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ABSTRACT
Loblolly pine three-ply plywood was manufactured from veneer obtained from

silviculturally different stands. Panels from each site were assembled with four different
veneer grade arrangements and tested in wet and dry conditions. Stiffness properties in
both the wet and dry conditions and strength properties in the dry condition were all
significantly affected by silvicultural practice; veneer grade arrangement also showed
significant differences. Shear strength and bending properties (MaR and MaE) were
most favorable with panels manufactured from all A-grade veneer (AAA). Strength
properties were found to be very similar between panels manufactured with A-grade
veneer on one face and C-grade veneer on the other face and in the core (ACC), and
A-grade veneer on both faces and C grade veneer in the core (ACA).

the effect of veneer quality and moisture
content (MC) on the compressive, but not
on bending, properties of SYP plywood
and found a significant increase in com-
pressive strength of three-ply SYP ply-
wood by improving the grades of the face
veneers from C and D to B.

The objectives of this research were to
1) determine the effect of silvicultural

practices on SYP plywood strength prop-
erties; 2) evaluate the effect of different
veneer grMes within a panel; and 3) ex-
amine the effect of moisture level on

bending properties.
MATERIALS AND METHODS

A detailed description of the veneer
and the ~ocessing methods is described
by Shupe et al. (II) and the stands by
Baker and Bishop (3). A brief summary
is presented here. Five representative
trees, each from five silviculturally dif-
ferent loblolly pine (Pinus taeda L.)
st,ands growing near Crossett, Ark., were
harvested and bucked into peeler bolts.
Three of the silvicultural regimes were
even-aged and consisted of stand I (sud-
den sawlog), stand 2 (conventional), and
stand 3 (natural regeneration). The un-
even-aged stand investigated was subdi-
vided into two tree age classes: stand 4
(single tree selection) and stand 5 (crop

trees).
Full size (54- by 98-in.) loblolly pine
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Southern yellow pine (SYP) ply-
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wood is an accepted building material and

is used in numerous structural and non-

structural applications. With the inevita-

ble increase in world population. SYP

plywood production will need to continue
to become more efficient. Numerous in-

vestigations have been conducted to im-

prove the quality of this wood composite

panel. Many have focused on improving
plywood adhesives and hot-pressing

technology.
Research addressing the effect of

silvicultural practice on SYP plywood is

sparse. MacPeak et al. (8) found that ply-
wood manufactured from veneer cut

from fast-grown trees (20 to 25 years old)
had mechanical properties that were mar-

ginal in terms of stiffness and modulus of

elasticity and reduced for bending
strength. Research addressing the effect
of different veneer grades within the

panel is also sparse for SYP bending
properties. Biblis and Lee (4) reported on



A-grade veneer on one face only and
C-grade veneer on the other face and core
(ACC); and 4) A-grade veneer on each
face and C-grade veneer in the core
(ACA). Four panels (21 in. by 21 in.)
were manufactured for each specific ve-
neer layup from each of the five stands.
Phenol-formaldehyde resin (43% solids)
was spread at 75 pounds per I ,(xx) ft! of
double glueline and the veneers were im-

mediately assembled into three-ply pan-
els with the tight side facing out on each
face veneer. The open assembly time was
minimal in order to resemble full-size
plant manuf.:turing conditions. After
sandwich assembly, panels were
prepressed for 25 minutes at 10 psi. Pan-
els were then hot-pressed for 2 minutes at
a p1aten temperature of 285°P and 175
psi. As the panels were removed, they

A- and C-grade, 1/8-inch-thick veneer
sheets from each stand were randomly
selected and a 21-in! piece was cut with
the grain parallel in one direction. The
veneer had been commercially dried to 6
to 8 percent MC. Three-ply plywood
panels were produced from veneer from
each stand with four different layups.
The layups were: I) all A-grade veneer
(AAA); 2) all C-grade veneer (CCC); 3)

TABLE J. - M- mechanical and r southern' slolldf acco . to OtIr tems."

Dry oondition Wet condition
(40.. RHo Ilo-F) (24-hr. water SOIk)

Stand- SO SO Thickness Widdl
layupb L.-wood (M~) MOR MOB ~ MOB (M~) .we11swell

(") (psi) (x If! a-i) . (pi) (x Ict a-i) - - - - . . . - (") - - - - - - --
l-MA fiJ.19 0.70 15,650 2.46 5,373 1.49 0.70 13.54 1:42

(9.67)" (7.36) (1.97) (1.20) (0.86) (1.15) (36.21) (1.29) (1.33)
1-'CCC 77.08 0.66 10,841 1.87 4,087 U5 0.65 12.14 1.19

(1.5S) (7.28) (2.57) (1.72) (1.25) (1.88) (36.29) (1.32) (5.67)
l-ACA 49.76 0.69 13,104 2.12 4,913 1.21 0.67 14.78 1.30

(1.91) (7.26) (1.16) (1.1~) (1.00) (1.13) (38.27) (1.25) (1.82)
I-ACC 52.58 0.64 13,104 2.07 4,274 1.00 0.61 14.94 1.40

(2.23) (7.97) (1.76) (1.60) (2.51) (1.30) (31.19) (3.53) (4.28)
2-MA 65.34 0.69 15,900 2.57 5,163 1.46 0.69 13.SS .1.7S

(4.30) (8.38) (0.15) (0.77) (0.69) (1.07) (35.33) (0.53) (1.33)
2-'CCC 46.83 0.68 13,563 .2.22 4,806 1.23 0.67 15.65 I.M)

(13.45) (8.16) (1.38) (1.32) (1.43) (1.22) (36.53) (1.25) (1.27)
2.ACA 41.31 0.68 14,312 2.41 4,678 1.39 0.68 17.98 1.97

(10.59) (8.69) (1.34) (0.87) (2.64) (1.21) (37.48) (4.80) (I.2S)
1-ACC S9.08 0.69 11,256 2.35 4,698 1.34 0.67 14.36 1.63

(9.64) (8.33) (2.34) (0.8S) (0.81) (1.84) (34.45) (1.48) (1.98)
3--AAA 56.01 0.69 14,126 1.35 5,158 1.41 0.70 12.28 1.31

(1.19) (8.34) (1.27) (0.50) (0.86) (1.30) (35.27) (1.71) (1.44)
3-CCC 60.84 0.61 9,879 1.74 4,610 1.18 0.61 11.50 1.26

(2.98) (8.19) (2.99) (I.SO) (1.96) (1.37) (38.26) (1.51) (2.18)
MCA 61.10 0.66 14,902 2.31 5,161 1.51 0.63 11.14 1.44

(2.98) (8.00) (0.93) (0.53) (1.14) (I.SS) (40.27) (1.38) (2.94)
3.ACC 63.83 0.61 11,610 1.99 4,619 1.14 0.63 11.14 1.44

(1.70) (8.19) (2.49) (1.42) (2.29) (1.07) (38.27) (1.38) (2.94)
4-MA 69.71 0.70 13,139 1.00 6,269 1.65 0.71 8.94 1.91

(S.19) (7.49) (2.10) (1.78) (1.57) (1.98) (38.41) (1.89) (1.61)
4-CCC 43.30 0.66 9,691 I.SS 5,148 1.43 0.61 11.40 1.99

(3.92) (7.45) (2.08) (1.30) (1.66) (1.59) (36.26) (1.21) (1.70)
4-ACA 67.48 0.11 14,375 2.34 5,661 1.58 0.69 9.53 1.96

(2.07) (7.13) (1.49) (1.35) (1.22) (1.43) (37.40) (I.SS) (1.38)
4-ACC 62.15 0.11 11,17S 1.21 S,748 1.66 0.70 9.17 1.84

(S.08) (7.s8) (3.04) (0.93) (1.97) (1.65) (39.44) (1.36) (2.41)
S-MA 59.10 0.69 14,853 2.34 S,342 1.51 0.68 10.84 I.M)

(2.11) (7.78) (1.31) (0.91) (0.94) (1.03) (35.34) (1.37) (I.M)
S-'CCC 61.59 0.60 10,9S1 1.66 4,703 1.24 0.61 9.16 1.60

(4.0S) (7.$4) (1.16) (I.OS) (1.38) (1.19) (31.18) (1.03) (1.74)
S-ACA 56.53 0.60 10,290 1.78 5,788 1.26 0.73 10.61 1.19

(2.29) (7.96) (6.98) (4.90) (0.65) (1..9) (38.35) (1.96) (4.05)
S-ACC 48.64 0.61 11,254 1.72 4,691 1.29 0.61 8.fiJ 1.39

(7.10) (7.74) (1.35) (0.73) (1.03) (1.93) (39.40) I.S8 2.10

"Latewood and SO values ~present the ~ of 3 samples, all odIer values represent the ~ of 12 samples.
b Sland 1 = sudden sawlog; sland 2 = conventional; stand J = natunll ~genen1tion; stand 4 = single ~ selection; stand 5 s crop trees.
c Val~ in paIa1t1Icses - coefficients of variation ("), except for SO colunVl, whe~ values in parentheses- the percent MC.
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computer algorithm to determine the per-
centage of black (Iatewood) and white
(earlywood) in the image.

Static bending tests were centrally
loaded and conducted over an IS-inch
span with a crosshead speed of 0.19
inch/minute using a computer-driven
software p~kage on an lnstron testing
machine with an MTS upgrade. All sam-
ples were symmetric with respect to ve-
neer grade arrangement except ACC. The
ACC samples were consistently tested
with the A-grade veneer on the compres-
sion side and the C-grade veneer on the
tension side during the bending tests for
uniformity. The software package al-
lowed for data to be downloaded and
analyzed using a factorial analysis on
SAS (10). Tukey's Honest Significant
Difference test was employed to deter-
mi~ signif1CalM:e between means.

released, the samples continued to soak
for 15 hours at atmospheric pressure. The
boil-dry-boil samples were boiled in
water for 4 hours and then dried for 20
hours at 145:t 5°F and then boiled again
for 4 hours and cooled in water. The ~-
uum-pressure samples were subjected to
25 inches of Hg for 30 minutes, then 65 to
70 psi pressure for 30 minutes (1).

At the conclusion of shear testing, all
samples were ovendried and the percent-
age of wood failure was visually esti-
mated. From eoch stand, three shear sam-
ples were randomly selected and cut to
0.25-inch lengths. The widths and thick-
nesses remained approximately 1 inch
and 0.375 inch, respectively. These sam-
ples were sanded on the ends (1- in. by
0.375-in. faces) and placed on a Hewlett-
Packard ScanJet IIc/ADF image scanner,
which produced a digitized block and
white image that was b'ansfen-ed to a

Factorial analysis of mtJdlllIU of ruptuN (MOR) and nwdIIllU of elasticity (MOE) of Ihrte-plyTABLE 2.

were placed in a hot-stack box where
they remained overnight. Most panels
were compressed to a thickness near
5/16-inch (.3125 in.).

Panels were edged to 19-in: dimen-
sions. Six bending specimens (I in. by 19
in.) were cut from each panel. The re-
maining portion of each panel was cut
into shear samples (1 in. by 3.25 in.) (1).
All bending samples were conditioned to
the nominal MC of 7.2 percent at 40
percent RH and 100oP in an Aminco
chamber. Prom each panel, three bending
specimens were tested at approximately
7 percent MC, and three were tested in a
wet condition (after a 24-hr. water-soak)
(2). The width and thickness of all sam-
ples were measured at three approxi-
mately evenly spaced locations with a
digital caliper to the nearest 0.0001 inch.
The average of these three measurements
was used for subsequent mechanical and
physical property determination. The 24-
hour soak bending samples were meas-
ured before and after soaking to deter-
mine width and thickness swell.
Swelling was determined as a percentage
of dimension increase from the original
dry dimensions (7% MC).

We tested 390 shear specimens for
each stand. One third of the shear sam-
ples from each stand were allocated to
one of three shear tests and all were
tested wet The vacuum-soak samples
were placed in a pressure vessel and sub-
merged in water at 120oP with a vacuum
of 15 inches ofHg. After the vacuum was

Stand (site) 4 0.1639 0.(XX)2*" 0.0IS2" 0.0027**
Layup 3 0.0031** O.OOOS** 0.0063** 0.0036**

12 __~0096** 0.7218 0.(XX)2~ 0.0110*

TABLE J. - Basic JicGl and mtChoIIicul ctRlditim and MOR and MOE IedllcIiM ill tM wet conditiOll Me- 1obIol .
Dry condition Wet coIKIition

(4olJ, RHo llOOF) (24-hr. w~ soak)

Thickness Width
Stand' Latewood MCC SO' MOR MOB MC MOR ~OE swell swell

~- - - - - - - - - ("') . - - - - - - (psi) (x 10' ..i) ("') <.-i) (x IO'~) - - - - - - - - ("') - - -. - - --
I 57.1S" 7.2 0.67 13,2O'lAB' 2.138 28.8 4.6928 1.22C 13.99 A 1.60A

(2.15) (0.53) (0.40) (0.41) (0.45) (0.49) (0.98)
2 53.14 7.3 0.68 14.008 A 2.39 A 28.9 4.8368 1.368 15.46 A 1.58A

(2.54) (0.41) (0.26) (0.39) (0.37) (0.75) (0.38)
3 60.72 7.3 0.65 12.6328 2.108 30.0 4.8918 1.34 BC 12.04 8 1.54A

(0.70) (0.56) (0.35) (0.43) (0.41) (0.35) (0.61)
4 60.81 7.. 0.69 12.I20A 2.108 27.7 5.7~A 1.S8A 9.79C 1.52A

(1.76) (0.61) (0.38) (0.42) (0.36) (0.51) (0.43)
5 56.86 7.7 0.63 11.8278 1.86C 26.1 4.9278 1.388 9.62C 1.58A
- (1.19) (0.68) (0.56) (0.32) (0.36) (0.4~) (0.60)

. Latewood, Mc, and SO values ~nt the mean of 12 samples; all o~ values ~plaent die - of 96 samples.
b Stand I = sudden sawlog; stand 2 = conventional; stand 3 = natural.egeneration; stand 4 = single tlee selection; sIDfKI 5 = crop ~

. Moistu.e content ("') ovendry basis.
d Specific gravity based on volulM and weight at 40 percent RH and 110°F.
e Values in parentheses ale coefficients of variation (%).
r Means followed by die Slime capital letter ale not significantly different (Tukey test).
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RESULTS AND DISCUSSION

BENDING PROPERTIES:
SILVICULTURAL EFFECTS

Mean mechanical and physical values
for all different stand and layup combina-
tions are given in Table 1. The results of
the factorial analyses of the bending
strength data are summarized in Table 2.
The stand effect is a significant source of
variation for modulus of rupture (MOR)
and modulus of elasticity (MOE) of the
wet samples and for the MOE of dry
samples. The moduli in both wet and dry
conditions were significantly affected by
the layup of veneer grades in the panels.

Significant differences in mechanical
properties attributable to the stand effect
were anticipated due to the heterogeneity
of the five silvicultural strategies em-
ployedon each of the five stands and the
differing stand ages. The mean latewood
percentage from the five stands ranged
from 53 to 61 percent and seems not to be
influential for mechanical properties
(Table 3).

in tenns ofTukey groupings. The sudden
saw log silvicultural method was de-
signed to produce sawlog-size logs as
rapidly as possible. However, it appears
that while the quantity of timber is rela-
tively high for stand 1 (sudden sawlog)
(basal area = 90 ft!/acre), the quality of
plywood from this stand and quantity of
timber is less than that of stand 2 (con-
ventional) (basal area = 118 ft!/acre). It
is known that f~tors such as knottiness,
stem taper, growth rate, and percentage
of juvenile wood should have similar det-
rimental effects on both lumber and ply-
wood properties. Therefore, the lumber
quality of stand 1 (sudden sawlog) is
questionable given the plywood results.
Further study toward this end is neces-

sary.
~ live crown region is the percentage

of the total length of the stem that is
covered by live branches. This region is
critical for both lumber and veneer be-
cause wood obtained from this region is
knotty and not as strong as defect-free
wood. Also, since wood from this region
is near the photosynthetically ~tive live
crown, its properties are detrimentally
influenced more than wood from lower
on the bole. The increase in specific grav-
ity from pith to bark is slower and levels
out later in the upper bole than in the
lower 2 m of the bole (9). Data by Groom
and Mullins (6) indicates that all of the
veneer from stand 1 (sudden sawlog)
came from outside the live crown area.
Fifty-six percent of the total tree height of
the harvested trees from stand 1 is in the
live crown area (Table 4). Given our
knowledge of the live crown effect on

Stand 2 (conventional) gave the high-
est dry MOR (14,008 psi) and was sig-
nificantly superior for MOE in the dry
condition. This finding is important in
that a conventional SYP stand, which
was managed for lumber production,
yielded plywood MOR that was 6 and 10
percent higher, respectively, than stand 1
(sudden sawlog) and stand 3 (natural re-
generation). The sudden sawlog silvicul-
tural method is considered advantageous
for rapidly producing sawlogs, but ap-
pears less favorable for plywood. There-
fore, due to the favorable performance of
the conventional stand, our finding sug-
gests that foresters will not n~ to segre-
gate stands for either end product (lum-
ber or plywood), but simply continue to
manage in a traditional manner and pr0-
duce whatever product is most economi-
cally advantageous at harvest.

Stand 1 (sudden sawlog) (13,202 psi)
and stand 3 (natural regeneration)
(12,632 psi) were not significantly differ-
ent from stand 2 (conventional) for MOR

TABLE 4. - BlUic site infol'lllUlion mean values of 1M Jiw harvested 1OO1oIl'y pine trees from 1M Jive

stands RrowiIIR near C1V$$en. AIt. . - - .
Basal Si~ Liw

~18nd Age Hci~ DBM- area iJKIex. crown ~o-

(yr.) (ft.) (in.) (ft. 1/~) ("')
I - Sudden sawlog 48 94.2 21.1 90 95 56
2 - Conventional 48 93.8 15.3 118 95 39
3 - Natural 48 98.6 16.4 76 100 39
4 - Single tree 49 88.6 16.4 72 B9 55
5-Croptree 79 110.2 24.7 42 91 ~. DBH = di_ter at breast heigh!.

b Uve ClOwn ratio = (length oftive crown/tolal.length ofl(ec) x 100.

a
TABLE 5. - MOR and MOE at tWO moirtlln levels and our veneer

Dry condition Wet condition
(404 RH. Ilo-F> (24-hr. wiler-soak)

Thickl.s Wtddl
Layup MC SO' MOR ~ ~MOR M~E ~I._. swell

(") <.-i) (x 1f1 pi) (~) (psi) (x 1f1 psi) - - - - - - - - (") - . - . - - - -
AAA 7.1 0.69 14.734A4 2.34 A 28.1 5.471 A I.SOA I 1.88 AB 1.6SA

(0.76)" (0.68) (0.91) (0.87) (1.23) (1.98)
ccr 1.2 0.66 13.492B 1.87C 21.1 4.68IB 1.25B I 2.40 AB 1.61 A

(0.74) (0.76) (0.68) (0.79) (0.98) (1.69)
ACA 7.2 0.69 I 1.902 A 2.20AB ~.a S.~A8 1.44A 13.09 A 1.62 A

(0.91) (0.76) (0.94) (0.67) (1.23) (1.12)
ACC 7.7 0.61 10.9878 2.018 %t.6 4,8228 1.318 .l1.6IB I.S4A

0.99 (0.79) 0.68 0.79 1.11 1.43

a Each value represenlS the mean of 96 samples.
b Moisture content (%) ovendry basis.
C Specific gravity based on volulM and weight at 40-.. RH and I lOoP.
d Means followed by the salM capilailetter ~ not significantly different (Tukey test).
e Values in ~ntheses ~ coefficienlS of variation (%).
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TABLE 6. - F,8"~ct r.f silllicllllllral prtlctic~ 011

ltlblnliy piM plywood sh~ar .ftrrngth and pe~nt.
ag~ r.f WOtId fail/lrr as d~t~mIiMd by thrr~ t~st
t~.'

TABLE 7. - Flect ~ fOIl' diffemll _e, lQJIIP
pattenu and thrwe kit trwatllWnts onlobloliy pine
plYWOtJd IM4r ItIaRt/l and WtH:Ni fDihue.& -

Va:uatn-YKuum-BoiI-
Layup ~ ~ ciry-OOil

ij8) AM 291.83 286.04 246.98

(65.81f (70.72) (68.93)
CCC 266.26 263.47 234.03

(73.13) (75.49) (75.61)
ACA :M3.22 2.11.14 241.84

(81.03) (76.86) (76.86)
ACC 260..59 264.40 245.26

(69.00) (68.10) (68.55). Bach value ~nIs die ~ of 162 samples.

No significant di~ by die Tukcy at were
observed ~prding shear s~ or wood
failure between the layups for a particular
treatment.

b Values in parenti-. are wocMi failure (").

V8:uam-Vll:vum-BoiJ-
Sra.J' IOak ~ cky-boil

~) 1 272.7 243.7 232.2

(66.3)" (66.8) (70.6)
2 ~.9 250.4 236.2

(72.4) (77 .8) (72.S)
3 ~.5 269.4 246.3

(67.9) (62.9) (65.7)
4 274.5 271.7 243.0

(77.9) (77.1) (74.9)
S 273.4 286.8 248.8

(76.6) (7S.6) (76.0)
. Each val. ~ts die - of 130 samples.

No significant differences by die They testwe~
~ between die stands JeprdiJIg sheIr
~ or wood failUR.f« a IJIIticu1Ir heM-
~l

h Stand 1 = sudden sawtoa; stand 2 = conven-
tiODlJ; stII.t 3 = nIturaI ~Flaation; stand 4 =
sinsle ~ seledion; stand S = crop u-.

C VDlIIeS in pumdlCSes are wood fBitUR (-").
pears to be minimal. The highest shear
strength was obtained with AAA. The
other three layu~ showed very little dif-
felence in mean shear strength retention.
The AAA panels yielded the most favor-
able results bec!W...ce of the different proc-
essing of A- and C-~ veneer. These
tests were done on clear specimens. but
clear wood from C-grade veneer has a
high frequency of knots in the full-size
54- by 98-inch sheets.

It is interesting to note that similar
shear properties can be obtained with a
single A-grade veneer on one face
(ACC) as compared to A-grade veneer
on both faces (ACA) (Table 7). In fact.
the ACC panels gave slightly higher
mean shear strengths for two (vacuum-
pressure and boil) of the three treat-
ments.

stands f(X" bending MOR and MOE de-
tennination in the wet condition: AAA >
ACA > ACC > CCC. This pattern held
consistent f(X" most. but not all, of the
stands. In short, as the number of A grade
veneer in the panel decreases, bending
properties will diminish. The AAA group
was 8,19, and 25 percent greater in MOR
than CCC, ACA, and ACC, respectively.
Similarly, AAA was 6, 12, and 20 percent
gyeater in MOE than CCC, ACA, and
ACC. respectively.

It is interesting to note that the MOR
reduction in the wet condition for the
four different veneer grade arrangements
ranged from 60 to 63 percent, and the
MOE reduction was much less (33% to
37%). It has previously been shown that
of the elastic constants, Young's mooulus
along the grain is the least sensitive to
MC (7).

SHEAR STRENGTH

Table 6 indicates little difference in
mean shear strength between the stands
for a particular shear test treatmenL In
general, the vacuum-soak specimens
showed the highest mean shear strength
retention and the boiled specimens h.s
the lowesL The percentage of wood fail-
ure was not affected by the type of shear
test performed or the stand effecL

The effect of different veneer layup
patterns on shear strength retention ap-

CONCLUSIONS

Based upon this research, it appears
that three-ply, southern pine plywood
bending and shear properties are signifi-
cantly affected by silvicultural practices.
The 8n'ange~nt of the veneer grades
within the panel greatly affects bending
properties. Plywood manufactured with
all A-grade veneer gave the most favor-
able results for mechanical propeI1ies.
Plywood with one A-grade veneer on one
face (ACC) showed similar mechanical
pI~es as plywood with A-gnKie ve-
neer on both faces (ACA).

Since bending and shear properties are
similar between ACA and ACC, a possi-
ble financial gain may be achieved by
pl~ing an A-grade veneer on only one

wood properties, the fact that stand 2
(conventional) outperforme.d stand I
(sudden sawlog) is surprising.

The stands displayed a similar pattern
for MOE as was shown for MaR. Stand
2 (conventional) (2.39 x Iff' psi) was
significantly superior to stands I (sudden
sawlog), 3 (natural regeneration), 4 (sin-
gle b'ee selection), and 5 (crop trees) by
II, 12, 12. aid 22 pen:ent, respectively.
MOE is largely governed by anatomical
properties, such as fibril angle, rather
than defects, such as knots (7). It was our
intention to randomly select veneer from
various trees, peeler bolts, and locations
within the bolts for each stand for panel
fabrication. This would allow the panels
from each stand to be more repre-
sentative of a particular stand and differ-
ences between stands to be attriootable to
the stands rather than bias sampling from
specific peeler bolts or zones within a
bolt

Our finding concerning MaE is sig-
nificant because Shupe et aI. (II) also did
not observe significant differences in
MaE of 13-ply, SYP laminated veneer
lumber. That study by Shupe et aI. (II)
used veneer from the same source as this
study and veneer was also selected simi-
larly - based only on veneer grlM:le and
staOO. It was speculated by the authors
that a random veneer selection for a par-
ticular stand would consequently contain
veneer of various fibril angles, and detec-
tion of significant MaE differences be-
tween stands for LVL would be hindered
by the inherent variation of anatomical
properties within the stands, which
largely govern MaE.

BENDING PROPERTIES:
VENEER GRADE LAYUP EFFECTS

With regard to veneer grade placement
in a panel, our results indicate that MOR
is highest for the dry samples when A-
grade veneers are on both faces of the
panel (Table 5). There was no significant
difference for MOR between AAA
(14,734 psi) and ACA (11,902 psi). As
with MOR, there was no significant dif-
ference in MOE between AAA (2.34 x
Iff' psi) and ACA (2.20 x lot' psi). How-
ever, contrary to the MOR findings, the
difference in MOE between ACA aid
ACC was not significant ACA did not
significantly differ from ACC (2.07 x Iff'
psi).

The effect of MC on mechanical prop-
erties of plywood is shown in 18bIe S. The
foUowing pattern was displayed by the
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don. 1987. A mill study on d1e quality, yield.
and mechanical propel1ies of plywood IX'O-
duced from fast-grown loblolly pine. Forest
PrOd. J. 37(2):51-56.

9. Megraw. R.A. 1985. Wood quality factors
in loblolly pine - The influence of tree age.
position in tree and cultural practice on
wood specific gravity. fiber length. and
fibril angle. Tappi Press. Atlanta, Ga. 88

pp.
10. SAS InstiWte, Inc. 1989. SAS/STAT Users

guide. V~ion 6, 4th ed., Vol. 2. Cary, N.C.
846 pp.

II.Shupe, T.F., C.Y. Hse. L.H. Groom,
and E.T. Choong. 1997. Effect of
silvicultural practice and veneer grade
layup on some mechanical properties
of loblolly pine L VL. Forest Prod. J.

47(9):63-69.

face of the panel. instead of both faces.
Further research on other mechanical and
physical properties is recommended to
better determine the magnitude of any

financial gain.
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