. 12 101 98 
110 109 101 86 '°" 102 
"' llO 112 93 113 Ill 
123 123 115 ,, 117 115 
133 133 125 105 127 125 
Ill 136 129 '10 131 129 
1•7 I~ 131 Ill 140 IJI 
151 149 143 121 '"" 141 

O.Recticm Al 
I 2 3 4 5 .. ....,_ 

COD 000 ODO ODO ODD 000 
14 10 It ~ II 10 
IS 11 1• 16 11 13 
27 24 27 29 23 26 
3127:JJ3Z2S29 
45 37 '3 ... 35 41 
48A0'6"63743 
61 so 57 ~ " 34 
66 S3 61 58 " S1 
79 .. 71 69 57 68 
as 01 '" 11 st '' ts n as ao eia s1 

IO:Z 79 Ill Bl 70 M 
112 81 96 93 71 93 
118 90 100 96 8D ,, 
121 101 108 '°' 81 106 
13' '°' 111 107 90 109 
143 110 119 115 97 117 ''° "' 122 118 100 121 
160 124 130 126 107 129 
16.S 127 133 129 109 133 

o.11 ........ 
2 l .. s ..... 

COD 000 mo 000 000 ODO 
10 10 10 13 10 II 
1' 10 12 1' II 12 
222023272022 
24 23 25 31 23 25 
l5 33 36 a 31 l5 
JI 36 31 " 33 38 
,, 45 48 S1 41 " 
5D '9 5D 61 4' St 
6059li071~60 
62626.375.5563 nnn••''' 7'75769'li"l'9 
83 83 84 102 79 86 
e1 86 " ice er 90 
96 96 96 123 90 IOI) 
99 911 99 13> M 104 

107 lol "'1 139 102 I 13 
Ill 110 1"6 !OS 117 
119 118 "' 156 1'8 126 
124 120 120 •eo 121 '19 

DeftiKtiOM Al 
t2l•S.A ... 

am coo * om ooo ooo 
12 'O 13 11 Q9 12 
13 17 ,. 12 10 13 
23 28 26 23 20 24 
26 31 29 26 23 27 
36 41 ... 37 32 31 
ll'54'403Sote> 
47S.55l504'50 
505iil!il'S448S4 
59 67 61 6S 56 63 
6t 11 n '° 60 67 
i'O 81 82 80 69 76 
738S96M7380 
112M96N8089 
IS 98 101 IQO ts 9' 
,.. 106 /fl 110 92 103 
'f7 110 'IS 117 97 '07 

106 l 18 12• 127 10.t 116 
110 •22 121 138 109 121 
119 13S 136 '" 117 lJ• 
123 1::e 1)9 15() 171 l)l 

o.A«tt-CD 
1 2 3 • s ... ...,. 

ooo oao ooo ooo ooo ooo 
595756636'1~ 
61 6l 62 61 6i 66 

127 122 120 • 3) 129 125 
141 133 131 ,,, 139 1 37 
195 116 185 200 191 191 
207 197 191 212 203 203 
2.59 7,7 250 261 2'1 2.55 
2n 2:sa 263 m 2.. , .. 
323 J)6 317 ll6 313 319 
337 311 329 35• 326 332 
317 365 380 403 369 :Ill 
<IOI JT1 :J9.t "7 3112 394 co 425 4U .405 •26 ...., 
466 '37 •59 ..so ""° '56 
s12 "83 '°' "26 c m 
530 497 521 S4D 496 Sl7 
375 539 567 SIS 538 560 
s94 ~S3 m 603 "' m 
631 594 624 046 594 619 
6.58 608 &Cl 662 611 03' 

OeflMt'-CO 
I 2 3 ' S ....... 

ODD 000 ODO ODD 000 000 
01 61 59 IS 61 SI 
6.S 6.S 6.S SI 65 62 

120 12S 129 109 12S 122 
131 135 IAQ 121 135 132 
183 189 201 17' 181 117 
'" 201 212 186 197 19' 
245 251 270 233 243 241 
2.58 263 282 24' 2~ 2ll0 
336 J1• 336 m 295 Xt9 
l2t 327 351 m :.>S m 
366 376 "'°' m 345 369 
J83 390 419 365 35.5 382 
426 436 461 414 394 428 
"2 ""9 480 428 405 441 
... 49'3 .526 473 ...... , "' 
.501 .507 540 481 452 4911 
542 "8 Sll3 S28 48' "8 
~ 562 S91 So&S 499 ~2 
,.,, 605 639 583 533 5'91 
612 619 '" 597 5'3 605 

O.flectioM co 
I 2 l 4 3 ...... 

000 000 000 000 000 000 
S7 61 67 65 :S6 61 
62 65 71 11 S9 66 

119 122 131 131 111 123 
llf 132 142 ... !';.IC) 133 
18$ 187 200 199 167 189 
"' 198 211 213 176 199 
2 ... 2"1 267 26.S 221 2~ 
258 263 271 279 231 262 
309 3'3 lll 330 275 312 
l22 324 343 )"6 286 324 
373 376 J95 39fl 3:J> 314 
3117 - 408 41S 343 381 
437 ,37 '5S 463 Z83 435 
452 4.50 469 481 J9it ""9 
,99 491 SIS S3' '37 497 
31' s12 529 5.53 448 Sii 
599 360 574 600 49 so.-
$75 575 sae 620 so2 sn 
611 621 630 662 5<66 615 
634 635 6'5 612 561 631 

o.flectlom CD 
1 2 3 4 5 .. ...,. 

000 ODO 000 000 000 000 
57 61 58 67 56 llO 
606.5Mn606' 

112 120 120 133 117 120 
112 132 131 145 128 132 
170 186 1es m '" 1es 
181 200 197 215 196 198 
226 2S 1 248 270 246 248 
237 26.5 26' 264 260 261 
292 31S 310 3JI 3 13 312 
293 329 324 355 :rl7 326 
336 379 373 ..,, 311 375 
:W7 393 3il6 426 J93 3119 
3'0 4MJ 43C 4n "'2 437 
403 45S 4S 1 •95 458 ,,2 
""S SOD 4911 S42 50S 498 
'59 S'' 514 S62 S20 514 
501 557 ~· ¥J7 567 559 
511 s73 sn 63> 583 576 
s.sa 617 619 6n 627 619 
575 632 636 692 045 636 

89 

"9lNOUC u.au " 

o.41ectic.i l 
t l 4 5 ....... 

000 000 ODO CX1D ODO ~ 
63 66 63 61 11 66 n n 70 14 76 n 
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APPENDIX TABLE 20 

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

2 r Intercept 
( 1/1000 In.) 

Slope 
( 1/1000 I n./Lb.) 

r 

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 14605 
14126 12553 14269 13363 
12900 13573 13863 13982 
14698 13660 14161 15697 
13352 13514 13812 14002 
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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 E6 3 3.73 E6 5.67 2.90 s 

Interaction 10.60 E6 3 3.53 E6 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 l 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 22a 

Detailed Test Data for Free-Fall Dr~ Tests from 33t'' Height 
of Conventionai Stevedore Pallets 

Pallet Test Length of Diagonals, in In. Chcmge in Len~th, in In. Average 
Number Condi ti on (a) (b) (c) (d) (a) (b) {c) (d) Change 

Aal 

Aa2 

Aa3 

Aa4 

Aa5 

Prior to test 
After 1st Drop 
After 2nd Drop 
After 3rd Drop 
After 4th Drop 
After 5th Drop 
A~er 6th Drop 

73.86 73.59 74.03 73.31 
72.04 75.37 72.16 75.11 
70.67 76.62 70.77 76.39 
69.49 77.67 69,63 77.42 
68.50 78.54 68.61 78.30 
67.62 79.28 67.72 79.21 
66.75 79.98 66.86 79.75 

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 

73.39 73.80 73.45 73.69 
71.61 75.49 71.56 75.41 
70.31 76.67 70.21 76.61 
69.25 77.61 69.11 77,55 
68.23 78.48 68.11 78.41 
67.22 79,32 67.11 79.23 
66.38 80.02 66.21 79.95 

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 

73.45 73,89 73,51 73.74 
71.70 75.54 71.78 75.37 
70.44 76,70 70.50 76.53 
69.30 77.71 69,40 77.51 
68.26 78,59 68.39 78.38 
67.40 79,31 67.50 79.12 
66.47 80.07 66.55 79.86 

Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 
After 1st Drop 
After 2nd Drop 
After 3rd Drop 
After 4th Drop 
After 5th Drop 
After 6th Drop 

73.47 73.77 73.52 73,71 
71 .72 75,40 71.78 75.37 
70.35 76.68 70.37 76.63 
69. 18 77,70 69.21 77.66 
68.10 78.62 68. 15 78,54 
67.08 79.48 67. 14 79,40 
66. 18 80.17 66.29 80. 10 

Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.50 73.70 73,91 73.28 
After 1st Drop 71.61 75.50 72.02 75.11 
After 2nd Drop 70.22 76,76 70.54 76.41 
After 3rd Drop 69.18 77,67 69,51 77.32 
After 4th Drop 67.89 78.78 68.19 78,44 
After 5th Drop 66.98 79,53 67.34 79.16 
After 6th Drop 65. 98 80.33 66.28 80.00 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

1.82 1,78 1.87 1.80 
3. 19 3.03 3.26 3.08 
4.37 4,08 4.40 4. 11 
5.36 4.95 5.42 4.99 
6.24 5.69 6.31 5.90 
7. 11 6.39 7.17 6.44 
9.63 8,68 9.69 8.78 

9.20 

1.78 1.69 1.89 1.72 
3,08 2,87 3.24 2. 92 
4, 14 3.81 4.34 3.86 
5. 16 4.68 5.34 4.72 
6. 17 5,52 6.34 5.54 
7.01 6.22 7.24 6.26 
9.55 8.43 9.86 8,50 

9,09 

1.75 1.65 1.73 1.63 
3.01 2,81 3.01 2,79 
4, 15 3.82 4.11 3.77 
5.19 4.70 5.12 4.64 
6.05 5.42 6.01 5.38 
6. 98 6.18 6.96 6. 12 
9,50 8,36 9.42 8.30 

8.90 

1.75 1,63 1.74 1.66 
3.12 2.91 3, 15 2.92 
4,29 3. 93 4.31 3. 95 
5.37 4,85 5.37 4,83 
6.39 5,71' 6.38 5,69 
7.29 6.40 7,23 6,39 
9,89 8.68 9.83 8,67 

9.27 

1. 89 1,80 1.89 1.83 
3.28 3,06 3.37 3.13 
4.32 3.97 4.40 4.04 
5.61 5.08 5.72 5. 16 
6.52 5.83 6.57 5.88 
7.52 6.63 7.63 6,72 

10.23 9,0010.32 9,17 
9.68 

1.82 
3.14 
4,24 
5.18 
6.04 
6,78 

1.77 
3,03 
4,04 
4,98 
5,89 
6.68 

1.69 
2.91 
3.96 
4,91 
s.n 
6,56 

1.70 
3,03 
4.12 
5.11 
6,04 
6,83 

1,85 
3.21 
4.18 
5.39 
6,20 
7.13 
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APPENDIX TABLE 22b 

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

Pallet Test Length of Diagonals, in In. Change in length, in In. Average 
Number Condition (a) (b) (c) (d) (a) (b) (c) (d) Change 

Abl Prior to test 
After 1st Drop 
After 2nd Drop 
After 3rd Drop 
. '..fter 4th Drop 
After 5th Drop 
After 6th Drop 

73.54 73.57 73.63 73.53 
71.64 75.37 71.70 75.36 
70.37 76.55 70.40 76.53 
69.38 77.40 69.44 77.40 
68.66 78.10 68.74 78.00 
68.04 78.53 68.14 78.50 
67.50 79.00 67.60 78.98 

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

Ab2 Prior to test 73.58 73.66 73.57 73.64 
After 1st Drop 71.72 75.44 71.66 75.45 
After 2nd Drop 70.47 76.57 70.39 76.60 
After 3rd Drop 69.60 77.34 69.49 77.39 
After 4th Drop 68.85 77.99 68.73 78.03 
After 5th Drop 68.26 78.50 68. 15 78.54 
After 6th Drop 67.71 78.96 67.57 i9.02 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Ab3 Prior to test 73.60 73.49 73.74 73.50 

Ab4 

After kt Drop 71.77 75.24 7L80 75,30 
After 2nd Drop 70.51 76.37 70.56 76.43 
After3rdDrop 69.Sl 77.10 69.61 77.26 
After 4th Drop 68.78 77.87 68,85 77.93 
After 5th Drop 68.16 78.42 68.19 78.48 
After 6th Drop 67.53 78.93 67.57 79.00 
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 

73.77 73.58 73.78 73.59 
71.65 75.50 71.75 75.54 
70.34 76.69 70.46 76.72 
69.44 77.48 69.58 77.50 
68.70 78.10 68.81 78. 17 
68.03 78.68 68.14 78.74 
67.46 79.16 67.52 79.25 

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

Ab5 Prior to test 73.69 73.69 73.75 73.60 
After 1st Drop 71.78 75.51 71.75 75.46 
After 2nd Drop 70.43 76.71 70.45 76.64 
After 3rd Drop 69.50 77.53 69.53 77.45 
After 4th Drop 69.01 77.97 68.99 77.91 
After 5th Dtop 68.41 78.47 68.37 78.43 
After 6th Drop 67.78 78.99 67.76 78.93 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

1. 90 l.80 1. 93 1.83 
3.17 2.98 3.23 3.00 
4.16 3.83 4.19 3.87 
4.88 4.53 4.89 4.47 
5.50 4.96 5.49 4.97 
6.04 5.43 6.03 5.45 
8.21 7.38 8.19 7.41 

7,80 

1.86 1.78 1.91 1.81 
3.11 2.91 3.18 2.96 
3.98 3.68 4.08 3.75 
4.73 4.33 4.84 4.39 
5.32 4.84 5.42 4. 90 
5.87 5.30 6.00 5.38 
7.98 7.20 8.16 7.31 

7.66 

1.83 1.75 1. 94 1.80 
3.09 2.88 3. 18 2. 93 
4.03 3.6 i 4.13 3.76 
4.82 4.38 4.89 4.43 
5.44 4,93 5.55 4.98 
6.07 5.44 6.17 5.50 
8.25 7.40 8.37 7.48 

7.88 

2.12 1.92 2.03 1.95 
3.43 3.11 3.32 3.13 
4.33 3.90 4.20 3.91 
5.07 4.52 4.97 "4.58 
5.74 5.10 5.64 5.15 
6.31 5.58 6.26 5.66 
8.55 7.58 8.48 7.69 

8.08 

1.91 1.82 2.00 1.86 
3.26 3.02 3.30 3.04 
4. 19 3.84 4.22 3.85 
4.68 4.28 4.76 4.31 
5.28 4.78 5.38 4,83 
5.91 5.30 5,99 5.33 
8.02 7.19 8.12 7.24 

7.64 

l.87 
3.10 
4.01 
4.69 
5.23 
5.74 

1.84 
3.04 
3.87 
4.57 
5.12 
5.64 

1.83 
3.02 
3.88 
4.63 
5.23 
5.80 

2.01 
3.25 
4.09 
4.79 
5.41 
5.95 

1.90 
3.16 
4.03 
4.51 
5.07 
5.63 



Pallet 
Number 

Acl 

Ac2 

Ac3 

Ac4 

Ac5 
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APPENDIX i ABLE 22c 

Detailed Test Data for Free-Fall Drop Tests from 33f' Height 
of Conventional Stevedore Pallets 

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 Diagonals, in In. 
{a) (b) (c) (d) 

73.58 73.64 73.78 73.46 n.34 74.81 n.54 74.62 
71.66 75.47 71.82 75.30 
71.26 75.83 71.46 75.66 
70.90 76.10 71.08 76.00 
70.60 76.42 70.80 76.24 
70.30 76.70 70.50 76.51 

Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to fest 73.79 73.57 73.73 73.50 
After ht Drop n.57 74.71 72.53 74.67 
After 2nd Drop 71.98 75.30 71.91 75.26 
After 3rd Drop 71.50 75.71 71.46 75.65 
AftS- 4th Drop 71.21 76.00 71.18 75.93 
After 5th Drop 70.97 76.22 70.90 76.18 
After 6th Drop 70,70 76.46 70.65 76.40 
Total Distortion, in Percent! 
Avg. Distortion, in Percent: 
Prior to test 73.47 73.93 73.43 73.75 
After 1st Drc·p n.25 75.06 72.26 74.89 
After 2nd Drop 71.55 75.n 71.50 75.59 
After 3rd Drop 71.07 76.23 71.00 76.02 
After 4th Drop 70.68 76.60 70.63 76.37 
After 5th Drop 70.23 77.00 70.17 76.80 
After 6th Drop 69.98 77.23 69.94 77.00 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.60 73.74 73.49 73.40 
After 1st Drop 72.48 74.88 72.36 74.50 
After 2nd Drop 71.74 75.59 71.61 75.19 
After 3rd Drop 71."12 76.14 71.00 75.75 
After 4th Drop 70.80 76.44 70.67 76.06 
After 5th Drop 70.43 76.77 70.29 76.40 
After 6th Drop 70.24 76.93 70. 10 76.58 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.22 73.89 73.53 73.79 
After 1st Drop 71. 95 75.10 72.29 75.00 
After 2nd Drop 71.24 75.78 71.58 75.66 
After 3rd Dr cp 70.66 76.30 70. 99 76.20 
After 4th Drop 70.21 76.72 70.53 76.61 
After 5th Drop 69.79 77.10 70.11 76.97 
After 6th Drop 69.37 77.48 69.69 77.34 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Change in Length, in In. Average 
(a) (b) (c) {d) Change 

1.24 1.17 1.24 1.16 1.20 
1.92 1,83 1.96 1.84 1.89 
2.32 2.19 2.32 2.20 2.26 
2.68 2.50 2.70 2.54 2.61 
2.98 2.78 2.98 2.78 2.88 
3.28 3.06 3.28 3.05 3.17 
4.46 4.16 4.45 4.15 

4.31 

1.22 1.14 1.20 1.17 
1.81 1.73 1.82 1.76 
2.29 2.14 2.27 2.15 
2.58 2.43 2.55 2.43 
2.82 2.65 2.83 2.68 
3.09 2.89 3.08 2. 90 
4.19 3.93 4.18 3.95 

4.06 

1.22 1.13 1.17 1.14 
1.92 1.84 T.93 1.84 
2.40 2.30 2.43. 2.27 
2.79 2.67 2.80 2.62 
3.24 3.07 3.26 3.05 
3.49 3.30 3.49 3'.25 
4.75 4.46 4.75 4.41 

4.59 _ _,...,. __ 
1.12 1.-14 1.13 1.10 
1.86 1.85 1.88 1.79 
2.48 2.40 2.49 2.35 
2.80 2.70 2.82 2.66 
3.17 3.03 3.20 3.00 
3.36 3.19 3.39 3.18 
4.57 4.33 4.61 4.33 

4.46 

1.27 1.21 1.24 1.21 
1. 98 •t.89 1. 95 1.87 
2.56 2.41 2.54 2.41 
3.0 l 2.83 3.00 2.82 
3.43 3.21 3.42 3. 18 
3.85 3.59 3.84 3.55 
5.26 4.86 5.22 4.81 

5.04 

1.18 
1.78 
2.21 
2.50 
2.75 
2.99 

1.17 
1.91 
2.35 
2.n 
3.16 
3.38 

1.12 
1.85 
2.43 
2.75 
3.10 
3.28 

1.23 
1.92 
2.48 
2.92 
3.31 
3.71 
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APPENDIX TABLE 22d 

Detailed Test Data for Free-Fall Drop Tests from 33f' Height 
of. Conventional Stevedore Pallets 

Pallet 
Number 

Adl 

Test 
Condition 

Prior to test 
After 1st Drop 
A~er 2nd Drop 
After 3rd Drop 
After 4th Drop 
After 5th Drop 
After 6th Drop 

length of Diagonals, in In. 
(a) (b) (c) (d) 

73.37 73.84 73.37 73.89 
72.13 75.02 72.11 75.06 
71.37 75.73 71.36 75.80 
70.89 76.16 70.89 76.22 
70.58 76.46 70.56 76.51 
70.19 76.80 70. 19 76.86 
69.98 77.00 69.98 77.02 

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

Ad2 Prior to test 73.58 73.70 73.45 73.51 
After 1st Drop 72.21 75.00 72.11 74.81 
After 2nd Drop 71.35. 75.80 71.24 75.62 
After 3rd Drop 70.79 76.31 70.67 76.13 
After 4th Drop 70.34 76.72 70.22 76.55 
After 5th Drop 70.09 76.93 69.98 76.76 
After 6th Drop 69.89 77.12 69.75 76.9T 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Ad3 Prior to test 73.79 73.57 73.85 73.36 
After 1st Drop 72.45 74.84 72.54 74.64 
After 2nd Drop 71.60 75.66 71.68 75.46 
After 3rd Drop 70.96 76.25 71.04 76.05 
After 4th Drop 70.33 76.83 70.46 76.59 
After 5th Drop 69.79 77.30 69.91 77.07 
After 6th Drop 69.37 77.67 69.48 77.46 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Ad4 Prior to test 73.43 73.78 73.44 73.61 
After 1st Drop 72.17 75.00 72. 18 74,82 
After 2nd Drop 71.50 75.61 71.52 75.46 
After 3rd Drop 71.00 76.10 71.02 75,91 
After 4th Drop 70.55 76.50 70.60 76.30 
After 5th Drop 70.35 76.70 70.39 76.49 
After 6th Drop 70.09 76.94 70.14 76.70 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Ad5 Prior to test 73.31 73.84 73.45 73.80 
After 1st Drop 72.11 75.00 72.23 74.98 
After 2nd Drop 71.29 75.74 71.42 75.71 
After 3rd Drop 70.80 76.20 70. 92 76. T9 
After 4th Drop 70.51 76.48 70.62 76.43 
After 5th Drop 70.15 76.80 70.27 76.77 
After 6th Drop 69.92 77.00 70.04 76.98 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Change in length, in In. Average 
(a) (b) (c) (d) Change 

1.24 1.18 1.26 1.17 1.21 
2.00 1.89 2.01 1.91 1.95 
2.48 2.32 2.48 2.33 2.40 
2.79 2.62 2.81 2.62 2.71 
3.18 2.96 3.18 2.97 3.07 
3.39 3.16 3.39 3.13 3.27 
4.62 4.28 4.62 4.24 

4.44 

1. 37 1.30 1.34 1.30 
2.23 2.10 2.21 2.11 
2.79 2.61 2.78 2.62 
3.24 3.02 3.23 3.04 
3.49 3.23 3.47 3.25 
3.69 3.42 3.70 3.46 
5.01 4.64 5.04 4.71 

4.85 

1.34 1.27 1.31 1.28 
2. 19 2.09 2.17 2.10 
2.83 2.68 2.81 2.69 
3.46 3.26 3.39 3.23 
4.00 3.73 3.94 3.71 
4.42 4. 10 it..37 4. 10 
5.99 5.57 5.92 5.59 

5.77 

1.26 1.22 1.26 l .21 
1.93 1.83 1.92 1.85 
2.43 2.32 2.42 2.30 
2.88 2.72 2.84 2.69 
3.08 2.92 3.05 2.88 
3.34 3.16 3.30 3.09 
4.55 4.28 4.49. 4.20 

4.38 

l.20 1.16 1.22 1.18 
2.02 1.90 2.03 1.91 
2.51 2.36 2.53 2.39 
2.80 2.64 2.82 2.63 
3.16 2.96 3.18 2.97 
3.39 3.16 3.41 3.18 
4,62 4.28 4.64 4.31 

4.46 

1.33 
2.16 
2.70 
3.13 
3.36 
3.57 

1.29 
2.14 
2.75 
3.34 
3.85 
4.25 

1,24 
1.88 
2.37 
2.78 
2.98 
3.22 

1.19 
1.97 
2.45 
2.73 
3.07 
3.29 
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APPENDIX TABLE 22e 

Detailed Test Data for Free-Fall Drop Tests from 33f' Height 
of Improved Stevedore Pal lets 

Pallet 
Number 

Bal 

Ba2 

8o3 

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 Diagonals, in In. 
(a) (b) (c) (d) 

73.29 73.91 73.42 73.98 
71.82 75.41 71.92 75.39 
70.63 76.38 70.73 76.47 
69.65 77.23 69.74 77.34 
68.66 78.10 68.75 78.19 
67.85 78.80 67.90 78.91 
66.96 79.53 67.21 79.(IJ 

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 

73.3 l 73.75 73. 97 73,84 
71.87 75.13 71.95 75.24 
70.78 76.14 70.85 76.25 
69.79 77.05 69.85 77.16 
68.91 77.81 68.96 77.93 
68. 10 78.52 68. 14 78.64 
67.33 79.17 67.37 79,28 

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 

73.41 73.86 73.48 73.77 
71.78 75,36 71.87 75.30 
70.64 76.43 70.64 76.34 
69.63 77.33 69.72 77.26 
68.72 78. l 3 68.80 78.05 
67.92 78.81 68.01 78.73 
67.14 79,46 67.25 79.39 

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

Ba4 Prior to test 73.45 73.72 73.63 73.67 
After 1st Drop 71.98 75.14 72.15 75,09 
After 2nd Drop 70. 93 76.12 71.07 76.09 
After 3rd Drop 69.94 77.00 70.10 76.97 
After 4th Drop 69.07 77.77 69.23 77.73 
After 5th Drop 68.29 78.45 68.46 78.40 
After 6th Drop 67.62 79.01 67.78 78.97 
Total Distortion, in Percent; 
Avg. Distortion, in Percent: 

Ba5 Prior to test 73.32 73.95 73.38 73.97 
After 1st Drop 71.80 75.41 71.80 75.45 
After 2nd Drop 70.67 76.45 70.65 76.49 
After 3rd Drop 69.87 77.17 69.83 77.23 
After 4th Drop 68.97 77.97 68.94 78.01 
After 5th Drop 68.27 78.56 68.25 78.60 
After 6th Drop 67.56 79.16 67.55 79.18 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Change in Length, in In. Average 
(a) {b) (c) (d) Change 

1.47 1.50 1.50 1.41 l.47 
2.66 2.47 2.69 2.49 2.58 
3.64 3.32 3.68 3.36 3.50 
4.63 4. 19 4.67 4.21 4.43 
5.44 4.89 5.52 4. 93 5.20 
6.33 5,62 6.21 5.62 5.95 
8.64 7.60 8.46 7.60 

8.08 

1.44 l.38 1.52 1.40 
2.53 2.39 2.62 2.41 
3.52 3.30 3.62 3.32 
4.40 4.06 4.51 4.09 
5.21 4.77 5.33 4.80 
5. 98 5.42 6. 10 5.44 
8. 16 7.35 8.30 7.37 

7.80 

l.63 1.50 l .61 1.53 
2.77 2.57 2.74 2.57 
3.78 3,47 3.76 3.49. 
4.69 4.27 4.68 4.28 
5.49 4. 95 5.47 4. 96 
6.27 5.60 6.23 S.62 
8,54 7.58 8.48 7.62 

8.06 

1.47 1.42 1.48 1.42 
2,52 2,40 2.56 2.42 
3.51 3.28 3.53 3.30 
4.38 4.05 4,40 4.06 
5. 16 4.73 5.17 4.73 
5.83 5.29 5,85 5.30 
7.94 7.18 7.95 7.19 

7.57 

1.52 1.46 1.58 1.48 
2.65 2.65 2.73 2.52 
3.45 3.22 3,55 3.26 
4.35 4.02 4.44 4,04 
5.05 4.61 5.13 4.63 
5.76 5.21 5.83 5.21 
7.86 7.05 7.94 7.04 

7.47 

1.44 
2.49 
3.44 
4.27 
5.03 
5.74 

1.57 
2.66 
3.63 
4.48 
5.22 
5.93 

1.45 
2.48 
3.41 
4.22 
4.95 
5,57 

1.51 
2.60 
3.37 
4,21 
4.86 
5.50 



Pallet 
Number 

Bbl 

Bb2 

Bb3 

Bb4 

Bb5 
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APPENDIX TABLE 22f 

Detailed Test Data for Free-Fall Drop Tests from 33f' Height 
of Improved Stevedore Pal lets 

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 Diagonals, in In. 
(a) (b) (c) (d) 

73.20 74.00 73.70 73.81 
71.79 75.32 72.21 75.19 
70.66 76.46 71. 10 76.23 
69.84 77.10 70.30 76.96 
69.35 77.52 69.83 77.36 
68.97 77.90 6.9.41 77.73 
68.51 78.26 68. 98 78.12 

Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.66 73.58 73.84 73.49 
After 1st Drop 72.03 73.15 72.19 75.06 
After 2nd Drop 71.17 75.96 71.24 75.93 
After 3rd Drop 70.17 76.86 70.29 76.80 
After 4th Drop 69. 36 77 .57 69 .51 77.48 
After 5th Drop 68.78 78.08 68.91 78.00 
After 6th Drop 68.22 78.58 68.35 78.49 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.34 73.97 73.46 73.74 
After 1st Drop 71.84 75.39 71.98 75.21 
After 2nd Drop 70.75 76.39 70.92 76.20 
After 3rd Drop 70.02 77.03 70. 18 76.85 
After 4th Drop 69.39 77.59 69.54 77.43 
After 5th D .op 68.BS 78.06 69.02 77. 90 
After 6th Drop 68.39 78.48 68.55 78.30 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.67 73.53 73.81 73.26 
After lst Drop 72.22 74.94 72.26 74.72 
After 2nd Drop 71.16 75.91 71.22 75.71 
After 3rd Drop 70.43 76.58 70.47 76.40 
After 4th Drop 69.87 77.08 69.91 76.90 
After 5th Drop 69.35 73.53 69.41 77.33 
After 6th Drop 68.93 77.90 68.98 77.71 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.73 73.43 73.87 73.31 
After 1st Drop 71.98 75.12 72.13 74.99 
After 2nd Drop 71.01 76.02 71.14 75.92 
After 3rd Drop 70.17 76.87 70.29 76.69 
After 4th Drop 69.53 77.35 69.65 77.26 
After 5th Drop 69.01 77.80 69.13 77.73 
After 6th Drop 68.49 78.25 68.61 78. 17 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

Change in Length, in In. Average 
(a) (b) (c) (d) Change 

l • .41 1.32 1.49 1.38 
2.54 2.46 2.60 2.42 
3.36 3. JO 3.40 3.15 
3.85 3.52 3.87 3.55 
4.23 3.90 4.29 3.92 
4.69 4.26 4.72 4.31 
6.41 5.76 6.40 5.84 

6.10 

1.63 1.55 1.65 1.Sl 
2.49 2.38 2.60 2.44 
3.49 3.28 3.55 3.31 
4.30 3.99 4.33 3.99 
4.88 4.50 4.93 4.51 
5.44 5.00 5.49 5.00 
7.39 6.80 7.43 6.80 

7.11 

1.50 1.42 1.48 1.47 
2.59 2.42 2.54 2.46 
3.32 3.06 3.28 3.11 
3. 95 3.62 3. 92 3.69 
4.49 4.09 4.44 4. 16 
4.95 4.51 4.91 4.56 
6.75 6.10 6.68 6. 18 

6.43 

1.45 1.41 . 1.55 1.46 
2.51 2.38 2.59 2.45 
3.24 3.05 3.34 3. 14 
3.80 3.55 3. 90 3.64 
4.32 4.00 4.40 4.07 
4.74 4.37 4.83 4.45 
6.43 5. 94 6.54 6.07 

6.25 

1.75 1.69 1.74 1.68 
2.72 2.59 2.73 2.61 
3.56 3.35 3.58 3.38 
4.20 ~.92 4.22 3.95 
4.72 4.37 4.74 4.42 
5.24 4.82 5.26 4.86 
7.11 6.56 7.12 6.63 

6.86 

1.40 
2.51 
3.25 
3.70 
4.09 
4.50 

1.60 
2.48 
3.41 
4.15 
4.71 
5.23 

1.47 
2.50 
3.19 
3.80 
4.30 
4.73 

1.47 
2.48 
3.19 
3.72 
4.20 
4.60 

1.72 
2.66 
3.47 
4.07 
4.56 
5.05 
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APPENDIX TABLE 22g 

Detailed Test Data for Free-Fall Drop Tests from 33f' Height 
of Improved Stevedore Pc;llets 

Pallet Test Length of Diagonals, in In. Change in Length, in In. Average 
Number Condition (a) (b) (c) (d) (a) {b) (c) (d) Change 

Scl 

Bc2 

Bc3 

Bc4 

Bc5 

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

73.31 73.84 73.55 73.76 
72.40 74.82 72.69 74.62 
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 73.32 73.65 73.61 73.69 
After 1st Drop 72.49 74.46 72.75 74.49 
After 2nd Drop 72.03 74,87 72.31 74.93 
After 3rd Drop 71.64 75.23 71.93 75.29 
After 4th Drop 71.38 75,49 71.64 75,53 
After 5th Drop 71.16 75.68 71,45 75,73 
After 6th Drop 71.CO 75.84 71.28 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 6th Drop 

73.69 73.65 73.72 73.58 
72.74 74.55 72.79 74.49 
72. 17 75.01 72.21 75.04 
71.81 75.45 7.182 75.40 
71,51 75.71 71.53 75.67 
71.27 75. 95 71.29 75. 90 
71.09 76.12 71.13 76.04 

Total Distortion, in Percent: 
Avg, Distortion, in Percent: 
Prior to test 73.35 73.93 73.67 73.61 
After 1st Drop 72.52 74.75 72.80 7.447 
After 2nd Drop 71, 98 75.26 72.26 7.5.00 
After 3rd Drop 71.65 75.56 71. 92 75.29 
After 4th Drop 71.36 75.82 71.62 75.58 
After 5th Drop 71.13 76.04 71,41 75.80 
After 6th Drop 71.95 76.20 71.21 75.9'7 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 
Prior to test 73.29 73.76 73.43 73,68 
After 1st Drop 72.35 74.70 72.47 74.59 
After 2nd Drop 71.77 75.23 71.87 75.14 
After 3rd Drop 71.35 75.61 71.46 75.52 
After 4th Drop 70.95 76.00 71.08 75.89 
After 5th Drop 70,69 76.23 70,83 76.12 
After 6th Drop 70.50 76,40 70.64 76.28 
Total Distortion, in Percent: 
Avg. Distortion, in Percent: 

0.91 0.98 0.86 0,86 
f.41 1.39 1.37 1.34 
1.73 1.70 1,73 1.64 
1.83 1.75 1.79 1.72 
2.14 2.06 2,09 2.01 
2.21 2.12 2.22 2.10 
3,01 2.87 3.02 2,85 

2.94 ' 

0.83 0.81 0.86 0.80 
l ,29 l .22 1.30 1.24 
l.68 1.58 1.68 1.60 
1.94 1.84 1.97 1.84 
2.16 2.03 2.16 2,04 
2.32 2.19 2.33 2.21 
3.16 2.97 3.17 3.00 

3,08 

0.95 0.90 0.93 0,91 
1.52 1.36 l.51 1.47 
1.88 1.80 1. 90 1.82 
2. 18 2.06 2.19 2.09 
2,42 2.30 2.43 2.32 
2.60 2.47 2.59 2.46 
3,53 3.35 3.51 3.34 

3.43 

0,83 0,82 0,87 0.86 
1.37 1.33 1.41 1,38 
1.70 1.63 1.75 1,68 
1. 99 1.89 2.05 1. 97 
2.22 2.11 2.26 2.19 
2.40 2,27 2.46 2.36 
3,27 3.07 3.34 3.21 

3,22 

0.94 0,94 0.96 0.91 
1.52 1.47 1.56 1.46 
1.94 1.85 1.97 1.84 
2.34 2.24 2.36 2.21 
2.60 2,47 2.60 2.44 
2.79 2.64 2.79 2.60 
3,81 3,58 3.80 3.52 

3.68 

0.90 
1.38 
1.70 
1.77 
2.08 
2.16 

0.83 
1,26 
1.64 
1.98 
2.10 
2,26 

0,92 
1.46 
1.85 
2.13 
2.37 
2.53 

0.85 
1.38 
1,69 
1.98 
2.20 
2,37 

0,94 
1.50 
1.90 
2.29 
2.53 
2.71 
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APPENDIX TABLE 22h 

Detailed Test Data for Free-Fall Drop Tests from 33~' Height 
of Improved Stevedore Pallets 

Pallet Test Length of Diagonals, in In. Change in Length, in In. Average 
Number Condition (a) (b) (c) (d) (~) (b) (c) (d) Change 

Bdl Prior to test 73.34 73.92 73.44 73.75 ----
After 1st Drop 72.36 74.86 72.42 74.70 0.98 0.94 1.02 0.95 0.97 
After 2nd Drop 71.67 75.50 71.72 75.35 1.67 1.58 1.72 1.60 1.64 
After 3rd Drop 71.26 75.87 71.30 75.74 20.8 1.95 2. T4 1.99 2.04 
After 4th Drop 70.95 76.16 71.00 76.02 2.39 2.24 2.44 2.27 2.34 
After 5th Drop 70,67 76.43 70.72 76,29 2.67 2.51 2.72 2.54 2.61 
After 6th Drop 70.48 76.60 70.52 76.47 2.86 2.68 2. 92 2.72 2.80 
Total Distortion, in Percent: 3. 90 3.63 3. 98 3.59 
Avg. Distortion, in Percent: 3.77 

Bd2 Prior to test 73.68 73.38 73.84 73.40 ----
After 1st Drop 72.69 74.33 72.84 74.33 0.99 0.95 1.00 0.93 0.97 
After 2nd Drop 72.01 74.98 72.16 75.00 1.67 1.60 1.68 1.60 1.64 
After 3rd Drop 71.63 75.34 71.74 75.39 2.05 1.96 2.10 1.99 2.03 
After 4th Drop 71.43 75.54 71.55 75.58 2.25 2.16 2.29 2. 18 2.22 
After 5th Drop 71. 14 75.80 71.26 75,84 2.54 2.42 2.58 2.44 2.50 
After 6th Drop 70;97 75.97 71.08 76.00 2.71 2.59 2.76 2.60 2.67 
Total Distortion, in Percent: 3.68 3.53 3.74 3.54 
Avg. Distortion, in Percent: 3.62 

Bd3 Prior to test 73.81 73.44 73.77 73.47 ----
After 1st Drop 72.87 74.35 72.84 74.39 0.94 0.91 0.93 0.92 0.93 
After 2nd Drop 72.27 74.90 72.45 84.93 1.54 1.46 1.32 1.46 1,45 
After 3rd Drop 71.89 75.28 71.86 75.30 1.92 1.84 1.91 1.83 1,88 
After 4th Drop 71.53 75.60 71.52 75.63 2.28 2.16 2.25 2.16 2.28 
After 5th Drop 71.28 75.84 71.25 75.90 2.53 2.40 2.52 2.43 2.47 
After 6th Drop 71.08 76.02 71.05 76.06 2.73 2.58 2.72 2.59 2.66 
Total Distortion, in Percent: 3.70 3.51 3.69 3.53 
Avg. Distortion, in Percent: 3.61 

Bd4 Prior to test 73.85 73.32 73.80 73.39 ----
After 1 st Drop 72.77 74.34 72.76 74.40 1.08 1.02 1.04 1.01 1.04 
After 2nd Drop 72.04 75.05 72.03 75. 11 1.81 1.72 1.77 1.72 1.76 
After 3rd Drop 71.66 75.39 71.65 75.47 2.19 2.07 2.15 2.08 2.12 
After 4th Drop 71.40 75.63 71.39 75.70 2.45 2.31 2.41 2.31 2.37 
After 5th Drop 71.05 75.93 71.06 76.02 2.80 2.6 l 2.74. 2.63 2.70 
After 6th Drop 70.96 76.02 70.95 76.11 2.89 2.70 2.85 2.72 2.79 
Total Distortion, in Percent: 3.91 3.68 3.86 3.71 
Avg. Distortion, in Percent: 3.79 

Bd5 Prior to test 73.41 73,95 73.60 73.86 ----
After lst Drop 72.42 74.90 7.261 74.83 o. 99 o. 95 0. 99 o. 'Tl 0.98 
After 2nd Drop 71,80 75.49 71. 99 75.41 1.61 l.54 1.61 1.55 1.58 
After 3rd Dre.,) 71.41 75.83 71.62 75.76 2.00 1.88 1.98 1.90 1.94 
After 4th Drop 71. 15 76.09 71.35 76.00 2.26 2.14 2.25 2.14 2,20 
After 5th Drop 70.96 76.25 71.14 76.19 2.45 2.30 2.46 2.33 2.39 
After 6th Drop 70.79 76.42 70.98 76.36 2.62 2.47 2.62 2.50 2.55 
Total Distortion, in Percent: 3.57 3.34 3.56 3.38 
Avg. Distortion, in Percent: 3.46 
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APPENDIX TABLE 23 

Average Data for Free-Fall Drop Tests from 33!-'' Height of 
Conventional and Improved Stevedore Pallets 

Pallet Pallet Test 
Average Chor.ges in Length of Average Sum of Average 
Diagonals, in In., After Given Distortion Change in Length 

Design No. Weight Free-Fal I Drop After 6th Drop, of Diag., in In., 
in Lb. ht 2nd 3rd 4th 5th 6th In Pct. After 6th Drop 

Conventional Aal 138.34 1.82 3.14 4.24 5.18 6.04 6.78 9.20 27.20 
Aa2 141.62 1.77 3.03 4.04 4. 98 5.89 6.68 9.09 26.39 
Aa3 138.62 1.69 2. 91 3. 96 4. 91 5.72 6.56 8.90 25.75 
Aa4 139.53 1.70 3.03 4.12 5.11 6.04 6.83 9.27 26.83 
Aa5 139.28 1.85 3.21 4.18 5.39 6.20 7.13 9.68 27.97 
Avg. 139.48 1.77 3.06 4.11 5.11 5. 98 6.80 9.23 26.83 
Abl 143.50 1.87 3.10 4.01 4.69 5.23 5.74 7.80 24.64 
Ab2 141.16 1.84 3.04 3.87 4.57 5.12 5.64 7.66 24.08 
Ab3 142.70 1.83 3.02 3.88 4.63 5.23 5.80 7.88 24.39 
Ab4 142.62 2.01 3.25 4.09 4.79 5.41 5.95 8.08 25.50 
Ab5 139.81 1.90 3.16 4.03 4.51 5.07 5.63 7.64 24.30 
Avg. 141.96 1.89 3.11 3.98 4.64 5.21 5.75 7.81 24.58 
Acl 140.59 1.20 1.89 2.26 2.61 2.88 3.17 4.31 14.01 
Ac2 140.56 1.18 1.78 2.21 2.50 2.75 2. 99 4.06 13.41 
Ac3 137.44 1.17 1. 91 2.35 2.72 3. 16 3.38 4.59 14.69 
Ac4 140.03 1.12 1.85 2.43 2.75 3.10 3.28 4.46 14.53 
Ac5 138.16 1.23 1.92 2.48 2.92 3.31 3.71 5.04 15.57 
Avg. 139.36 1.18 1.87 2.35 2.70 3.04 3.31 4.49 14.44 
Adl 145.86 1.21 1.95 2.40 2.71 3.07 3.27 4.44 14.61 
Ad2 148.28 1.33 2.16 2.70 3.13 3.36 3.57 4.85 16.25 
Ad3 142.30 1.29 2.14 2.75 3.34 3.85 4.25 5.77 17.62 
Ad4 139.41 J.24 1.88 2.37 2.78 2. 98 3.22 4.38 l4.47 
Ad5 142.76 1. 19 1. 97 2.45 3.73 3.07 3.29 4.46 14.70 
Avg. 143.72 1.25 2.02 2.53 3.14 3.27 3.52 4.78 15.53 

Improved Bal 164.34 1.47 2.58 3.50 4.43 5.20 5. 95 8.08 23.13 
Ba2 163.88 1.44 2.49 3.44 4.27 5.03 5.74 7.80 22.41 
Ba3 163.03 1.57 2.66 3.63 4.48 5.22 5. 93 8.06 23.49 
Ba4 158.69 ·1.45 2.48 3.41 4.22 4.95 5.57 7.57 22.08 
Ba5 161.26 1.51 2.60 3.37 4.21 4.86 5.50 7.47 22.05 
Avg. 162.24 1.49 2.56 3.47 4.32 5.05 5.74 7.80 22.63 
Bbl 159.12 1.40 2.51 3.25 3.70 4.09 4.50 6.10 19.45 
Bb2 167.81 1.60 2.48 3.41 4.15 4.71 5.23 7.11 21.58 
Bb3 161.33 1.47 2.50 3.19 3.80 4.30 4.73 6.43 19.99 
Bb4 158.33 1.47 2.48 3.19 3.72 4.20 4.60 6.25 19.66 
BbS 158.59 1.72 2.66 3.47 4.07 4.56 5.05 6.86 21.53 
Avg. 161.04 1.53 2.53 3.30 3.89 4.37 4.82 6.55 20.44 
Bel 158.59 0.90 1.38 1.70 1.77 2.08 2.16 2.94 9.99 
Bc2 162.50 0.83 1.26 1.64 1.98 2.10 2.26 3.08 10.07 
Bc3 158.26 0.92 1.46 1.85 2.13 2.37 2.52 3.43 11.26 
Bc4 154.92 0,85 1.38 1.69 1.98 2.20 2.37 3.22 10.47 
Bc5 154.64 0.94 1.50 1.90 2.29 2.53 2.71 3.68 11.87 
Avg. 157.78 0.89 1.40 1.76 2.03 2.26 2.40 3.27 10.73 
Bdl 153.56 0.97 1.64 2.04 2.34 2.61 2.80 3.77 12.40 
Bd2 153.78 0.97 1.64 2.03 2.22 2.50 2.67 3.62 12.03 
Bd3 154.44 0.93 1.45 1.88 2.28 2.47 2.66 3.61 11.67 
Bd4 162.25 1.04 1.76 2.12 2.37 2.70 2.79 3.79 12.78 
Bd5 156.52 0.98 1.58 1.94 2.20 2.39 2.55 3.46 11.64 
Avg. 156.' 1 0.98 1.61 2.00 2.28 2.53 2.69 3.65 12.10 
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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 
Nail 1117.72 3 372.53 503.47 2.90 

s 
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 

p 2 3 4 5 6 7 8 
rp 2.882 3.029 3.125 3.193 3.245 3.285 3.318 
Rp 1.11 1.17 1.20 1.23 1.25 l.26 l.28 
Avg. Differences 
10.73 l 37 
12.10 2"34 3.71 480 
14.44 1"09 3.43 9"34 9.71 
15.53 4" 91 6.00 8" 19 10.53 
20.44 2· 19 7.10 9"05 10.14 
22.63 1"95 4.14 6.39 11.30 
24.58 2. 25 4.20 • 
26.83 • 

11 •90 13.85 12 48 16.10 
12:39 14.73 

Be Bd Ac Ad Bb Bo Ab Ao 
10.73 12.10 14.44 15.53 20.44 22.63 24.58 26.83 
(600k) (55%) (46%) ,42%) (24%) (15%) (8%) 
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APPENDIX T A8lf 25 

Detailed Deckboord-Slringer Separation Dato for Pallets of Conventional Design 

Pallet Pallet Pallet Test 
Nails No. Weight, in Lb. 
2f' Aol 136.98 

Nail (a) Ao2 139.89 
Aa3 137.45 
Ao4 138.19 

Ao5 137.91 
Avg. 138.08 

2f' Abl 141.91 
Nail (b) 

Ab2 139.50 

Ab3 141.81 

AM 141.19 
Ab5 138.53 

Avg. 140.60 
2~" Acl 138.70 

Nail (c) 
Ac2 139.59 

Ac3 136.26 

Ac4 139.25 

Ac5 136.75 

Avg. 138.11 
3" Adi 143.80 

Nail (d) 
Ad2 147.06 

Ad3 141.06 

Ad4 138.02 

Ad5 141.95 

Avg. 142.38 

Number of Runs 
Failure of Leading-Edge Deckboard Prior to End of Test 

Splitting (6); fint deckboord off two slringers (6); six nails withdrawn. 6 
Splitting (5); fint deckboord off two slringers (7); six nails withdrawn. 7 
First deckbaard off two slringen (9); six nails withdrawn. 9 
Splitting (I); fint deckboord off two slringers (7); six nails withdrawn 
and one nai I pulled through at split. 7 
First deckboard off two stringen (4); six nails withdrawn. 4 

First deckboord off two slringen (10); one nail broken and five nails 
withdrown. 
Splitting (2,5); first deckboord off two slringers (9); one nail broken, 
two nails pulled through, ond three nails withdrawn. 
First deckboard off two stringen (22); one nail broken and five nails 
withdrawn. 
First deckboord off two stringen (38); six nails withdrown. 
Splitting (3, 8, 10); first deckboord off two stringers (24); five nails 
withdrown and one nail pulled through ot split; fint deckboard destroyed. 

First deckboord off two stringen (3); two nails broken and four nails 
withdrawn. 
Splitting (6, 13, 14); first deckboard off two stringers (14); one nail 
broken, two nails pulled through, and two nails withdrawn. 
Splitting (I, I); fint deckboord off two stringen (5); one broken nail, 
two nails pulled through, and three nails withdrawn; first deckboard 
destroyed. 
Splitting 1-4, 5, 61; fint deckboord off two stringers (7); four nails 
withdrawn, two nails pulled through, and one nail broken; fint deck-
board destroyed. 
Splitting (321; fint deckboord off two slringers (60); two nails broken, 
three nails withdrawn, and one nail pulled through at split; fint deck-
board destroyed (60). 

Splitting (71, 97); fint deckboord off two stringers (100); four nails 
broken, one nail pulled through, and two nails withdrawn. 
Splitting (5, 129, 131, 132); first deckboord off two stringen (137); 
three nails broken and two nails pulled through. 
Splitting (-4); fint deckboard off two stringers (10); two nails broken, 
two nails pulled through, and two nails withdrawn. 
Splitting (6, 11, I I); first deckboord off two stringen (12); one nail 
broken, three nails withdrawn, and two pulled through at splits; 
first deckbaord destroyed (12). 
Splitting (6, 35, 48, 106); fint deckboord off central stringer (106); 
first deckboard destroyed (106). 

7 

JO 

9 

22 
38 

2-4 
21 

3 

1-4 

5 

7 

60 
18 

104 

137 

10 

12 

106 
7-4 



APPENOIX TABt.E 26 

Detailed Dec:kboard-Stringer Separation Daia for Pallets of Improved Design 

Pallet Pailet Pallet Test Number of Runs 
Nails No. Weight, in Lb. Failure of End Dec:kboard Prior to End of Test 

2~· Bal 161.48 First dec:kboard off 1"110 stringers (85); eight nails withdrawn; second dec:k-
Nail (a) board off one stringer; three nails withdrawn (85). 85 

Ba2 160.50 First and sec:ond dec:kboards off two stringers (62); eight and six nails with-
drawn. 62 

Ba3 160.12 First dec:kboard off two stringers (88); eight nails withdrawn; sec:ond dec:k• 
board off one stringer (88); three nails withdrawn. 88 

Ba4 155.86 Splitting (222, 227, 2921; first dec:kboard off two stringers (312); seven nails 
withdrawn and one nail pulled through; sec:ond deckboard off two stringers 
1312\; 0'1e nail broken and five nails withdrawn. 312 

Ba5 159.61 Splitting 1199\; first dec:kboord off two stringers (252); eight nails with-
drawn; sec:ond dec:kboard off one outer stringer (252); two nails withdrawn 
and one nail pulled thrcr.Jgh. 252 

Avg. 159.51 160 
2f' Bbl 157.20 Splitting (47\; first and second dec:kboords off two stringers (245); three 

Nail (b) nails broken ond five nails withdrawn; two nails broken and three nails 
withdrawn lone nail for the sec:ond dec:kboard was a shinet".) 245 

Bb2 162.53 Splitting (4321; first and sec:ond deckboards off two stringers (4341; seven 
nails broken and two nails withdrawn; fcur nails broken ond one nail 
pulled through. 434 

Bb3 158.16 Splitting (4); first dec:kboard off c:enter stringer and one-half of first dec:k-
board, split in two, off one outer stringer (220); two nails broken and 
four nails withdrawn. 220 

Bb4 156.48 First dec:lcboard off two stringers (552); five nails broken and three nails 
withdrawn; second dec:kboard off c:enter stringer (552); three nails broken 552 

Bb5 156.92 Splitting (373\; first and second dec:kboards off two stringers (375); four 
nails broken ond four nails withdrawn; three nails broken and three nails 
withdrawn. 375 

Avg. 158.26 365 
2!" Bel 156.44 First deckboard off two stringers !271l; seven nails broken and one nail 

271 Nail (c:) withdrawn, 
Bc:2 160.00 First and sec:ond dec:kboards off two stringers (271\; six nails broken and 

271 two nails withdrawn; six nails broken. 
Bc3 156.95 First and sec:ond dec:kboards off two stringers (221\; five nails broken and 

221 three nails withdrawn; three nails broken and three nails withdrawn. 
Bc4 153.25 Splitting 13); first dec:kboord off two stringers 1341\; five nails broken 

341 and three nails withdrawn; four nails broken. 
Bc:5 152.47 First dec:kboard off two stringers 1406); eight nails broken; one nail bro-

406 ken and two nails withdrawn at center stringer. 
Avg. 155.82 302 

3" Bdl 152.67 Splitting of leading dec:kboard (498) and of sec:ond deckboard (521); first 
560 Nail (d) dec:kboord off two stringers (560); eleven nails broken; fcur nails broken. 

Bd2 152.39 Splitting of sec:ond dec:kboard (55ll; first deckboard off two ·stringers (598); 
598 ten nails broken; second dec:kboord off one stringer 1598\; three nails broken. 

Bd3 152.26 First and sec:ond deckboards off two stringers 1383); six nails bioken, one 
nail withdrawn, and one nail pulled through at split; fcur nails broken and 

383 two nails pulled through at split; first and sec:ond dec:kboords destroyed (383), 
Bd4 159.SO Splitting (316); first ond sec:ond deckboards off two stringers (319); seven 

nails broken and one nail pulled through at split; five nails broken and 
319 one nail withdrawn. 

Bd5 154.06 First dec:kboard off two stringers (45 I); eight nails broken; five nails broken. 451 
Avg. 156.94 462 
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APPENDIX TABLE 27 

Two-Factorial Analysis of Variance of Incline Impact Test Data 
for Pallets of Two Designs, .Assembled with Four Different Nails 

Source of Sum of Degr~es of Mean Computed Critical 
Variation Squares Freedom Square f f 

Design 856.15 E3 l 856.15 E3 124.72 4.15 
Nail 176.2 l E3 3 58.74 E3 8.56 2.90 

Interaction 78.46 E3 3 26.15 E3 3.81* 2.90 
Error 219.67 E3 32 6.86 E3 
Total 1330.49 E3 39 
*not significant at 1% level of significance. 

Duncan 1s Multiple Range Test on Average Number of Runs 
during Incline Impact Test 

p 2 3 4 5 6 
rp 2.882 3.029 3.125 3.193 3.245 
Rp 107 112 116 118 120 

Avg. Differences 
7 11 18 14 

21 3 56 67 153 
74 53 139 142 284 295 358 86 228 281 344 347 444 160 142 291 441 

302 63 205 302 388 
365 97 160 
462 

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

7 8 
3.285 3.318 

122 123 

455 

s 
s 
s 
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APPENDIX TABl.E 28o 

Delailed Follow-Up load-Deflection Dalo, in L~. and 1/1000 In. 
Pc:llen of Conwntl-1 Oe1i9ft 

Test Pallet No. Ao I Pallet No. Aa2 Pallet No. Aa3 Pallet No. Aa4 Pallet No. Aa5 
Load A 8 c D E A 8 c D A 8 c D A 8 c D A 8 c 0 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 lS 09 38 68 67 14 07 41 32 so 10 08 38 S7 53 07 09 "8 SS S7 13 13 52 66 65 

17 10 46 78 76 20 09 52 46 66 16 13 49 68 64 09 13 64 73 76 IS IS S9 74 74 
400 32 20 106 145 149 45 17 107 112 136 30 21 100 126 128 18 27 128 1"8 152 30 27 116 145 145 

35 22 121 158 164 SI 18 119 122 150 38 30 112 140 139 21 32 139 163 167 33 29 126 156 IS1 
600 47 32 180 220 237 71 27 17S 175 219 54 39 163 198 202 30 47 198 241 245 49 38 180 227 229 

51 34 196 235 254 7S 28 188 186 235 60 47 17S 211 21S 32 52 208 258 261 52 40 194 241 244 
800 61 45 249 298 323 88 36 235 234 296 73 54 221 268 27S 39 65 262 329 333 65 47 244 303 310 

65 47 263 315 340 92 39 249 244 312 82 60 239 282 292 43 68 273 345 3"8 69 49 259 321 327 
1000 74 57 3l5 383 407 103 48 298 292 37S 94 66 284 338 352 49 79 32.5 410 412 82 56 31S 379 391 

80 59 331 402 427 106 49 310 303 391 102 70 299 353 368 51 82 339 429 430 85 58 331 -400 409 
1200 90 68 380 466 492 117 60 358 350 452 113 76 347 405 428 57 93 391 494 496 9S 65 380 463 4n 

95 70 398 "81 Sii 120 62 370 363 470 120 79 363 422 446 60 95 «lS Sl3 514 99 67 395 482 490 
1400 105 7S 464 536 S80 131 n 418 413 531 131 84 413 ~ 508 65 103 457 S74 579 107 74 443 $40 S50 

109 77 478 SSI S98 135 73 429 424 547 142 87 QB 492 S24 68 106 470 593 598 109 76 457 SS6 567 
1600 120 84 S27 607 663 145 81 47S 473 608 152 92 479 .543 585 7S 113 520 656 665 117 83 506 61S 632 

123 86 540 621 683 149 83 488 487 626 167 96 498 560 605 78 116 534 674 684 120 87 522 632 650 
1800 133 93 599 676 744 158 90 532 533 687 175 103 547 610 668 89 122 SSS 736 74 127 93 569 687 711 

136 9S 604 690 761 161 93 544 547 705 184 104 S6S 630 690 91 12S 599 756 767 129 96 587 704 729 
2000 145 102 651 742 820 1n 105 588 583 764 193 110 610 678 746 98 131 645 814 826 136 103 633 756 785 

150 101 6n 761 840 17S 108 601 606 783 198 112 627 695 766 IOI 134 658 835 846 137 105 652 774 804 
2220 159 108 719 813 898 183 llo4 643 647 a:v 207 118 671 741 821 108 139 i'llO 894 903 144 112 695 823 860 

164 110 739 830 918 188 116 658 666 860 212 119 687 758 843 Ill 142 714 914 924 146 114 711 839 878 
2400 In 117 734 878 974 197 122 698 708 913 221 123 728 803 894 120 lo49 761 970 980 159 121 760 890 935 

180 120 808 898 996 200 124 711 n4 936 224 12S 744 820 915 123 152 775 991 1001 161 123 m 903 953 
2600 187 125 851 944 10"8 211 137 7SI 768 990 232 132 784 862 966 131 156 822 1042 1053 167 130 818 947 1003 

193 127 871 962 1069 214 139 765 785 1012 235 135 802 881 988 134 IS9 840 106' 1077 170 132 840 967 1022 
2800 202 132 914 1008 1120 224 145 802 821 1060 243 139 839 920 1034 142 165 881 Jill 1129 177 138 877 1007 1070 

208 135 934 102S I 142 227 147 819 840 1086 246 142 858 941 ICMO 145 169 900 1134 1153 179 139 895 1024 1091 
3000 21S 141 973 1064 1189 236 158 857 878 1136 253 148 894 981 1107 IS3 174 939 1179 1201 190 146 936 1065 1141 

223 142 996 1084 1213 239 165 877 898 1164 257 ISO 91S 1004 1133 156 177 961 1203 1227 191 ISO 971 1089 1168 
3200 230 1"8 1034 1124 1258 246 169 908 932 1207 264 156 950 1040 II 77 163 183 1002 1247 1273 19S 156 1004 1127 1211 

238 ISi 1059 1144 1283 250 177 929 954 1237 268 160 970 1065 1206 166 186 1026 1273 1300 199 159 1027 1152 1236 
3400 245 156 1096 I 182 1326 257 182 958 986 1278 27.5 166 1004 1100 1246 17S 191 1064 1311 1344 203 166 l«MO 1187 1278 

254 158 1127 12CU 1353 260 186 977 1008 1307 279 170 1027 1124 1276 179 194 1091 1341 137S 207 170 1086 l21S 1305 
3600 262 164 1!63 1240 1396 270 191 1010 1040 1350 284 174 1060 1162 1317 186 200 1127 1379 1417 215 176 I 124 1252 1348 

269 166 1193 1264 142S 273 196 1032 1062 1382 289 179 1084 1186 1349 190 203 I ISS 1409 1450 217 180 1150 1280 1375 
3800 279 1n 1229 ;300 1467 281 210 1068 1094 IQ4 296 184 lll6 1217 1387 197 207 1194 1446 1492 222 186 I 180 1314 1415 

288 17S 1261 1327 1497 286 218 1092 1121 1461 303 187 I 143 1246 1417 202 212 1223 1477 IS24 22S 190 1205 1341 1442 

4000 295 180 1294 1360 1538 293 223 1119 1148 1497 309 191 I In 127S 1455 209 217 1256 ISl4 1564 232 197 1241 1373 1481 
303 183 1327 1387 1570 296 227 1144 1173 1533 320 196 I 199 1306 1488 213 221 1283 1546 IS97 235 201 1265 1398 1509 

.. 200 310 188 1359 1423 1612 30S 232 1175 1200 1571 326 198 1231 1343 1532 219 227 131S 1582 1637 240 207 1292 1434 1546 
322 190 1398 1457 1650 309 243 1200 1224 1608 336 202 1259 1373 1565 224 230 1344 161S 1671 237 210 1325 1472 1587 

4400 32!1 196 1429 1493 1691 314 2S2 1233 1250 1646 342 207 1287 1404 1604 231 236 1376 1650 1711 245 217 1361 1504 1627 
336 200 1467 1520 Tn7 319 256 1258 1277 1686 350 211 1312 1436 1641 236 240 I.COS 1683 1746 2"8 221 1390 1530 1658 

4600 342 204 1498 1555 1767 324 260 1281 1302 1720 3SS 21S 1339 1464 1677 242 246 1437 1716 1784 2SS 227 142o4 1561 1697 
348 208 1534 1585 1803 329 263 130S 1330 1759 362 222 I 335 1478 1735 2"8 249 1470 1752 1822 258 232 I 452 I 590 1728 

"800 3SS 213 1565 IQt> 1842 337 268 I 335 I 352 I 795 366 226 1356 1505 1774 255 254 1501 1785 1859 263 238 1477 1621 1763 
359 216 1602 1650 1881 338 2n 1363 1399 1849 379 226 1369 1698 1926 262 259 1535 1823 1901 266 244 1509 1656 1799 

5000 364 223 1634 I 683 I 922 344 277 1386 1426 1884 384 230 139S 1730 1968 269 263 1565 1857 I 940 273 2SO I S"8 1686 1840 
369 226 1671 1719 1963 348 282 1413 1459 1931 390 235 1407 1765 2023 276 268 1601 1900 1985 276 2SS 1580 Jn4 1881 

S200 375 231 1700 17SI 2001 353 291 1442 1490 1m 395 2:!8 1433 179S 2063 284 273 1632 1934 2023 284 261 1617 1753 1921 
380 235 1740 1784 2044 355 292 1476 1529 202S 399 245 1447 1830 2124 291 276 I 670 1982 2072 287 265 1648 1790 1959 

5400 384 241 1769 1817 2083 362 296 I 506 I 554 2062 404 249 1470 1858 2161 298 282 1698 2014 2108 295 271 1683 1817 1997 
389 245 1817 1856 2129 366 301 1533 1590 2110 418 265 141S 1851 2321 306 287 1734 2058 21.54 298 275 1717 1857 2CUI 

5000 395 250 1844 1888 2167 372 306 1560 1616 2145 423 269 1434 187S 236 I 314 292 1764 2091 2191 303 279 1752 1889 2082 
399 256 1887 1924 2211 376 311 1589 1649 2193 433 284 1385 1860 2491 321 296 1804 2 I 35 2238 306 285 1786 1932 2126 

5800 405 260 1913 1958 224 7 381 321 1626 167S 2232 438 290 1402 1881 2535 330 302 1834 2167 2275 314 291 1821 1962 2165 
409 266 1959 1997 2294 386 32S I 653 I 716 2284 444 301 1404 1902 2624 337 30S 1874 2216 2325 317 296 1856 2003 2208 

6000 41S 271 1987 2030 233 I 391 329 1674 1743 2318 448 303 1419 1927 2663 345 310 1903 2247 2360 323 301 1893 2031 2247 
420 276 2032 2067 2378 395 332 1:100 1m 2365 .. 54 314 IQ3 195S 2746 353 314 1942 2291 2<4CS 327 306 1927 20n 2290 
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APPENDIX TABLE 28b 

Delallecl Foll-~ Lood-0.llectlo~ Data, in Lb. and l/1000 In, 
Pal en of Conwntional Design 

Test Pallet Na. Jllol Pallet Na. Jllo2 i Pallet No. Jllo3 Pollet No. Ab4 Pollet No. Ab5 
Load A a c D E A 8 c D A 8 C D A • c D A a c D E 

0 000 000 000 000 000 000 000 000 000 000 000 coo 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 09 13 52 37 SB 08 II 49 54 S6 08 II 55 59 61 08 09 50 60 58 06 II 59 54 38 

10 15 51 43 65 10 13 54 60 63 10 13 63 65 69 12 II 58 68 68 08 15 69 62 ... 
"400 18 32 108 105 125 25 21 112 122 128 24 23 131 127 142 22 21 115 134 136 13 27 134 121 117 

22 36 118 118 139 29 24 123 134 141 27 25 145 135 153 26 24 125 145 149 15 3! 149 133 132 
600 30 54 170 182 205 43 32 177 196 206 39 35 210 195 221 35 32 180 216 218 21 43 209 191 197 

33 59 184 201 224 45 35 187 208 218 42 37 221 206 234 38 35 190 227 232 23 46 222 202 210 
800 43 79 238 265 290 S6 42 239 268 283 53 46 281 267 302 45 44 240 291 2'16 29 57 :<78 256 276 

46 84 249 283 307 63 43 254 283 298 56 49 293 279 315 47 46 251 303 309 21 60 293 268 289 
1000 54 103 298 345 372 73 50 306 342 364 65 SB 352 339 382 55 54 299 364 372 38 69 344 323 349 

60 106 311 365 390 86 53 324 362 382 68 60 364 353 396 57 57 311 375 385 41 n 359 339 365 
1200 67 116 351 425 451 94 60 380 416 444 79 69 423 414 464 64 65 358 432 445 47 80 409 393 424 

71 120 369 442 468 "1 63 395 427 -460 81 69 437 429 478 65 67 370 445 459 49 83 421 406 4311 
1"400 76 l:lO 415 499 527 109 69 457 464 525 91 78 497 490 544 72 74 415 soo 516 57 92 471 <462 498 

82 133 427 517 544 111 73 473 498 542 95 87 514 S06 561 73 76 430 513 532 59 94 "84 473 512 
1600 87 142 473 572 604 118 80 528 550 605 106 95 578 566 633 82 83 479 566 591 66 103 536 525 570 

91 145 48 591 621 120 83 544 565 624 108 100 593 582 651 83 85 492 579 608 70 106 553 540 586 
1800 100 167 547 646 690 128 90 597 615 686 114 108 650 637 714 92 91 547 629 670 77 112 602 S88 644 

103 171 564 665 711 131 95 613 632 705 117 112 668 655 735 94 93 564 656 689 82 114 624 608 664 
2000 107 177 607 714 763 142 104 669 684 768 125 121 719 708 7'16 100 99 605 692 741 88 120 671 652 720 

111 180 622 734 783 144 107 684 700 787 127 125 735 n4 814 104 103 623 709 762 93 122 693 670 739 
2200 115 187 665 783 835 150 113 733 747 843 136 134 788 778 875 111 109 666 757 814 99 128 741 713 793 

120 189 679 803 853 151 117 749 768 863 137 138 aG6 796 894 114 111 684 774 833 101 131 763 731 813 
2-400 123 207 n4 859 910 162 125 802 818 922 145 146 855 846 951 119 117 725 819 883 108 136 808 771 862 

127 208 739 879 9:lO 166 128 822 840 942 146 150 873 864 971 123 120 743 837 902 111 139 832 791 884 
2600 131 214 m 922 977 173 133 867 984 994 155 151 917 914 1026 128 127 785 879 950 117 145 873 827 932 

135 216 794 942 997 180 137 887 906 1017 156 161 937 933 104 l:lO 128 804 898 '169 120 148 898 846 955 
2800 143 221 831 986 1045 188 145 933 952 1069 164 167 979 ~ I 100 136 135 843 939 1016 125 156 9-IO 882 1000 

146 224 848 1009 1066 19:1 148 955 "16 1094 165 l7! 1001 1000 1124 137 137 863 958 1037 129 159 969 904 1027 
3000 150 241 884 1056 1117 198 153 992 1016 1141 174 177 1042 1045 1172 145 143 903 998 1085 136 165 1009 937 1070 

154 242 903 1079 1141 201 157 1016 1040 1167 175 180 1065 1067 1198 147 145 925 1018 1108 139 161 1038 958 1097 
3200 158 247 936 1114 1181 209 164 1061 1084 1216 184 186 1105 1111 1245 152 152 961 1056 1152 145 174 1079 991 1141 

162 248 954 1138 1204 213 169 1086 1108 1242 186 191 1131 1135 1271 155 154 983 1078 1177 148 177 1108 1013 1171 
3-400 169 254 985 1172 1243 220 175 1124 I 146 1286 194 196 1169 1177 1316 162 160 1023 1114 1220 154 183 l 147 1045 1210 

174 256 1002 1198 1270 223 177 1148 1170 1313 196 200 1196 1201 1344 165 162 1047 1138 1245 158 la& I 181 1069 1241 
3600 179 260 1034 1230 1306 230 184 1187 1208 1357 202 205 1235 1242 1389 171 167 1081 1172 1286 164 194 1216 1096 1278 

184 264 1065 1255 1334 233 187 1211 1231 1385 204 210 1264 1265 1417 174 170 1105 1196 1311 168 198 1249 1119 1310 
3800 189 268 1095 1289 1371 241 195 1249 1269 1428 211 217 1302 1305 1462 180 176 1140 1229 1350 175 203 1286 1146 1346 

193 271 1120 1314 1399 244 198 1273 1292 1456 213 221 1330 1330 1491 183 179 1166 1253 1377 178 207 1318 1171 1379 
.olOOO 1\18 290 1155 l360 i445 251 204 1308 1327 1497 224 227 1369 1368 I 536 190 186 1199 1286 1.415 183 212 1350 1196 1413 

202 292 1182 1387 1475 254 '107 l 333 1354 1527 226 230 1396 1395 I 566 191 188 1226 1311 1443 188 218 1385 1221 1447 
4200 207 295 1213 1414 1510 262 215 1368 1390 1568 23'l 234 1430 1433 1609 197 195 1259 1341 1481 194 223 1419 1248 1.483 

210 298 1237 14311 1538 265 217 1393 1414 1597 235 238 1457 l-460 1639 200 198 1285 1371 1513 190 227 1454 1274 1.517 
4"400 217 302 1267 1464 I 572 271 224 1426 1448 1638 244 242 1500 1496 1683 205 205 1317 1402 1549 205 233 1489 1300 1552 

220 305 1291 1494 1603 275 227 1453 1474 1668 247 246 1526 1526 1715 207 208 1344 1430 1581 210 238 1526 1327 1588 
4600 226 309 1315 1522 1635 282 234 1489 1508 1708 254 250 1561 1563 1755 213 214 1376 1461 1619 216 243 1559 1352 1622 

231 312 1341 1552 1667 287 237 1516 1535 1740 257 254 1590 1590 1788 216 218 1404 1488 1650 221 248 1596 1379 1659 
4800 238 330 1371 1601 1711 293 243 1552 1569 1779 265 257 1628 1625 1830 221 224 1437 1519 1687 227 254 1628 I 402 1694 

241 331 1398 1631 1746 297 246 1580 1596 1812 268 260 1657 1653 1864 223 229 1464 1548 1721 234 259 1668 143'l 1734 
5000 248 336 1430 1653 1779 304 254 161.5 1629 1853 276 265 1693 1686 1905 230 235 14\18 1576 1757 239 265 1697 1457 1767 

251 338 1456 1680 1812 309 257 1645 1658 1887 279 268 1723 1716 19-IO 2l3 239 1529 1607 1793 245 270 1737 1489 1807 
5200 259 342 1485 1702 1843 314 262 1679 1691 1928 286 m 1158 1747 1m 240 246 1561 1636 1828 249 276 1766 1512 1839 

263 344 1511 1734 1878 319 265 1709 1720 1964 289 276 1787 1778 2015 243 251 1590 1668 I~ 255 282 1808 1543 1882 
5400 270 357 1536 1780 1918 3'l.5 271 1744 1751 2002 296 280 1820 1809 2052 249 257 1620 1696 1900 261 286 1837 1566 1914 

273 360 1568 1812 1957 330 274 1773 1783 2039 299 284 1851 1839 2089 251 262 1650 1729 1937 266 292 1880 1598 1959 
5600 280 364 1599 1832 1989 336 280 1806 1814 2077 306 288 1886 1868 2126 257 268 1682 1755 1971 271 297 1910 1621 1991 

284 365 1626 1860 2024 340 'l84 1839 1847 2118 :l09 293 1919 1900 2165 260 273 1713 1791 2011 276 302 1957 1655 2039 
5800 290 369 1654 1883 7055 347 290 18n 1877 2156 317 29.5 1954 1929 2200 265 279 1741 1818 2046 282 306 1984 1676 2071 

295 372 1685 1918 2094 351 293 1905 1911 2195 319 299 1987 1961 2239 271 284 1779 i853 2087 287 314 2032 1711 2118 
6000 :JOI 384 1708 1966 2133 357 298 1939 19'2 2233 326 :'.!03 2022 1989 2274 273 290 1800 1881 2120 293 319 2061 1732 2151 

306 386 1741 1999 2175 364 :JOI 1981 1974 2274 329 305 2056 2023 2311 276 295 1834 1921 2163 298 325 2105 1767 2198 
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APPENDIX T All.E 28c 

Detailed Foll--1.Jp load-Deflection Data, in lb. and 1/1000 In, 
Pallets of Conwntional Design 

Test Pellet No. Ac I Pallet No. Ac2 Pallet No. Ac3 Pollet No. Ac4 Pallet No. AcS 
load A 8 c D A 8 c D A 8 c D A 8 c D E A 8 c D 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 08 11 51 60 60 07 08 -45 51 53 08 09 SS 57 61 16 14 52 68 63 08 08 43 38 46 

09 12 59 67 68 09 09 56 63 66 09 10 65 68 n 19 16 63 79 74 09 09 49 43 54 
400 19 24 119 132 137 18 18 113 120 131 21 19 129 137 145 36 27 131 1-45 147 23 21 104 95 114 

21 27 128 142 148 21 21 123 '32 143 24 22 143 ISO 159 42 31 147 158 164 27 22 116 105 126 
600 30 39 186 203 216 30 28 176 191 208 33 29 204 214 232 SS 42 212 233 240 38 32 168 157 186 
800 32 42 196 214 229 32 30 188 205 222 37 31 218 226 247 61 44 227 246 257 41 35 180 166 198 
800 38 54 251 276 296 41 37 238 260 284 47 38 279 284 317 n 54 289 309 328 51 45 230 216 257 

39 58 260 287 309 43 40 249 273 299 49 41 294 297 333 76 56 3l6 322 343 54 46 242 226 270 
1000 44 71 315 3SO 375 49 -45 298 328 361 60 46 354 353 399 84 68 364 381 409 63 57 290 273 327 

46 74 325 361 388 51 47 309 343 375 63 48 371 365 415 89 71 382 397 427 65 60 304 283 341 
1200 52 87 380 421 -451 57 54 361 397 437 n 54 429 420 481 96 81 -438 -458 492 73 70 3SO 330 39-4 

53 90 391' 432 466 62 S6 375 410 -452 75 S6 446 -432 496 98 84 -457 476 511 75 71 364 340 "'J7 
1400 58 101 -4-43 489 529 68 60 423 463 510 84 62 501 485 559 106 93 510 533 575 82 79 406 383 -459 

59 104 -454 501 543 76 63 438 480 528 87 63 517 497 575 109 95 530 552 594 83 82 420 394 473 
1600 6.~ 114 sos SSS 607 82 67 487 529 586 96 68 sn 549 640 116 103 582 603 657 90 88 402 439 523 

67 117 515 566 621 83 68 500 544 603 99 71 588 560 658 120 107 602 625 677 92 90 475 -450 536 
ISQO 73 125 562 616 678 88 73 S-45 590 6clO 107 76 641 610 718 127 115 653 680 737 98 97 514 493 586 

75 128 5n 629 692 90 75 559 605 678 109 78 660 622 736 131 119 674 698 758 IOI 98 529 sos 602 
2000 ao 138 619 677 747 95 80 604 651 733 117 83 708 670 794 137 126 720 750 813 107 104 566 547 652 

82 141 630 690 761 98 82 619 667 750 120 86 n6 684 812 142 130 745 771 835 110 106 582 S.SI 668 
2200 87 149 675 735 814 103 87 665 713 804 126 92 m 730 866 149 136 795 819 890 117 112 621 599 716 

89 149 692 750 829 106 89 681 730 824 129 95 792 746 886 15' 142 822 840 914 120 114 635 612 733 
2400 94 156 731 793 878 112 95 722 774 876 136 100 8:16 790 938 160 147 869 887 966 127 120 673 650 m 

97 159 746 809 893 114 96 739 793 895 139 103 ~ 807 958 166 151 899 908 991 129 121 688 663 794 
2600 102 166 78S 849 940 120 101 781 835 944 1-45 109 896 B48 1008 ·ln 158 943 952 1042 136 128 n3 703 837 

105 170 800 865 958 123 103 799 1154 966 148 112 917 867 1029 177 162 970 976 1068 138 130 740 716 855 
2800 111 177 840 904 1002 128 109 837 89S 1012 155 117 955 907 1075 183 168 1012 1016 1115 144 136 774 751 895 

113 180 854 920 1021 131 110 857 915 1035 158 120 977 928 1100 188 1n 1042 1041 1144 146 138 794 766 914 
3000 120 186 892 961 1067 137 115 893 954 1060 165 126 1015 966 11-45 194 177 1082 1078 1187 153 143 830 799 954 

123 190 911 983 1090 139 117 914 976 1105 167 1:11 1039 988 1171 201 182 1115 1107 1218 156 1-45 851 815 976 
3200 128 197 948 1021 1135 147 123 949 1013 1148 174 136 1074 1026 1214 207 188 1153 1142 1259 161 152 881 846 1014 

132 200 969 10-45 1159 150 125 m 1038 1114 177 139 1099 1050 1240 213 192 1187 1169 1292 164 154 904 866 1037 
3400 137 207 1002 1080 1199 156 131 1004 1073 1214 183 1-45 1133 1087 1281 218 198 1223 1204 1332 169 161 934 895 1074 

142 210 1026 1105 1226 158 134 1029 1097 1241 186 148 1160 1110 l:;o& 224 202 1257 1231 1365 173 163 960 915 1100 
3600 147 216 1059 1140 i267 164 138 1063 1132 1281 194 155 1197 1146 1349 230 208 1292 1264 1404 177 169 989 944 1136 

152 219 1086 1168 1296 166 141 1089 1159 1311 197 159 1224 1170 1378 236 213 1327 1294 1439 181 in 1010 964 1163 
3800 157 225 1119 1201 1335 1n 146 1122 1190 1349 204 164 1260 1205 ma 243 219 1360 1326 1476 187 178 1047 992 1199 

162 229 1144 1228 1365 175 148 i 152 1218 1380 207 169 1288 1229 1447 248 224 1396 1355 1512 190 181 1075 1013 1226 
4000 167 234 1177 1261 1"°4 181 153 1186 1250 1<418 213 175 1322 1263 1487 253 230 1429 1387 1549 195 186 1103 1040 1259 

172 238 i 202 l 289 i 434 185 156 l214 1278 1450 216 179 1349 1288 1516 259 235 1468 1417 1587 198 191 1133 1064 1288 
4200 178 2•2 1240 1320 1475 190 161 1246 1309 1487 223 185 1382 1321 155' 265 241 1500 1448 1623 204 197 1160 1090 1320 

183 246 1264 1349 1507 193 16' 1276 1338 1520 226 189 1412 1347 1585 270 246 15' I 1482 1662 'l07 200 ll92 l114 1351 
4400 188 2S1 1294 i:!lll iS-45 200 169 1306 1368 1555 232 195 1447 1377 1624 276 251 1571 1513 1697 213 205 1219 1139 1383 

194 255 1320 1411 1577 202 in 1335 1397 1590 236 200 1478 l 404 l 656 282 257 1612 15'7 1738 221 207 1257 ll66 1415 
4600 199 260 1348 1441 1612 208 177 1364 1426 1625 242 205 1511 1434 1694 287 263 1643 1576 1m 226 212 1283 1191 1447 

20S 264 1374 14n 16'16 210 180 1395 1456 1660 245 210 1544 1463 1n2 293 268 1687 1612 1816 2311 216 1318 1216 i.Sl 
4800 210 268 1401 1501 1681 217 185 142i 1485 1695 252 216 1576 1493 1763 299 273 1717 !639 1850 242 221 1343 1242 1513 

216 272 1430 1533 1717 221 188 1457 1516 1731 255 220 1612 1524 1801 :l04 279 1761 1677 1896 253 224 1378 1270 1548 
5000 221 277 1458 1561 1752 227 193 l-485 1543 1765 262 225 16'2 1552 1836 309 2S5 1790 1705 l 9:l0 257 229 l 404 1294 1579 

227 282 1488 1596 1789 230 197 1519 1577 1804 266 230 1682 1582 1875 314 290 1836 1743 1976 263 232 1442 1322 1617 
5200 232 286 1515 1623 1825 236 201 1548 160-4 1839 273 236 1712 1610 1911 320 296 1865 1768 2009 268 238 1469 1346 1648 

238 290 15'5 1657 1862 246 204 1589 16'2 1880 277 241 1752 1642 1953 326 302 1914 1807 2!158 274 241 !507 1375 1684 
5400 242 294 1571 1683 1896 251 208 1615 1667 1913 284 246 1780 1669 1987 331 307 1942 1834 2090 279 247 1535 1398 1716 

248 298 1602 1718 1935 261 212 1653 1705 1957 288 251 1822 1701 2029 337 313 1993 1873 2140 284 2Si 157S 1427 1755 
5600 253 303 1626 1745 1969 265 216 1679 1731 1990 295 2'5 1853 ins 2063 342 319 2020 1898 2171 287 257 1600 1-451 1786 

759 308 1657 1781 2010 270 218 1719 1770 2038 305 260 1902 1765 2109 349 324 2075 1940 2223 293 260 1640 1481 1825 
5800 263 312 1683 1807 2044 274 223 1743 1795 2069 311 265 1930 1791 2143 354 328 2102 1967 2255 297 265 1665 1503 1856 

270 316 1714 1844 2086 279 227 1781 1833 2ll5 318 271 1979 1827 2189 361 335 2158 2008 2310 301 270 1708 l 535 1899 
£000 275 320 1739 1870 2118 284 231 1805 1858 2148 323 276 2007 1850 2221 366 340 2184 2036 2342 3l6 275 1734 1557 1930 

281 325 1768 1905 2158 290 235 1843 1894 2192 332 281 2053 1886 2266 377 344 2253 2072 2399 310 278 1774 1600 1977 
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APPENDIX TA81.E 28d 

Detailed Follow-tJii Lood-Dellection Doto, in Lb. end 1/ 1000 In. 
Paileh of Conventionol Design 

T•st Pallet No. Adi Pallet No. Ad2 Pallet No. Ad3 Pallet No • .Ad4 Pal let Na. AdS 
L-od A B c D A B c D E A B c D A B c D A B c D E 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 12 06 22 36 67 32 13 i9 58 75 10 16 S7 69 67 13 07 60 S7 62 09 05 41 68 59 

13 08 25 41 73 34 14 88 66 84 12 27 70 83 82 15 08 68 66 71 12 08 53 86 74 
400 25 15 79 109 139 43 26 150 133 158 24 39 133 154 154 32 22 135 139 148 21 16 108 164 147 

30 16 90 120 152 45 28 160 145 170 27 48 147 170 169 43 30 151 155 166 24 18 121 179 161 
600 42 24 141 183 216 54 40 219 213 2~ 40 57 205 238 242 57 38 210 221 237 33 25 173 252 233 

48 26 154 200 233 S7 42 230 225 260 43 62 219 251 257 64 45 227 238 256 35 27 184 268 248 
800 56 33 201 260 295 65 53 284 290 331 55 71 273 317 328 75 52 282 296 320 43 35 236 340 319 

62 35 213 274 312 67 S7 297 304 347 57 75 287 333 344 79 S7 299 314 341 46 36 252 358 336 
1000 71 42 258 333 373 73 67 349 368 415 68 83 340 397 410 87 65 353 373 402 52 44 306 425 4Q2 

74 44 2n 348 388 76 71 364 381 431 70 87 356 414 427 89 68 369 3138 419 54 46 321 443 421 

1200 83 51 318 <406 449 83 80 412 446 498 81 97 408 484 495 99 75 421 447 483 60 54 375 512 487 
87 54 330 423 466 85 84 425 460 514 84 100 423 500 511 101 78 443 463 502 63 56 391 531 506 

I.COO 94 60 375 479 525 93 93 474 523 580 94 107 472 561 5n 110 84 492 528 565 68 62 442 600 5n 
97 63 380 498 537 95 97 487 537 596 97 Ill 489 578 595 113 89 509 544 584 71 64 451 620 591 

1600 104 71 427 555 599 103 105 531 596 662 108 119 538 638 662 121 94 558 595 643 76 71 511 684 660 
109 73 441 S71 616 104 109 546 612 680 111 122 551 654 678 125 98 S76 611 663 79 73 526 703 678 

1800 115 so 489 624 676 112 117 590 670 742 121 130 600 714 743 132 103 626 660 720 84 79 579 763 742 
119 84 503 637 694 114 120 605 686 760 125 134 615 732 761 136 106 655 676 743 87 82 597 785 762 

2000 127 90 547 690 751 122 130 650 744 821 134 142 661 789 B21 143 112 701 720 795 93 89 647 843 822 
131 93 563 705 769 123 133 664 760 838 139 145 674 806 839 147 115 720 739 814 95 92 667 865 844 

2200 136 99 603 753 821 128 1.42 707 815 897 147 153 719 861 898 153 120 766 784 866 IOI 97 714 918 901 
139 102 626 769 e.41 130 146 n5 835 917 !52 156 734 879 917 157 124 786 805 886 103 99 732 938 922 

2400 144 109 665 814 890 136 155 767 887 974 161 164 n9 931 972 164 129 832 847 936 109 104 782 992 990 
147 111 682 831 910 136 166 814 913 1005 164 166 794 949 992 167 133 854 867 9S7 112 106 802 1012 1001 

2600 161 117 n4 877 960 141 174 851 959 1057 173 174 836 996 1043 174 138 897 908 1005 117 Ill 846 1060 1052 
163 121 742 896 983 143 178 866 979 1080 1n 177 852 1018 1066 177 142 918 928 1026 121 114 868 1083 1077 

2800 166 127 n6 937 1027 153 185 905 1021 1132 1a5 184 sea 10<;2 1115 183 147 959 965 1073 126 118 908 1129 1127 
168 131 792 956 1048 155 188 920 1042 1155 188 186 907 l004 1138 186 150 983 986 1096 131 122 933 1155 1153 

3000 ln 136 826 995 1092 165 195 958 1086 I L'04 197 194 942 1125 1185 193 156 1024 1021 1141 136 126 972 1198 1200 
174 141 846 1018 1115 167 199 974 1105 1228 200 197 961 1149 1209 196 159 1053 1045 1166 139 130 1000 1226 1229 

3200 185 147 884 1057 1163 175 205 1011 1144 1274 208 205 995 1187 1252 202 165 1093 1079 1209 144 134 1039 1267 12n 
186 150 903 1079 1187 179 208 1013 1156 1309 212 208 1015 1211 12n 205 168 1120 1102 1234 148 139 1067 1297 1303 

3400 190 156 933 Ill 7 1228 186 214 1043 1192 1354 219 215 1048 1249 131i> 212 173 1158 1135 1275 153 143 1101 1334 1344 
191 160 950 1140 1251 190 219 1044 1204 1387 223 217 1073 1278 1345 215 178 1188 1157 1301 156 147 1132 1365 1378 

3600 201 166 988 1177 1295 200 224 1075 1241 1437 230 224 1105 1313 1386 221 183 l228 1191 1343 161 151 1166 1402 1417 
202 169 1006 1200 1320 206 230 1041 1235 1506 235 228 1127 1344 1414 224 186 1257 1212 1370 164 156 1197 1433 1453 

3800 206 176 1035 1235 1359 212 236 1064 1267 1552 242 235 ll61 1380 1456 231 191 1296 1242 1409 168 161 1229 1469 1491 
208 179 1055 1259 1385 218 2•1 1053 1273 1606 2 .... 239 1182 1409 1484 234 194 1324 1264 1437 1n 164 1261 1501 1528 

4000 219 IB6 1092 1294 1426 222 248 1075 1305 1652 252 246 1215 1445 1524 2"1 200 1361 1295 1476 175 170 1291 1535 1565 
220 189 ll12 1319 1454 239 262 947 1242 1850 257 249 1240 1"7S 1553 244 202 1389 1316 1503 179 175 1322 1570 1603 

4200 225 195 1141 1354 1492 246 270 967 1268 1899 263 256 1271 1510 IS93 2SI 207 142&. 1344 1542 183 179 1352 1604 1639 
227 200 1163 1:!81 1522 252 276 963 1275 1957 267 259 1296 1539 1624 256 210 1~9 1367 1571 188 185 1387 1638 1679 

4400 236 205 1199 1"13 1561 262 311 983 1303 2004 273 266 1324 1571 1662 263 21S 1495 1395 1608 191 190 1417 16n 1716 
238 208 1222 1441 IS91 270 287 981 1312 2063 276 271 1352 1602 1697 267 218 !528 1418 1639 194 l~ 1455 1709 1755 

4600 241 213 1248 1472 1627 276 292 999 1337 2107 283 276 1381 1633 1732 273 224 1564 1444 1675 197 200 1485 1741 1790 
242 217 1271 1502 1648 283 299 990 1342 2178 288 280 1407 1663 1765 276 228 IS98 1469 1707 200 205 1524 1779 1834 

4800 2Sl 222 1308 1533 1698 290 30S 1007 1367 2227 295 287 1437 1694 1803 282 233 1632 1494 17"1 205 209 1553 1809 1869 
252 225 1331 1564 1732 298 313 987 1366 2313 ::01 292 1466 1726 1838 285 235 16n 1524 1774 208 215 1592 1849 1914 

5000 256 230 1355 1593 1765 304 318 1004 1390 2361 307 298 1495 1756 1874 292 241 l708 1551 1809 213 220 1620 1878 1950 
257 232 1379 1625 1798 314 327 987 1390 2457 312 302 1527 1792 1913 295 243 1743 1578 1845 216 225 1660 1917 1995 

5200 265 238 1417 1652 1837 320 332 1002 1411 2504 319 309 1552 1820 1949 ::01 249 1776 1602 1880 220 230 1689 1946 2030 
265 241 1442 1686 1873 331 341 1000 1420 2583 323 312 1554 1856 1986 xis 252 1814 1631 1918 224 236 1729 1987 2075 

5400 269 245 1466 1713 1907 336 347 1017 1442 2626 331 319 1610 1884 2021 311 256 1847 1654 1952 227 241 1755 2014 2109 
270 248 1490 1746 1943 347 355 1131 1486 2771 335 323 1641 1916 2060 315 260 188B 1683 1990 232 246 1820 2052 2165 

5600 279 253 1527 1771 1980 353 360 1148 1508 2771 3'13 329 1669 1945 ll95 321 265 1921 1707 2023 236 250 1844 2081 2197 
279 257 1553 1809 2020 364 367 1148 1523 2771 348 335 1701 1978 2136 326 268 1964 1738 2063 240 257 18B8 2124 2245 
283 261 1S74 1833 2050 370 m 1164 15« 2n1 355 339 1n4 2004 2169 333 273 1997 1760 2097 244 262 1916 2151 22n 

5800 284 265 1599 1867 2087 381 380 1173 1566 2771 361 346 1760 2041 2212 339 276 2041 1791 2139 249 267 1961 2194 2328 

6000 293 269 1637 1891 2124 389 386 1198 1585 2771 36B 350 1784 2067 2244 344 281 2077 181" 2173 2S1 271 1988 2222 2362 
295 273 1663 1925 2162 400 394 1207 1606 2771 374 355 1817 2101 2284 350 284 2115 1845 2214 256 279 2031 2263 2409 
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APPENDIX T ABl.E 28e 

Detailed Follow-!Ji> load-Deflection Dota, in Lb. and 1/1000 In. 
Pallett of l"'ll'Owd Oesig~ 

Test Pallet No. 9a I Pallet No. Ba2 Pallet No. 8a3 Pallet No. Bc.f Pollet No. Bo5 
load A 8 c D A 8 c D A a c D A 8 c D A 8 c D 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 10 07 39 42 47 10 14 40 42 46 00 06 38 35 41 10 09 39 55 SI 08 OS 36 37 40 

II 08 45 47 54 12 16 46 46 52 00 12 58 49 61 11 10 46 63 59 09 06 44 45 49 
-400 21 18 92 92 107 24 39 98 90 107 08 20 103 97 113 25 24 94 128 122 21 14 93 96 105 

24 20 99 99 116 27 45 109 96 117 09 23 110 104 123 27 26 101 137 131 24 16 101 ICM 115 
i!OO 34 29 146 145 169 40 S7 156 135 167 17 30 153 149 1n 38 38 142 203 190 36 24 149 157 173 

35 31 156 152 178 43 60 166 142 176 19 33 163 157 183 41 41 151 214 201 38 25 158 166 182 
800 46 41 199 1114 230 S7 73 212 182 229 :?II "' 204 198 232 SI S2 191 276 261 48 33 200 216 237 

46 43 209 203 242 65 77 225 190 243 31 43 214 207 2·'5 53 5S 202 287 273 SI 35 209 225 249 
1000 S7 52 250 245 291 76 89 2$/ 231 292 39 49 255 248 292 64 65 241 350 332 60 42 248 273 301 

57 54 260 254 303 83 9" 283 241 308 43 52 266 258 303 68 69 252 362 344 63 43 258 284 313 
1200 68 63 300 295 353 93 106 325 279 357 Sl 58 307 296 350 76 79 290 -420 399 73 51 297 332 364 

69 65 310 304 363 99 112 339 289 3n 53 60 319 307 :!62 79 83 301 432 -412 76 52 3l6 342 377 
1-400 78 75 350 344 410 108 123 379 330 418 62 66 358 346 405 88 93 339 4Pl 465 84 60 343 388 -127 

79 79 361 353 421 110 127 396 342 432 65 68 370 358 416 91 97 351 503 479 88 61 353 398 437 
li!OO 89 87 -400 391 468 121 142 437 386 482 73 75 411 397 459 100 106 388 5-"6 530 97 68 388 444 487 

91 92 411 402 481 123 146 453 399 498 76 76 422 407 469 103 117 402 575 546 100 69 398 455 501 
1800 100 IOI 449 441 526 134 160 492 445 547 86 82 461 443 511 112 128 438 627 598 109 75 432 497 547 

101 105 461 452 539 134 165 510 458 564 91 85 474 456 524 115 132 454 644 615 112 76 443 !QB 561 
2000 107 113 495 488 583 142 176 S51 500 613 98 90 Sil 489 566 124 140 490 688 663 120 84 476 547 606 

109 118 507 499 S96 144 183 S71 516 632 103 92 S24 502 580 128 143 504 7CO 678 125 87 487 558 620 
2200 118 126 543 S36 641 156 197 609 558 682 112 97 561 537 623 136 150 539 744 n5 132 92 Sl8 595 662 

120 131 SS5 547 656 157 202 626 570 699 114 98 S76 553 638 141 153 555 756 74Z 136 93 53) 607 676 
2-400 

130 139 591 583 698 164 213 665 610 746 123 103 613 585 680 150 159 591 798 785 143 99 560 641 716 
131 142 604 595 713 167 210 68' 626 763 125 106 626 S96 694 154 161 610 813 804 148 101 573 654 731 

2600 138 149 637 629 752 179 231 719 665 809 134 110 660 628 733 162 169 646 854 846 156 106 604 687 769 
140 153 651 642 766 180 236 738 679 827 139 113 683 642 753 167 1n 667 870 866 159 108 617 700 785 

2800 
149 159 68' 674 804 187 246 770 714 867 147 119 715 672 790 17S 177 698 906 905 166 119 651 733 822 
150 164 698 689 821 188 252 790 732 888 151 120 731 686 804 179 180 717 922 924 171 ll8 670 748 838 

3000 157 169 n9 720 856 194 260 819 766 92S 158 125 766 714 840 186 186 747 958 961 177 123 695 71!2 873 
159 175 745 735 87-4 199 267 839 785 946 163 127 784 n9 859 192 189 769 977 981 180 124 711 796 892 

3200 170 180 780 767 911 205 273 867 819 985 171 131 815 756 892 200 196 800 1012 1018 186 128 738 825 924 
1n 185 798 785 930 209 279 888 840 1009 175 134 832 776 911 204 197 824 1033 1039 194 131 761 842 946 

3-400 179 191 825 814 962 215 286 913 871 1042 182 139 860 802 942 210 202 853 10/.5 1073 200 136 785 868 976 
181 196 843 832 983 219 292 934 891 1064 186 142 880 821 962 215 206 878 1088 1098 203 137 804 887 998 

3600 190 202 an 861 1017 225 298 958 921 1099 191 147 90S 847 994 221 211 904 1119 1131 208 141 829 912 1029 
192 206 890 882 1039 230 303 981 943 1124 196 150 928 an l'll7 227 216 931 1141 1157 216 145 854 933 1056 

3800 201 212 920 908 1070 235 312 1006 973 1159 202 156 958 896 1047 232 221 957 11n 1190 221 149 876 956 1084 
203 216 940 931 1094 245 317 1035 996 1187 207 158 985 915 1071 238 224 985 1195 1215 226 151 898 978 1108 

4000 210 222 963 957 1124 251 322 1058 1023 1219 214 163 1010 938 1099 245 229 1010 1223 1246 231 155 920 1001 1135 
212 227 985 980 1149 254 328 1084 1045 1246 218 166 1029 961 ll24 251 232 1038 1248 12n 237 159 1144 1022 1160 

4200 221 232 1014 1007 1180 262 333 lll2 1077 1281 224 171 1052 985 ll51 258 237 1064 1278 1303 243 163 966 1046 1188 
223 238 1038 1030 1206 268 338 1136 llOO 1307 229 174 1074 1008 1177 264 241 1091 1302 1329 246 JM 98? 1067 1214 

4400 230 243 1064 1056 1236 274 345 1160 1129 1338 235 179 1098 1030 !203 271 246 l115 1330 1359 251 174 1015 1089 1242 
232 248 1089 1082 1262 279 351 1185 1153 1365 239 183 1122 1053 1228 276 249 1146 1355 1387 254 177 1039 1112 1270 

4600 239 253 1114 1105 1291 286 358 1208 1180 1393 245 188 1145 1076 1253 282 255 ll70 1385 1417 263 179 1067 1135 1299 
241 258 1139 1131 1318 290 364 1236 1206 1"23 2.50 191 1171 1102 1283 290 257 1207 1410 1450 267 182 1090 1158 1327 

4800 249 263 1166 1156 1347 298 369 1258 1231 1453 256 197 1195 1125 1309 296 263 1232 1440 1420 271 186 1110 1180 1354 
251 268 1190 1182 1374 303 375 1287 1258 1485 261 200 1223 1150 1338 302 267 1265 1467 1510 276 189 1133 1205 1381 

5000 259 273 1216 1206 1404 310 380 1308 1283 1513 267 203 1247 1170 1367 309 273 1289 1497 1541 284 193 1160 1228 1.;Q9 
261 279 1240 1231 1431 31" 388 1336 1306 1543 270 201 12n 1195 1403 315 276 1323 1525 1571 287 197 1184 1251 1438 

5200 268 284 1265 1256 1460 321 392 1357 1330 1571 276 212 1294 1217 1430 321 282 1346 1554 1602 293 201 1204 1273 1462 
271 289 1289 1282 1489 327 397 1389 1363 1609 280 217 1318 1239 1465 327 286 1377 1581 1634 299 205 1234 1295 1494 

5400 278 293 1313 1305 1516 334 401 1411 1387 1636 286 221 1340 1259 1491 333 290 1401 1608 1663 303 210 1253 1319 1520 
280 298 1337 1330 1544 339 407 1440 mo 1668 290 225 1365 1282 1526 339 294 1435 1635 1694 307 213 1276 1343 1549 

5600 287 303 1360 1353 I 572 346 413 1461 1434 1696 295 230 1388 1303 1553 345 300 1457 1662 1n4 313 216 1302 1364 1578 
290 309 1396 1382 1608 352 417 1492 1461 1732 301 234 1433 1326 1596 353 303 1494 1691 1756 316 222 1327 1389 1610 

5800 296 315 1"19 1403 1634 359 423 1511 1485 1758 :!OS 240 1455 1348 1623 358 307 1514 1719 1784 322 225 1352 1409 1638 
298 321 1445 1433 1665 364 429 1543 1513 1792 310 243 1483 1374 1657 364 312 1552 1747 1819 326 229 1376 1436 1669 

6000 3l6 326 1470 1453 1694 371 435 1563 1538 1820 315 2'9 lS06 1395 1684 370 317 1574 1775 1847 332 233 1-400 1456 16~ 
~ 331 1494 lol81 1724 376 441 1593 1565 1856 320 254 1530 1415 ln1 377 320 1607 1804 1882 335 237 1426 1481 1727 
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Al'PENDIX T A81.E 28f 

Detailed Follow-up lood-0.flection Doto, in Lb, and 1/1000 In. 
Pon en of lmpro-...1 Design 

T•st Pollet No.Bbl Pollet No. llb2 Pallet No. Bbl Pallet No. BM Pallet No. llbS 
lood A 8 c D A 8 c D A 8 c D A 8 c D A B c D 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 11 13 43 46 40 12 12 39 48 46 13 10 39 5-4 S4 07 07 35 30 35 10 OS 49 16 46 

13 IS 49 52 46 16 18 49 60 60 15 II 45 60 61 08 09 45 38 44 13 06 58 22 S4 
400 24 30 98 IOS 105 26 31 97 117 117 30 23 93 125 125 18 21 94 90 100 26 16 llS 69 113 

28 32 106 115 115 29 37 106 127 133 35 24 101 134 136 23 24 103 98 109 30 18 125 76 123 
600 40 45 152 167 172 39 46 147 178 184 48 36 147 194 197 30 36 150 148 163 41 27 180 122 179 

46 49 164 177 190 41 52 156 188 195 54 38 156 203 208 32 38 159 157 173 43 29 191 129 188 
800 56 58 206 224 238 51 60 197 235 246 62 49 195 257 265 41 49 208 210 230 54 38 241 172 243 

64 62 219 234 254 53 65 206 246 257 65 51 204 267 275 43 52 218 220 241 57 39 251 182 256 
1000 77 70 262 280 3)3 62 73 246 293 316 72 63 240 323 331 52 63 265 271 298 66 49 301 22" 309 

85 73 274 291 318 65 77 256 3)4 320 76 65 247 335 342 55 67 279 284 312 71 51 314 235 321 
1200 96 82 313 336 364 73 87 295 350 369 83 76 282 386 39" 64 76 328 332 369 79 61 364 276 37S 

103 85 326 347 381 75 93 3)5 361 381 87 79 290 399 405 66 79 342 343 383 83 63 376 385 386 
1400 113 93 364 393 424 82 102 344 .cos 429 93 90 326 454 457 72 87 389 391 435 92 72 422 324 .t3" 

120 96 377 40S ~ 85 108 347 418 535 98 92 335 468 470 76 93 40S 403 448 95 73 433 333 445 
1600 128 103 411 45C! 483 93 117 396 462 583 104 103 369 519 520 83 100 451 450 500 104 82 477 371 492 

13" 107 424 462 498 96 125 .cos 476 599 108 106 379 533 532 88 103 468 463 514 107 84 489 381 503 
1800 142 114 457 503 542 103 135 446 518 645 114 117 412 578 5llO 95 110 510 511 564 117 94 531 418 550 

146 118 468 515 560 106 140 461 532 662 128 120 427 595 596 100 '" 525 52S 577 120 9S 543 428 561 
2000 154 125 501 552 597 113 149 496 572 704 135 128 460 636 641 106 120 565 568 626 128 104 585 465 607 

158 127 512 561 611 117 152 511 587 722 141 131 469 650 65" 112 123 580 582 642 132 106 599 476 621 
2200 166 134 546 599 651 124 161 545 626 763 147 141 501 692 700 118 129 621 623 689 140 117 639 513 666 

171 137 561 613 668 128 164 561 643 780 151 143 512 708 714 121 132 634 635 703 144 116 653 523 681 
2400 178 '"" 593 648 706 134 172 595 678 820 162 15" 545 747 759 127 138 673 676 747 152 125 692 558 725 

182 147 606 661 726 139 177 614 695 837 171 157 562 766 775 131 142 687 690 763 156 126 706 569 739 
2600 189 154 637 696 763 146 185 648 731 876 178 166 594 802 815 136 147 721 727 804 164 134 744 604 780 

193 157 651 711 779 149 190 668 747 893 186 169 609 819 831 139 150 737 742 820 169 136 764 616 796 
2800 200 164 681 744 815 156 197 700 783 930 196 179 640 855 871 145 155 771 778 859 177 142 799 6'16 833 

204 168 698 761 836 161 201 717 797 949 206 183 657 872 887 148 158 787 794 87.S 190 147 823 660 850 
3)00 210 175 725 792 867 166 207 748 830 995 212 191 684 907 925 154 164 821 829 914 197 156 858 692 888 

214 178 742 809 888 170 211 768 847 1004 224 196 700 9'27 944 156 167 839 847 932 206 158 880 i06 906 
3200 226 183 m 841 920 176 218 797 878 1038 234 205 728 960 981 162 172 868 878 967 214 163 913 735 942 

228 189 789 860 94" 18() 224 819 897 1061 245 208 746 979 1001 166 176 887 898 990 217 167 934 750 962 
3400 234 194 813 888 972 185 230 848 9'28 1094 251 216 m 1011 1034 172 181 914 928 1023 224 172 966 776 995 

237 199 832 908 998 188 236 871 948 1119 257 220 790 1032 1055 184 183 941 952 1050 227 175 988 792 1017 

3600 243 204 856 935 1026 193 241 897 977 1150 265 227 817 1064 1090 189 188 966 980 1081 232 183 1020 819 IOSl 
247 210 876 957 1050 197 246 922 998 1175 271 231 837 1085 1113 191 192 996 1000 1102 :137 186 1045 837 1073 

3800 254 216 901 993 1078 201 252 946 1025 1204 278 241 861 1115 1145 196 199 1011 1030 1133 243 191 1073 862 1105 
258 221 922 1004 1104 205 258 972 IC46 1228 282 243 879 1137 1168 198 202 1032 1050 1156 247 197 1097 880 1128 

4000 264 226 945 10:!2 1130 209 262 995 1073 1256 290 :m 904 1164 1201 203 207 1056 1075 1185 253 201 1127 903 1159 
268 231 969 1051 1154 212 267 1021 1095 1281 294 25" 9'24 1185 1223 207 211 1078 1098 1207 255 205 1148 920 1182 

4200 273 237 991 1075 1182 217 273 1045 1119 13>8 299 262 1145 1212 1251 213 216 1101 1123 1236 262 213 1179 944 1214 
278 241 1012 1097 1207 221 279 1073 114" 1334 :J03 265 966 1236 1275 216 220 1124 1146 1259 265 216 1201 963 1237 

-l-400 28" 248 1034 1124 1235 225 283 1095 1168 1360 312 271 m 1263 1306 221 225 1147 1169 1285 271 221 1227 985 1265 
288 251 1056 I !44 1257 230 289 1123 1192 1387 315 275 1013 1285 1331 225 230 1171 1193 1310 274 225 1250 1005 1238 

4600 294 257 1078 1170 1285 234 293 1145 1216 1413 320 282 1033 1310 1358 230 235 1195 1217 1336 281 232 1277 1027 1316 
298 260 1100 I' 90 1312 238 298 1175 1242 I~ 325 284 1052 1334 1383 235 238 1219 1240 1362 28" 235 1304 1050 1341 

4800 3l4 266 1123 1213 1336 242 303 1196 1265 1465 332 291 1077 1360 1413 239 243 1242 1264 1389 291 241 1330 1071 1369 
:Jl8 271 1146 1235 1368 246 309 1227 1292 1493 336 295 1096 1382 1439 244 249 1268 1289 1415 295 242 1355 1092 1396 

!000 313 277 1167 1260 1393 251 313 1248 1315 1519 342 301 1119 1407 1467 249 254 1290 1313 1441 3)1 250 1382 1118 1425 
319 282 1192 1282 1420 254 319 1278 1339 15"6 347 :ll5 1139 1432 1493 254 257 1315 1337 1469 :ll5 253 1406 1139 1450 

5200 324 287 1212 1307 1445 259 324 1299 1363 1572 351 312 1158 1456 1520 260 262 1337 1360 1495 312 257 143" 1159 1478 
328 293 1237 1329 1477 262 329 1330 1389 1602 355 316 1178 1482 15"6 264 267 1362 1385 1522 314 261 1458 1179 150' 

5-400 334 298 1256 ? 352 1499 266 335 1351 1411 1628 364 323 1204 1505 1575 269 271 1382 1407 1548 322 265 1484 1199 1531 
338 3)3 1278 1374 1524 270 339 1381 1437 .1658 368 327 1224 1531 1603 273 276 1408 1432 1575 325 269 1509 1220 1557 

5600 343 309 1298 1398 1552 274 34" 1401 1459 1684 373 334 1242 1555 1630 279 281 1428 1455 1601 331 278 1535 1244 1585 
347 313 1322 1420 1580 277 350 1434 1487 1716 377 337 1262 1582 1657 284 286 1456 1481 1629 335 282 15.50 1265 1615 

5800 353 320 1343 '""" 1606 282 355 1456 1510 1741 385 343 1288 1605 1686 289 290 1477 1502 1655 342 286 1587 1284 1642 
358 323 1370 1468 1634 285 361 1492 1538 1776 388 347 1305 1632 1715 295 295 1505 1530 1685 345 290 1614 l:l06 1670 

6000 364 330 1 390 1492 1660 290 366 1513 1560 1801 393 353 !322 1656 1741 299 3lO 1526 I 553 1709 352 295 1640 1326 1697 
368 334 1417 1516 1690 293 372 15"5 1586 1835 398 358 1340 1683 1770 3l4 3)4 1552 1579 1739 356 299 1670 1349 1725 
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APPENDIX T ABlE 28g 

Detailed ro11--up Load-OeP.ection Doto, in lb. and l/iOOO !n, 
Palroh of lrnpn.-ed Design 

Teti Pellet No, Se l Pallet No. 8e2 Pellet No. Bc3 Pellet No, Se4 Pellet No. 8c5 
Load A 8 c 0 A 8 c 0 A a c D A a c D E A 8 c D 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 coo 000 000 000 
200 10 08 39 SS 54 00 07 08 43 44 08 08 32 4S 37 12 06 32 18 24 10 10 41 49 49 

Tl 08 42 59 S7 00 08 15 51 S2 10 11 37 53 43 17 JI 45 30 38 12 13 50 ta 60 
400 23 18 85 114 114 OS 19 65 103 110 23 24 77 117 100 32 19 89 IJ7 92 24 29 101 120 124 

25 20 93 123 123 06 21 73 112 120 26 27 85 126 109 36 24 100 98 IOol 25 31 109 128 134 

600 37 30 132 177 177 18 32 123 164 177 38 38 123 186 163 49 33 141 153 157 36 47 159 188 197 
38 31 141 186 187 23 35 132 175 189 41 41 132 196 in 52 37 ISl 162 168 38 50 167 197 207 

BOO 48 41 178 236 239 38 46 178 226 249 S2 52 171 254 226 63 4S 18'9 216 218 49 65 216 255 271 
50 43 187 247 250 43 49 189 238 264 56 54 180 263 235 67 49 199 227 231 S3 71 226 266 282 

1000 S8 52 223 294 300 61 59 236 292 323 68 65 217 316 289 77 57 233 279 282 65 82 271 325 342 
60 53 231 304 311 68 63 248 306 339 74 70 230 328 301 82 61 244 290 295 68 87 281 336 353 

1200 69 62 266 351 360 82 73 290 356 394 88 78 267 379 351 92 69 277 339 344 79 97 324 393 411 
71 64 274 362 371 87 77 301 370 409 93 82 279 391 364 96 74 290 352 359 83 102 334 406 424 

1400 79 n 309 407 419 98 86 342 415 463 llJ.4 88 314 439 411 106 82 323 402 407 93 113 376 462 460 
82 74 319 419 431 103 91 353 429 478 109 90 325 451 424 II I 85 335 416 420 96 116 386 473 492 

1600 88 82 355 465 478 117 99 394 474 531 121 97 362 503 472 120 93 368 466 468 107 126 426 523 547 
90 84 265 479 490 122 104 407 489 548 128 101 375 517 485 126 97 381 482 483 110 131 436 535 361 

1800 IOI 92 401 524 539 131 113 446 531 599 141 109 411 569 535 l~ IOS 413 533 S30 122 l<O 476 582 614 
103 95 411 536 550 136 117 459 544 61S 146 111 425 582 548 141 110 425 S50 546 12S 145 487 596 628 

2000 109 IOI 446 578 S96 145 125 497 586 665 157 117 -460 629 S94 ISO 117 456 598 590 134 156 525 639 67ll 
112 103 4S7 590 l/J9 ISO 128 S09 S99 680 165 121 476 646 611 156 122 468 613 llJS 139 158 S36 651 691 

2200 123 110 492 632 657 161 136 546 640 727 175 128 506 691 658 164 128 500 660 653 ISO 167 573 691 736 
125 112 S03 645 671 165 139 561 653 744 180 131 520 706 674 168 131 512 678 668 153 171 582 700 747 

2400 132 118 S36 683 714 17S 147 596 691 788 190 137 553 751 720 177 1.CO 541 n1 712 165 180 618 741 792 
134 120 549 698 n9 178 149 611 i'OS 806 196 140 566 768 736 180 143 554 737 730 168 183 63) 753 804 

2600 145 127 582 737 773 192 157 650 744 851 205 148 598 811 780 128 ISO 583 776 769 177 192 663 787 845 
147 130 S94 752 788 196 160 666 759 370 211 151 614 829 797 193 155 S97 794 788 183 195 678 799 859 

2800 153 136 628 788 827 204 166 699 793 909 218 158 644 867 837 200 161 62S 831 826 191 204 710 832 898 
156 139 641 801 843 207 170 715 808 929 224 162 660 887 856 205 165 640 848 845 194 207 725 846 914 

:iooo 162 145 673 836 882 220 177 751 843 969 232 168 687 924 894 211 171 667 882 880 203 217 756 879 952 
165 147 692 852 900 224 181 769 860 991 238 172 702 943 912 216 175 684 900 900 207 221 774 895 971 

3200 173 154 n1 886 938 731 188 799 891 1028 246 186 735 978 951 222 181 710 933 933 215 229 803 928 1008 
175 156 738 904 957 235 192 819 908 1050 252 189 753 10()1 m 7.17 186 7al 952 955 221 234 826 948 1031 

3400 181 163 765 935 991 245 199 851 937 1087 260 195 m 1034 IOC!7 234 191 752 982 986 230 241 853 977 1067 
184 166 782 955 lOIJ 249 202 873 957 I Ill 266 199 794 1056 1027 238 196 770 1001 1007 235 246 876 999 1091 

3600 192 173 812 987 1048 256 209 899 984 1146 273 210 824 1091 1064 244 200 794 1029 1037 245 253 910 1029 1128 
195 176 828 1006 1067 260 214 921 1007 1173 278 213 841 II 14 1085 248 205 816 1048 1059 250 258 933 1053 l l 54 

3800 200 183 854 1036 1101 271 221 951 1034 l207 284 218 863 1146 1119 256 210 838 1076 1089 259 268 961 1081 1187 
204 187 876 1057 l 123 275 227 973 1056 1233 2\oO 221 881 1168 1140 262 214 860 1097 1111 267 273 988 1104 1215 

4000 213 193 903 1089 1158 281 232 996 1082 I 262 296 231 906 1200 1175 268 218 880 1124 1139 2?6 282 1014 1133 1247 
221 195 924 1109 1180 284 237 1016 1103 1288 301 232 923 1221 1198 273 223 900 1146 WA 282 287 1040 1156 1274 

4200 229 202 950 1138 1213 295 243 1046 1128 1319 308 238 945 1253 1228 ?79 228 918 1171 1191 290 295 1066 1183 1305 
239 207 971 1162 1236 298 247 1068 11SO 1346 312 241 963 1277 1251 22-4 232 939 I 192 1215 296 301 1092 1207 1333 

4400 245 212 995 1188 1266 303 253 1089 1175 I 374 319 251 988 1308 1283 291 238 960 1217 1241 304 310 1117 1235 1365 
252 216 1016 1212 1289 308 257 II 11 1198 1400 323 254 1007 1332 1307 296 242 980 1239 1265 308 315 1149 1261 1393 

4600 258 221 1039 1236 1319 317 263 1139 1220 1430 330 259 I 026 1360 1335 J)J 246 999 I 263 1289 316 323 1172 1288 1423 
263 227 1059 1261 1344 322 268 1163 1245 1"58 33" 262 1046 1384 1360 308 zso 1021 1286 1314 321 329 1201 1313 1453 

4800 270 232 1084 1286 1373 328 273 1182 1268 1485 342 272 1073 1415 1391 315 254 1040 1310 1341 329 336 1223 1341 1483 
273 237 1105 1311 1398 333 278 1207 1293 1513 347 276 1092 1440 1416 320 259 1062 1333 1365 335 343 1252 1368 1515 

5000 279 241 1127 1335 1426 343 283 1234 1313 1542 253 2il0 l Ill 1468 1445 327 263 1081 1357 1391 344 350 1275 1395 1546 
283 247 1149 1361 1453 347 288 1259 I 339 I 573 358 284 l 132 1494 1470 333 267 1102 1388 1420 350 358 1304 1423 1578 

5200 290 252 11n 1384 1481 353 294 1278 1362 1599 365 293 1157 1522 1501 34-0 ?72 1123 1413 1447 357 365 1327 1449 1607 
293 255 1196 1407 1508 358 298 1302 1388 l 629 371 297 1179 1551 1527 :!47 216 1146 1437 1 •n 363 Jn 1357 1478 1641 

5400 299 262 1218 1433 1537 369 304 1331 1409 1658 3·,7 301 1197 1577 1553 354 281 l 166 1460 1498 369 380 1378 1503 1669 
303 265 1240 1456 1563 373 311 1355 1434 1688 383 305 1217 16U4 1579 359 285 1190 1483 1524 376 387 1409 1533 1703 

5600 309 272 1263 1481 1590 379 316 1373 1456 1715 388 3;4 1242 1631 1610 366 290 1209 1506 1549 383 394 1430 1557 1731 
313 277 1288 1508 1618 385 320 1394 1478 1746 394 317 1265 1659 1637 372 295 1233 1531 1576 390 402 1460 1585 1765 
319 282 1309 1533 1646 394 326 1423 1497 1774 400 321 1251 1685 1664 379 299 1253 1554 1600 397 .C09 1481 1609 1793 

5800 323 286 1334 1560 1676 399 331 1446 1524 1806 4C6 325 1304 1713 1691 386 304 1278 1581 1628 403 417 1512 1640 1829 
329 293 1357 1584 1703 405 336 1464 1546 1834 4·12 334 1327 1740 1720 393 :l09 1298 1603 1654 410 424 1533 1664 1858 

6000 332 296 1376 1609 1732 410 342 1488 1572 1865 417 3.'36 1346 1768 1748 397 313 i319 1627 1681 416 432 1563 1694 1891 
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APPENDIX TAlll.E 28h 

Oetoilod Follow-Up lood-0.Aec:ticn Ooto, in Lb . .,.,.i 1/1000 In, 
· ?ollen of Improved Oeii gn 

T..i Pallet No. 8d 1 Pollet No. !ld2 Pollet No, 8d3 Pollet No, Bd4 Pollet No, lld5 
lood A 8 c 0 A 8 c 0 E A 8 c 0 E " 8 c 0 " 8 c D 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 13 07 37 43 45 11 11 41 93 47 13 08 43 47 49 13 09 38 45 43 07 08 41 42 43 

17 08 46 53 56 13 12 47 105 $4 16 10 51 54 57 17 IS 52 58 56 09 10 SI 54 55 
400 38 17 97 107 119 27 20 99 164 114 35 23 110 112 124 39 29 109 114 118 18 25 107 117 123 

43 10 109 117 131 30 22 108 174 12S 38 25 120 121 134 48 35 125 127 133 21 27 116 125 133 
600 60 28 155 169 188 46 30 156 231 184 55 36 175 179 198 62 50 177 186 194 32 40 170 184 197 

64 30 166 178 202 49 32 166 241 196 58 40 188 188 211 68 57 192 195 206 34 42 179 193 207 
800 81 38 210 224 255 65 40 214 295 254 75 47 240 243 273 81 73 241 251 266 47 54 235 249 271 

~ 40 222 235 268 68 42 225 3l6 266 79 SI 254 254 287 87 81 258 262 281 49 56 246 259 282 
1000 101 48 264 2t!O 321 82 49 271 360 323 95 57 :)16 'XJ7 349 98 9-4 'XJ6 315 337 62 68 302 316 347 

104 51 275 291 335 85 52 282 372 336 99 62 323 319 304 102 100 318 325 349 63 70 312 325 357 
1200 118 60 316 338 388 101 59 328 426 394 116 68 377 372 425 113 109 363 378 404 74 82 367 :;81 420 

130 66 331 355 406 104 62 339 437 407 120 73 392 383 439 117 113 374 388 416 76 84 376 390 430 
1400 147 73 374 402 460 119 68 386 493 463 135 84 448 438 501 128 123 416 437 468 85 95 427 444 -490 

153 81 ':§!7 416 476 122 71 397 505 476 1-41 86 468 452 520 13r 125 429 448 482 87 97 437 454 501 
1600 171 89 432 467 533 134 78 440 555 528 156 96 522 508 582 142 135 473 501 536 95 IC7 487 sos 561 

1n 93 444 481 547 136 79 455 569 S43 161 99 540 523 600 147 138 487 514 550 97 109 497 514 sn 
1800 183 101 484 525 598 152 86 499 517 598 175 103 589 573 660 156 147 528 565 604 104 118 543 503 627 

186 106 496 541 613 158 87 516 633 61! 181 108 610 590 679 160 151 542 578 619 106 120 554 sn 639 
2000 205 115 540 588 668 168 94 557 676 664 194 113 657 638 735 170 160 582 626 670 116 130 599 617 692 

207 119 553 601 682 175 97 57.ol 692 680 199 118 676 654 755 174 170 599 646 689 117 132 608 626 703 
2200 225 129 596 6'17 735 186 103 614 736 n8 121 123 n3 703 810 183 1eo 639 692 737 123 141 653 669 753 

228 133 610 660 750 191 105 631 750 744 218 127 745 no 829 187 187 656 708 755 124 142 665 680 766 
2400 238 141 649 701 796 204 112 673 794 791 230 132 791 764 880 19S 195 692 753 801 131 152 708 722 814 

2.oll 145 665 717 813 207 11.ol 690 812 808 236 136 814 781 900 200 201 711 769 818 136 154 720 733 828 
2600 260 155 706 761 864 218 120 n8 853 853 249 141 856 822 948 208 210 749 811 864 142 161 760 774 an 

262 158 722 776 883 223 123 747 870 870 257 144 884 483 971 212 216 769 829 883 144 164 770 785 887 
2800 271 166 756 814 923 235 128 785 908 911 268 150 926 881 1017 219 224 8().4 867 925 150 172 807 821 929 

287 168 806 834 9S6 238 131 806 92S 1'29 276 154 9S6 903 1042 224 229 821 882 944 155 174 818 835 944 
3000 295 176 839 868 998 248 137 842 961 966 287 159 993 939 1085 232 238 857 921 987 163 180 853 868 984 

299 180 859 887 1021 252 140 860 980 986 296 163 1023 966 1113 237 243 878 940 1010 165 183 865 880 999 
3200 308 188 890 920 1059 262 146 893 1014 1023 307 168 1058 999 1155 245 251 911 975 1050 in 191 899 912 1037 

312 193 914 940 1084 266 150 913 1034 1046 316 172 1089 1026 1184 250 257 935 995 101.- 175 192 913 925 1052 
3400 331 200 9S3 975 1126 275 155 944 1065 1082 325 177 1122 1059 I 222 259 265 967 1029 1111 183 199 945 954 1088 

334 206 977 995 11-49 279 158 963 1086 1105 334 182 1155 1086 1252 264 271 993 ICSO 1136 186 201 9S8 967 1103 
3600 341 213 1006 1026 1185 288 164 994 l116 1139 342 190 1187° 1119 1289 271 279 1025 1083 I 171 193 207 989 996 1138 

353 218 1045 1047 1216 293 168 1015 1138 1163 352 195 1223 1146 1319 276 285 1051 1105 1198 196 211 1004 1011 1153 

3800 360 225 1071 1078 1250 303 174 1045 1168 I 196 361 200 1255 1174 1355 284 293 1082 1135 1232 203 217 1034 1038 1186 
369 229 I 101 I 105 1276 306 177 1067 I 190 1218 369 205 1287 I 198 1382 294 296 1134 1155 1267 205 221 1048 1052 1202 

4000 386 235 1136 1135 1313 315 184 1095 1218 1251 377 211 1316 1230 1417 320 303 I 163 1183 1298 212 227 1077 1078 I 233 
394 241 1162 1160 1341 319 188 1116 1240 1275 386 216 1349 1255 1447 307 311 I 190 1206 1325 216 230 1091 109-I 1250 

4200 401 246 1186 1188 I 373 327 194 1146 1267 1305 394 223 1377 1285 1482 314 317 1220 1232 1356 220 237 JllS l119 1278 
406 251 1208 1212 J4CO 331 199 I 168 1291 1330 402 228 1412 1306 1512 319 325 1247 1256 1384 222 241 1129 1133 1294 

4400 421 258 1243 1240 1437 340 205 1197 1317 1360 410 235 1442 1335 1546 326 331 1275 1282 1414 231 246 1160 1157 1325 
427 263 1265 1265 1465 344 209 1219 1339 1385 418 240 1478 1358 1578 331 339 IJJ2 13081442 235 250 1174 1175 1344 

4600 434 269 1286 1292 1495 352 215 1248 1364 1415 427 246 1506 1385 1610 338 346 1328 1333 14n 241 256 1195 1198 1370 
440 273 1308 1317 1524 355 219 1270 1387 1440 436 249 1.545 1409 1643 344 352 1356 1357 l!OO 243 260 1210 1213 1387 

4800 458 280 1344 1344 I 560 364 225 1299 1413 1470 444 255 1573 1434 1674 350 359 i 382 1382 I 530 251 265 1238 1234 1416 
463 285 1367 1371 1592 367 230 1321 1436 1497 453 260 1612 1461 1709 355 366 1410 1409 15@ 256 270 125' 1252 1437 

5000 470 290 1387 1395 1620 375 236 1349 1461 1526 461 266 1637 1489 1741 362 372 1437 1433 1589 260 275 1274 1274 1461 
482 303 1430 1423 1659 379 241 1370 1486 1552 471 272 1680 1517 1776 368 380 1465 J-458 1619 265 279 1291 1293 1481 

5200 489 309 1450 1447 1686 387 246 1398 1510 1582 479 278 1706 1.541 1806 3H 386 1490 1483 1647 271 283 1322 1311 1510 
495 313 1475 1476 1719 390 251 1420 1536 1609 490 283 1747 1570 1843 379 392 1520 1509 1678 274 287 1339 1330 1531 

5400 510 318 1509 1499 1752 398 2S7 1450 1560 1638 498 289 1770 1595 1874 385 399 1544 1533 1705 280 293 1358 1352 1555 
516 322 1535 1530 1787 402 258 1479 1588 I 666 508 295 1812 1621 1912 390 405 1573 1560 1735 284 297 1376 1371 1577 

5600 522 327 1554 1552 1814 '10 264 1504 1609 1694 517 300 1837 1645 1941 396 '1 I 1596 1582 1763 291 302 1406 139C 1605 
528 3J2 1578 1581 1847 414 268 1s28 1637 1n2 529 :)16 I 880 1677 I 982 401 418 1625 1610 1794 295 :)16 1427 1413 1629 

5800 544 336 1614 1602 1881 421 274 1555 1659 1749 536 317 1902 1701 2011 407 424 1647 1632 1822 301 312 1452 1433 1655 
SSS 340 1645 1636 1917 425 279 1577 1687 1779 548 318 '~ In9 2050 412 432 1678 1660 1854 306 317 1479 1'58 1681 

6000 561 345 1664 1658 1945 433 285 1603 1710 1807 557 325 1970 1753 2081 418 438 1701 1681 1880 313 321 1504 1478 1709 
575 349 1689 1687 1977 437 290 1624 1737 1836 569 331 201 I 1780 2119 422 445 ln9 1109 1912 316 326 1525 1502 1737 



APPENDIX T All.E 29a 

Average Follow-Up Lood-DeRoctlon Values, In Lb. and 1/1000 In. 

T.at Pallet DeRection1 Al DoReotlona CD DeRocllan E Pallet D0Rection1 Al DeRecllona CD DeRection E 
Lood Ao I 2 3 ' 5 AyU. I 2 3 ' 5 Avg. I 2 3 ' 5 A"8. Ab I 2 3 4 5 Avg. I 2 3 4 5 Avg. I 2 3 ' 5 Avg. 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 12 II 09 8 13 II 53 37 48 52 59 so 67 so 53 57 65 58 II 10 10 09 09 10 45 52 57 55 57 53 58 56 61 58 38 54 

'' 15 15 ti 15 14 62 49 59 69 67 61 76 66 64 76 74 71 13 12 12 12 12 12 so 57 64 63 66 60 ciS 63 69 68 48 63 
400 26 31 26 23 29 27 126 110 113 138 131 124 149 136 128 157 145 142 25 23 24 22 20 23 107 117 129 125 128 121 125 128 142 136 117 130 

29 35 34 27 31 31 140 121 126 152 m 136 164 ISO 139 167 157 155 29 27 26 25 23 26 118 129 140 135 141 133 139 141 153 149 132 143 
600 40 49 47 39 44 44 200 175 181 220 204 196 237 2 I 9 202 245 220 226 42 38 37 34 32 37 176 187 203 198 200 193 205 206 221 218 197 209 

43 52 54 42 46 47 216 187 193 233 218 209 254 235 215 261 244 242 46 40 40 37 35 40 193 198 214 209 212 205 224 218 234 232 210 224 
BOO 53 62 64 52 56 57 274 235 245 296 274 265 323 296 275 333 310 307 61 49 so 45 43 so 252 254 274 266 267 263 290 283 302 296 276 289 

56 66 71 56 59 62 289 247 26 I 309 290 279 340 312 292 348 327 324 65 53 53 47 46 53 266 269 286 277 281 276 307 298 315 309 289 304 
1000 66 76 80 64 69 71 349 295 31 I 368 347 334 407 375 352 412 391 387 79 62 62 55 53 62 322 324 346 332 334 332 372 364 382 372 349 368 

70 78 86 67 n 75 367 307 326 384 366 350 427 391 368 4:.1 409 405 83 70 64 57 57 66 338 343 359 343 349 346 390 382 396 385 365 384 
1200 79 89 95 75 80 84 423 354 376 443 422 40t 492 452 428 496 4n 468 92 77 74 65 64 74 391 398 419 395 401 401 451 444 464 445 424 446 

83 91 100 78 83 87 440 367 393 459 439 420 511 470 446 514 490 486 96 80 75 66 66 77 406 411 433 408 414 "' 468 460 478 459 438 461 
1400 90 102 108 84 91 95 500 416 446 516 492 474 580 53 I 508 579 550 5SO 103 89 85 73 75 85 457 47 I 494 458 467 469 527 525 544 516 498 522 

93 104 115 87 93 98 515 427 460 532 S07 488 598 547 524 598 567 567 108 92 91 75 77 89 472 486 510 en 479 484 544 542 56 I 532 512 538 
1600 102 113 122 94 100 106 567 474 511 588 56 I 540 663 608 585 665 632 631 115 99 101 83 85 97 523 539 572 523 531 538 604 605 633 591 570 60 I 

105 116 132 97 104 Ill 581 488 529 604 577 556 683 626 605 684 650 650 118 102 llM 84 88 99 540 555 588 536 547 553 621 624 651 608 586 618 
1000 113 124 139 106 110 118 633 533 579 66 I 628 607 744 687 668 748 711 712 134 109 Ill 92 95 108 597 606 t-44 588 595 606 690 686 714 670 644 681 

116 127 144 108 113 122 647 546 598 678 646 623 76 I 705 690 767 729 7:.1 137 113 115 94 98 Ill 615 623 662 605 616 624 71 I 705 735 689 664 70 I 
2000 124 139 152 115 120 1:.1 697 591 644 730 695 666 820 764 746 826 785 788 142 123 123 100 104 118 661 677 714 649 662 673 763 768 796 74 I 720 758 

126 142 155 118 121 132 717 604 661 747 713 688 840 783 766 846 804 808 146 126 126 104 108 122 678 692 7:.1 666 682 690 783 787 er4 762 739 m 
2200 134 149 163 124 128 140 766 645 706 797 759 735 898 837 821 903 860 864 151 132 135 110 114 128 724 740 783 712 n1 737 835 843 875 814 793 832 

137 152 166 127 130 142 785 662 723 814 775 752 918 860 843 924 878 885 155 134 138 113 116 131 741 759 801 729 747 755 853 863 894 833 813 851 
2400 145 160 1n 135 140 ISO 831 703 766 1166 825 798 974 913 894 980 935 939 165 144 146 118 122 139 792 810 851 1n m 803 910 912 951 883 862 906 

ISO 162 175 138 142 153 853 718 782 883 840 815 996 936 915 1001 953 960 168 147 148 122 125 142 809 831 869 790 812 822 930 9'12 971 902 884 926 
2600 156 174 182 144 149 161 898 760 823 932 883 853 1048 990 966 1053 1003 IOIZ 173 153 156 128 131 148 850 876 916 832 850 865 'IT/ 994 1026 9SO 9"Jl 976 

160 177 185 147 151 164 917 775 842 952 904 878 1069 1012 988 1077 1022 1034 176 159 159 129 134 151 868 897 935 851 en 885 997 1017 1048 9c19 \>SS 997 w 167 185 191 154 158 171 9cll 812 880 996 942 918 1120 1060 1034 1129 1070 1083 182 167 166 136 141 158 909 943 980 891 911 927 1045 1069 1100 1016 1000 1046 2800 172 187 194 157 159 174 980 830 900 1017 960 937 1142 1086 1060 1153 1091 1106 185 171 168 137 144 161 929 966 1001 911 937 949 IOU 1094 1124 1037 1027 1070 
3000 178 197 201 164 168 176 1019 1168 938 1059 1001 977 1189 1136 1107 1201 1141 1155 196 176 176 144 151 169 970 1004 1044 951 973 988 1117 1141 1172 1085 1010 lll7 

183 202 204 167 171 185 1040 888 960 1082 1030 1000 1213 1164 1133 1227 1168 1181 198 179 178 146 154 171 991 1028 1066 972 998 1011 1141 1167 1198 1108 1097 1142 
3200 189 208 210 173 176 191 1079 920 995 1125 1066 1037 1258 1207 1177 1273 1211 1225 203 187 185 152 160 177 1025 1073 1108 1009 1035 IOSO 1181 1216 1245 1152 1141 1187 

195 214 214 176 179 196 1102 942 1018 1150 1090 1060 1283 1237 1206 1300 1236 1252 205 191 189 155 163 181 1046 1097 1133 1031 1061 1074 1204 1242 1271 1177 1171 1:<13 
3400 201 220 221 183 185 202 1139 972 1052 1188 1124 1095 1326 1278 1246 1344 1278 1294 212 198 195 161 169 187 1079 1135 1173 1069 1096 1110 1243 12116 1Jl6 1221) 1211) 1255 

206 223 225 187 189 206 1166 993 1076 1216 1151 1120 1353 1307 1276 1375 1:.15 1323 215 200 198 164 173 190 1100 1159 1199 1093 1125 1135 1270 1313 1344 1245 1241 12SJ 
3600 213 231 230 193 196 213 1202 1025 till 1253 1188 1156 1396 1350 1317 1417 1348 1366 220 207 204 169 179 196 1132 1198 1239 1127 1156 1170 1306 1357 1389 1286 12711 1323 

218 235 234 197 199 217 1229 1047 1135 1282 1215 1182 1425 1382 1349 1450 1375 1396 224 210 207 172 183 199 1160 1221 1265 1151 1184 11~6 1334 131!5 Ul7 1311 1310 1351 
3800 226 246 240 202 204 224 1265 !081 1167 1320 1247 1216 1467 1424 1387 1492 1415 1437 229 218 214 178 189 206 1192 1259 1304 1185 1216 1231 1371 1426 1-462 13SO IW. 1391 

232 252 245 207 208 229 1294 1107 1195 1350 1273 1244 1497 1461 1417 1524 1442 1468 232 221 217 181 193 209 1217 1283 1330 1210 1245 1257 131'9 1456 1491 1377 1379 1420 
4000 238 258 250 213 215 235 1327 1134 1224 1385 1307 1275 1538 1497 1455 1564 1481 1507 244 228 226 188 198 217 1258 1318 1369 1243 1273 1292 1445 1497 1536 1415 1413 1'61 

243 262 258 217 218 240 1357 1159 1253 1415 1332 1303 1570 1533 1488 1597 1509 1539 247 231 228 190 203 220 1285 1344 1393 1269 1:.13 1319 1475 1527 1566 1443 1447 1492 
4200 249 269 262 223 224 245 1391 1188 1287 1449 1363 1336 1612 1571 1532 1637 1546 1584 251 239 233 196 209 226 1314 1379 1432 1300 1334 1352 1510 1568 I~ 1481 1483 1530 

256 276 269 227 224 250 1428 1212 1316 1480 1399 1367 1650 1608 1565 1671 1587 1616 254 241 237 199 213 229 1338 1404 1459 1328 1364 1379 1538 1597 1639 1513 1517 1561 
4400 262 283 275 234 231 257 1461 1242 1346 1513 1433 1399 1691 1646 1604 1711 1627 1656 260 248 243 205 219 235 1366 1437 1498 1360 1395 101 15n 1638 1683 1549 1552 1599 

268 288 281 238 235 262 1494 1268 1374 1546 1460 1428 1727 1686 1641 1746 1658 1692 263 251 247 208 224 239 1393 1464 1526 1387 1427 1439 1603 1668 1715 1581 1588 1631 
4600 213 292 285 244 241 267 1521 1292 1402 15n 1493 1458 1767 1720 1677 1784 1697 1129 268 258 252 214 230 244 1419 1499 1562 1419 1456 1471 1635 1708 1755 1619 1622 1668 

278 296 292 249 245 272 1560 1318 1407 161 I 1521 1483 1803 1759 1735 1822 1728 1769 2n 262 256 211 235 248 1441 1526 1590 1446 1488 1499 1667 1140 1188 1650 1659 1101 
4800 284 303 296 255 251 278 1593 1344 1431 1643 1549 1512 1842 1795 1774 1859 1763 1807 284 268 261 223 241 255 1486 1561 1627 1478 1515 1533 1711 1779 1830 1687 1694 1740 

288 305 303 261 255 282 1626 1381 1534 1679 1583 1561 1881 1849 1926 1901 1799 1871 286 272 264 226 247 259 1515 1588 1655 1506 15SO 1563 1746 1812 1864 1721 1734 1775 

soao 294 311 307 266 262 288 1659 1406 1563 1711 1617 1591 1922 1884 1968 1940 1840 1911 292 279 271 233 252 265 1542 1622 1690 1537 1577 1594 1779 1853 1905 1757 1767 1812 
298 315 313 272 266 293 1695 1436 1586 1751 1652 1624 1963 1931 2023 1985 1881 1957 295 283 274 236 258 269 1568 16Sl 1720 1568 1613 1624 1812 1887 194CI 1793 1807 1848 

5200 
303 320 317 279 273 298 1726 1466 1614 1783 1685 1655 2001 1972 2063 2023 1921 1996 ~•mmwm~~~~~~~~~~~~ 
308 324 322 284 276 :.13 1762 1503 1639 1826 1719 1690 2044 2025 2124 2072 1959 2045 304 292 283 247 269 279 1623 1715 1783 1629 1676 1685 1878 1964 2015 1864 1882 1921 

5400 
313 329 327 290 283 308 1793 15:.J 1664 1856 17SO 1719 2083 2062 2161 2108 1997 2082 314 298 288 253 274 285 1658 1748 1815 1658 1702 1716 1918 2002 2052 1900 1914 1957 
317 334 342 297 287 315 1837 1562 1633 ;896 1787 1743 2129 2110 2321 2154 2041 2151 317 302 292 257 279 289 1690 1778 1845 1690 1739 1748 1957 2039 2089 1937 1959 1996 

5600 
323 339 346 303 291 320 1866 1588 1655 1928 1821 1m 2167 2145 2361 2191 2092 2189 322 308 297 263 284 295 1716 1810 1877 1719 1766 lrnl 1989 2077 2126 1971 1991 2031 
328 344 359 309 296 327 1906 1619 1623 1970 1859 1795 2211 2t93 2491 2238 2126 2252 325 312 301 267 289 299 1743 1843 1910 1752 1806 1811 :!034 2118 2165 2011 2039 2071 

5800 
333 351 364 316 303 333 1936 1651 1642 2001 1892 1824 2247 2232 2535 2275 2165 2291 3:.1 319 306 272 294 :me 17.69 1875 1942 1780 1830 1839 2055 2156 2200 2046 2071 21"6 
338 356 373 321 307 339 1978 1685 1653 2045 1930 1858 2294 2284 2624 2325 2208 2347 334 322 309 278 301 309 1802 1908 1974 1816 1872 1874 2094 2195 2239 2087 2118 2147 

6000 
343 360 376 328 312 344 2009 1109 1673 2075 1962 1886 2331 2318 2663 2360 2247 2384 343 328 315 272 306 315 1837 1941 2006 1841 1897 1904 2133 2233 2284 2120 2151 2182 
348 364 384 334 317 349 2050 1739 1689 2117 2000 1919 2378 2365 2746 2408 2290 2437 346 333 317 286 312 319 1870 1978 2040 1878 1936 1940 2175 2274 2311 2163 21i8 2224 



APPENDIX TABLE 29b 

Average Follow-Up load-Denectlon Values, In Lb. and I/ 1000 In. 

Test Pollet Dcfl•ction1 AB Deft•ctions CO O.Aection E Pallet Denect1on1 Al DeAectiansCD O.Aectlan E load Ac I 2 3 4 5 A"ll. I 2 3 4 5 Avu. I 2 3 4 5 A"ll. Ad I 2 3 4 5 A"ll. I 2 3 4 5 Avg. I 2 3 4 5 AY9. 
0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 

200 10 08 09 15 08 10 56 48 56 60 41 52 60 53 61 63 46 57 09 23 13 10 07 12 29 69 63 59 55 55 67 75 67 62 59 66 II 09 10 18 09 II 63 60 67 71 46 61 68 66 72 74 54 67 II 24 20 12 10 15 33 77 77 67 70 65 73 84 82 71 74 77 
400 22 18 20 32 22 23 126 117 133 138 100 123 137 131 145 147 114· 135 20 35 32 27 19 27 94 142 144 137 136 131 139 158 154 148 147 149 24 21 23 37 25 26 135 128 147 153 Ill 135 148 143 159 164 126 148 23 37 38 37 21 31 105 153 159 153 150 144 152 170 169 166 161 164 
600 35 29 31 49 35 36 195 184 209 223 163 195 216 208 232 2.j() 186 216 33 47 49 48 29 41 162 216 222 216 213 206 216 245 242 237 233 235 37 31 34 53 38 39 205 197 222 237 173 207 229 222 247 257 198 231 37 50 53 55 31 45 177 228 235 233 226 220 233 260 257 256 248 251 
800 46 39 43 63 48 48 264 249 282 299 223 263 296 280 317 328 257 296 45 59 63 64 39 54 231 287 295 289 288 278 295 331 328 320 319 319 48 42 45 66 50 50 274 261 296 314 234 276 309 299 333 343 270 3 II 49 62 66 68 41 57 244 30 l 310 307 305 293 312 347 344 341 336 336 

1000 58 47 53 76 60 59 333 313 354 373 282 331 375 361 399 409 327 374 57 70 76 76 48 65 296 359 369 363 366 351 373 415 410 402 402 400 
60 49 56 80 63 62 343 326 368 390 294 344 388 375 415 427 341 389 59 74 79 79 50 68 310 373 385 379 382 366 388 431 427 419 421 417 

1200 70 56 63 89 n 70 401 379 425 448 340 399 451 437 481 49'l 394 451 67 82 89 87 57 76 362 429 4"6 434 "" 423 449 498 495 483 467 482 72 59 66 91 73 n 412 393 439 467 352 413 465 452 496 511 407 466 71 es 9'l 90 60 80 377 443 462 453 461 439 466 514 511 502 506 500 
1400 80 64 73 100 81 80 466 443 '93 522 395 464 529 510 559 575 459 526 77 93 101 97 65 97 427 499 517 510 521 495 525 580 577 565 572 564 

82 70 75 102 83 83 478 459 507 541 407 478 543 528 575 594 473 543 80 96 104 101 68 90 439 512 534 527 539 510 537 596 595 584 591 581 
1600 90 75 82 110 89 89 530 SOI 561 595 45 I 529 607 586 640 657 523 603 88 104 113 108 74 97 '91 564 588 577 598 564 599 662 662 643 660 645 9'l 76 85 114 91 9'l 541 522 574 614 463 543 621 603 658 677 536 619 91 107 117 112 76 101 506 579 603 594 615 579 616 680 678 663 678 663 
1800 99 81 9'l 121 98 98 589 568 626 667 504 591 678 660 718 737 586 676 98 115 126 118 82 108 557 630 657 643 671 639 676 742 743 no 742 n5 

102 83 94 125 100 IOI 601 582 641 686 517 605 69'l 678 736 758 602 693 102 117 130 121 es Ill 570 646 674 666 691 649 694 760 761 743 762 744 
2000 109 88 100 132 106 107 648 628 689 735 557 651 747 733 894 813 652 748 109 126 137 128 91 118 619 697 725 711 745 699 751 821 821 795 822 802 

112 90 103 136 108 110 660 643 705 758 572 668 761 750 812 835 668 765 112 128 142 131 94 121 634 712 740 730 766 716 769 838 a39 a14 844 a21 
2200 118 95 109 143 115 116 705 689 75 I 807 610 712 814 804 866 a90 716 a18 11a 135 150 137 99 128 678 761 790 775 816 764 821 a97 898 866 901 877 

119 98 112 148 117 119 n1 706 769 831 624 730 829 824 886 914 733 837 121 138 154 141 101 131 698 780 807 796 835 783 84 I 917 917 886 922 a97 
2400 125 1()4 118 154 124 125 762 748 813 878 662 773 878 a16 938 966 m 887 127 146 163 147 107 138 740 827 855 840 887 BJO 890 974 m 936 980 950 

128 105 121 159 125 128 778 766 832 904 676 791 893 895 958 991 794 906 129 151 165 150 109 141 757 864 en 861 907 as2 910 1005 992 957 1001 973 
2600 134 111 127 165 132 134 e11 eoe an 948 113 &32 940 944 1008 1042 837 954 139 158 174 156 114 148 801 905 916 903 953 896 960 1057 1043 IOOS 1052 1023 

139 113 130 170 134 137 833 s21 &92 973 ne es 1 958 966 1029 1068 855 975 142 161 177 160 118 152 819 923 935 923 976 915 983 1080 1066 1026 1077 1046 ~ 
2800 144 119 136 176 140 143 an 866 931 1014 763 889 1002 1012 1015 m5 895 1020 147 169 187 165 122 158 es1 963 975 962 1019 955 1027 1132 1115 1073 1127 1095 

147 121 139 180 142 146 887 886 953 1042 780 910 1021 1035 1100 1144 914 1043 150 172 187 168 127 161 874 981 996 985 1044 976 llMll 1155 1138 1096 1153 111a 
3000 153 126 146 186 148 152 927 924 991 1080 815 947 1067 1080 1145 1187 954 1087 154 180 196 175 131 167 911 1022 1034 1023 1085 1015 109'l 1204 1185 1141 1200 1164 

157 128 149 192 151 155 947 945 1014 Ill I 833 970 1090 1105 1171 1218 976 1112 158 183 199 178 135 171 932 1040 1055 1049 lll3 1038 lll5 1228 1209 1166 1229 1189 
3200 163 135 155 198 157 162 985 981 1050 U.48 864 1006 1135 1148 1214 1259 1014 1154 166 190 207 184 139 m 971 101e 1091 1086 11s3 1016 1163 1214 1252 1209 12n 1234 

166 138 158 203 159 165 1007 1005 1075 1178 885 1030 1159 1174 1240 129'l 1037 1180 168 194 210 187 144 181 991 1085 lll3 Ill I 1182 1096 1187 1309 1277 1234 13U3 1262 
3400 172 144 164 208 165 171 1041 1039 1110 1214 915 1064 1199 1214 1281 1332 1074 1220 173 200 217 193 148 186 1025 Ill& 1149 1147 1218 llll 1228 1354 1319 1275 1344 13'"14 

176 146 167 213 168 174 1066 1063 1135 1244 938 1089 1226 1241 1308 1365 1100 12-18 176 205 220 197 152 190 1045 1124 1176 1173 1249 1153 1~51 1387 1:145 1301 1378 1332 
3600 182 151 175 219 113 1so 1100 1090 11n 1278 967 1123 1261 12e1 1349 '"°" 1136 12e1 184 212 227 202 156 196 1083 1158 1209 1210 1284 1189 l;i95 1437 1386 1341 1417 1376 

186 154 178 225 177 184 1127 1124 1197 1311 991 1150 1296 1311 1378 1439 1163 1317 186 218 232 205 Ide 200 1103 1138 1236 1235 1315 1205 1320 1506 1414 1370 1453 1413 
3800 191 159 184 231 183 190 1160 1156 1233 1343 1020 1182 1335 1349 1418 1476 1198 1355 191 224 239 211 165 206 1135 1166 1271 1269 1349 12lll 1359 1552 14~ 1"409 ,.,. 1453 

196 162 188 236 186 194 1186 11&5 1259 1376 1044 mo 1365 1380 1447 1512 1226 1386 194 230 243 214 168 210 1157 1163 1296 1294 1381 125& 13115 1600 148• 14l7 1528 14118 
4000 201 167 194 242 191 199 1219 1218 1293 1408 ion 1242 1404 1418 1487 1549 1259 1423 203 235 249 221 173 216 1193 1190 1330 1328 1413 12o;1 1426 1652 1514 1476 1565 1529 

205 171 198 247 195 203 1246 1246 1319 1443 1099 1271 1434 1450 1516 1587 1288 1455 205 251 253 223 177 222 1216 1095 1358 1353 1446 1294 1454 1850 1553 1~3 1603 1593 
4200 210 176 204 253 201 209 1280 1278 1352 1474 1125 1302 1475 1487 1554 1623 1320 149'l 210 258 260 229 181 228 1248 lll8 1391 1386 1478 1324 149'l 1899 1593 1542 1639 1633 

215 179 20ll 258 204 213 1307 1307 1380 1512 1153 1332 1507 15."0 1585 1662 1351 1525 214 264 263 233 187 232 1272 1119 1418 1413 1513 1347 1522 1957 1624 1571 1679 1671 
4400 220 185 214 264 209 218 1338 1337 1412 1542 1179 13(.2 1545 1555 1624 1697 1383 1561 221 2n 270 239 191 239 1306 1143 1448 1445 1545 1377 1541 2004 1662 1608 1116 1110 

225 187 218 270 214 223 1366 1366 1441 1580 1212 1393 1577 1590 1656 1738 1415 1595 223 279 274 243 195 243 1332 1147 1477 1473 1582 1402 1591 2063 1697 1639 1755 1749 
4600 230 193 224 215 219 228 1395 1395 1413 1610 1237 1422 1612 1625 1694 1m 1441 1630 227 284 280 249 199 248 1360 1168 1507 1504 1613 1430 1627 2107 1732 1675 1790 1786 

235 195 228 281 221 233 1423 1426 1504 1650 1267 1454 1646 1660 1n8 1816 1491 1666 230 291 284 252 203 252 1387 1166 1535 1534 1652 1455 1658 2178 1765 1707 1834 1828 
4800 239 201 234 286 232 238 1451 1454 1535 1678 1293 1482 1681 1695 1763 1850 1513 1700 237 298 291 258 207 258 1421 1187 1566 1563 1681 1484 1698 2227 1803 1741 1869 1868 

244 205 238 292 239 244 1482 1487 1568 1719 1324 1516 1717 1731 1801 1896 1548 1739 239 306 297 260 212 263 1448 1177 1596 1518 1721 1508 1732 2313 1838 1774 1914 1914 
5000 249 210 244 297 243 249 mo 1514 1597 1148 1349 1544 1152 1165 1836 1930 1579 1m 243 311 303 267 217 268 1474 1197 1626 1630 1749 1535 1765 2361 1874 1809 1950 1952 

255 214 248 302 248 253 1542 1548 1632 1790 1382 1579 1789 1804 1875 1976 1617 1812 245 321 307 269 221 273 1502 1189 1660 1661 1789 1560 1798 2457 1913 1845 1995 2002 
5200 259 219 255 308 253 259 1569 1576 1661 1817 1408 1606 1825 1839 1911 2009 1648 1846 252 326 314 275 225 278 1535 l:dl7 1686 1689 1a 18 1587 1837 2504 1949 1880 2030 2040 

264 225 259 314 258 264 1601 1616 1697 1861 1441 1643 1862 1880 1953 2058 1684 1887 253 336 318 219 230 2e3 1544 1210 1no 1123 1e58 1615 1873 2583 1m 1918 2015 2001 
5400 268 230 265 319 263 269 1627 1641 1725 1888 1467 1670 1896 1913 1987 2090 1716 1920 257 342 325 284 234 288 1590 1230 1747 1751 1885 1641 1907 2626 2021 1952 2109 2123 

273 237 270 325 268 275 1660 1679 1762 1933 1501 1707 1935 1957 2029 2140 1755 1963 259 351 329 288 239 293 1618 1309 1779 1786 1936 1686 1943 2771 2060 1990 2165 2186 
Si.00 278 241 215 331 2n 279 1686 1705 1791 1959 1526 1733 1969 1990 2063 1211 1786 1996 266 357 336 293 243 299 1649 1328 1807 1814 1963 1712 1980 2771 2095 2023 2197 2213 

284 244 283 337 277 285 1719 1745 1834 2008 1561 1773 2010 2038 2109 2223 1825 2041 268 366 342 297 249 304 1681 1336 UMO 1851 2006 1743 2020 2771 2136 2063 2245 2247 
5800 288 249 288 341 281 289 1745 1769 1861 2035 1584 1799 2044 2069 2143 2255 1856 2073 272 371 347 303 253 309 1704 1354 1864 1879 2034 1767 2050 2771 2169 2091 2277 2273 

293 253 295 348 286 295 1779 1807 1903 2083 1622 1839 2086 2115 2189 2310 1899 2120 275 381 354 308 258 315 1733 1370 1901 1916 2078 1800 2087 2771 2212 2139 2320 2307 
6000 298 258 300 353 291 300 1805 1832 1929 2110 1646 1864 2118 2148 2221 2342 1930 2152 281 388 359 313 261 320 1764 1392 1926 1946 2105 1827 2124 2771 2244 2173 2362 2335 

303 263 307 361 294 306 1837 1869 1970 2163 1687 1905 2158 ~19'l 2266 2399 1977 2198 284 397 365 317 268 326 1794 1407 1959 1980 21'7 1857 2162 2771 2284 221' 2409 2:M8 



APPENDIX TABl.f 29c 

Av•rag• Follow-Up Load-Oolloctlon Value•, In Lb. and 1/1000 In. 

Test Pollet Oeflection1 AB Deflections CD Oefl"ction E Pollot Deflection• AB Dellectlon1 CO Deflection E Lood Bo 1 2 3 4 5 Avg, I 2 3 4 5 Avg. 1 2 3 4 5 Avg. Bb 1 2 3 4 5 Avg, 1 2 3 4 5 Avg. 1 2 3 4 5 AVIJ. 
0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 coo 000 coo 000 000 000 000 000 000 000 000 000 

200 09 12 03 10 07 08 41 41 37 47 37 41 47 46 41 51 40 45 12 12 12 07 08 10 4S « 47 33 33 40 40 46 54 35 46 « 
10 14 06 11 08 10 46 46 54 SS 45 49 54 S2 61 S9 49 SS 14 17 13 09 10 13 51 SS 53 42 40 48 46 60 61 « 54 53 

400 20 32 14 25 18 22 92 94 100 111 95 98 107 107 113 122 lOS 111 27 29 27 20 21 25 102 107 109 92 92 100 105 117 125 100 113 112 
22 36 16 27 20 24 99 103 107 119 103 106 116 117 123 131 115 120 30 33 30 24 24 28 111 117 118 101 IOI 110 115 133 136 109 123 123 

600 32 49 24 38 30 35 146 146 151 173 153 154 169 167 m 190 173 174 43 43 42 33 34 39 160 163 171 149 1S1 159 172 184 197 163 179 179 
33 S2 26 41 32 37 IS4 154 160 183 162 163 178 176 183 201 182 184 48 47 46 35 36 42 171 172 180 158 160 168 190 195 208 173 188 191 

800 « 6S 35 S2 41 47 197 197 201 234 208 207 230 229 232 261 237 238 S7 56 56 45 46 52 215 216 226 209 207 21S 238 246 265 230 243 2« 
4S 71 37 54 43 so 206 208 211 24S 217 217 242 243 245 273 249 250 63 S9 58 48 48 S5 227 226 236 219 217 22S 254 2S7 27S 241 256 2S7 

1000 SS 83 44 65 51 60 248 249 2S2 296 261 261 291 292 292 332 301 302 74 68 68 58 S8 65 271 270 282 268 263 271 303 306 331 298 309 :n> 
56 89 48 69 53 63 2S7 262 262 307 271 272 303 308 303 3« 313 314 79 71 71 61 61 69 283 280 291 282 271 281 318 320 342 312 321 323 

1200 66 100 SS 78 62 72 298 302 302 35S 315 314 353 357 350 399 364 365 89 80 80 70 70 78 325 323 334 330 320 326 304 369 394 369 375 374 
67 106 S7 81 64 75 307 314 313 367 324 32S 363 372 362 412 377 377 94 84 83 73 73 81 337 333 34S 343 331 338 381 381 405 383 386 387 

1400 77 116 64 91 72 84 347 35S 352 415 366 367 4 lC 418 405 465 427 425 103 92 92 80 82 90 379 375 390 390 373 381 424 429 457 435 434 436 
79 119 67 94 75 87 357 369 364 427 376 379 421 432 416 479 437 437 108 97 95 8S 84 94 391 388 402 404 383 394 440 535 470 448 445 468 

1600 88 132 74 103 83 96 396 412 404 472 416 420 468 482 4S9 530 487 48S 116 105 104 92 93 102 431 429 444 4SI 424 436 483 583 520 500 492 516 
92 135 76 110 8S 100 407 426 415 489 427 433 481 498 469 546 501 499 121 111 107 96 96 106 443 442 456 4t.6 435 448 498 599 532 s 14 503 529 

1800 101 147 84 120 92 109 445 469 452 533 465 473 526 547 Sl1 598 547 546 128 119 116 103 106 114 480 482 495 511 475 489 542 64S 580 564 550 S76 
103 150 88 124 94 112 457 484 465 549 476 486 539 564 524 615 561 561 132 123 124 107 108 119 492 497 s 11 525 486 502 560 662 S96 577 561 S91 

2000 110 IS9 94 132 102 119 492 S26 500 589 S12 S24 583 613 566 663 606 606 140 131 132 113 116 126 527 534 548 567 525 540 597 704 641 626 607 635 
114 164 98 136 106 124 503 S« 513 /Al2 523 S37 596 632 580 678 620 621 143 135 136 118 119 130 537 549 560 581 S38 S53 611 722 654 642 621 650 

2200 122 177 105 143 112 132 540 584 549 642 SS7 S74 641 682 623 725 662 667 150 143 144 124 129 138 573 S86 S97 622 576 591 651 763 700 689 6t6 69~ 
126 180 106 147 llS 135 551 S98 56S 656 569 588 656 699 638 742 676 682 154 146 147 127 130 141 587 /Al2 610 635 588 604 668 780 714 703 681 709 

2400 135 189 113 155 121 143 587 638 599 695 601 624 690 746 680 785 716 725 161 153 158 133 139 149 621 637 646 675 625 64 I 706 820 759 747 72S 751 
137 193 116 158 12S 146 600 655 611 712 614 638 713 763 694 804 731 741 165 158 164 137 141 153 634 655 664 689 638 656 726 837 775 761 /39 768 

2600 144 205 122 166 131 154 633 692 644 750 646 673 752 809 733 846 7 69 782 172 166 172 142 149 1/Al 667 690 698 724 674 691 763 S76 815 804 780 ooe 
147 208 126 170 134 IS7 647 709 663 769 659 689 766 827 753 866 785 799 175 170 178 145 153 164 681 708 714 740 690 707 779 8~3 831 82-0 796 824 01 

2800 154 217 133 176 143 165 679 7 42 694 802 692 722 804 867 790 90S 822 838 182 177 188 150 160 171 713 742 748 775 723 140 815 930 871 859 833 862 
157 220 136 180 145 168 694 761 709 820 709 739 821 888 804 924 838 855 186 181 195 153 169 177 730 757 765 791 742 757 836 949 887 876 850 880 

3000 163 227 142 186 150 174 725 793 740 853 739 no 856 925 840 961 873 891 193 187 202 159 177 184 759 789 796 825 775 789 867 985 925 914 808 916 
167 233 145 191 IS2 178 740 812 757 873 754 787 874 946 859 981 892 910 196 191 210 162 182 188 776 808 814 843 793 807 888 1004 944 932 906 935 

3200 175 239 151 198 157 184 774 843 786 906 782 818 911 985 892 1018 924 946 205 197 220 167 189 196 807 838 8« 873 824 837 920 1038 981 967 942 970 
179 244 ISS 201 163 188 792 864 804 929 802 838 930 1009 911 1039 946 967 209 202 227 171 192 200 825 858 863 893 842 856 91<1 1061 1001 990 962 992 

3400 185 251 161 206 168 194 820 892 831 959 827 866 962 1042 942 1073 976 999 214 208 234 177 198 206 851 888 892 921 871 865 972 1094 1034 1023 99S 1:>21 
189 256 164 211 170 198 838 913 851 983 846 886 903 1064 962 1098 998 1021 218 212 2~9 18-4 201 211 870 910 911 947 890 906 998 II 19 1055 10:.0 1017 1045 

3600 196 262 169 216 175 204 867 940 878 1012 871 914 1017 1099 994 1131 1029 1054 224 217 246 189 208 217 896 937 941 973 920 933 1026 II 50 10~ 1081 1051 1000 
199 267 173 222 181 208 886 962 900 1036 894 936 1039 1124 1017 1157 1056 1079 229 222 251 192 212 221 917 960 961 993 941 954 1050 1175 II 13 1102 1073 1103 

3800 207 274 179 227 185 214 914 990 927 1065 916 962 1070 1159 1047 1190 1084 II 10 235 227 260 198 217 227 942 986 988 1021 968 981 1078 120-4 1145 1133 1105 1133 
210 281 183 231 189 219 936 1016 950 1090 938 986 1094 1187 1071 1215 1108 II 35 240 232 263 200 222 231 963 1009 1008 1041 989 1002 1104 1222 1168 1156 112& 115; 

4000 216 287 189 237 193 224 960 1041 974 II 17 961 1011 1124 1219 1099 1246 1135 1165 245 236 271 205 227 237 989 1034 1034 1066 1015 1028 1130 1256 1201 1185 1159 1186 • 
220 291 192 242 198 229 983 1065 995 1143 983 1034 1149 1246 1124 12n II/Al 1190 250 240 274 209 230 241 1010 1058 lOSS 1088 1034 1049 1154 1281 122J 1207 1182 1209 

4200 227 298 198 248 203 235 1011 1095 1019 1171 1006 1060 1180 1291 1151 1303 1188 1221 255 245 221 215 238 247 1033 1082 1079 1112 1062 1074 1182 1308 1251 1236 1214 1238 
231 303 202 253 206 239 1034 II 18 1041 1197 1028 1084 1206 1307 11n 1329 1214 1247 260 250 284 218 241 251 1055 1109 1101 1135 1082 1096 1207 1334 1275 1259 1237 1262 

«00 237 310 207 259 213 245 1060 1145 1064 1223 10S2 1109 1236 1338 1203 1359 1242 1276 266 254 292 223 246 256 1079 1132 1128 1158 1106 1121 1235 13611 1306 128S 1265 1290 
240 315 211 263 216 249 1086 1169 1088 1251 1076 1134 1262 1365 1228 1387 1270 1302 270 260 295 220 250 261 1100 1158 1149 1182 1128 1143 1257 1387 1331 1310 1288 1315 

4600 246 322 217 269 721 255 1110 1194 1111 1278 1101 1159 1291 1393 1253 1417 1299 1331 276 264 301 233 257 266 1124 1181 1172 1206 1152 1167 1285 1413 1358 1336 1316 1342 
250 327 221 274 225 259 1135 1221 1137 1309 1124 1185 1318 1423 1283 1450 1327 1360 279 268 305 237 260 270 1145 1209 1193 1230 1177 1191 1312 1440 1383 1362 1341 1~ 

4800 256 334 227 280 229 265 1161 1245 1160 1336 1145 1209 1347 1453 1309 1480 1354 1389 285 273 312 241 266 275 1168 1231 1219 1253 1201 1214 1336 1465 1413 1389 1369 1394 
260 339 231 285 233 270 1186 1273 1187 1366 1169 1236 1374 1485 1338 1510 1381 141lr 290 278 316 247 269 280 1191 1260 1239 1279 1224 1239 1368 1493 1439 1415 1396 1422 
266 345 235 291 239 275 1?I I 1296 1209 1393 1194 1261 1401 1513 1367 1541 1409 1446 295 282 322 252 276 285 1214 1282 1263 1302 1250 1262 1393 1519 1467 1441 1425 1449 

5000 270 351 239 296 242 280 1236 1321 1234 1424 1218 1287 1431 1543 1403 1571 1438 1477 301 mm™ mm 1m13091286~u12n1286 14201~1493~9145014n 
276 357 2« 302 247 285 '261 13« 1256 1450 1239 1310 1460 1571 1430 1602 1462 1505 306 292 332 261 285 295 1260 1331 1307 1349 1297 1309 1445 15n 1520 1495 1478 1502 

5200 280 362 249 ~mm 12861m1mM791~~37 1m~91465~3414941538 311 296 336 266 288 299 1283 13611 1330 1374 1319 1333 1477 160:! 1546 1522 1504 1530 
286 368 254 312 257 295 1309 1399 1300 1505 1286 1360 1516 1636 1491 1663 1520 1565 316 301 3« 270 294 305 1304 1381 1355 1395 1342 1355 1499 1628 1575 1548 1531 1556 

5400 289 373 258 317 260 299 1334 1425 1324 1535 1310 1386 IS« 1668 1526 1694 1549 1596 321 305 348 275 297 309 1326 1409 1378 1420 1365 1380 1524 1658 1603 1575 1SS7 1583 

5600 295 380 263 323 265 305 1357 1448 1346 1560 1333 1409 1572 1696 1553 1724 1578 1625 326 309 354 280 305 31S 1348 1430 1399 1442 1390 1402 1552 ·~ 1630 1/All 1585 1610 
300 385 268 328 269 310 1389 1477 1380 1593 1358 1439 1608 1732 1596 1756 1610 1660 330 314 357 285 309 319 1371 1461 1422 1469 1413 1427 1580 1716 Wi7 1629 1615 1639 

5800 306 391 273 333 274 315 1411 1498 1402 1617 1381 1462 1634 1758 1623 1784 1638 1687 337 319 364 290 314 325 1394 1483 1447 1490 1436 1450 1606 1741 1686 1655 1642 1666 
310 397 277 338 278 320 1439 1528 1429 1650 1406 1490 1665 1792 1657 1819 1669 1720 341 323 368 295 318 329 1419 1515 1469 1518 1-460 1476 1634 1776 1715 1685 1670 1696 
316 403 282 3« 293 326 1462 1551 1451 1675 1428 1513 1694 1820 1684 1847 1695 1748 347 328 373 300 324 334 1441 1"7 1489 1540 1483 1498 1660 1801 1741 1709 1697 1722 

6000 320 409 207 349 286 330 1488 1579 1473 1706 1454 1540 1724 1856 1721 1882 1727 1782 351 333 378 304 328 339 1467 1566 1512 1566 1510 1524 1690 1835 1770 1739 1725 1752 



APPENDIX T All.E 29d 

Average Follow-Up lood-OeRection Value1, in Lb. ond 1/1000 In. 

Tell Pollet Oeffectiom AB Oefl<>ction1 CD OeAectlon E Pollet Deflections Al OeAoction1 CO OeAectlon E 
load Be I 2 3 4 5 Avg. I 2 3 4 5 Avg. I 2 3 4 5 Avg. Bd I 2 3 4 5 Avg. I 2 3 4 5 Avg. I 2 3 4 5 Avg. 

0 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 
200 09 a. 08 09 10 08 47 26 39 25 45 36 54 44 37 24 •9 42 10 II II II 08 10 40 67 45 42 42 47 45 47 49 43 43 45 10 a. II 14 13 10 51 33 45 38 55 44 57 52 43 38 60 50 13 13 13 16 10 13 50 76 53 55 53 57 56 54 57 56 SS 56 
400 21 12 24 26 27 22 100 84 97 88 Ill 96 114 110 100 92 123 108 28 24 29 34 22 27 102 132 Ill 112 112 114 119 114 124 118 123 120 23 14 27 30 28 24 108 93 106 99 119 105 123 120 109 104 134 118 31 26 32 •2 24 31 113 141 121 126 121 124 131 125 134 133 133 131 
600 34 25 38 41 42 36 155 144 155 147 174 155 177 177 163 157 197 174 44 38 46 56 36 44 162 194 177 182 177 178 11!8 184 198 194 197 192 35 29 41 •5 44 39 164 154 164 157 182 164 187 189 172 168 207 185 47 41 49 63 38 48 in 2a. 188 194 186 189 202 196 2 II 206 207 la. 
800 45 42 52 54 57 50 207 202 213 203 236 212 239 249 226 218 271 241 60 53 61 77 51 60 217 255 242 246 242 240 255 254 273 266 271 264 47 46 55 58 62 54 217 214 222 213 246 222 250 264 235 231 282 252 63 55 65 84 53 64 229 266 254 260 253 252 268 266 287 281 282 277 

1000 55 60 67 67 74 65 259 264 267 256 298 269 300 323 289 282 342 307 75 66 76 96 65 76 2n 316 307 311 309 303 321 323 349 337 347 335 57 66 72 72 78 69 268 277 279 267 309 280 311 339 301 295 353 320 78 69 81 IOI 67 79 283 327 321 322 319 314 335 336 364 349 357 348 
1200 66 78 83 81 88 79 309 323 323 308 359 324 360 394 351 3« 411 3n 89 80 92 111 78 90 327 377 375 371 374 365 388 394 425 .a. 420 406 68 82 88 85 93 83 318 336 335 321 370 336 371 409 364 359 424 385 98 83 97 115 80 95 343 388 388 381 383 377 406 407 439 416 430 420 
1400 76 92 96 9.( 103 92 358 379 377 363 419 379 419 463 4 II 409 480 436 110 94 110 126 90 106 388 ..a "43 427 436 427 460 463 501 468 490 476 78 97 100 98 106 96 369 391 388 376 430 ll I 431 478 424 420 492 449 117 97 II.( 128 92 110 402 451 460 439 446 ..a 476 476 520 482 501 491 
1600 85 108 109 107 117 105 410 434 433 417 475 434 478 531 472 468 547 499 130 106 126 139 IOI 120 450 498 515 487 496 489 533 528 582 536 561 658 87 113 115 112 121 110 422 448 446 432 486 447 490 548 485 483 561 508 133 108 130 143 103 123 463 512 532 501 506 503 547 543 600 550 572 562 
1800 97 122 125 121 131 119 463 489 490 473 529 489 539 599 535 530 614 563 142 119 139 152 II I 133 505 558 581 547 553 549 598 598 660 604 627 617 99 127 129 126 135 123 47 4 502 sa. 488 542 502 550 615 548 546 628 577 146 123 145 156 113 137 519 575 600 560 563 563 613 615 679 619 639 633 
2000 105 135 137 134 145 131 512 542 545 527 582 542 596 665 594 590 678 625 160 131 154 165 123 147 564 617 648 604 608 608 668 664 735 670 692 686 108 139 143 139 149 136 524 554 561 541 594 555 609 680 611 605 691 639 163 136 159 In 125 151 577 633 665 623 617 623 682 680 755 689 703 702 
2200 117 149 152 146 159 145 562 593 599 580 632 593 657 n1 658 653 736 686 177 145 168 182 132 161 622 675 713 666 661 U7 735 728 810 737 753 753 

119 152 156 150 162 loll! 574 607 613 595 641 606 671 744 674 668 747 701 181 148 173 187 133 164 635 691 733 682 673 683 750 744 829 755 7~ 769 
2400 125 161 16" 159 173 156 610 6« 652 631 680 643 114 788 no 112 792 745 190 158 181 195 142 173 675 734 778 723 715 725 7~6 791 880 801 814 816 

127 164 168 162 176 159 624 658 667 646 692 657 729 806 736 730 ea. 761 193 161 186 201 145 177 691 751 798 740 727 741 a13 aoe 900 818 82a 833 
2600 136 175 177 169 185 168 660 697 705 680 725 693 773 851 780 769 845 ea. 208 169 195 209 152 187 734 791 839 780 767 702 864 853 948 864 873 800 °" 139 178 181 174 189 In 673 713 722 696 739 709 788 870 797 788 859 820 210 173 201 214 154 190 7 49 809 864 799 778 800 883 87() 971 883 887 899 
2800 145 185 188 181 198 179 708 746 756 728 771 742 827 909 837 826 898 859 219 182 209 222 161 199 785 847 904 836 814 837 923 911 1017 925 929 941 

148 189 193 185 201 183 721 762 774 744 786 757 843 929 856 845 91.( 877 228 185 215 227 165 2a. 820 866 930 852 827 8:w 956 9:;9 1a.2 944 944 968 
3000 154 199 200 191 210 191 755 7'11 806 775 818 790 882 969 894 880 952 915 236 193 223 235 172 212 854 902 966 889 861 89.( 998 966 1085 987 984 !Ga. 156 203 205 196 214 195 772 815 823 792 835 807 900 991 912 900 971 935 240 196 230 240 174 216 873 920 995 909 873 914 1021 986 1113 1010 999 1026 
3200 164 210 216 202 222 203 ea. 845 857 822 866 839 938 1028 951 933 1008 972 248 la. 238 248 182 224 905 954 1029 943 906 947 1059 1023 1155 1050 1037 1065 

166 214 221 207 228 207 821 BIA 877 840 887 858 957 1050 972 955 1031 993 253 208 244 254 184 229 927 974 1058 965 919 969 1004 la.6 1184 IOU 1052 1088 
3400 172 222 228 213 236 214 850 894 906 867 915 886 991 1087 1007 986 1067 1028 266 215 251 262 191 237 964 1005 1091 998 950 1002 1126 1082 1222 1111 IOllil 1126 

175 226 233 217 241 218 869 915 925 886 938 907 1011 1111 1027 1007 1091 1049 270 219 258 268 194 242 986 1025 1121 1022 963 1023 1149 1105 1252 : 1136 llO:l m9 
3600 183 233 242 222 249 226 900 942 958 912 910 936 1a.e 1146 106" 1031 112e 1085 277 226 266 275 200 249 1016 1055 1153 1054 993 1054 1185 1139 12d9 1171 1138 1194 

186 237 246 227 254 230 917 964 978 932 993 957 1067 1173 1085 1059 1194 1116 286 231 274 281 la. 255 1046 1077 1185 1078 1008 1079 1216 1163 1319 111111 1153 1210 
3800 192 246 251 233 26" 237 945 993 1005 957 1021 984 1101 1207 1119 1089 1187 1141 293 239 281 289 210 262 1075 1107 1215 1109 1036 1108 1250 1196 1355 1232 1181. 1244 

196 251 256 238 270 242 967 1015 1025 979 1046 1006 1123 1233 1140 Ill I 1215 1164 299 242 287 295 213 267 1103 1129 1243 1145 1050 1134 1~76 1218 t31s2 1267 1202 12611 
4000 203 257 26" 243 279 249 996 1039 1053 1002 1074 1033 1158 1262 1175 1139 1247 1196 311 250 294 303 220 276 1136 1157 1273 '173 1078 1163 1313 1251 1417 1298 1233 1302 

208 261 267 2.(8 285 254 1017 1060 1072 1023 1098 1054 1180 1288 1198 1164 1274 1221 318 254 301 309 223 281 1161 1178 1302 1198 1093 1186 1341 1275 1447 1325 1250 1328 
4200 216 269 273 254 293 261 1044 1087 1099 1045 1125 1080 1213 1319 1229 1191 1305 1251 324 361 309 316 229 288 1187 1207 1331 1226 1117 1214 1373 1305 1482 1356 1278 1359 

223 273 277 258 299 266 1067 1109 1120 1066 1150 1102 1236 1346 1251 1215 1333 1276 329 265 315 322 232 293 1210 1230 1359 1252 1131 1236 1-400 1330 1512 1384 1294 1384 
4400 229 278 285 265 307 273 1092 1132 1148 1089 1176 1127 1266 1374 1283 1241 1365 1306 340 273 323 329 239 301 1242 1257 1389 1279 1159 1265 1437 1360 1546 1414 1325 1417 

234 283 289 269 312 277 1114 1155 1170 1110 1205 1151 1289 1400 1307 1265 1393 1331 345 277 329 335 243 306 1265 1279 1418 1305 1175 1288 1465 1385 1578 1442 1344 1443 
4600 240 290 295 275 320 284 1138 1180 1193 1131 1230 1174 1319 1430 1337 1289 1423 1360 352 284 337 342 249 313 12e9 1306 1446 1331 1197 1314 1495 1415 1610 14n 1370 1472 

245 295 298 279 325 288 1160 12a. 1215 1154 1257 1198 13« 1458 1360 1314 1453 1386 357 287 343 348 252 317 1313 1329 1477 1357 1212 1338 1524 1440 1643 1500 1387 1499 
4800 251 301 307 285 333 295 1185 1225 1244 1175 1282 1222 1373 1485 1391 1341 1-183 1415 369 295 350 355 258 325 1344 1356 15a. 1382 1236 1364 1560 1470 1674 1530 1416 1530 

255 306 312 290 339 300 1208 1250 1266 1198 13)() 1229 1398 1513 1416 1365 1515 1441 374 299 357 361 263 331 1369 1379 1537 1410 1253 1390 1592 14117 1709 1560 1437 1559 
5000 260 313 317 295 347 306 1231 1274 1290 1219 1335 1270 1426 1542 1445 1391 1546 1470 380 306 364 367 268 337 1391 1405 1563 1435 1274 1414 1620 1526 1741 1589 1461 1587 

265 318 321 300 354 312 1255 1299 1313 1245 1364 1295 1453 1573 1470 1420 1578 1499 393 310 372 374 272 344 1427 1428 1599 1462 1292 1442 1659 1552 1776 1619 l.f&I 1617 
5200 271 324 329 306 361 318 1278 1320 1340 1268 1388 1319 1481 1599 1501 1447 1607 1527 399 317 379 380 277 350 1449 1454 1624 1487 1317 1466 1686 1582 1806 1647 1510 1646 

274 328 334 312 368 323 1302 1345 1365 1292 1418 1344 1508 1629 1527 1472 16"1 1555 404 321 387 386 281 356 1476 1478 1659 1515 1335 1493 1719 1609 1843 1678 1531 1676 
5"00 281 337 339 318 375 330 1326 1370 1387 1313 1441 1367 1537 1658 1553 1498 1669 1583 414 328 394 392 287 363 15a. 1505 1683 1539 1355 1517 1752 1638 1874 1705 1555 1705 

284 342 344 322 382 335 1348 1395 1411 1337 1•71 1392 1563 1688 1579 1524 1703 1611 419 330 402 398 291 368 1533 1534 1717 1557 1374 1549 1787 1666 1912 1735 1577 1735 
5600 291 348 351 328 389 341 1372 1415 1.(37 1358 1494 1415 1590 1715 1610 1549 1731 1639 425 337 409 .a. 297 374 1553 1557 1741 1589 1390 1568 1814 1694 1941 1763 1605 1763 

295 353 356 334 396 347 1398 1436 1462 1382 1523 1440 1618 1746 1637 1576 1765 1668 430 341 418 410 301 380 1580 1583 1779 1618 1420 1596 1847 tn2 1982 1794 1629 1795 
5800 301 360 361 339 403 353 1421 1460 1-183 1404 1545 1463 1646 1774 1664 1600 1793 1695 ..a 348 424 416 307 387 1608 1607 1802 1640 1443 1620 1881 1749 2011 1822 1655 1824 

305 365 366 345 410 358 1447 1485 1509 1430 1576 1-189 1676 1806 1691 1629 1829 1726 448 352 433 422 312 393 1641 1632 1838 1669 1469 1650 1917 1779 2050 1854 1681 185~ 

6000 311 311 373 351 417 365 1411 •~ 1534 1451 1599 1512 1703 1834 1no 1654 1858 1154 453 359 441 428 317 40() 1661 1657 1862 1691 1491 1672 1945 1807 2081 1880 1709 1884 
314 376 377 355 424 369 1493 1530 1557 1473 1629 1536 1732 1865 1748 1681 1891 1783 462 364 450 434 321 406 1688 1681 1896 1719 1514 1700 1977 1836 2119 1912 1737 1916 
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APPENDIX TABLE 30 

Two-Factorial Analysis of Variance of Follow-Up Stiffness Test Data 
for Pallets of Two D!'}signs, AS!embled with Four Different N::ils 

Source of Sum of Degrees of Mean Computed Critical 
Variation Squares Freedom Square f f 

Design 79.25 E6 1 79.25 E6 87.09 4.15 S· 
Nail 13.61 E6 3 4.54 E6 4.99 2.90 s 

Interaction 3.68 E6 3 l .23 E6 1.35 2.90 NS 
Error 29.15 E6 32 0.91 E6 
Total 125.69 E6 39 
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APPENDIX TABLE 31 

Detailed Load-Carrying Capacity Data, in Lb. 

Pallet Pellet Pallet Ultimate Pallet Pallet Ultimate 
Design No. Weight Test Load No. Weight Test Load 

Conventional Aal 135.06 8800 Acl 136.75 11000 
Aa2 137.95 8800* Ac2 137.67 10400 
Aa3 135.47 7200* Ac3 134.56 9400 
Aa4 136.44 9200 Ac4 137.53 8600 
Aa5 136.62 8400 Ac5 135.81 10500 
Avg. 136.31 8480 Avg. 136.46 9980 
Abl 139.89 10200 Adl 142.88 9600 
Ab2 137.42 10800 Ad2 140.28 60CD* 
Ab3 139.69 9800 Ad3 139.44 10400 
Ab4 139.42 10400 Ad4 137.55 9800 
Ab5 136.53 9400 Ad5 141.25 8800 
Avg. 138.59 10120 Avg. 140.28 8920 

Improved Bal 158.81 l 1800 Bel 153.88 11800* 
Ba2 158.75 12000 Bc2 158.83 6200* 
Ba3 158.58 11600 Bc3 156.14 11600 
Ba4 156.19 9800 Bc4 152.62 12600 
Ba5 158.62 11600 Bc5 151.91 11200 
Avg. 158.19 11360 Avg. 154.68 10680 
Bbl 154.66 13800 Bdl 150.47 11600 
Bb2 161.72 12400 Bd2 151.34 11400 
Bb3 157.00 10800 Bd3 154.58 11800 
Bb4 155.72 9400 Bd4 158.94 11200 
Bb5 156.06 11800 Bd5 153.84 12000 
Avg. 157.03 11640 Avg. 153.83 11600 

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



119 

APPENDIX TABLE 32 

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

Source of Sum_of Degrees of Mean Computed Critical 
Variation S.quares Freedom Square f f 

Design 37.83 E6 1 37.83 E6 20.23 4.15 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 110.34 E6 'J; 
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EVALUATION OF THE IMPROVED STEVEDORE PALLET 

by 

Ni Ison Franco 

(ABSTRACT) 

An evaluation was made of the performance of 48 11 x 6311 , reversible, double-
face, wing-type, two-way entry, 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 pallets 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 nai Is, instead of two, were 
used for fastening the inner deckboards to each stringer. 

The sequence of tests on each pallet started with the initial stiffness test, followed 
by the rigidity test, the impact-incline deckboard-stringer separation test, and the fol-
low-up static stiff,!'1ess 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 pallet performance was signifi-
cantly different only during the performance of the rigidity and impact-incline tests. 
During the latter test, the pal lets of improved design assembled with 311 helically 
threaded hardened-steel nails were, on the average, 66 times better than the conven-
tional pallets assembled with the Brazilian 2!11 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 pal lets are exposed. 
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