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THE IFFRECT OGP AN ADHESIVE O¥ PALLET JOINT STIFFHESS
by

Thomas I. Frackiewicz

(ABSTRACT)

An Investigation was conducted to find an adhesive that
could bond green red oak. The adhkesive found to hond best
was a mndifi2d amine based epoxy resin. This adhesive was
used to construct pallet joints in twe of the three
conditions: 1) nailed, 2) glued, 3) aail/glued, to
Adetermine the effect of an adhesive on pallet joint strength
and stiffness.

It was found that the adhesive increased the initial
strengyth anl stiffness of the pallet dJoints but a brittle
failure by the glue indicates the ne2d for a wore flexible

alhesive.
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TUTRODUCTION

Currently, the primary fasteners aus=ad in pallets are
niils and staples. The use of these fasteners enables higha
rates of production. Metal fasteners have drawbacks in
their use by increasing the potential for splitting during
assenbly or seasoning of pallets, which can severly effect
joint rigidity. Another probler involves protruding nails
as a result of wood shrinkage ducring seasoning., These
prodruding nails may damage goods placed on the pallet.
Also, nails interfere with pallet disposal. The nails or

metal fasteners interfere with the chipping or grianding

process. If the pallets are to be burred metal fasteners
further interfere with with combustion perforwrance. 1o

remove metal fasteners may increase handling time, thus,
incre2asing costs and making pallet disposal a less desirable
operation.

Assembling pallets to aid disposal programs oC
increasing pallet stiffness may be accomplished by using a
suitable adhesive. Such an adhesive must be able to oond
satisfactorily to rough and green lumber and be resilient to
impact loading. These conditions are not condusive for
bonding using conventional gluing procedures or binders.

The gluing procedures and binders nreed to be developed.
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QBJECTIVE

The objectives of this project were to first, obtain
and test a variety of traditiomal wood adhesives, and
synthatics resins, to deterwine their switability for
bonding green red oaks ( Quercus spp. ). Seacond, once a
suitable adhesive was accquired, it wouid bes usad to
manufacture pallet joints in two of these three treatments:
1) nailed, 2) glued, and 3) nailed and qglued (unail/3lu=d) .
Pallet joints were tested dynamically as w1l as statically

to determine the effect of an adhesive on pallet Jjoint

strength and stiffness.



LITERATURE REVIFY

Research on gluing of unsecasoned green wood has been
met with varied results. A reason for this is that the kigkh
moisture content (MC) in the wood may interfere with the
curing reaction of the adhesive. #Marphey and Nearn {1956)
laminated r=2d oak with moisture conteants ranging from 6-50
percent using a resorcinol-formaldehyde resir. The
shearblock specimens with moisture contents below 14 percent
parformed satisfactorily. The higher MC samples experienced
adhesive migration from the glue Jjoint resulting in reduced
bonding strength. currier (1960) glued scarf and fiager
joints from Douglas-fir studs with melamine and phenol-
formalizhyde resin. The AC at the time of assembly raaged
from 14-20 percent. Specimens were then seasoned to an
average MC of 12 percent. One group was naiatained at a MC
of 20 percent. The glued studs were tested in static
banding, 1loaded on the center with a crosshead speed of 0.1
inch/min. Moduli of rupture and elasticity (MOR and MGOE)
were calculated directly from test data. Svecimens tested
at their assembled MC of 20 percent had the highest
stiffness. Specimens seasoned to 12 percent MC had a
maximum strength reduction of 28 percent. Yood shrinkage

from seasoning may have accounted for poor bond guality.
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Strickler (1970) end ylued green Douglas-fir, western larch,
Grand-fir, and western red cedar with MC's ranging frcoa 39
to 200 percent. The adbesives employed were resorciunol,
phenol-resorcinol, melamine-urea, and casein. Joints mated
cold followed by a cold-cure (drying at rtoom temperature)
were significantly weaker than joiants that were glued hot or
subsz2quently neated following asseably. It was concluded
that when finger joints are mated in green wood, nolisture
soon migraies into the area dried during the initial heating
of the joint. Without this initial cure from the hot wood
surfaces, the mdoisture would interfere with the proper cure
of the adhesives. Murpkey et al. {1971) =studied the
faasibility of gluing red oak (6-24 and qreen MC) using
phenol-resorcinol, casein, 'and me lamine adhesives. Their
nathod employed the use of a hot platten or Lot air jet to
surfaces dry the planed sample prior to gluing and ass=mbly.
Yet pockets caused by uneven drying result in spreading and
alhzsion problems. In order éo max imize bonding strength,
the adhesives should be sSpread immediately after heat
treatment and assembly times should be as close to zero as
possible. The surface temperature of the lumber car be 100
d=23yrees C when the adhesive is spread, causihg it to cure as
‘soon as it 1s applied. If assembly time is not minimized

precure 1is likely to occur. The asseahled sSpecimens were



cither clanp=d at room temperature €or 24 hours or further
hot pressed for 15 minutes. An inmediate cure of the glue
allows formation of a cured adaesive-wood interface hefore
adiitional moisture can migrate to the surface. In this

study, phenol-resorcinol out-performed urea, caseln and

melamins for both methods.

Farther use of heat to dry joint surfaces has been
developed by Troughton and Chow (1930). Uascasoned white
spruce 2 x 12 x 48 inch boards with noisture conteants
ranging from 30 to 90 percent were used. Finger joinis were
dried for 15 minﬁtes at 150 degrees C with air speeds of 500
feet/minute. A phenol-formaldehyde resin wvas then appiied
followed by assembly within 20 seconds. The speciamens were
than cut in half with both sections kiln dried. Specimens
were then tested in static bending 1loaded on the wide face.
The average bending strength was 5320 pounds par squace iach
(psi). Troughton and Casilla (1983, used preheating
tachniques to edge glue unseasoned spruce—pine-fir with
phenol-resorcinol resin. The preheated wond acts as a
heatsink for adhesive curing reactions. Edge—-pressure time
at 50 psi, and heating time at 150 degress C, were all found
to effect bond guality. Using suitabie bonding corditions,
edga-joints could be made from wunseasoned S-P-F lunber sith
wood failure greater than 80 percent indicating very good

Alhasion between the glue and wood.



Kurata and ©Nagakara (1977, used gre2en stractural
spruc2 lumber to manufacture finger joints wita e»noxy and
isocyanate adhesives. The MC!'s of the samples ranged froa
30 to 120 percent. These samples were divided in half. One
group was tested green while the other was seasoaned until it
vas air Aried. In the twWo MC <conditions, flexural
properties of samples glued with epoxy were affected by
noisture content. Properties obtained in *the air dry
coniition were superior to those in the green condition. It
was concluded that the epoxy adhesive could be applied to
finger joints of structural softwood timber with a high #C.
Nakxamura et al. (1979), conducted experiments in #hich
isocyanate mixed with polyvinyl acetate (PVA) enulsion was
applied to finger joints of spruce lunmber. The moisture
contents ranged from 15 to 120 percant. It was found that
whan specimens were assembled with air dried 1lumber,
moisture content does not significanly affect flexural
properties of the jointed timber. Tt was found that
flexural properties are significantly affected when tested
in the green condition though the modulus of elasticity
(MOE) was the same as specimens tested in the air dry
condition. JFakarura et al. (1979) worked on finger joints

of spruce ( Picea jezoensis) and birch ( Betula

maximowicziana ) glued at MC's ranging from 12 to 80




percent. The adhesives used were epoxy resin, reséccinol,
and vinyl urethane. It was found that under 40 percent HC,
rasorcinol, epoxy and vinyl urethane adhesives were
effective for laminating wood for non-structural uses. At a
MC of 60 percent epoxy anrd vinyl urethane were usable. At
60 percent MC, only vinyl urethane was suitabla for use 1in
structural purposes. Polyvinyl acetate amixed with
isocyanate did not provide adequate flexural strength for
struoctural purposes at any noisture content.

The use of adhesives in pallets has been limited to
elastomeric adhesives coamon to construction of plywood,
panel floor, roof and wall systems. Kurtenacker (1969) used
elastomerics based of synthetic rubber to assemble pallets
from green lumber. The pallets were tested immediatly or
allowsed to air dry prior to testing. In rough nandling
tests, wcod density influenced the type of failure mode. In
high density species, i.e., oak and hickory, <tailure was of
a cohesive pature occurring in the adhesive 2zone. dith low

d2nsity species, i.e., yellov—poplar, most of the failure

was in the wood itself. Moisture content was found to
directly inflnence bond performance. Further work DY
Kurtenacker (1975) included four synthetic elastomeric

adhesives for assembling pallets, two with oryanic solveats

as a transporting agent and two without solvent. Pallets



wara assemblad green and conditioned to an air iry wmoisturs
content. Three tests were employed as follows: 1) static
load on corner test, 2) dynamic impact load on corner test
and 3) free-fall-oncorner-dror test from a height of 490
inches repeated six times. The two organic solvent borae
alhesives had voids and crazing occurring ia the glueline
from loss of solvent during the curing process. This
severely reduced strength performance and it was recoamended
that such adaesives not be used in pallet manuracture. The
two non-solvent borne adhesives bhoth out-perforaed
mechanical fasteners (mails or staples) 1in iampact tests,
though moisture did significantly affect bonding. Density
also affected the type of bond failure as found earlier by
Kurtenacker {1969). It was. concluded that synthetic
elastomeric adhesives of the non-solvent type may be used
nniar cartain conditicns such as woderate handling or where
protruding nails may damage goods.

An in-service test of pallets assembtled with non-
solvent borne synthetic elastomeric adhesives was conducted
by Kurtanacker {1975). Forty pallets were used in a brick
and cement yard for 18 months. OFf these forty, fifteen were
recovered for laboratory testing by use of the free—-fali-on-
corner-drop test. Since the conditions of exposure to the

pallets were severe, both nailed and 3lued pallets sustained



haavy damacz. It wus concluded that tae adhesive assembled
pallets 4id not resist severe handling as effectively as
nailed or stapled pallets. Moistunre content and density had
an influence on bonding strenqgth. The mode of failure
occurred mainly in the adhesive layer since oak, a aigh
dansity species was used.

Adhesives that are to be used in pallet manufactucing
ne2d to have gap-filling capabilities. This may be
accomplished by adding fillers to control viscosity. China
clay has been used with elastomeric adhesives along with
finely divideé asbestos (Hemming, 19€690). Titanium dioxide
was addsd to nmodified epoxy with excellent results (Ulsen
and Blomquist, 1962). Vick (1973) used 9ood flour, walaut
shell flour, and chrysotile absestos to control viscosity of
a conmercial resorcinol-fcrmaldehyde resin. 0f the three,
asb2stns gave good results without affecting strength. The
amount of asbestos used was 1.8 parts weight basis of aized
resin.

In assembling pallets with adhesives, there must be
cartain properties of the adhesive favoring its use. Since
the lumber is usumally rough and unplaned the gluing results
in uneven gluelines. Maintaining consistant clamping
pressure after assembly may be difficult to control. Castor

2t al., {1973) glued rough planed luamber to manufacture
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lapinated powarline transmission poles. Hith the glueline

ranging up to 1/16 inch thick, special properties are needed

in such an adhesive. Some of these glue characteristics

developed by Castor also pertain to pallet asseambly.

1)

2)

3)

4

5)

6)

7)

Gap filling capabilities up to 1/16 inch, since
lumbher may be rouqgh planed or rough sawn.

Low shrinkage and no crazing during or after
cure, to maiﬁtain full 4integrity in tke
glueline.

Zero saqg for maintaining f£ill and enable lumber
or pallets to be turrned up on edqge during lay
up.

Full exterior durability for thick and thin
glue lines.

Good substrate penetration with low clamping

pressure, while maintaining a constant

viscosity to insure adeguate glueline coverage.
Low odor during laminating operations to meet

mill, state and federal guidelines.

Capable of being metered, i.e., both components

in liquid forn.

The adhesives pertainiag to pallet asseably should also have

these following additiomal characteristics.
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8) Short cuce time to enable handling of pallets
soon after assembly.

9) Costs competitive with other alternatives.

10) Resilient to impact loading.

1) Ability to bond wunder high nmoisture

conditions.

An investigation was conducted to determine the effect
of bonding green white oak with hoth epoxy and an isocyanate
alhasive {Zito, 1983). Bentonite aund Carboxylmethyl
Cellulose (CHMC) were used as a filier and dessicating agent.
The purpose nf the bentonite or CHC was to absorb excess
moisture that may interfere with adhesive curing and reduce
migration of glue from the joint. The percent of weigat to

total adhesive of bentonite or CMC was 0, 5, 1, and 15

parcaent. In shearblock tests, the epoxy out-perform=ad thne
isocyanate adhesive, though problems with sgueeze out
occurred. The addition of either compound was mot found to

significantly increase bond performance in green wooda
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JATSRIALS AND METUHODS

This project is divided into two major parts. Part I
is a preliminary investigation using shearblock tests to
determine a suitable adhesive for gluing green wcod, while
Part IT involves comparative testing two types of pallet
joints subject to three treatments (nailed, glhed, and
nail/glued) to determine the effect of an alhesive on pallet
joint strength and stiffness. The pallet Jjoints vwere
subjzcted to the following three dAifferent tests:

1) Joint rotation test
2) Static load on corner test

3) Impact load on coraer test

Part I Obtaining an Adhesive

Using Chemrical #¥eek buyer's guide (1982), a list of
approximately 100 companies that specialize in resorciaol,
pkenolic, isocyanate, hotmelt, and epoxy resins was
compiled, These companies wer=s contacted to determine if

their product line carried adhesives suitable for use in

high moisture coantent conditiorns. A total of 25 samples
were obtained 1in this marner. The 1list of donating
companies car be found in Appendix A. Two of these

adhesives ne2ded external heat sources tor vprcper Ccuring aagd
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waere not used in this study since the application of heat is
considered impractical in pallet wanufacture.

The remaining twenty-three adhesives wers tested in
shear using a modified shearblock test. One inch rough sawWn
green oak was used for shearblocks. The grain orientation
nf the shearblocks was perpendicular to the opposite face
(see Figure 2) to approximate the cross-lap joiat found 1in

pallats.



14

Assembly of Shearblocks

To deternine the performance of the varinus adhesivesg
in bonding green wood, a modified shearblock test was
develoyped. Rough =sawn 4/4 green red oak boards were
initially cut into 2 x 25 inch strips and stored in plastic
hags or wrapped in 6 mil polypropylene shzets to prevent
moisture moisture loss. Material that could not be used
within three days was frozen to wairntain a green conditions
Since shearblock specimens were assembled at rooa
conditions, these strips were thawed to room temperature
before gluing. The strips, randomly selected, were cut into
two 2 x 10 inch panels and ten 2 x 2 incn blocks. a 1-2
inch section was cut from the center of each strip and used
for MC determination (see Figure 1). These cut panels were
stored in plastic bags to prevent moisture 1loss while the
glue was mixed.

Adhesives were prepared according to manufactucer 's
specifications. Since the gluing of rough lumber is not a
common practice in the wood industry, a rate of glue spread
nesded to be determined. The laminating of rough planed
lumber with a modified resorcinol was developed by Castor et
al. (1973) in which glue spread rates of up to 2C0 pounds

per thousand square feet of glueline (#/MSGL) Jece
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FIGURE 1. Schematic Diagram for CUtting Material for Shearblocks




reconaended, Use of this heavy spread rate for the
shearblock test specimens gave good glueline coveraye,
Since a low clamping pressure was also desired, 75 psi was
chosen as a reasonable valu=s. The viscosity of the
adhesives did vary somewhat and the spread rates were
adjusted in a few cases. If the spread rates were increased
or decreased they were judged adequate if syuesezeout
occurred on all edges of the pressed specim2ns.

During assembly, the yglue spread rates were controled
by placing the 2 x 70 irch panels on a HMettler P10 scale,
and adding adhesive to the nearest gram to achieve a spreadld
rate equivalent to 290 #/MSGLa The grain of the 2 x 2 inch
blocks was oriented perpendicular to the grain of the bottonm
panel as seen in Figure 2. This confiquratior simulates the
cross-lap joints found in pallets. Pressing the glued
samples was accomplished by sandwiching the glued panels
batween two boards of 2 inch kiln dried red oak, and using a
Reihle universal testing machine to apply load eguivalent to
75 psi. Samples were pressed for twelve hours or overnight
and allowed to further cure and dry for 48 hours at roon
coniitions. PriOt to testing, shearblock specimens were
machined according to Figure 2. The arza of glueline tested
in shear was 3 sguare 1inches. Ten replicate shearblocks

were manufactured for each ajhesive. ILeftover glue was Xept
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FIGURE 2. Schematic Diagram of Layed Up Panel for Glued Shearblocks
and Machined Shearblock



in the aixing cans for comparison to that of the glueline 1in
the shearbhlocks.

Testing Procedure

All specimens were tested in shear using a standard
shear device on the Tinius Olsen universal testing machine

(max. capacity 12,900 pounds). The crosshead speed was 015

inches per minute. The maximum load at failure and nercent
wood failure were recorded. The area of the glued surface

was measured to the nearest 0.1 inch synared and used to

calculate shear strength in pounds per square 1inch (gpsi) .
If discoloration in the cured glueline occurred coepared to
the cured giue in the mixing container there was reascn to

suspect improper curing caused by wood moisture.

Analysis of Shearpblock Tests

The best performing adhesive was selected using a one-
way analysis of variance (ANOVA) to determine if there was a
significant difference between at least one pair of
adhesives. Duncan's multiple range test was then used to
rank the adhesives accordiny to shear strength in psi. The
initial moisture content of the shearblocks was also tested
using ANOVA to check for any differences between specimen

groups which could bias the selection process. The alhesive
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rank2d highest according to shear strengta by Duucan's

procedure was selected for further testing in pallet joints.

BResults and Discussion of Shearblock Tests

The results of the Duncan's procedure can be seen in
Tabhla 1. Most of the adhesives performed poorly because tie
saturated woodl d4id not perwnit a good contact surface for
alhasion. In a few cases the moisture interfered with the
curing reaction. This was evident since a majority of the
glues had zero percent wood failur=e, Migration of adhesive
from the glueline‘ caused by high moistare content was aot
found to be a major factor. With the exceptions of w873,
R14, and L1200, adhesives with bonding strengths over 290
psi cursd properly in the Jlueline. The adhesives that
cur2d properlv were also those that had some wood failure.
Below 200 psi, most of the adhesives had cohesive failures
which occurrad in the glueline.

The moisture content of the shearblock specimens at the
time of assembly ranged from 63.0 to 88.3 with an average of
81.3 percent and with a standard deviation of 3.5 percent.
Statistical analysis using ANOVA showed that there was no
significant difference in MC between shearblock speciwens at
the time of assembly. AL complete listing of the individual
statistics for each adhesive and the ANOVA procedure can be

found in Appendix B.
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AHESIVE

Marroxy C2-31
Eroxuylite 3391
Sikadur-31
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88 x 1630-1
TU-902

DER-331

R-14

LE-1200
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Since #arpoxy C2-31, a nmodified amine based epoxy
performed with the highest bonding strergth of 440 psi «ith
27 percent wood failure, it was selected for further testing

with pallet djoints.
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Part II 2allet Joints

The second part of this investigation involved testing
pallet joints to determine if an adhesive could increase
pall=at joint stiffness. Joint rotation and pallet correr
specimens were assembled with three conditions: 1) nailed,
2) glued, and 3) nailed and glued. The factorial desijyn can
be seen in Figure 3.

The fastener used in the joint construction was a G.113
X 2.25 inch hardened steel helically threaded nail (VPI nail
number 1875) with a average crest diameter of 0. 132 inches
anl an averaje MIBANT (Stern 1970) angle of 15 degrees ({(see
Appendix C). Three nails were ased in each joint. During
initial joint construction splitting occuarred when driving
nails even though "the red oak was in the green condition.
This was seen as a source of variability in the experimert.
With a maximum of 8 specimens per test a significant
difference between treatments due to reduced strengti in
joints could have resulted. Predrilling holes 1in the
deckboards was seen as a solution to the splitting problen.
Since the portion of the nail driven into the stringer
contributes most to the Jjoint strength, predrillingy
deckboards was not anticipated to effect the outcome of the

experiment.
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ROTATTON
NATLED/ 8
GLUED

FIGURE 3. Experimental Design for Testing of Pallet Joints
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Stern {1983} recomaenda~d that if holes arc predrilled
in the deckboards prior to nailing, the hole should not
exc22d 70 percent of the nail shank diameter. Therefore
predrilling was done to prewvent splitting during assembly.
This substantially reduced the occurrence of splitting but

did not eliminate it. As will be shown later, even with

S

redrilling significant differences were found retween tne
three treatments in all the tests.

The adheéive used was Marpoxy €2-31, a modified amine
based epoxy mixed on a yeight basis of 100 parts resin to 26
parts hardener, and having a pot-1life of 1.25 acurs with a
150 gram mass. A technical data sheet on Marpoxy C2-31 can
be found in Appendix D. Glued joints were constructed with
3 minimum Oopen assembly tinme. The spread rate was
equivalent to 200 #/MSGL. Pressure applied to the glued
only specimens was 75 psi using the Reihle universal testiay
machine. Press time was 12 hours or overnight.

During assembly of pallet Jjoints pieces of trimmed
lumber were randomly selected and used for determinaticn of
the initial moisture content. Following assembly all
specimens were sStored at room conditions 20 deyrees C and 53

percant relative humidity for 48 hours.



Ass=2mbly and Testing of Pallet Corner Joints

To evaluate the performance and sStrengta of the taree
fastening systens, pallet corner joints were assembled
according to Figure 4. The corners were rounded to minimize
compression of the wood at the bearing points so deflection
would be measured more accurately.

The pallet corners were subjected to a static or impact
impact compressive force applied to the apex (Figure 4).
The static compressive force was applied using the Tinius
Olsen universal testing machine at a crosshead speed of 0.3
inches per minute (Kurtenacker, 1975 . A roller bearing
surface was used to reduce frictionm during deformatiorn.
Load deflection curves were plotted during testing to
provide information for maximum load and maximuw deflection
valuas., Four pallet corrers of each treatment were tested.

In the dynamic drop on corner test two different
procedures have been developed. Stern (127&) calls for an
initial drop height of 4 1inches incremented by four inches
aftar each successive drop up to a a wmaximum height of 28
inches. Kurtenacker's (1975) procedure has a one inch
initial drop height which is incremented hy one inch for
2ach successive drop up to a maximun height of 24 inches.
Since Stern's approach produces a more severe coadition, it

was uased in this experiment.



FIGURE 4. Diagram of Pallet Corner Joint for Static and Impact Tests
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According to Stern (197%4) a 30 pound weigiht €alling
freely bhatween guides from sucessively increasing height
increments generates the impact compressive force. The test
procedure calls for the first dJdrop of the impacting weight
to be located 4 inches between the bottom of the weight and
the top of each specimen. The procedure is reneated, with
the drop height being increased each time by 4 inches.
After the first drop from 28 inches, the weight is dropped
fror the 28 inch position until failure. Failure 1is
considered to have taken place in nailed joints after the
original 90 :degree angle between the deckboards and stringer
has increased to 120 degrees. In the case of glued oanly
joints, failure was considered when the specimen collapsed,
sinc2 no deformation up to failure, was observed during
testing. Angle deformation changes between the deckhoard
anl stringer were recorded following each drop.

After testing of pallet joints, sections were ramoved
from stringers and deckboards for MC determination at time
of testing. Specific gravity was determined based on oven

dry weight and volune.
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Assembly and Testing of Joint Rotation Specim=uns

To determine the joint modulus (stifiness), eigaht joint
rotation specimens were manufacturad for each treatnent
according to the dimensions in Figure 5. Followiny
assembly, specimens were stored at room conditions 20
degrees C and 50 percent relative humidity for 48 hours,
afterwhich they were tested.

Static testing of all the Jjoint rotation specimeas wvas
conducted using the Tinius Olsen universal testing machine.
The stringer was clamped rigidly to prevent movement (see
Figure 6). A 1oad was applied four inches from the edgz of
the stringer with a crosshead spe2d of (.45 inches per
ainute (Kyokoag, 1979). A deflectometer was used to measure
vertical displacement during testing. A plot recording load
verses deflection was charted for each test. Using ROT MOD,
a computer prograr written by #ulheren, rotation moduli were
calculated. What ROTMOD does is correct for the vertical
displacemnent caused by shear and bending of the deckponard.
This <calculated deflection is subtracted from the total
d=2flection and the resulting deflection is used to calculate
the rotation modulus. The moment arm for the nail joint
used in the calculation of the rotation modulus 1is the

distance from the applied load to the leading edge of the
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stringer. The second moment arm 1is the distarce from the
l2aling edye of the stringer to centeriine of the stringer
(or one-half the stringer width). In the glued aand
nail/glued specimens the stringer width was increased by 33
percent to account for the difference in location of the
centroid axis. (#aichk was assumed to be two thirds tiue
distance 1in from the leading edgye of the stringer.)
Following testing, sections were cut from eacn specianen for
moisture content determination at time of testing as well as

spacific gravity based on oven dry weiqht aid voluae.
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Analvsis of Pallet Joint Test Results

For each test procedur= an ANDVA was used to aetermine
if there were differences in nean values €for maximam load,
deflection at maximum load, and joint moduli. The gerneral

null hypothesis for each test was:

Ho: There is no significant difference inproperties
betweenr pean values u of each of the three
treatments ie., 1 =u =u where u =nailed, u =glued,

and u =nail/glued.

With the alternate nypothesis stating:

Ha: There is a signirficant difference between at lecast

one pair of mean treatment values.

If the null hypothesis was rejected at an alpha level=
0.05 for a particular test, then Duncan's multiple range
taest conld be used to rank the mean values to determine
which were significantly different. Cumulative absorbed
energy mean values will be used as the basis for discussion

of the dynamic load on corner test.
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RESULTS of PALLET JOINT

-3
7
9]
3
199]

!

The averaye moisture content of all pallet joints at
the time of asembly was 77.4 percent ( =6.1 . After storage
for 48 hours at room conditions and following testing the
averaje moisture decreased to 6.1 percent ( =9.1) for the
pallet corner joints and 64.8 percent ( =10.1) £for the joint
roation specimens. Table 2 shows wmean values of poisture
zontent and specific gravity for deckboard, stcianger, and
overall specimens. A one wavY analysis of variance for both
moisture content and specific qgravity, Dpetween treatments
was performed. From these analyses it was fourd that taere
was no statisticai difference in MC or specific qravit
between treatments for either the pallet corner Jjoiats of
joint rotation specimens. Therefore it was concluded that
these tio factors were independent of the strength factors
measur2d in this study. Appendix E has the individual data

and ANOVA test results.

Static Load on Corner Test

Table 3 is a summary of the mean results for maxinum
load. The result of the ANOVA for maximum load showed that
there was a signigicant difference treatments at an .05

alpha level. From the Duncan's procadure it was found that



TABLE 2

Moisture Content and Specific Gravity for Pallet Joints

Specimen Type Moisture Content at Moisture Content at Specific
Time of Assembly Time of Assembly Gravity
(percent) (percent)
X o X o X
Pallet Corner 77.4 6.1 66.1 9.1 .655
Joints
deckboards 61.5 6.2 .674
stringers 75.2 7.1 .617
Joint Rotation 77.4 6.1 64.7 10.1 .643
deckboards 56.6 5.6 .666
stringers 72.9 6.1 .619
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TABLE 3

Maximum Load Means for Static Load on Corner Test

Treatment Mean Standard Deviation
(pounds)
Nail 1560 180
Glue 2140 570
Nail/Glued 3850 370
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thes glued, nailed, and nail/glued sp=2cimens wer: all
significantly different fros each other. The glued joints
had on average 1.68 times the initial load carrying capacity
of the nailed oanly joint. The nail/glued Jjoiat had on
average 2.45 times the initial iocad carrying capacity of the
nailed joint. The addition of Marpoxy C2-31 siganificantly
ircreased the initial 1load bearing capacity of the pallet
joints.

To better understand the behavior of the three joints
types under load, the charted load verses deflection curves
which were closest to the mean Jjoint strengths were
superimposed and can be seen in FTigure 7. From this it can
be seen that the initial 1load carrying capacity is greatest
in the nail/glned joint followed by the glue aad finally the
nailed joint. Both the nail/gluéd and glued only joints had
a high initial 1load carcying capacity until the glueline
failed. In the nail/glued joint, the ieritial 1load is
r>sisted mainly by the adhesive bonded to the wood, thaough
some of this initial load is shared by the nails. Once the
glueline fails the total load is immediately supported by
the fasteners. The failure of the gluebond is similar to an
increased rate of loading on the joint which increases its
load carrying capacity. Since the glued and nail/glued

joints are cuite rigid, the initial defourmatioan of the joint
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may be attributed to cowmpression perpendicular to the grain.
Onc2 tne glueline fails there 1is ro difference in strength
between that of the nailed joint or the nail/glued joint.
The static test of pallet corner ijoint also reyuires
that the deflection at maximum load be measured. Table 4
shows the mean values for the deflection at maximaum load.
The result of +the ANOVA procedure found that there was a
significant difference in deflection at maximum load between
treatments at a 0.05 alpha levei. From +the Duncan’'s
procadure the nailed joint waé found to be significanty
different from the other two treatments. The deflection wa:s
i2termined to be at the point of maximum load from the first
part of this discussion. Since the nailed/glued joint
retains the ability to sustain 1loads after the gluebond
fails, the deflection values reflect the stiffress of tae
joints. The ANOVA, Duncan's procedure and data on the

static load on corner test can be found in Appendix F.



TABLE 4

Deflection at Maximum Load Means for Static Load on Corner Test

Treatment Mean Standard Deviation
(inches)
Nail 0.744 0.091
Glue 0.107 0.019
Nail/Glued 0.186 0.026
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JImpact load on corner test

Table 5 is a summary of the avearage cumulative absorbed
ana2rgy to failure. As can be seen the combination of the
glue and nail increase the resistance to impact loading.
Figure 8 shows a plot of the cumulative absorbed eneryy
verses angnlar displacement typical of the three treatmants
tasted. The addition of the adhesive increases the
resistance to impact 1loading especially if used in
conjuction with a fastener. In the nail/glued joint the
fasteners help distribute the energy over the whole joint
until a maximum load is applied and the glue bona fails.
Then nail withdrawal and hence deformation begins. Data for

the impact load on coraner test can be found in Appendix H.



TABLE 5

Absorbed Energy Means from Impact Load on Corner Test

Treatment Mean Standard Deviation
(foot-pounds)

Nail 470 105
Glue 90 52
Nail/Glued 790 184
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Tal:le 6 shows the mean values for the joint roduili.
The ANOVA found that there was a significaat difference
between the mean treatment values at an 0.05 alpha level.
From the Duncan's procedure, it was shown that the glued and
nail/qlued joints were not significanly different. The
nailed only joint was found to be siganificantly different
from the other two treatments. The ANOVA and Duncan's
proc2dure as well as data of individual specimens can pe
found in Appendix G.

Pigure 9 1is a superposition of three charted load
verses deflection curves closest to the average valuaes
obtained in each tregtment. It <can be seen that similar
behavior of the joint during 1loading occurred as 1in the
static testing 2% pallet Jjoints, The initial load carryiay
capacity is greatest in the nail/glued joint followed by the
glue ani finally the nailed joint. Both the nrail/glucd and
glued only joints had a high initial load carrying capacity
until the gylueiine failed. In the nail/glued ‘joint, the
initial load is resisted minly by the adhesive bonded to
th2 wood, though some of this initial load is shared by the
nails. Once the glueline fails the total load is

immediately supported by the fasteners. The failure of the



TABLE 6

Joint Rotation Modulus Means

Treatment Mean
(inch-pounds/radian)

Standard Deviation

Nail 15330
Glue 60990
Nail/Glued 69360
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gluebond is similar to ar increased rate of loading on the
joint which increases the load carrying capacity of the
joint. Since the glued and nail/glued joints are juite
rigid, the 1initial deformation of the Jjoint may be
attributed to compression perpendicular tc the grain. Oace
the glueline fails there 1is no difference in strenjgth
b2tween that cf the nailed joint or the nail/glued doint.
The initial higher sustained load and higher stiffness by
the glued and nail/glued joint is a result of the adhesive,

and no nail withdrawal occuring until the gluebond fails.
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Fipally, to delevop a realistic understanding of Low
the high stiffness of a glued or nail/glued pallet joint
would affect deflection in a full sized pallet, a computer
simulation was performed. Using a program developed by
Mulheren (1982), acronymed SPACEPAL which stands for SPACE
FRAH#E ANALYSIS OF WOOD PALLETS, two pallet designs were
analyzed. This program is based on the matrix displacement
method and considers a pallet to be a three dimsnsional
(space) frame. From the analysis the deflection as well as
internal forces on any joint or member can be determired for
a given pallet. The first analysis was with a fully
reversabla 42 x 48 inch pallet with eight 3/4 inch
deckboards on the top (100 percent coverage)and bottom (100
percent coverage). The joint dimensions were the same as
those tested in this experiment. Average joint wmoduli
values for the nailed and nail/glued treatmeuts were used in
thz analysis. Since the glued and rail/glued joint wmoduli
were statistically the same, the average rail/glued modulus
was used. Simulating a 2000 pound distributed load in a
rack2d across the deckboards condition it was found ttat the
nailed only pallet sections deflected .177 inches where as
th2 nail/glued deflected .121 inches.

Decreasing the number of top deckboards to six (75

percant coverage), and the bottom deckboards to four (50
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percent), a second set of analyses were performed usinyg the
same joint stiffnesses. For discussion purposes this pallet
will be called a modified pallet. 5imulating the same 2000
pound distributed load in a racked across the deckboards
conlition it was found that the nailed only pallet deflected
436 inches whereas the nail/glued deflected .311 inches.

It is of further interest in such an analysis to
determine if the glue bond can maintain itself undoer an
applisd static load. Since the individual moment at failure
of the gluebond is known as determinad frem actual testing,
comparison can be made to the moment calculated by SPACCPalL.
Using a joint located in the center of the fully reversaple
pallet the pmoment was found to be 324 inch-1lbks £or the
nail/glued treatment. From actual experimental testing it
was found that the failure of the yluebond in the nail/jglued
joint occured at an average of 910 inch-1lbs. This 910 inch-
lbs force is eguivalent to a 5600 pound Jdistribnted load on
the nail/glued fully reversable pallet. In the modified
nail/glued pallet, the moment at the center Jjoint was
calculated by SPACEPAL to be 661 inch-ibs. This moment is
equivalent to a distributed locad of 2750 pounds. Since
there are fewer members in the modified pallet to distribute
and support the applied load a larger moment is applied to

the individual joints.



Since the glued Joint increases tue stiffiness of the
rallat under load it seems reasonable that the bending
stresses would increase especially in the deckboards. From
analysis of SPACEPAL it was found that the increased
rigidity of the pallet by using glue did not increass the
bending stresses beyond the strength of the strinqgers ot
dackboards.

From the analysis by SPACE?PAL 1t would be reasonable to
conclude that a fully covered pallet could sustain
substantial 1loads without wexperiencing failucre in the
glusline. The modified pallet may experience gluepond

failure at a load well below that of the fully covered

palliet.

Since the effects of drying stresses on the qlueline
arz2 of importance the same number of svecimens as in tais
study have been assembled green and will be tested in the
air dry condition at a future date. Fhis iaformation will

be made available at that time.
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CONCLUSION

From testing of palliet <corner joints the following
information was found;

--=-=-In the Static Load on Corner Test the average
maximum loads were 4346.3, 2980, and 1776 pouads
respectively for the nail/glued, gluad, and nailed joints.

—--—-The average deflections at maximnum load werae .747,
.107, and .136 inches respectively for the nailesd, glued,
anl nail/glued joints.

——-—The Jjoint rotaion moduli W#ere found to be 6309390,
69364, and 15332 in-lbs/rad, respectively for the glued,
nail/glued, and nailed specimens.

This investigation has shown that somne degree of
strength and stiffness can be incorporated in red oak pallet
joints assembled at an average moisture conteant cof 77.4
using ac specialized epoxXye. The stiffness of the joint
caused- a sudden failure in the glued only and nail/glued
joints which could have severe consequences because there is
no warning basfore the failure occurs. Some modification of
the epoxy to increase joint flexibility withoat reducing
joint strength should be 1investigated. Field testing is
recommended on full sized pallets =since this study was

conducted onlv on pallet joints and aot full sized pallets.
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List of Contributing Companies

Company
AMICON
Lexington, MA

BACON INDUSTRIES, INC.
Watertown, MA

DIAMOND SHAMROCK CORPORATION

Morristown, NJ

EPOXYLITE CORPORATION
Anahein, CA

GENESCO
Nashville, TN

GOODYEAR
Ashland, OH

HARDMAN INCORPORATED
Belleville, NJ

HB FULLER
St. Paul, MN

KEY POLYMER CORPORATION
Lawrence, MA :

LEPOXY PLASTICS, INC.
Fort Wayne, IN

NATIONAL CASEIN
Chicago, IL

PERKINS INDUSTRY
Overland Park, KS

SHELL CHEMICAL COMPANY
Houston, TX

SIKA CORPORATION
Lyndhurst, NJ

3M
Bristol, PA

56

Adhesive

TU-902
Kwick Plug - BA-77

Capcure 3-800, EH-30
Hardener 48, Der-331
Epoxylite #3351

88 x 1630-1

88 x 1632

Plionail
Epoweld 3673
HM 964

Marpoxy C2-30
Marpoxy C2-31
Leebond 23-205
R-14, WP-2200
LE-1200

RP 20
Epon 828/v40

Sikadur 31
Sikadur 33

Scotch Grip 5230
Scotch Weld 2216
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WEYERHAEUSER COMPANY WCO 87-507
Tacoma, WA HL 4

The following adhesives could not be used since they needed external
heat for curing:

ASHLAND CHEMICAL COMPANY Isoset WD3-A320
Columbus, OH Cx-11
UNION CARBIDE BIS 2700

Boundbrook, NJ Poly vinyl Buterate



APPENDIX B

ANOVA Procedure for Shear Strength (in psi) for Shearblock
Test

Duncan's Multiple Range Test for Shear Strength' (in psi)

ANOVA Procedure for Moisture Content at Time of Assembly -
Shearblock

Statistics from Shearblock Tests

Grand Mean Statistics for Shearblock Tests
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ANOVA FROCEDURE for SHEAR STRENGTH

CLASS LEVELS

RRAND 23

DEFENDENT VARIAERLE?
SOURCE
MODEL
ERROR

CORRECTED TOTAL

R-SQUARE

0.813078

SOURCE

ERAND

SOURCE

ERAND

(in

Prsi) for SHEARELOCK TEST

VALUES

AMCN902 RACON DER331 DI3-B800 EFON282 EFPOXYLT GEN1631
GEN1632

HARDIMAN
RF20 R14 SIKA31 SIKA33 WF2200 W87E

3M2216 3MS22

NUMBER OF ORBSERVATIONS IN DATA SET = 230

PSI

SUM OF SQUARES
3427335.36400000
787927 .36300000

4215262.,72700000

ROOT MSE

61.69612939

TYFE I SS

3427335.36400000

TYPE III SS

3427335.36400000

MEAN SQUARE
185787.97109091

3806.41238164

PSI MEAN

161.,41000000

F VALUE PR > F

40.93 0.0001

F VALUE PR = F

40.93 0.0001

+HM9?64 LEFOXY L1200 MARC230 MARC231 FLIONAL

[

F VALUE

40,93

FR & F

0.0001



DUNCAN’S MULTIFLE RANGE TEST RESULTS for

SHEAR STRENGTH (in

#si)~--SHEARELOCK TEST

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

DUNCAN

n
o
o
o
o
i
D
o

o
o

mmm

GROUFING

[ SR S S Ay NN GG SR AU SN S

[sEnNnNaEnEnEnEnEaNnRaNrNa] mmmmmmmmm o000 DD

FAATAATITZA

e e

FERCENT
woon
FAILURE

6.8
13.0
7.0

10.6

11.1
6.0
4.8
0.0

0.0

0.0
5.8
0.0

0.0

MEAN

strength

(rsi)
439,96

392.80

360.40.

286.80

?2.80
89.80
88.81
71.70
64,53
51.10
27.90
26.10

18.30

ADHESIVE

Marroxy C2-31
Eroxglite 3351
Sikadur-31

W87R

88 it 1632

88 : 1630-1
TU-902

DER-331

R-14

LE-1200

Marroxy C2-30
Leebond 23-205
Eroweld 3673
Erpon 282/V40
RF-20

Scotch Grir 5230
Carcure 3-800
HM 964

Scotch Weld 2216
Kwik=-FPlug/BA-77
Fliomail
Sikadur 33

WF-2200



ANOVA FROCEDURE for MOISTURE CONTENT
AT TIME OF ASSEMELY--SHEARBLOCKS

CLASS LEVELS VALUES

ERAND 23

61

AMCN9?02 BACON DER331 DI3-800 EFON2B2 EFOXYLT GEN1631

GEN1632 HARDMAN HM964 LEFOXY L1200 MARC230 MARCZ31 FLIONAL

RF20 R14 SIKA31 SIKA33 WF2200 W8B7ER

NUMBER OF OBRSERVATIONS IN DATA SET

DEFENDENT VARIAEBLE! MOISTURE CONTENT

SOURCE oF
MODEL 22
ERROR 23
CORRECTED TOTAL 45
R-SQUARE C.V.
0.508406 4.2098
SOURCE OF
ERAND 22
SQURCE DF

BRAND 22

SUM OF SQUARES

278.98000000
269.75500000

548.,73500000

ROOT MSE

3.,42468659

TYPE I SS

278.98000000

TYFE III SS

278.98000000

3IM2216 3IMS230

230

MEAN SQUARE

12.68090909

11.72847826

MOISTURE CONTENT

MEAN

81.35000000

F VALUE FR = F

1.08 0.4261
F VALUE FR » F
1.08 0.4261

F VALUE
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STATISTICS from SHEAREBLOCK TESTS

VARIAERLE MEAN MINIMUM MAXIMUM STANDARLD C.V.
VALUE VALUE DEVIATION
- RRAND=TU-902 --
FSI 220.2 1856,0 270.0 33.2 15.1
FERWF 4.4 1.0 10.0 2.5 55.9
MC 80.9 80.7 81.1 0.3 0.3
- BRAND=Kwik Plug/RA-77 --
FSI 27.9 10.0 65.0 17.8 63.7
FERWF 0.0 0,0 0.0 0.0 .
MC 82.9 81.2 83.9 1.9 2.3
- BRAND=DER-331
FSI 203.4 144,0 254.0 43.3 21.3
FERWF 21,0 10.0 40.0 9.7 46.0
MC 77.8 74.3 81.4 S.0 4.4
BRAND=Capcure 3-800
FSI 71.7 40.0 103.0 20,5 28.6
FERWF 0.0 0.0 0,0 0.0 .
MC 79.4 77.8 81.1 2.3 2.9
----- BRANDI=Eron 282/V40
FSI ?2.8 58.0 124,0 19.8 21,4
FERWF 0.0 0.0 0.0 0.0 .
MC 79.1 78.46 79.7 0.8 1.0
----- ERAND=Epoxylite 3351 bl
FSI 392.8 308.0 459.0 48.0 12.2
FERWF 4.5 2.0 10.0 2.8 52.2
MC 82,8 81,5 84,2 1.9 2.3
------- ERAND=88 x 1630-1
FSI 242,0 158.3 ' 323.3 55.3 22.8
FERWF 10,6 S.0 20.0 S.9 95.9
MC 86.5 84.3 88.8 3.2 3.7
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-— BRAND=88 :t 1632 ——=-
FSI 252.4 133.3 439.2 97.2 38.5
FERWF 7.0 0.0 20.0 S.4 76.8
MC 82.2 81.4 83.1 1.2 1.5
———————————————————————————————— BRAND=Eroweld 3473-----—————---———omem e
FSI 96.3 0.0 182.6 S3.4 55.4
FERWF 3.8 0.0 10.0 2.9 75.3
MC 82,5 79.7 85.3 4.0 4.8
————————————————————————————————— BRAND=HM 964-—~=—--mm— e m e e e
FSI 64.5 S0.0 75.8 8.0 12.4
FERWF S.8 S.0 10.0 1.8 30.2
MC 82.8 80.7 85.0 3.0 3.7
———————————— BRAND=Leebond 23-20S ——————————
FSI 122.4 S54.3 208.3 56.6 46.2
FERWF 6.0 S.0 10.0 2.1 35.1
MC 82.0 81.1 82.9 1.3 1.6
————— BRANDI=LE-1200
FSI 201.4 161.0 217.0 18.4 9.2
FERWF 0.9 0.0 3.0 1.7 192.1
MC 85.0 84.0 86.0 1.4 1.7
—————————————— BRAND=Marroxs C2-30 ——— ——————
FSI 161.3 ?1.7 257.3 S3.3 33.0
FERWF 11.1 8.0 20.0 3.3 30.2
MC 81.2 81.1 81.3 0.1 0.2
———————————————————————————————— BRAND=Marpoxy C2-3l~-—~—-—-—--—e———momm— o m—m e
FSI 440.0 263.2 675.6 137.4 31.2
FERWF 27.0 20.0 40,0 6.3 23.4
MC 81.5 79.8 83.3 2.5 3.0
ittt -== BRAND=Flionagil--—-=-==--—-——--—-———m——————————— e
FSI 26.1 S.0 58.0 14.6 S5.9
FERWF 0.0 0.0 0.0 0.0 .
MC 78.3 77.2 79.5 1.6 2.1
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——— --= BRAND=RP-20 --=
FSI 89.8 0.0 183.0 77.2 86.0
FERWF 0.0 0.0 0.0 0.0 .
MC 83.5 83.4 83.7 0.2 0.3
-= BRAND=R-14-~—--———— oo
FSI 201.6 0.0 546.0 144.8 71.8
FERWF 0.5 0.0 5.0 1.6 3146.2
MC 84, 83.7 84.4 0.5 b
- BRAND=Sikadur 3l---=——-=——o——-—m oo
FSI 360.4 267.0 557.0 81.5 22.6
FERWF 6.8 0.0 15.0 S.1 78.2
MC 81.5 78.1 84.9 4.8 5.9
- ERAND=Sikadur 33 -—= -
FSI 18.3 0.0 8.0 22.4 122,35
FERWF 0.0 0.0 0.0 0.0 .
MC 83.1 81.9 84.4 1.8 2.1
- BRANDI=WP-2200 -
FSI 0.2 0.0 2.0 0.6 316.2
FERWF 0.0 0.0 0.0 0.0 .
MC 78.3 77.2 79.5 1.6 2.1
---------------------------------- ERANDI=W87R
FSI 286.8 175.0 420.0 76.3 26,8
FERWF 13.0 7.0 25.0 S.9 45.6
MC 79.8 737 84.0 5.9 7.4
------------- BRANDI=Scotch Weld 2214--=--—==——-——————m——————
FSI Si.1 31.0 72.0 13.3 26.0
FERWF 0.0 0.0 0.0 0.0 .
MC 75.7 4é8.0 83.4 10.9 14.4
————= - BRAND=Scotch Grip 5230--=-—=—==—=———=—=———=——--
FSI 88.8 70.0 112.0 13.9 15.6
FERWF 11.5 S.0 20.0 4.7 40.6
MC 79.9 79.8 80.0 0.1 0.2



VARIARLE

FSI
FERWF
MC

GRAND' MEAN

STATISTICS for SHEARELOCK TEST

MINIMUM
VALUE

0.0

0.0
68,0

MAXIMUM STANDARD
VALUE DEVIATION
675.6 135.7
40.0 7.9
88.8 3.8

84.1
136.3
4.3
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FASTENER OUALLTY ANALYSIS

1. VPL Nail No.: 187%
2, Nails Submitted By: Philstone Nail Cornaration
Canton, Massachugetts

3. Nail identificacion:
4, Nail Size (length x wire diameter in inches): 2,25 x 9.]13
5. Nail Type: A. Stiff-stock ___ B. Hardened g
6. Shank Deformation:
A. Annularly Threaded
B. Helically Threaded X
C. Fluted
b. Twisted
7. Thread Characteristics:
A. Length (inches)
(degrees) B. No. of Flutes 4
27 C. Heltxes/Inch
26 D. Thread Angle (dey.) 50
25 8. Date of Recelpt ac VPI: January 27, .976
26 9. Date of Test: January 28, L9
25 10. lab Report HBy: J.W. Akers
28 11. Gemeral Appecarance:

Nail [MIBANT )
Angle |

|

MIBANT Angle Frequency Distribution
25 25
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N
[

A

28 | 20
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Ol ~yo
[
~
(%)

INY
[
[N
0
w

wl
O

ovd. |26 10 20 30 40
28 Bend Angle Degrees




APPENDIX D

Marpoxy Technical Service Bulletin

68



PRODUCT e mmroxy c2-314/3 (Typical Properties)-
SUGGESTED Two Component Adhesive for Green Lumbexr
USE
OUTSTANDING Boom temperature curing system (as low as 40° F)
FEATURES Good adhesion to wet surfaces,
(Typicai}
PHYSICAL Descrivtion:  thick, beige, non-gagging material 000
P;‘TOPE'RI)‘ES Solids: == Wt Gal.Te 61b/ga. Ph: Viscosity: 5.73&105 ops
yplCa ———, THmII o mmmmmmm s s e e —
Catalyst Required: C2-31B Flash PO'[‘_K_?___<_“ ?o_oo r» o
APPLICATION How to Apply. APPly with a stiff brush, spatula, or spreader.
PROCE?",RE How Much:
(Typical) Drying Time . Temp:
Curing Time  Temp: 2l hours @ room t__e_-gontm o
Otner Instructions:
Working life of 150 g mass is approximately 1-1/L hours at room
temperature,
HANDLING Diluent: — Deqree: )
& STORAGE Ciesner — et Alcohol _ Cieaner — Dry: e
(Typical) . i, e St
.4.4-)!“\/
Pickaaing Pan.hga in metal cans or gla.ss _an. e
Storage Store at room temperature. Shelf lifes 6 months,
PRECAUTIONS Do not get in eyes. Avoid prolonged or repeated contact with skin,
In case of contact, Lmedia.tely flush skin or eyes with plenty of
water for at least 15 minute
MIX RATIO
Mix 26 pbw C2-31B to 100 pbw C2-31A.
MISC. DATA
Average lap shear strength: 537 pei.

COATINGS & ADHESIVES D3 #379

key polymer cerp. Dae: __June 17, 1983

All sales subiect to terms & CONCIIQNS ON reverse sioe.




APPENDIX E

Statistics for Moisture Content at Time of Assembly -
Pallet Joints

Moisture Content Data at Time of Assembly

ANOVA Procedure for Variable Moisture Content - Pallet
Corner Joints
ANOVA Procedure for Variable Specific Gravity - Pallet
Corner Joints
ANOVA Procedure for Variable Moisture Content - Joint
Rotation Specimens
ANOVA Procedure for Variable Specific Gravity - Joint

Rotation Specimens

Mean Statistics for Moisture Content and Specific
Gravity at Time of Test - Joint Rotation

Mean Statistics for Moisture Content and Specific
Gravity at Time of Test - Pallet Corner Joints

Raw Data for Moisture Content and Specific Gravity -
Pallet Corner Joints

Raw Data for Moisture Content and Specific Gravity -
Joint Rotation Specimens
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PALLET JOINTS

STATISTICS FOR MOISTURE CONTENT AT TIME OF ASSEMELY

VARIAELE MEAN MINIMUM MAXIMUM
VALUE VALUE
GREENWT 141.4 36.0 243.6

QUENDWT 80.0 19.2 147.0

STANDARD
DEVIATION

63.9
36.5
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MOISTURE CONTENT DATA AT TIME OF ASSEMELY
for ALL FALLET JOINT SPECIMENS

0} 33 GREENWT OVENDWT MC
1 193.78 108.72 78.2377
2 201.24 112,42 79.0073
3 243.460 147.0S 65,6579
4 206.38 114.14 80.8130
S 228.51 123.70 84,7292
é 230.73 122,64 88.1360
7 171.68 94.84 81.0207
8 201.35 117.41 71.4931
9 198.29 115.14 72.2164
10 196.81 114.19 72,3531
11 141.98 77.01 84,3657
12 145.98 81.20 79.7783
13 172,69 97.99 76.3042
14 156.39 ?1.26 71.3675
19 92.39 52,75 75.1469
16 187.89 109.53 71.5420
17 157.85 ?3.97 67.9791
18 36.05 19.17 88.0543
19 38.51 21.31 80.7133
20 41.46 23.53 76.2006
21 115.7S 69.18 67.3171
22 95.71 S51.13 87.1895
23 43.61 24.16 80,5050
24 102.24 56.09 82,4086
25 84.74 49.72 70.4344
26 36.33 20.69% 75.5921
27 98.49 S54.71 80.0219
28 93.08 $2.92 75.8881
29 170.99 96.57 77.0633

30 157.19 86.8S 80.9902



DEFENDENT VARIABLE?

SOURCE
MODEL
ERROR

CORRECTED TOTAL

R-SQUARE

0.049954

SOURCE

TREATMNT

SOURCE

TREATMNT
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ANOVA PROCEDURE for VARIABLE MOISTURE CONTENT
for ALL FALLET CORNER JOINTS :

GENERAL LINEAR MODELS PROCEDURE

CLASS

TREATMNT

LEVELS

CLASS LEVEL INFORMATION

VALUES

3 GLUE NAIL NAILGLU

NUMBER OF ORSERVATIONS IN DATA SET = 60

oF
2
57

59

C.V.

13.7874

oF

2
<

DF

2

MOISTURE CONTENT

SUM OF SQUARES
248.92686262
4734:23192045

4983,15878307

ROOT MSE
9.11354488

TYFE I SS

248.92686262

TYFE III SS

248.92686262

MEAN SQUARE

124,46343131

83.05670036

MOISTURE CONTENT

MEAN

66.10071565

F VALUE PR = F

1.50 0.2321

F VALUE FR > F

1.50 0.2321

DUNCAN’S MULTIFLE RANGE TEST FOR VARIABRLE:!: MOISTURE CONTENT
MSE=83,05647
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY [DIFFERENT.

ALFHA=0.0S

LUNCAN

nF=57

GROUFING

PD>PD>PDD

MEAN
67.608
67,191

63,001

N TREATMNT
24 GLUE
18 NAIL

18 NAILGLU

F VALUE
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ANOVA FROCEDURE for VARIABLE SFECIFIC GRAVITY
for ALL PALLET CORNER JOINTS

CLASS LEVELS VALUES

TREATMNT 3 GLUE NAIL NAILGLU

NUMERER OF ORSERVATIONS IN DATA SET = 60

DEFENDENT VARIABLE! SFECIFIC GRAVITY

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 2 0.00168474 0.,00084237 0.44
ERROR S7 0.10974674 0.00192538 FR = F
CORRECTED TOTAL 59 0.11143148 0.6478
SFPECIFIC GRAVITY

R-SQUARE C.V. ROOT MSE MEAN

0.015119 6.6977 0.04387917 0.65514186

SOURCE DF TYPE I SS F VALUE PR » F

TREATMNT 2 0.00168474 0.44 0.6478

SOURCE oF TYFE III SS F VALUE PR & F

TREATMNT 2 0.00168474 0.44 0.6478

DUNCAN‘S MULTIFLE RANGE TEST FOR VARIAEBLE: SPECIFIC GRAVITY

NOTE! THIS TEST CONTROLS THE TYFE I COMPARISONWISE ERROR RATE,
NOT THE EXFERIMENTWISE ERROR RATE.

ALFHA=0.0S5 DIF=57 MSE=.00192%54

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT,

DUNCAN GROUPING MEAN N TREATMNT
A 0.66189 18 NAILGLU
2 0.65629 18 NAIL
2 0.64922 24 GLUE



DEFENDENT VARIABLE?

SOURCE

MODEL

ERROR
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ANOVA PROCEDURE for VARIABLE MOISTURE CONTENT
for ALL JOINT ROTATION SFECIMENS

CORRECTED TOTAL

R-SQUARE

SOURCE

TREATMNT

SOURCE

TREATMNT

DUNCAN’S MULTIFLE RANGE TEST FOR VARIAERLE:
ALFHA=0.05

DUNCAN

NF=45

GROUFING

DPDDPDDPDD

CLASS

TREATMNT

LEVE

3

LS VALUES

GLUE NAIL NAILGLU

NUMBER OF ORSERVATIONS IN DATA SET = 48

MOISTURE CONTENT

DF

2
<

45

oF

18]

su

4

M OF SQUARES
276.41683479

$34.01673958

4810.43357437

MSE=100.736
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.,

MEAN

67,627

64,922

61.75%

ROOT MSE

10.03772522

TYFE I SS

276.41683479

TYFE III SS

276.41683479

MEAN SQUARE
138.20841740

100.,78592735

MOISTURE CONTENT
MEAN

64.76840917

F VALUE PR » F

1.37 0.2641

F VALUE FR = F

1.37 0.2641

MOISTURE CONTENT

N TREATMNT
16 GLUE
16 NAIL

16 NAILGLU

F VALUE

1.37

FR = F

0.2641
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ANOVA PROCEDURE for VARIABLE MOISTURE CONTENT
for ALL JOINT ROTATION SFECIMENS

CLASS LEVELS VALUES

TREATMNT 3 GLUE NAIL NAILGLU
NUMEER OF OBSERVATIONS IN DATA SET = 48

DEFENDENT VARIABLE! MOISTURE CONTENT

SOURCE IF SUM OF SQUARES MEAN SQUARE
MODEL 2 276.41683479 138.20841740
ERROR 45 4534.01673958 100.755927SS
CORRECTELDL TOTAL 47 4810.43357437
MOISTURE CONTENT

R-SQUARE c.v., ROOT MSE MEAN
0.057462 15,4979 10.03772522 64.76840917
SOURCE LF TYFE I SS F VALUE PR = F
TREATMNT 2 276.41683479 1.37 0.2641
SOURCE OF TYFE III SS F VALUE FR = F
TREATMNT 2 276.41483479 L.37 0.2641

DUNCAN’S MULTIFLE RANGE TEST FOR VARIARLE! MOISTURE CONTENT
ALFHA=0.,0S [IF=45 MSE=100.756
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

DUNCAN GROUFING MEAN N TREATMNT
A 67627 16 GLUE
2 64,922 16 NAIL
2 61,795 16 NAILGLU

F

VALUE

1.37

FR == F

2641



DEFENDENT VARIAERLE:?

SOURCE

MODEL

ERROR

CORRECTEL

R-SQUARE

0.,033145

SOURCE

TREATMNT

SOURCE
TREATMNT

ANOVA FPROCEDURE for VARIARLE SPECIFIC GRAVITY
for ALL JOINT ROTATION SPECIMENS

CLASS

LEVELS VALUES

TREATMNT 3

GLUE NAIL NAILGLU

NUMBER OF OBRSERVATIONS IN DATA SET = 48

OF

2
-

a5
47

cC.v.

7.7916

DF

8]

DF

[ 8]

SPECIFIC GRAVITY

SUM OF SQUARES

0.00386901
0.,11286036

0.11672937

SPECIFIC GRAVITY

MEAN SQUARE
0,00193451

0.00250801

ROOT MSE MEAN
0,05008002 0,64274533

TYPE I SS F VALUE FR = F
0.,00386901 0.77 0.4684
TYPE III SS F VALUE FR > F
0.00386901 0.77 0.4684

DUNCAN’S MULTIFLE RANGE TEST FOR VARIAELE: SFECIFIC GRAVITY

ALFHA=0.09

[F=4S

MSE=0.002508

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

DUNCAN

>DPD>PD>D>D

GROUPING

MEAN
0.65427
0.64161

0.63236

N TREATMNT
16 NAILGLU
16 GLUE

16 NAIL

F VALUE
0,77
FR = F

0.4684



VARTIARLE

MC

SFGRAV

YARIARLE

MC
SFGRAV

---------- —————-—----- SECTION=STRINGER-
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ROTATION MODULUS

MEAN STATISTICS for MOISTURE CONTENT AND SPECIFIC GRAVITY

AT TIME OF TESTING

MEAN MAXIMUM MINIMUM STANDARD
VALUE VALUE DEVIATION

56.599 65.986 45.628 5,649
0,666 0.868 0.616 0,054

----------------------- SECTION=LECKEOAR[I====mmm o e

9.981
8.150

72.938 81.594 57.824 64160
04619 0,692 0.570 0.031

MOISTURE CONTENT AND' SFECIFIC GRAVITY GRAND MEAN
ROTATION MODULUS SFECIMENS

MEAN MAXIMUM MINIMUM STANDARD
VALUE VALUE DEVIATION
64.768 81.594 45,628 10.117

0.643 0.868 0.570 0.050

8.446

5.029

15,620
7.754



79

PALLET CORNER JOINTS AT TIME OF TESTING
MEAN STATISTICS for MOISTURE CONTENT AND SFECIFIC GRAVITY

VARIABLE MEAN MAX TMUM MINIMUM STANDARD c.V.
VALUE VALUE DEVIATION
—————————————————————————————— SECTION=DECKRUARI—~————=———=——=momme e ——————-

MC 61,539 78.194 48.446 64263 10.177
SFGRAV 0.674 0.748 0.610 0,035 S.142

—————————————————— SECTION=STRINGER ———————

MC 79.223 83.765 52,441 7.096 ?.433
SFGRAV 0.617 0.710 0.981 0.033 5.278

GRAND' MEAN STATISTICS MOISTURE CONTENT AND SFPECIFIC GRAVITY
OF FALLET CORNER JOINTS AT TIME OF TESTING

VARIAELE MEAN MAXIMUM MINIMUM STANDARD C.V.
VALUE VALUE DEVIATION
MC 66.101 83.76S 48.446 ?.190 13.903

SPGRAV 0,655 0.748 0.981 0.043 $.633
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'MOISTURE CONTENT AND SFECIFIC GRAVITY-FALLET

BB INNTOCTWUAODDDUGNWNNWNWWNFE ~R,ODOCONNNOGCCEUUUD DIHWNWDBOONNNCCGTOMUUD DD WHUWG

oD oDoDwW

DouoounoDoun

oDouDoDUuDoORoDUDDDDOD DD oD DODDUD oD DOD DO DV

NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NATIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE

AT TIME of TESTING
ORS SFECNUM SECTION TREATMNT GREENWT OVENDWT

119.98
68,03
50.91
68,43
65.59
75.37

145.89
78.78
63.33

109.62
56.08
53.99
91.89
71.81
93.12
96.06
63.19
65.46

109.56
77.33
64.30
61,52
48.15
46.33

137.07
81.83
88.94

10S5.02
S52.88
58.67

123.87
77.48
53.4S
77.24
53.50
39.34
49,90
53.3S
34.91
53.49
75.77
43,22
60413
53.28
43.76
63.16
40.88
34.74
63.35
57.73
68.14
81.67
47.33
48,33
45.58
37.71
47.81
86.51
76.94
56.83

69.54
42,38
32,43
38.87
41.58
47.62
83.33
47 .49
38.91
60.54
32.60
32,15
52.92
44,50
57.03
56417
38.27
38.90
60,66
49.18
41.16
36,02
31.90
31.21
74.59
31.40
59.96
59.38
33.21
37.84

73.00 *

48,39
34.19
42,40
34.18
25.90
29.68
31.62
22,25
29.81
46.20
26.40
34,41
29.90
27.01
34,48
23.99
21.90
35.59
34,65
41,83
45.78
27.51
30.82
29.90
22.92
29.98
49.58
45,31
36.28

OVENWT

69.54
42.38
32,43
38.87
41.58
47,62
83.33
47 .49
38.91
60.54
32,60
15.34
§2.92
44,350
57.03
56.17
38.27
38.90
66.66
49.18
19.54
36.02
31.90
31.21
74.59
25.36
55.96
59.38
33.21
37.84
73.00
48,39
34.19
42.40
34,18
25.90
29.68
31.62

22,25
29.51
46.20
26.40
34,41
29.90
27.01
34.48
23.99
21.90
35.59
34,65
41.83
45.78
27.51
30.82
29.90
22.92
29.98
49.58
45,31
36.28

CORNER JOINTS

DISF MC

119.7 72,5338
64,3 60.5238
48.5 56.9843
65.8 76,0484
S8.1 57.7441
66.1 58.2738

141.8 75.0750
71.0 65.8876
S56.9 62.7602

100.5 81,0704
48,7 72.024S
22,3 67.8072
89.9 73.639S
64,3 61,3708
78.4 63.2829
95.5 71,0166
S4.7 65.1163
57.3 68.2776

104.3 80,6133
68.2 57.2387
2647 56.2196
57.9 70.7940
49.1 S50.9404
46.8 48.4460

127.9 83.7646
35.4 59.2023
74.8 58.9350

100.2 76.8609
48.1 59.2291
50.9 55.0476

117.7 69.6849
72.6 60.1157
52,0 56.3323
71.1 82,1698
53.4 56.5243
41.5 51.8919
46.3 68,1267
48.46 68.7223
34.6 56.8989
45.6 81,2606
72,2 64,0043
39.8 63.7121
S2.7 74.7457
45.1 78.1940
40.1 62.0141
$8.2 83.1787
39.2 70.4043
35.4 $8.6301
$6.5 78.5614
S51.3 66.6089
61.8 62.8974
72.2 78.3967
4S.1 72.0465
45.2 56.8138
42,1 32,4415
34,2 64.5288
47 .4 59.4730
78.8 74,4857
68.1 69.8080
54.3 56.6428

SFGRAV

0.580952
0.657054
0.668660
0.590729
0.715663
0.720424
0.587659
0.668873
0.688673
0.602388
0.,669405
0.687892
0.588654
0.4692068
0.727423
0.588168
0.699634
0.678883
0.639118
0.721114
0.731835
0.626435
0.64969S
0.666880
0.583190
0.716384
0.748128
«Si92615
0.490437
0.743418
0.620221
0.666529
0.657500
0.596343
0.64007S
0.624096
0.641037
0.650617
0.5643064
0.647149
0.639889
0.663317
0.,652941
0.662971
0.673566
0.592440
0.61990
0.68644
0.69912
0.65439
0.66861
0.64072
0.69978
0.61838
0.70214
0.6017S
0.,62489
0.69188
0.6534S
0.68140



RAW DATA for MOISTURE CONTENT AND

ROTATION

OBS SFECNUM SECTION TREATMNT GREENWT

DN DGt

MONNICTUUDDULUHCNRRE, - OONNGTGCTUUDDHURENDFEF FOONNGOGGUWU D DO WE - -

oDooDuDoDoODUDDUDUVUDUDUDDVDUDUDDVDUZDVoDWDNDUDVNDOoDWV

GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
GLUE
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAIL
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU
NAILGLU

48,30
28.39
49.52
38.99
40.60
24.90
82.11
40.01
27.391
31.96
48.54
30.73
85.07
40,04
61.69
36.16
76.09
17.34
98.0S
18.89
76.31
33.83
162.52
32.20
111.63
46.13
78.69
54.83
106.00
42.33
57.03
47.99
47.61
29.90
109.29
42.92
66,32
23.01
47.00
50.30
124,99
43.10
109.76
47.12
114.06
39.14
116.78
58.03
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MODULUS

OVENIWT

27.03
17.80
28.58
23,49
23,33
15.26
47.25
26,40
15.43
20,53
26.73
19.50
47.17
26,45
34,80
22.77
42,16
10.46
56,05
11.56
44,32
20.60
91.27
20.26
66,06
30,42
44,15
35.97
65,36
27.94
35.01
31.63
28.54
18.83
63.36
26.789
39.85
14.43
29.78
34,54
71.60
28.73
63,69
31.51
66,09
25.43
67.97
37.29

SPECIFIC GRAVITY

OVENWT

27.03

8.94
28.58
23.49
23.33
15.26
47.29
26.40
15.43
20.53
26473
19.50
47.17
13.23
34.80
22.77
39.23
34.80
43.91
34.94
35.35
32.13
42.08
30.61
55.85
21,05
37.69
36.81
36.43
29.61
459.42
30.06
28.54
18.83
63.36
13.54
39.85
14.43
29.78
34.54
71.60
28.73
63.69
31.31
66.09
29.43
67.97
38.29

DISP

41,7
12.6
41.3
37.1
35.6
24.4
71.3
35.1

25.2

32.0
46.3
30.6
81.7
21.2
61.0
33.2
64.0
5S.6
73.3
S54.5
S4.9
48.5
69.9
49.4
?1.2
30.3
65.8
S2.7
S7.9
43.7
74.5
48.8
48.6
21.7
10S.8
20.2
62.8
21.3
45.8
53.7
115.8
45.2
101.4
46.1
106.1
3?.8
105.7
57.3

MC

78.6903
60.6180
73.2680
65,9855
74.0249
63,1717
73.7778
51.5530
78.2890
55.6746
81.5937
57.5897
80.3477
51.3800
77.2701
58.80%54
80.4791
65.7744
74,9331
63,4083

2.6309
64,2233
78.0651
58,9339
68.9827
51.6437
78,2333
52.4326
62,1787
52.2190
62,8963
S51.7230
66.8185
58.7892
72,4905
60,2689
66,4241
59.459S
57.8240
45.6283
74,5670
$0.0174
72,3347
49.5398
72.5828
$3.9127
71.8111
59.6181

SFGRAV

0.648201
0.709524
0.692010
0.,633154
0.655337
0.625410
0.662693
0.752137
0.612302
0.641562
0.577322
0.637255
0.577356
0.6240357
0.570492
0.646875
0.612969
0.625899
0.3599045
0,641101
0.643898
0.662474
0.602003
0.619636
0.6123%90
0.,694719
0.572796
0.698482
0.629188
0.677574
0.609664
0.615984
0.587243
0.867742
0.598866
0.670297
0.634554
0.677463
0.650218
0.643203
0.618307
0.635619
0.628107
0.683514
0.622903
0.638945
0.643046
0.,668237°



APPENDIX F

ANOVA Procedure for Variable Maximum Load from Static
Load on Corner Test

ANOVA Procedure for Variable Deflection at Maximum Load
from Static Load or Corner Test

Statistics for Static Load on Corner Test

Raw Data for Static Load on Corner Test
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ANOVA PROCEDURE for VARIABLE MAXIMUM LOAD
from STATIC LOAD ON PALLET CORNER TEST

CLASS LEVELS VALUES

TREATMNT 3 GLUE NAIL NAILGLUE
NUMBER OF OESERVATIONS IN DATA SET = 12

DEFENDENT VARIAEBRLE: MAXIMUM LOALD

SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE

MODEL 2 13229920.16666666 6614960.,08333333 39.88

ERROR ? 1492810,75000001 165867.86111111 FR = F

CORRECTED TOTAL 11 14722730.921666667 0.0001
MAXIMUM LOAD

R-SQUARE C.V. ROOT MSE MEAN

0.898605 13.4231 407.26878239 3034.08333333

SOURCE OF TYPE I SS F VALUE FR > F

TREATHMNT 2 13229920.16666666 39.88 0.0001

SOURCE IF TYFE III SS F VALUE PR » F

TREATMNT 2 13229920.,16666666 39.88 0.0001

DUNCAN’S MULTIPLE RANGE TEST FOR VARIAERLE: MAXIMUM LOALD
ALFHA=,05
MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

DUNCAN GROUPING MEAN N TREATMNT
(pounds)
A 4346.3 4 NAILGLUE
3 2980.0 4 GLUE

c 1776.0 4 NAIL



34

ANOVA FROCEDURE for VARIABLE DEFLECTION AT MAXIMUM LOAD
from STATIC LOALD

ON CORNER TEST

CLASS LEVELS VALUES
TREATMNT 3 GLUE NAIL NAILGLUE
NUMBER OF OBSERVATIONS IN DIATA SET = 12
DEFENDENT VARIABLE! DEFLECTION AT MAXIMUM LOALD
SOURCE oF SUM OF SQUARES MEAN SQUARE F VALUE
MODEL 2 0.96274850 0.48137425 156.64
ERROR 9 0.027465850 0.00307317 FR * F
CORRECTED' TOTAL 11 0.,99040700 0.,0001
DEFLECTION at
MAXIMUM LOALD
R-SQUARE C.V, ROOT MSE MEAN
0.972074 16.0452 0.05543615 0.34550000
SOURCE DF TYPE I SS F VALUE PR > F
TREATMNT 2 0.96274850 156.64 0.0001
SOURCE DF TYFE III SS F VALUE PR » F
TREATMNT 2 0.96274850 156.64 0.0001

DUNCAN’S MULTIFLE RANGE TEST FOR VARIABLE:

ALFHA=0.,05

DEFLECTION AT MAXIMUM LOALD

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

DUNCAN GROUFING

0o w >

MEAN
(inches)

0.74350
0.18575

0.10725

N TREATMNT

4 NAIL
4 NAILGLUE

4 GLUE



STATISTICS for STATIC LOAD ON PALLET CORNER TEST

VARTABLE MEAN MINIMUM MAXIMUM STANDARD C.V.
VALUE VALUE DEVIATION

-- - -- == TREATMNTSGLUE —====mmmmmmmm e e

MAXLOAD 2980.0 2140.0 3430.0 574.2 19.3
DEFMAXLD 0.1 0.1 0.1 0.0 17.8

-------------------------------- TREATMNT=NAIL ---- ———— ——————e

MAXLOAL 1776.0 1564.0 2000.0 179.8 10,1
DEFMAXLD 0.7 0.6 0.8 0.1 12.2

—————————————————————————————— TREATMNT=NAILGLUE ———— ————————e

MAXLOALD 4346.3 3850.0 4650.0 368.2 8.5
DEFMAXLD 2 0.2 0.2 1
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RAW DATA for STATIC LOAL ON PALLET CORNER TEST

OES JOINTNUM TREATMNT MAXLOAD DEFMAXLD SUSLOAD SUSDEF QUASIMOD

1 2 NAIL 1800 0.707 1800 0,707 10100
2 4 NAIL 1740 0.850 1740 0.850 7300
3 é NAIL 2000 0.640 2000 0.640 5680
4 8 NAIL 1564 0,777 1564 0.777 11630
S 2 GLUE 3225 0.110 3225 0.110 28500
) 4 GLUE 3430 0.133 3430 0.133 25000
7 -3 GLUE 3125 0,096 3125 0,096 34500
8 8 GLUE 2140 0.090 2140 0.090 20600
E4 2 NAILGLUE 4650 0.185 2835 0.358 36400
10 4 NAILGLUE 4600 0.217 2850 0.456 27800
11 ) NAILGLUE 4283 0.188 2500 0.358 21300
12 8 NAILGLUE 3850 0,153 2760 0.443 27800



APPENDIX G

ANOVA Procedure for Rotation Modulus

Mean Statistics Rotation Modulus Adjusted Stringer Width

Raw Data - Rotation Modulus
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DEFENDENT VARIARLE?

SOURCE

MODEL

ERROR

CORRECTED TOTAL

R-SQUARE

0.857066

SOURCE

TREATMNT

SOURCE

TREATMNT

DUNCAN’S MULTIPLE RANGE TEST

88

ANOVA PROCEDURE for ROTATION MODULUS

CLASS

TREATMNT

LEVELS VALUES

3 GLUE NAIL NAILGLU

NUMBER OF ORSERVATIONS IN DATA SET = 24

IF

8]

C.V.

21.3461

DF

r

DF

[

ROTATION MODULUS

SUM OF SQUARES
13531207096.333329
2256610742.625006

15787817838.958334

ROOT MSE
10366.178390

TYPE I SS

13531207096.333329

TYPE III SS

13531207096.333329

FOR VARIAELE:?

MEAN SQUARE
6765603548.166664

107457654.410715

ROTATION MODULUS
MEAN

48562.29166667

F VALUE PR = F

62.96 0.0001

F VALUE PR = F

62.96 0.0001

ROTATION MODULUS

MEANS WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

ALFHA=0,0S

NUNCAN GROUFING
A
A
A
B

MEAN N  TREATMNT
69364 8 NAILGLU
60990 8 GLUE
18332 8 NAIL

F VALUE
62.96
PR = F

0.0001
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ROTATION MODULUS MEAN STATISTICS ADJUSTED STRINGER WIDTH

VARIAERLE MEAN MINIMUM MAXTIMUM STANDARD C.V.
VALUE VALUE DEVIATION

———————————————————————————————— TREATMNT=GLUE ---

ROTATION 60990, 4 48006.0 78706.0 11834.4 19.4
MODIULUS
——————— - -- TREATMNT=NAIL —————
ROTATION 15332.4 9535.0 27924.0 6052, 4 39.5
MODULUS

———————————— --- TREATMNT=NAILGLU ——————-

ROTATION 69364.1 55500.0 89742.0 12070.2 17.4
MODULUS



ROTATION MODULUS RAW DATA ADJUSTED STRINGER WIDNTH

OES JOINT TREATMENT ROTATION MAXIMUM DEFLECTION SUSTAINED SUSTAINELD

NUMBER MODULUS LOAD AT MAX LOAD LOAD
1 1NN NAIL 27924 . . 342 0.9
2 2NN NAIL 19093 . . 219 0.5
3 3NN NAIL 13582 . . 188 0.5
4 4NN NAIL 10076 . . 182 0.5
S SNN NAIL 11284 . . 196 0.5
6 4NN NAIL 953S . ' 210 0.5
7 7NN NAIL 14376 . . 198 0.9
8 8NN NAIL 16789 . . 205 0.9
9 1GG GLUE 75016 145 0,064 . .
10 266 GLUE 78706 213 0.070 . .
11 3GG6 GLUE 58500 325 0.206 . .
12 4GG GLUE 51071 345 0.17S . .
13 566 GLUE 468989 291 0.130 . .
14 4GG GLUE 50269 210 0.124 . .
S 7GG GLUE 48006 229 0.122 . .
16 8GG GLUE 60770 262 0.121 . .
17 1NG NAILGLU 84976 378 0.140 179 0.5
18 2NG NAILGLU 65766 238 0.116 188 0.5
19 3NG NAILGLU 55500 206 0,095 138 0.5
20 4NG NAILGLU 57494 398 0.185 263 0.5
21 SNG NAILGLU 67145 379 0.154 263 0.5
22 6NG NAILGLU 67145 355 0.157 269 0.5
23 7NG NAILGLU 89742 296 0.148 263 0.5
24 8NG NAILGLU 67145 300 0.138 265 0.9



APPENDIX H

Data from Impact Load Test
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Raw Data for Impact Load on Corner Test
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