
T.F. Shupe et al.: Effect of Silvicultural Practice on Particleboard and Fiberboard 215

Holzforschung
53 (1999)215-222

Effect of Silviculttiral  Practice and Wood Type on Loblolly Pine
Particleboard and Medium Density Fiberboard Properties
By Todd E Shupe’,  Chung Y. Hse’,  Elvin T. Choong3,  and Leslie H. Groom’
’ Louisiana Cooperative Extension Service, Louisiana State University Agricultural Center, Baton Rouge. LA, USA

’ USDA Forest Service, Southern Research Station, Pineville, LA, USA
3 School of Forestry, Wildlife. and Fisheries. Louisiana State University Agricultural Center, Baton Rouge, LA, USA

Fiberboard
Innerwood
Internal bond
Loblolly pine
Modulus of elasticity
Modulus of rupture
Outerwood
Particleboard

Summary
The objective of this study was to determine the effect of five different silviculturai  strategies and wood
type on mechanical and physical properties of loblolly pine (Pinus  raedu  L.) particleboard and
fiberboard. The furnish was prepared in an unconventional manner from innerwood and outerwood
veneer for each stand. Modulus of rupture (MOR)  differences between the stands were insignificant for
particleboard. Some significant modulus of elastisity  (MOE) differences existed between the stands for
particleboard and fiberboard. Differences between the wood types were minimal for each stand.
Innerwood yielded higher mean MOR, MOE, and internal bond (IB) values than outerwood for most
of the stands. The differences between the stand and wood types for 2 and 24 h thickness swell and 2
and 24h water adsorption were very minimai.  This research has shown that innerwood can produce
particleboard and fiberboard panels with very comparable mechanicaf  and physical properties to
outerwood. The effect of the silvicultural strategy (i.e., stand) was minimal for most properties.

Introduction

The literature is voluminous in describing the effects of
silvicultural practice on anatomical, mechanical. chemical,
and physical properties of southern pine wood. Numerous
studies have shown the detrimental effect of juvenile
wood on lumber, paper,  and plywood. The current state of
knowledge relating pine heartwood furnish and binders for
particleboard has been summarized by Dix and Roffael
( 1997 a). A series of investigations has addressed the
gluability of Douglas-fir (Pseudotsuga  menziesii (Mirb.)
France)  hearhvood  a n d  sapwood  (Delis  ef a l .  1994a,
1994b;  Lelis and Roffael 1995). However, little research
has been conducted to evaluate the effect of silvicultural
practice on particleboard or fiberboard.

As the  demand for wood continues to increase, the
production of wood-based composites wil l  l ikely increase.
Particleboard and fiberboard are two wood-based compo-
si tes  that  can be  produced from trees much too small  for
lumber.  Pugel  et  al .  (1989a, 1989 b)  conducted studies on
composites from. southern pine juvenile wood and be-
lieved the effect  of  juvenile wood on composites should
be evaluated not  only in terms of  problems but  in  terms
of the potential  for  using this  type of  furnish to produce
economical,  effective,  and possibly,  new products.  Also,
regardless if  juvenile wood helps or hinders the perform-
ance of composites, more of it is being used in composites
through the harvesting of fast-grown trees and whole-tree
ut i l izat ion.  The s tudies  by Pugel  e t  al.  (1989a.  1989b) are
some of the few studies that have investigated the effect
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of juvenile wood on particle-based composites such as
particleboard or fiberboard. Dix and Roffael produced
particleboard from heartwood and sapwood  from larch
(Larix  decidua Mill.) (Dix and Roffael 1995) and Scats
pine (Pinus  sylvestris  L.) (Dix and Roffaei 1997 b). Both
studies showed that  the strength propert ies of  heart-wood
and sapwood  boards were found to deteriorate with
increasing tree age. Also, heartwood boards yielded more
favorable physical  property results  (Dix and Roffael  1995,
1997 b).

This  s tudy does not  a t tempt  to  direct ly  determine the
effect of juvenile wood on southern pine particleboard or
fiberboard. Instead our research was designed to address
the increase in plantation-grown Southern yellow pine
(SYP) wood by sampling five silviculhtrally  different
stands. Furthermore, we selected innerwood and outer-
wood from each of the five stands to determine the extent
of wood type differences between and among the stands.
The object ives of  this  s tudy were to determine the  effect
of (i)  silvicukural  strategy and (i i)  wood type (innerwood
or juvenile wood and outerwood or mature wood) on the
mechanical  and physical  propert ies  of  loblol ly pine part i -
cleboard and fiberboard.

Methods

Furnish preparation
Five representative trees each from five silviculturally different
loblolly pine (Pinus  rueda  L.) stands growing near Crossen,  AR
were harvested and bucked into peeler bolts. All stands are de-
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scribed in detail by Baker and Bishop (1986) and Shupe et 01.
( 1997). Three of the silvicultural  regimes were even-aged and con-
sisted of stand 1  (sudden sawlog).  stand 2 (conventional). and stand
3 (natural regeneration). The sudden sawlog and conventional
stands were the only true plantations included in the study. The
uneven-aged stand investigated was subdivided into two tree age
classes. i.e. stand 4 (single tree selection) and stand 5 (crop trees).

This study was done in conjunction with other veneer-based
studies. Consequently, the bolts were rotary-peeled and clipped by
Hunt Plywood at Pollock. LA to approximately 137cm  x 249cm
at a target thickness of 0.3175cm.  The veneer was coded accord-
ing to stand. tree number, and bolt number as it was peeled. The
veneer was dried commercially to a moisture content (MC) of
6-8 %,  transported to the USDA - Forest Service. Southern Re-
search Station in Pineville. LA. stored in a controlled environment
of 22°C and 36 % relative humidity (RH).  and graded by an APA
- The Engineered Wood Association veneer grader.

Veneer sampling was limited to the bottom two peeler bolts for
all stands. Innerwood was considered the last ten veneer sheets
removed from a peeler bolt. and outerwood was treated as the first
ten sheets peeled from a bolt. All bolts were peeled to a final
diameter of 7.62cm.  Therefore, our innerwood was considered to
be entirely juvenile wood and heartwood, and the outerwood was
clearly in the sapwood  zone.

The selected veneers were passed through a standard lawn and
garden chipper and then subjected to steam for 1 hour. This
material was then ground to particle size in a laboratory disk
refiner. The refiner was adjusted to a narrower clearance and water
was injected to reduce particles to fibers. Excess water from the
fiber slurry was removed via a laboratory vacuum. Fiber was then
dried at 27°C for 24h. Before spraying, fiber  bundles were
separated in the spray drum by the beating action of a propeller
in the bottom of a 1891 drum. Urea formaldehyde resin especially
formulated for particleboard and fiberboard was obtained from

.Borden’s  Co. Alexandria, LA, USA, and was used for both
particleboard and fiberboard fabrication.

Due to laboratory limitations, the methods used to manufacture
particleboard and fiberboard are not truly representative of those
commonly used in industry today. However, since the resin for-
mulation, resin application, and hot-press schedule was similar,
differences observed between groups can be definitively attributed
to the inherent differences in the wood rather than the processing
techniques employed.

P a r t i c l e b o a r d  m a n u f a c t u r e

.

Particles containing a furnish MC of 2.8% were sprayed with a
urea formaldehyde (UF) resin (65 % solids). Resin was applied
at the rate of 6 % solids based on the ovendry  weight of the
wood particles in a 1891 drum equipped with air-injection to
keep the particles in suspension and optimize resin distribution.
No wax was applied. The same drum  blender and resin sprayer
was used to prepare each mat. The drum blender was carefully
cleaned between groups to avoid cross contamination. Panels
were manufactured at a target density of 720kgIm’.  Two panels
were pressed simultaneously with each press cycle. All particle-
board panel types were replicated four times. Mats were hand-
felted  and randomly oriented in a forming box for a target
thickness of Icm. The press schedule was 30 seconds to stops,
reduction of initial pressure after 2 minutes, and gradual relief
of pressure during the last minute of the 5 minute press cycle.
The platen temperature was 221°C. The press schedule was
developed in accordance with recommendations by Borden’s
technical representatives. The resulting panels were lcm by 56
by 8 1 cm. Panels were stacked on edge for 24-hours at 22°C and
36% RH prior to cutting test specimens.

F i b e r b o a r d  m a n u f a c t u r e
Fibers containing a furnish MC of 2.9 % were sprayed with a urea
formaldehyde (UF) resin (65 % solids). Resin was applied using
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a laboratory-scale blade separator/blender. previously reported by
Liang er  trl.  ( 1994). at the rate of 6 % solids based on the ovendry
weight of the wood particles. No wax was applied. The same drum
blender and resin sprayer was used to prepare each mat. Borden
Co. supplied UF  resin that was especially formulated for particle-
board and fiberboard. The same resin was used for both panel
types. The drum blender was carefully cleaned between groups to
avoid cross contamination. Resin was applied in a 189 I drum
equipped with air-injection to keep the fibers in suspension and
optimize resin distribution. Panels were manufactured at a target
density of 704 kg/m’. One panel was pressed for each press cycle.
All fiberboard panel types were replicated four times. Mats were
hand-felted  and randomly oriented in a forming box for a target
thickness of Icm. The press schedule was 30 seconds to stops.
reduction of initial pressure after 2 minutes, and gradual relief of
pressure during the last minute of the 5-minute  press cycle. The
platen temperature was 221 “C. The press schedule was developed
in accordance with recommendations by industry technical repre-
sentatives. The resulting panels were I cm by 56 by 8 I cm. Panels
were stacked on edge for 2Chours  prior to cutting test specimens
at 22 “C  and 36 % RH.

T e s t i n g
Particle and fiber size distributions were determined on a Bauer-
McNett  screen system. Five samples of each group, weighing
1OOg  each. were processed and their results averaged. All the size
classifications were conducted on airdry  material.

For particleboard and fiberboard three static bending spe-
cimens (7.6 x 43.2cm)  were selected from each of the four panel
replications (12 bending specimens for each combination of stand
and wood type). All specimens were stored on stickers for 4 weeks
at 22°C and 36% RH. The procedures for determination of
modulus of elasticity (MOE), modulus of rupture (MOR),  and
internal bond (IB) as prescribed by ASTM D 1037-93 (ASTM
1993a) were followed. Four IB  specimens and one MC-density
specimen were cut from undamaged portions of all the failed
bending specimens. Swelling was determined on a 2 and 24 h.
basis as a percentage of dimension increase from the original dry
dimensions, and water adsorption was determined as the percent-
age of weight gain from the original dry dimensions after 2 and
24h water submersion. Two 15.24cm’  samples were cut from each
panel for thickness swell and water adsorption determinations in
accordance with ASTM D 1037-94 (1993a).  Water soak proper-
ties were measured, even though a sizing agent was not used. to
determine the magnitude of inherent physical property differences
between the different stands and wood types. The software pack-
age used in conjunction with the Instron testing machine allowed
for data to be downloaded and analyzed using a factorial analysis
on SAS (1989). Tukey’s Honest Significant Difference test was
employed to determine significance between means.

Results and Discussion

Particle and fiber  size analysis

The analysis of particle and fiber sizes is presented in
Table 1.  The refining process produced similar  s ize distr i-
butions between the stands for the particles and fibers. More-
over, the size analysis showed minimal differences between
innerwood  and outerwood. Since the size differences within
the particle and fiber category were small, we assumed that
this factor did not influence the panel properties of particle-
board or fiberboard, respectively, appreciably for any stand
or wood type.

The particle and fiber sizes were analyzed using the same
set of screens to illustrate the differences these two particle
types. Therefore, the fibers had low retention on the No. 8
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Table 1. Particle and fiber size analysis of loblolly pine wood composites furnishes

Stand’

Particles( %)’
I 2 3 4 5

Inner’ Outer’ Inner Outer Inner Outer Inn,, Outer Inner Outer

No. 8
No. IO
No. 20
No. 40
No. 60
4.64
P-60
Fibers( 8)’
No. 8
No. IO
No. 20
No. 40
No. 60
P-60

0.72 0.47 0.82 0.68 3.14 0.49 0.79 0.48 0.30 0.35
I .67 I.35 2.53 3.19 7.79 I .68 2.58 2.22 2.15 2.26

65.71 67.26 70.47 73.63 68.46 70.83 72.23 72.38 77.55 69.72
77 me.- 71 3 I .66 20.36 17.48 15.00 19.79 17.19 17.71 15.82 20. I6

4.76 3.13 2.84 2.60 3.91 3.65 3.35 1.89 4.02
5.04 4.50 2.68 2.19 3.02 3.31 3.57 3.86 2.29 3.49

3.02 2.01 1.02 2.65 3.68 3.00 3.02 2.00 2.32 2.03
5.03 4.32 6.32 4.63 4.12 4.11 5.00 4.32 4.85 5.02

I O . 5 1 9.62 11.36 8.63 9.63 11.12 10.65 8.96 9.68 10.52
26.68 29.21 28.65 27.56 25.63 25.64 26.98 27.25 27.00 27.56
26.5 1 27.53 25.32 26.67 27.89 26.98 27.82 29.63 26.32 27.63
28.25 27.59 27.33 29.98 29.00 29.00 27.89 28.11 29.99 28.25

’ Stand 1 = Sudden sawlog.  Stand 2 = Conventional. Stand 3 = Natural regeneration. Stand 4 = Single tree selection. Stand 5 = Crop
trees. ’ Percentage of material retained on Bauer-McNett  screen sizes. P-60 denotes material passing through the No. 60 size screen.
’ Inner = Innerwood,  Outer = Outerwood.

Table 2. Loblolly pine wood panel densities and compaction ratios

Stand’
1 2 3 4 5

Inner’ Outeti Inner Outer Inner Outer Inner Outer Inner Outer

Veneer
Density3 28.75 34.38 29.54 34.57 27.56 33.88 28.69 34.51 29.02 34.07

Particleboard (720 kg/m’)
Moisture content’ 6.0 6.0 5.9 6.1 6.6 6.4 7.5 7.6 1.6 7.5
Panel density (kg/m3)’ 668 676 614 660 65.5 694 673 671 679 660
Compaction ratio 1.44 1.23 1.43 1.19 1.48 1.28 1.46 1.21 1.46 1.21

Fiberboard (704 kg/m’)
Moisture content’ 6.3 6.5 6.5 6.3 6.1 6.1 6.5 6.6 6.6 6.5
Panel density (kg/m’)’ 660 641 628 641 652 695 612 644 663 638
Compaction ratio 1.43 1.16 1.22 1.16 1.48 1.28 1.33 1.16 1.43 1.16

’ Stand 1 t Sudden sawlog.  Stand 2 = Conventional. Stand 3 = Natural regeneration. Stand 4 = Single tree selection. Stand 5 = Cr op trees.
’ Inner = Innerwood, Outer = Outerwood. 3  Density values were obtained in accordance with ASTM D 2395-83 (volume by measurement)
(ASTM 1993 b). ’ Moisture content based on ovendry  conditions after specimens were conditioned on stickers for four weeks at 22°C
and 36 % RH.

screen and a high proportion passing the No. 60 screen. We
emphasize that our results were obtained using laboratory
produced furnishes that were intended mainly to determine
the effect of silvicultural strategy and wood type on basic
mechanical and physical properties. These furnishes are not
necessarily representative of current commercial furnishes.

Panel densities and compaction ratio
The density of the veneer used to produce the furnishes,
density and MC of the panels, and compaction ratios are
presented in Table 2. The panel densities did not greatly
differ between the stands or wood types for either panel

type. It was therefore assumed that panel density was not
significant in interpreting mechanical or physical property
differences between the stands or wood types for either
panel type.

The target densities of 720 and 704kg/m3 were not met
for the particleboard or fiberboard panels, respectively. The
densities were lower by 32 to 64kg/m3 for the particleboard
panels and  16 to 80kgIm’  for the fiberboard panels. These
lower densities were expected due to the tendency of mats
to spread during press closure (Pugel et al. 1989a). Our
density values are acceptable because although the target
densities were not achieved the densities that were obtained
do not greatly differ between the stands or wood types and
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Fig. 1. A Stand comparison of modulus of rupture (MOR)  of
southern pine particleboard and fiberboard from five silvicultu-
rally different stands and two wood types. Note: FB-Inner denotes
fiberboard manufactured from innerwood furnish, FB-Outer
denotes fiberboard manufactured from outerwood furnish, PB-
Inner denotes particleboard manufactured from innerwood furnish,
and PB-Outer denotes particleboard manufactured from outerwood
furnish. q : FB-Inner: a: FB-Outer; 0: PB-Inner; q : PB-Outer.

14

0 FB . Inner ’ FB-outer * PB-1~
Panel  Typ  and Compositioo

Fig. 2. A panel and wood type comparison of modulus of rupture

(MOR) of southern pine particleboard and fiberboard from silvi-
culturally different stands and two wood types. Note: FB-Inner
denotes fiberboard manufactured from innerwood furnish. FB-
Outer denotes fiberboard manufactured from outerwood furnish,
PB-inner denotes particleboard manufactured from innerwood
furnish, and PB-Outher  denotes particleboard manufactured from
outerwood furnish.  q : Sudden Sawlog;  P: Conventional; ID:
Natural Regen.; 8: Single Tree Select; n : Crop Trees.

thus should not contribute to mechanical or physical
property differences.

The compaction ratio was consistently greatly for inner-
wood than outerwood. This held true for both particleboard
and fiberboard manufactured from all five stands (Table 2).
It is generally recognized that a compaction ratio of 1.3 and
greater  is  sufficient  to promote proper bonding (Maloney
1977).  All  panels made from outerwood had a compaction
ratio less than 1.3, and all but one of the innerwood panels
showed a compaction ratio greater than 1.3.  These results

are in agreement with those of Pugel et  al. (1989a) who
found fast-grown wood to have a higher compaction ratio
than mature wood for both particleboard and fiberboard.
The innerwood used for  this  s tudy l ikely displayed faster
growth than wood obtained from the outerwood region.

Mechanical Properties

Modulus of rupture (MOR)
The mean MOR values are presented in Figures 1 and 2.
The higher values for particleboard were expected due to
the larger particle sizes and slightly higher panel densities
than fiberboard.  Statist ically significant differences be-
tween the stands for a given wood type and product are
given in Table 3. There were no significant differences
between the means for particleboard from outerwood
furnish.  For part icleboard innerwood, stand 4 (single tree
selection) was significantly greater than the others.  For
fiberboard, the stands did not significantly differ for either
outerwood or innerwood furnish.

It is interesting to note that stand 2 (conventional) gave
the highest mean value for outerwood particleboard, stand 3
(natural regeneration) the highest mean value for fiberboard
outerwood, stand 4 (single tree selection) the highest mean
value for particleboard innerwood, and stand 5 (crop trees)
yielded the highest mean value for fiberboard innerwood. It
is therefore difficult to extend recommendations that endorse
a particular silvicultural strategy for a particular panel prod-
uct. Moreover, industry practice does ‘not currently separate
innerwood (juvenile) wood and out&wood (mature)
furnishes. However,  if  a stand is harvested at such an age
when the trees are still in the juvenile period of wood pro-
duction, then inferences from the innerwood portion of this
study would be val id.  For a  young stand,  a  s i lvicultural
strategy similar to stand 5 (crop trees) could be beneficial for
strong fiberboard panels and a scheme analogous to stand 3
(natural  regeneration) should be beneficial  for strong par-

Table 3. Comparison of loblolly  pine particleboard and fiber-
board mechanical properties by Tukey’s test for significantly
different means

Stand’-wood tvne Particleboard Fiberboard
MOR MOE IB MOR MOE IB

1 -0utetwood
2-Outerwood
3-Outerwood
4-Outerwood
5-Outerwood
l-Innerwood
2-Innerwood
3-Innerwood
4-Innerwood
S-Innerwood

A2
A
A
A
A
A
A
A
A
A

B
AB
A
AB
B
A
A
A
A
A
-

A
A
A
A
A
A
A
A
A
A

A
A
A
B
B
A
AB
B
B
B

A
A
A
A B
A B
A
B
A
A
A

A
A
A
A
A
A
A
A
A
A

’ Stand 1= Sudden sawlog.  Stand 2 = Conventional. Stand
3 I Natural regeneration. Stand 4 = Single tree selection. Stand
5 = Crop tnzes. ‘Within ei ther  wood  type grouping,  s imi lar
letters no significant difference exists between means for a
particular property. Significant differences were declared at
a = 0.05.
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ticleboard. If a stand is old enough to be producing mature
wood, then recommendations can not be directly drawn from
this study because this study only produced panels from
either innerwood or outerwood and did not use a mixed
furnish. Moreover, most particleboard and fiberboard mills
currently chip trees harvested from’early  thinning operations
comprised almost entirely of juvenile wood or chips and
planer shavings (juvenile and mature wood) from a nearby
sawmill. Nevertheless, if a particular stand is old enough in
which a vast majority of its wood is mature, then inferences

1.4
z9 I.2a
‘2 1.03
2
:

0 . 8

f 0 . 6

0 . 4

2
Stand  Typ

Fig. 3. A stand comparison of modulus of elasticity (MOE) of
southern  pine particleboard and fiberboard from five silvicultu-
rally different stands and two wood types. Note: FB-Inner denotes
fiberboard manufactured from innerwood furnish, FB-Outer
denotes fiberboard manufactured from outerwood furnish, PB-
Inner denotes particleboard manufactured from innerwood furnish,
and PB-Outer denotes particleboard manufactured from outerwood
furnish. a: FB-Inner; q : FB-Outer; 0: PB-Inner; q l: PB-Outer.

PB-lnnr FB-alter PB-lmm PB-Oum
paryi Type and  Cqitioa

Fig. 4. A panel and wood type comparison of modulus of elasticity
(MOE) of southern pine particleboard and fiberboard from five
silviculturally different stands and two wood typles. Note: FB-Inner
denotes fiberboard manufactured from innerwood furnish, FB-
Outer denotes fiberboard manufactured from outerwood furnish,
PB-Inner denotes particleboard manufactured from innerwood fur-
nish, and PB-Outer denotes particleboard manufactured from outer-
wood furnish. n : Sudden Sawlog:  gP:  Conventional: q : Natural
Regen.; 8: Single Tree Select; n : Crop Trees.

can be drawn with the outerwood portion of this study.
Consequently, stand 3 (natural regeneration) and stand 2
(conventional) would seem favorable for strong fiberboard
and particleboard, respectively.

Mean MOE values are presented in Figures 3 and 4. The
decreased particle size for fiberboard did not serve to
greatly decrease the MOE of fiberboard for most of the
stands at a given wood type.

Stand 3 (natural regeneration) yielded the highest mean
values for both outerwood fiberboard and outerwood
particleboard. This stand was significantly .greater than
stand 1 (sudden sawlog) and stand 5 (crop trees) for
outerwood particleboard, but there were no significant
differences for outerwood fiberboard. The stands varied
slightly with regards to innerwood MOE. Particleboard
manufactured from the innerwood furnishes did not signi-
ficantly differ but all stands were significantly greater than
stand 2 (conventional) for innerwood fiberboard. Pugel et
al. (1989a) found particleboard and fiberboard mature
wood panels to be slightly weaker than core wood panels.

Internal bond (IB)
The mean IB values are illustrated in Figures 5 and 6 and
significant differences are shown in Table 3. The low IB
values for fiberboard are indicative of unsatisfactory resin
cure. Although the fiberboard IB values are unacceptable
for most applications, they are still useful in determining
differences between the stands and the wood types. The
resin performed poorly but should have performed equally
poor for all groups.

There were no significant differences detected for the
particleboard or fiberboard IB mean values. Stand 2 gave

0 . 8

3a$ 0.6

I
lo.4

0 . 2

0.0 I 2 3 4 5sand T,,
7

Fig. 5. A stands comparison of internal bond stress (IB) of south-
em pine particleboard and fiberboard from five silviculturally
different stands and two wood types. Note: FB-Inner denotes
fiberboard manufactured from innerwood furnish, FB-Outher
denotes fiberboard manufactured from outerwood furnish. PB-
Inner denotes particleboard manufactured from innerwood furnish.
and PB-Outer denotes particleboard manufactured from outerwood
furnish. a: FB-Inner; q : FB-Outer; 0: PB-Inner: a: PB-Outer.
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0 .  IC

oa
FB - Inner FB - Outer PB - Inner

Panel Typ  and Composltbm
PB oute1

Fig. 6. A panel and wood type comparison of internal bond stress
(IB) of southern pine particleboard and fiberboard from five silvi-
culturally different stands and two wood tyPes.  Note: FB-Inner
denotes fiberboard manufactured from innerwood furnish; FB-
Outer denotes fiberboard manufactured from outerwood  furnish,
PB-Inner denotes particleboard manufactured from innerwood fur-
nish, and PB-Outer denotes particleboard manufactured from outer-
wood furnish.  N:  Sudden Sawlog;  a: Conventional: q : Natural
Regen.;  8: Single Tree Select; n : Crop Trees.

the highest mean for outerwood particleboard, stand 3 the
highest for outerwood fiberboard, stand 4 the highest mean
value for innerwood fiberboard and innerwood particle-
board. Innerwood olitperformed  outerwood for three of the
stands for both panel types. However, the difference be-
tween innerwood and outerwood were small for each stand.

Physical Properties

The mean values
presented together

for 2 and 24h thickness swell are
with the mean values for 2 and 24 h

water adsorption in Figure 7 and significant differences are
shown in Table 4. Stand 4 (single tree. selection) was
significantly the lowest for 2 h. thickness swell for fiber-
board innerwood and also the lowest for particleboard
outerwood, although it was not significantly different from
stand 2 (conventional) or 3 (natural regeneration). Stand 2
(conventional) showed the lowest mean for fiberboard
outerwood and stand 5 (crop trees) the lowest for particle-
board innerwood. A somewhat similar pattern was exhibited
for 24h thickness swell. However. stand 2 (conventional)
was replaced by stand 1 (sudden sawlog)  for the lowest
thickness swell for fiberboard outerwood.

The favorable thickness swell performance of stand I
(single tree selection) can largely be attributed to the
comparatively lower panel densities for both panel types
and wood types from this stand, particularly fiberboard
innerwood and particleboard outerwood (Table 2). It has
been previously shown that a strong relationship exists
between panel density and thickness swell (Maloney 1977).
Also, panels with high qmpaction  ratios have been shown
to produce durable juvenile wood composites but with the
detrimental effect of higher thickness swell (Suchland and
Xu 1989). Wasniewski (1989) showed that Douglas-fir
flakeboard made from juvenile wood had low 24 h thickness
swell due to the higher compaction ratio of this furnish.
Kelly (1977) has shown that greater densification may
restrict moisture from entering a panel and thus allow
minimal swelling.

With regards to both 2 and 24h water  adsorption, stand
3 (natural regeneration) gave the lowest mean values for
fiberboard innerwood and particleboard outerwood, stand 2
(conventional) yielded the lowest mean for fiberboard
outerwood, and stand 5 (crop trees) gave the lowest mean
for particleboard innerwood. There were no significant
differences detected for 2 or 24h water adsorption.

Fig. 7. (a) 2 h thickness swell, (b)  24h thickness swell. (c) ,.9 h water absorption,  (d) 24 h water adsorption of loblolly  pine particleboard
and fiberboard from five silviculturally different stands and fwo wood types.
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Table4. Comparison of loblolly pine particleboard and tiber-
board physical properties by Tukey’s test for signiticantly  different
means

Stand’-wood
we

Particleboard Fiberboard

Zh 21h ‘h 24h Ih 23h 2h 2Jh
TS’ TS WA’  WA TS TS W A  W A

I-Outerwood A’ A A A B B A A
2-Outerwood B AB A A B B A A
3-Outerwood B B A A B B A A
-I-Outerwood  B B A A B B A A
5-Outerwood  A A A A A A A A
I-Innerwood A A A A A A A A
2-Innerwood  B AB A A AB AB A A
3-Innerwood  B AB A A AB AB A A
4-Innerwood  B AB A A C C A A
5-lnnerwood  B B A A A A A A

’ Stand 1 = Sudden sawlog.  Stand 2 = Conventional. Stand
3 = Natural regeneration. Stand 4 = Single tree selection. Stand
5 = Crop trees. ‘TS  = thickness swell. WA = water adsorption.
’ Within either wood type grouping, similar letters indicate no
significant difference exists between means for a particular
property. Significant differences were declared at a = 0.05.

Pugel et al. (1989 b) found that juvenile wood sources can
produce composites that have adequate initial properties and
durability, but inadequate dimensional stability when com-
pared to mature wood composites.  Our study found fiber-
board outerwood to give higher 2 and 24h thickness swell
mean values than fiberboard innerwood for four of the five
stands. Particleboard outerwood gave higher 2 and 24h
thickness swell mean values for 2 of the 5 stands. A reverse
situation was observed for water adsorption. .Fiberboard
outerwood gave higher mean values for only 1 stand for both
2 and 24 h water adsorption. Particleboard outerwood was
higher for 3 stands for both 2 and 24h water adsorption. It
is emphasized that there were very small differences between
the stands oi  wood types for water adsorption.

Conclus ions

This research was initiated to determine the effect of
silvicultural  treatments and wood type on basic mechanical
and physical  propert ies of  loblolly pine part icleboard and
fiberboard. Of the five stands investigated, stand 3 (natural
regeneration) and stand 4 (single tree selection) usually
yielded the highest  mean values for most  mechanical  and
physical properties. In all instances where stand 3 (natural
regeneration) gave the most favorable mean values for a
particular property,  i t  was never significantly better  than
stand 4 (single tree selection).

This  study has shown that  innerwood composi tes  do
not have greater thickness swell  or water adsorption than
outetwood composites. Also, the MOR, MOE, and IB for
innerwood and outerwood  are very comparable for a
particular stand and product.  This s tudy found innetwood
composites to always have a higher compaction ratio than
outerwood  composites. However, the differences in panel
densities were slight. Thus, differences in most mechanical

and physical properties were minimal. We conclude that
because the differences in most mechanical and physical
properties were minimal, then both wood types from all
stands can potentially be used to produce acceptable
particleboard and fiberboard.
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