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Abstract This research is part of a general study on the
properties of oriented strandboard (OSB) using wood
strands of species from Brazilian planted forests. The
OSB industry is the latest wood related activity estab-
lished in Brazil. In this particular part of the study,
80 mm long strands of Pinus taeda L. were bonded using
two resin types (urea-formaldehyde and phenol-formal-
dehyde) at two levels of resin content (5% and 8%) to
produce three-layer cross-aligned OSB to a face to core
layer ratio of 1:2 and target density of 0.75 g/cm3.
Physical and mechanical properties of the boards were
evaluated according to ASTM standard D 1037-96a
(1997) and the results compared to standards available as
requirements for commercial structural panels. The re-
sults indicate that all the mechanical properties evaluated
were above the requirements set forth by the Canadian
standard CSA O437.0 (1993) for structural panels. The
results of Janka hardness were in average 4 folds higher
than the minimal requirements for Grade R-1 wafer-
board. Screw withdrawal values were also above the
minimum required by grade M-3 of ANSI A208.1 stan-
dard (1993). Nevertheless, values of thickness swelling
and water absorption were very high. The low dimen-
sional stability may be related to the high density of the
boards (“springback” effect) and also to the fact that no
wax was used.

Eigenschaften von OSBs aus verschiedenen H�lzern
brasilianischer W�lder hergestellt

Zusammenfassung Diese Arbeit ist Teil einer allge-
meinen Studie �ber die Eigenschaften von OSB, die aus
Holzstr�ngen unter Verwendung von Spezialh�lzern aus
brasilianischen W�ldern hergestellt wurden. Die OSB-
Industrie ist die neueste holzbezogene Einrichtung in

Brasilien. In diesem besonderen Teil der Studie, wurden
80 mm lange Sp�ne von Pinus taeda L. mit zwei Kleber-
typen (Harnstoff- und Phenolformaldehyd) zusammenge-
f�gt zu zwei Stufen des Harzgehalts (5% und 8%), um
dreilagige �berkreuzte OSBs herzustellen und ein Ver-
h�ltnis von 1:2 und eine Zieldichte von 0,75 g/cm3 zu
erhalten. Physikalische und mechanische Eigenschaften
der Platten wurden nach dem ASTM Standard D 1037-
96a abgesch�tzt und die Ergebnisse verglichen mit den
Standards, die verf�gbar sind als Erfordernis f�r kom-
merzielle Bauplatten. Die Ergebnisse der Janka-H�rte
waren im Durchschnitt 4-mal h�her als die Minimaler-
fordernisse f�r Grad R-1 waferboards. Schraubenwider-
standswerte lagen ebenfalls �ber den Minimalerforder-
nissen des Grad M-3 von ANSI A208.1 Standards. Jedoch
waren die Werte der Dickenquellung und der Wasser-
aufnahme sehr hoch. Die Dimensionsstabilit�t k�nnte mit
der hohen Dichte der Platten („springback“-Effekt) und
auch mit der Tatsache, dass kein Wachs verwendet wurde
zusammenh�ngen.

1 Introduction

The OSB industry has been experiencing fast expansion
to other countries outside North America and Europe.
Chile was the first market in South America where an
OSB plant was established. All the OSB panels consumed
in Brazil so far were imported from Europe and the
production in the first plant started up in 2001. The sixty
million dollar plant is located in the State of Paran� with a
capacity of 360,000 m3/year. The main applications of
OSB in Brazil are foreseen as packaging, panels for ex-
position fairs, and concrete form-work. This kind of re-
constituted panel will compete in the aforementioned
applications with plywood, which uses mainly urea- and
phenol-formaldehyde as bonding resins.

According to the Brazilian Society of Silviculture-SBS
(2000) the area of planted wood species in Brazil is
4.8 million ha, of which 38% is occupied by species of
Pinus and 62% by Eucalyptus. The possibility of using
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timber of low commercial value and the local supply of
fast growing wood species from planted sustainable for-
ests are the main reasons to establish the industry in
Brazil. In addition, Brazil has a large domestic market for
wood-based panels and not many information and studies
are available on the properties and utilization of wood
species from planted Brazilian forests for the OSB pro-
duction. As the market share of OSB is increased, so will
be the need for more research and information concerning
available raw material.

The purpose of this study was to manufacture three-
layered OSB panels using strands of planted-grown spe-
cies of Pinus taeda L., to evaluate the physical and me-
chanical properties of the panels and to compare whether
the results meet the requirements of available standards
for structural panels.

2 Methods

Planks of 18-year-old Pinus taeda L. were cut into small
blocks and strands with density of 0.43 g/cm3 were gen-
erated by using a high-speed disk-cut flaker. The strands,
averaging 0.7�20�70 mm, were screened and used those
passing through 24 mm and retained on an 8-mm opening
screen.

The adhesives used in this experiment were commer-
cially available urea-formaldehyde (U-F) and phenol-
formaldehyde (P-F), without any addition of wax. The
viscosity of the U-F resin was adjusted to 267 mPa.s (267
cP), according to ASTM D 1490-67 (1972) standard, and
66% of solid contents. The P-F resin was adjusted to the
viscosity of 467 mPa.s (467 cP), according to the standard
ASTM D 4426-84 (1984), and 47% of solid contents.
Each type of resin (U-F and P-F) was added to the strands

at 5% and 8% resin solids content (based on oven-dry
weight of the strands).

The OSB panels were hand-formed into three layers
(face to core ratio of 1:2), aligned in the same direction of
orientation and the core layer was aligned in an angle of
90 degrees. All mats were pressed onto manually con-
trolled, steam-heated press platens at 175	C for 10 min
and 4 MPa of pressure. Three replications (panels) were
produced in each experimental condition with a target
density of 0.75 g/cm3 and thickness of 13 mm. The panels
measuring 450�450 mm were conditioned at 21	C and
65% of relative humidity, to reach the equilibrium
moisture content of 12€2%. The panels were tested ac-
cording to ASTM D 1037-96a (1997) and results com-
pared to standards Canadian Standards Association-CSA
(CSA O437.0 [1993]) and American National Standards
Institute-ANSI (ANSI A208.1 [1993]), used as require-
ment for structural panels.

The experimental design was a completely randomized
factorial design. The results of the properties tested were
submitted to an overall analysis of variance (ANOVA).
The homogeneity of the means combinations was tested
using the Tukey HSD test.

3 Results and discussion

Results of the physical and mechanical properties of OSB
panels are presented in Table 1. All mechanical properties
evaluated met the requirements set forth by the standards
for commercial panels. OSB bending strength values
obtained in both directions of strands alignment were
superior to those required by CSA O437.0 standard
(1993), classified as class O-2. Regarding modulus of
rupture-MOR, the values were 24%–81% higher in the
parallel direction as compared to the same standard. Re-

Table 1 Results of the mechanical properties of OSB made with strands of Pinus taeda L.
Tabelle 1 Ergebnisse der mechanischen Eigenschaften von OSB aus Sp�nen von Pinus taeda L. hergestellt

Resin
type and
content

MOR MOE SPL IB SW HJ TS—24 h WA—24 h Density

(MPa) (GPa) (MPa) (MPa) (N) (N) (%) (%)

(g/cm3)Parallel Perpend. Parallel Per-
pend.

Parallel Per-
pend.

U-F1—5% 36.1A 23.4A 5.3A 2.3A 17.5A 8.9A 0.45A 1,993A 8,227A 76.6B 118C 0.79A

(2.11) (3.33) (0.15) (0.29) (2.40) (0.29) (0.08) (56.4) (1,036.9) (10.16) (0.99) (0.056)
U-F—8% 40.2AB 24.1AB 5.7A 2.4A 21.7AB 10.1AB 0.61A 2,436B 7,722A 62.2AB 101B 0.80A

(3.04) (1.80) (0.61) (0.06) (1.75) (0.36) (0.06) (12.2) (989.5) (3.0) (5.1) (0.015)
P-F—5% 47.7BC 31.3AB 5.8A 2.8A 24.8B 11.0B 0.66A 2,640BC 10,330A 53.1A 90AB 0.84A

(3.21) (5.25) (0.47) (0.32) (3.00) (0.56) (0.09) (149.5) (1,167.4) (6.11) (8.5) (0.046)
P-F—8% 52.6C 34.7B 6.0A 3.0A 26.0B 11.5B 0.97B 2,740C 10,112A 44.1A 77A 0.87A

(5.61) (5.08) (0.57) (0.40) (3.43) (1.36) (0.09) (125.5) (782.47) (7.31) (9.8) (0.015)
Standard CSA O437.02 ANSI

A208.13
CSA
O437.04

CSA
O437.02

Require-
ments

29.0 12.4 5.5 1.5 N/A N/A 0.345 1,100 2,226 15.0 N/A N/A

Means within a column followed by the same capital letter are not significantly different at 5% significance level using Tukey HSD test.
Numbers in parenthesis are standard deviations. Means are average of 3 replications
1 U-F=urea-formaldehyde; P-F=phenol-formaldehyde
2 Minimal requirements set forth by the Canadian Standard CSA O437.0 (1993) for Grade O-2 of OSB panels
3 Minimal requirements for particleboard
4 Minimal requirements set forth by the Canadian Standard CSA O437.0 (1993) for Grade R-1 of waferboard panels
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sults of MOR were higher in the cross alignment direction
(89%–180%). The higher the orientation, the greater will
be the increase/decrease of strength properties on the
parallel and cross directions, respectively. The ratios of
parallel/perpendicular MOR values ranged from 1.5–1.7.

The panels presented modulus of elasticity-MOE in
the lengthwise direction equal or as much as 10% higher
than the requirements of the Canadian standard. MOE in
the perpendicular direction was 53%–100% higher than
the requirements.

Using the regression equation cited by Geimer (1986),
the percent alignment of the manufactured boards placed
between 21.3% and 26.9%. According to the author, a
percent alignment around 28% is considered a good re-
sult. Regarding the present study, the result of alignment
obtained can be considered very efficient, which resulted
in good bending properties. The OSB manufactured in the
present study also compares with those studied by Wu and
Suchsland (1997) made with southern pine strands and
used as I-beam web.

Values of stress at proportional limit-SPL ranged from
17.5–26.0 MPa, and showed two identical homogeneous
groups as for parallel and perpendicular alignments. The
ratio of parallel to perpendicular values of SPL ranged
from 2.0–2.3.

Values of internal bond-IB were 1.3–2.8-folds higher
than the specification of the Canadian standard. It is an
indicator of good adhesion, as well as efficient resin
spreading and fine atomization. Values of screw with-
drawal-SW perpendicular to the board surface improved
as the resin type and amount increased. All values of SW
were higher than the grade M-3 of American standard
ANSI A208.1 (1993). This property showed three ho-
mogeneous groups and the magnitude of these values
were quite similar. Both resin type and resin level influ-
enced the SW property. Panels bonded with P-F resin at
8% solids content yielded higher strength to SW. The
hardness Janka-HJ values ranged from 8,229 to 10,321 N
and were 3.5 to 4.6-folds higher than the minimal re-
quirement for waferboard, class R-1. According to the
Tukey HSD test, this property showed only one homo-
geneous group. It means that neither factor interfered in
the property.

The Tukey test showed only one homogeneous group
for density. The ratio of strands compaction was about
1.74. The moisture contents of the four treatments were
quite similar, reaching 8.8%, and no difference was evi-
dent according to the ANOVA.

As stated by Hsu (1987), thickness swelling-TS is the
sum of three components, i. e., reversible swelling of the
wood itself, “springback” of compressed wood, and sep-
aration of furnish. After 2 h of water immersion the
thickness swelling ranged from 37%–65% and increased
to 44%–77%, after 24 h water immersion. According to
CSA O.437.0 (1993), the maximum value for Class O-2 is
15%, for 24 h of water immersion and board thickness up
to 1.27 cm. All the TS values were much higher even for
the boards with P-F resin. Basis for this can be the higher
density of the final boards, which sets up an increasing

effect of “springback”. The higher the board density, the
higher the compaction ratio. The stress inside the panel is
particularly released when submitted to water immersion.
It is more pronounced as higher is the “springback” effect.
The same is applied to the water absorption-WA property,
which presented uptake limits ranging from 56%–92%,
after 2 h, and increased to 77%–118%, after 24 h. All
these values of WA seem too high and an improvement
should be done as the same described to avoid the
thickness swelling increasing. WA showed two and three
homogeneous groups, after 2 h and 24 h of water im-
mersion, respectively.

4 Conclusions

Mechanical properties of the OSB studied were well
above the requirements of the Canadian standard CSA
O437.0 (1983). Even OSB bonded with U-F resin met the
requirements for all mechanical properties. Only boards
with 5% of U-F resin tested presented MOE in the parallel
direction the same as the standard requirement. SW and
HJ were also up above the requirements set forth by the
grade M-3 of ANSI A208.1 (1993). The parallel to per-
pendicular ratios confirm that strands alignment was very
homogeneous and highly efficient, as noted by the low
variation in the bending properties.

The values of dimensional stability (TS and WA) were
very high; hence an improvement has to be attained to
reduce water uptake and thickness swelling. Two actions
can be taken to increase dimensional stability: adding wax
in the blending machine during the manufacturing process
and reducing the panels’ density to decrease “springback”
effect.

Regarding mechanical properties, resin level had sig-
nificant difference on the properties of IB for panels
blended with P-F resin as well as on SW for boards
bonded with U-F resin. Therefore, for the other properties
lower resin content (5%) can be used in manufacturing
panels of desirable properties, as compared to the 8%
resin content. Effect of resin type was more pronounced
over MOR, SPL, and SW, with panels bonded with P-F
resin yielding higher values than U-F. Concerning phys-
ical properties, results showed no significant difference
with regard to resin levels, when P-F resin was used.
Generally speaking, resin type and resin level did not
have a significant difference over the properties of MOE,
HJ, and density.

The results show the feasibility of using wood strands
of Pinus taeda L. from Brazilian planted forests for OSB
manufacturing, which is important to qualify appropriate
raw material supply for the industry.
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