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ABSTRACT

Industrially manufactured oriented strandboard (OSB) furnish was characterized by scanning images
of alarge number of individual strands and analyzing their shape properties. A Visual Basic macro in
combination with commercialy available image synthesis software was utilized to carry out the task of
this analysis. The scanned images of these strands were used in a model that simulates the formation of
layers within an OSB mat. These layers were smulated using three different orientation scenarios:
random orientation. 100% strand alignment, and strand alignment based on industrial parameters. Infor-
mation provided by the model includes the number and geometrical details of voids and strand overlap.
Totat void area for amat is shown to be independant of strand orientation and the aspect ratio of strands.
Interestingly, noticeable differences in the number, size, orientation, and shape factor of the individua
voids, which make up the total area, were shown between various mat configurations.

Keywords:
sional stability.

INTRODUCTION

Because of the nature of the strands and the
mat formation process, OSB has a notable hor-
izontal density distribution that islargely dom-
inated by variation in the number of overlap-
ping strands at any given point through the
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Simulation model, OSB, slenderness ratio, voids, strand overlap, mat structure, dimen-

mat thickness and the presence of voids (Lu
and Lam 1999; Dai and Steiner 1997; Xu and
Steiner 1995; Oudjehane and Lam 1998;
Suchsland and Xu 1989). Similarly, a discrete
layer of strands will have a horizontal density
distribution (due to variations in the number
of overlapping strands) and also, if the weight
of the layer is low, there will be a tendency
for areas to contain no strands at al (i.e., lim-
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ited or minimal surface area coverage). Strand
characteristics and the mat forming process
will define the distribution and number of
overlapping strands and also the uncovered ar-
eas within a given layer.

With the use of a simulation model, the in-
fluence of a number of parameters on the area
coverage characteristics of a discrete layer of
strands is reported. The results from this in-
vestigation will better help to define the
amount of furnish required to form a layer
providing a certain degree of strand coverage
(i.e., knowledge of strand coverage versus
void area), and will also establish whether the
addressed parameters can be manipulated in
such a way as to produce a panel with more
uniform strand coverage.

Three major parameters, namely strand ge-
ometry, strand orientation, and strand location,
must be addressed when modeling mat struc-
ture. Methodologies that have been used to in-
corporate these parameters in models by pre-
vious researchers are discussed, and compari-
sons are made with the simulation model pre-
sented herein.

Strand geometry

To date, the most common strand geometry
used for computer simulation of mat formation
of OSB or flakeboard has been rectangular.
Steiner and Dai (1993) and Da and Steiner
(19944, b) developed a Monte Carlo simula-
tion technique that allowed a mat to be mod-
eled by simulating the placement of rectan-
gular strands at random locations and random
orientations within a given area. Later, Lu et
al. (1998), Oudjehane et a. (1998a, b), and
Oudjehane and Lam (1998) further developed
models based on the same simulation tech-
niques used by Dai and Steiner (1994a, b).
These models explored further mat formation
parameters such as the influence of flake di-
mensions, flake orientation, and the fixed and
random positioning of flake centers. Yet the
similarity between al of these simulation
models has been the use of perfectly rectan-
gular flakes.
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The original model (Steiner and Dai 1993;
Dai and Steiner 1994a, b) has been extended
since it was initially developed. Some infor-
mation has been published discussing the de-
velopment of a model that takes into account
variations in strand shape based on observa-
tions of industrial strand geometry (Dai and
Chen 1996) and even including the presence
of finesin a future simulation package (Dai et
al. 1997). Chen et al. (1998) introduced the
use of an image analysis system to measure
strand length, width, and shape of commercial
strand samples. The strand shapes were clas-
sified into five representative groups and,
along with the length and width data, frequen-
cy distributions of this information were gen-
erated. It appears that the strands used to mod-
el a mat were generated from the distribution
data. Interestingly, fines were considered as a
separate entity from the strands, and were as-
sumed to be of random size and shape. Spe-
cific information on the distributions of strand
(or fine) shapes and sizes was hot reported.

Our modeling work was partially based on
materials published by the authors mentioned
above, with a number of differences in how
some of the governing parameters were ap-
plied and the results sought. The simulation
model utilizes the actual images of commer-
cia strands and aso smaller particles includ-
ing broken strands and fines. This has obvious
advantages over simply using rectangular-
shaped strands, and provides a more realistic
representation than using selected shapes to
which the strands have been classified. A dis-
advantage, however, is that the enhanced re-
alism of using the images of real strands re-
quires significantly greater computational time
than would be applicable when using much
simpler geometric shapes.

Strand orientation

Strand orientation in OSB is known to af-
fect a number of panel properties such as
MOE and MOR (Barnes 2000), and linear ex-
pansion (Xu 2000). Previous models have in-
vestigated the influence of strand orientation
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by using a number of techniques. These tech-
niques have primarily been random orientation
(Da and Steiner 1994a; Lu et al. 1998; Oud-
jehane et a. 1998a, b), orientation defined by
a normal distribution (Chen et al. 1998; Lau
1981), orientation defined by the von Mises
distribution (Shaler and Blankenhorn 1990),
and fixed orientation (Oudjehane and Lam
1998; Lu and Lam 1999).

Three levels of orientation were investigated
in our research using the ssimulation model, in-
cluding random orientation, industrial orienta-
tion, and 100% orientation. Random orientation
and 100% orientation were applied in a manner
independent of individual strand properties,
while industrial orientation utilized dimensional
properties of each strand in order to define a
field in which it was randomly placed.

Strand location

Different approaches have been used for
modeling the location of strand centers. Gen-
erally, these have either been random (Dai and
Steiner 1994a) or fixed position (Oudjehane
and Lam 1998; Oudjehane et al. 1998a, b).
Variations of the deposition process have in-
cluded locating fines according to density dis-
tribution in order to reflect the fact that fines
tend to move to voids or low density areas
(Chen et al. 1998).

Some of the previous modeling work has
been validated using panels constructed with
the aid of a robot (Lu and Lam 1999; Lu et
al. 1998; Oudjehane et al. 1998a, b; Wang and
Lam 1998). The robot is capable of placing
individual strands at a predetermined location
and orientation, hence allowing a panel to be
produced that is very similar to the panel de-
scribed by a model. Properties such as hori-
zontal density distribution and modulus of
elasticity have been predicted with a model
and then compared with the empirical data
from robot-formed panels.

In al cases presented herein, the simulation
model assumed random positioning of the
strands. However, if there was a future re-
quirement for the model to position strands in
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a non- or partially-random fashion, possibly
even dependent on individual strand proper-
ties, modification of the simulation model
would be relatively simple to allow for this.

MATERIALS AND METHODS

Commercially produced southern pine
strands, which had been manufactured with a
target length of 102 mm and thickness of 0.7
mm, and an uncontrolled width dimension,
were utilized for this research. A flat bed scan-
ner had been previously used to analyze the
strand coverage of discrete layers within a
mat, and the size of the simulated panel was
based on the scanner bed dimensions (224 X
367 mm). This same simulated panel size was
used as a basis for calculating the amount of
strands used in this study also.

This study was based on discrete layers
within a 12.7-mm-thick panel with an average
density of 473 kg/m?3. The sizes of the discrete
layers investigated were 12.5% and 25% of
the total mat weight (dry basis), which corre-
spond to the same discrete layer size in the
previous experimental investigation (van
Houts et al. 2003).

Strand characterization

Four samples of strands, each with a dry
weight representing 4.17% (20.57 g) of the to-
tal weight of the simulated panel size, were
randomly selected. These samples of strands
included a range of different-sized particlesin-
cluding whole strands, broken strands, and
fines. Each of these particles (which will here-
in be referred to as strands regardless of size)
was scanned individually on a flat bed scanner
to produce grayscale images with a resolution
of 5.86 pixels per mm of the origina size.
Care was taken to scan each strand with the
same orientation, resulting in al the images
being oriented with their length dimension in
the vertical direction (as viewed on the com-
puter screen).

A commercial image analysis software
package, SigmaScan® Pro 5.0 (1999), was
used to analyze various properties of the
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strand images. A Visual Basic macro was writ-
ten in order to automate the process of obtain-
ing and saving data for al the strand images.
The information collected includes strand
area, mgjor and minor axis length, and shape
factor. Mgjor axis length can be defined as the
distance between the two farthest apart points
on a strand. Minor axis length is measured
perpendicular to the major axis and is the dis-
tance between the two farthest apart points in
that direction. Shape factor is a measure of
roundness of a strand image and can be rep-
resented by the following equation:

4
shape factor = piza

D
where ais the strand area and p is the length
of the perimeter around the strand. A perfect
circle would therefore have a shape factor of
1 while a line has a shape factor approaching
0. Calculation of shape factor was a feature of
the image analysis software which, in addition
to the major and minor axis length, gave an
indication of whether a strand had a high
length to width ratio.

Modeling mat layers

The scanned images of the strands were
used to model the formation of discrete layers
within OSB. SigmaScan® Pro 5.0 (1999) was
the platform for this model, with a Visual Ba-
sic macro that controlled al of the required
functions. The main procedures carried out by
the model are outlined below:

1. Open a strand image file.

2. Manipulate the brightness of the grayscale
image to produce a pure white strand (in-
tensity 255) on a pure black background
(intensity 0).

3. Reduce the image brightness such that the
strand has an intensity of 1 and the back-
ground intensity remains at O.

4. Orientate the image as required.

5. Add this image, with its center at a random
location, onto a blank image (with black
background). The blank image is the size
of the simulated panel, which was chosen
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to be the same size as the scanner bed. If
part of the strand image protrudes from the
edge of the blank image, then the ‘“‘torus
convention” concept is applied (described
below).

6. Repeat steps 1 to 5, while still adding the
images to the same black image until the
desired mat weight per unit area has been
reached. Note that a single strand appearing
on the blank image has an intensity of 1;
however, as more strands are added to this
blank image, they will begin to overlap. At
a point where two or more strands overlap,
the intensity will be equal to the number of
overlapping strands, until this number
reaches a maximum of 255 (pure white).

7. The “*blank image’” is analyzed using ob-
ject detection functions to determine infor-
mation such as the distribution of overlap-
ping strands, and the size, shape factor, and
orientation of voids.

The *‘torus convention” concept (Hall
1988) referred to in step 5 has previously been
used when modeling strand mats in cases
where the *“ edge effect’” isnot considered (Dai
and Steiner 1994a; Lu et a. 1998). Because
the center of the strand image is placed ran-
domly on the blank image, there are times
when part of a strand may not be inside the
blank image. The ““torus convention’ dictates
that the part of the strand protruding from the
blank image again enters from the opposite
side. This has a similar effect as the simulated
mat being considered as part of a large mat.

The above procedure was followed for a
number of different mat configurations. These
different configurations involved varying the
layer weight (12.5% or 25%), furnish orien-
tation (random, 100% orientation, or simulated
industrial orientation), and strand geometry
(normal, high slenderness ratio, or low slen-
derness ratio).

The strand images were stored in separate
folders, with each folder containing strands for
a4.17% layer (by weight) within the mat. For
a 12.5% layer, the model would use the con-
tents of three of these folders. However, be-
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cause only four folders existed for each fur-
nish type, the images in two of the folders
were used twice when a 25% layer was mod-
eled as the contents of six folders was re-
quired.

It should be noted that the modeling tech-
nique does not include the consolidation of the
mat and does not consider any redistribution
of mass and structure that occurs during this
process. However, during consolidation, the
magjor component of strand relocation occurs
in the thickness direction. The model is two-
dimensional and does not consider the
through-thickness direction and therefore has
some validity for analysis of a consolidated
panel.

Strand orientation was relatively simple to
control for two of the three different scenarios.
Using the Visual Basic macro to randomly
generate a number from 0 to 1, and multiply-
ing it by 360° achieved a value for random
orientation that was applied to a strand before
being placed on the blank image. An orienta-
tion of 100% was achieved by not carrying
out any re-orientation of the images, which
had aready been scanned in an oriented man-
ner. The third and somewhat more involved
orienting technique was termed ‘‘industrial
orientation,” as it was designed to mimic the
orientation that may be achieved in adisc type
orienter. The basic principle for this type of
orienter is that strands must fall between ro-
tating discs. The strand dimensions, distance
between the discs, and the distance that the
strands fall from the orienter to the mat there-
fore primarily influence orientation. This con-
cept dictates that longer strands are more high-
ly oriented than short strands, which may not
be oriented at al if their length is less than
the distance between the discs.

Industrial orientation was achieved by con-
sidering the length of the major axis of the
strand (L,,) and the distance between the or-
ienter discs (D), assumed to be 38 mm. With
this information, geometric constraints were
considered when defining the limit of orien-
tation for a strand when it passed between or-
ienter discs. An assumption was made that the

355

major axis of each strand remains horizontal
as it falls between the discs. Also, it was as-
sumed that strands might fall between the
discs either on their edge or lying flat (i.e., the
minor axis can be oriented in any direction).
If the distance between the orienter discs was
greater than L,,, then a strand was considered
randomly oriented; otherwise limits of orien-
tation were calculated from:

M

D
orientation limit = sin—1<L—> X Cer (2

where C: is a coefficient that allows for fur-
ther orientation change of the strand as it free-
falls from the orienter to the mat surface. This
eguation was derived from the geometric con-
straints of positioning a strand between two
orienter discs while assuming that the major
axis of the strand remains horizontal. For the
model run, the chosen value of C was 1.1
(this value indicates that the orientation of a
strand may change by 10% while it free-falls
from the orienter discs to the mat surface). Af-
ter calculation of the orientation limit for a
strand, this value was multiplied by a random-
ly generated number between —1 and 1, and
then used as the orientation for the strand. Ori-
entation values generated using this technique
were compared to previously published infor-
mation on strand orientation.

Three different strand geometries were con-
sidered to identify their influence on mat struc-
ture. Normal strand geometry was when the
originally scanned images were used in the
model. High slenderness ratio was achieved by
manipulating each strand image in such a way
as to stretch it so that the length of the strand
increased by 50% and the width decreased ap-
propriately to maintain the same strand area.
Low slenderness ratio was achieved by reduc-
ing the length of each strand by 50% and in-
creasing its width in order to maintain its orig-
inal area.

Data generated by the model were imported
into a spreadsheet where they were converted
into a number of different graphs for compar-
iSON purposes.
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TaeLE 1. Summary of strand characteristics (note that each batch represents 20.57 g of strand material).

Strand batch code
All

U1l u2 u3 u4 strands
Number of strands 118 70 107 70 365
Average area (mm?) 630 909 703 912 759
Total area (mm?) 74,340 63,630 75,221 63,840 277,035
Average shape factor 0.169 0.179 0.164 0.170 0.170
Average major axis length (mm) 75.8 83.7 80.4 82.1 79.9
Average minor axis length (mm) 94 12.3 9.8 11.7 105

RESULTS AND DISCUSSION
Strand characterization

A summary of the average area, total area,
shape factor, major axis length, and minor axis
length for the strands is shown in Table 1. The
total area of a given batch was found by mul-
tiplying the number of strands by the average
area. This total area value gives an indication
of the coverage potential for each batch of
strands. If the strands were all of equal thick-
ness and the same density, the total areawould
be equal for each batch.

Figures 1, 2, 3, and 4 show the area, shape
factor, major axis length, and minor axis
length distributions of all the strands, respec-
tively. Several pieces of information can be
extracted from these distributions. A large por-
tion of the strands are under the target length
(102 mm), and the vast majority of the strands

18
16 A

-

N A
1 1
]

800 to 1000 ]

< 1000to1500 1]

1500 to 2000 ]

2000 to 4000 ———1

4000+ [

Proportion of Strands (%)
O N M O 3
50t0100 1
100t0150 [ 1]
15010200
300t0400 ]
600t0800 1]

200 to 300
400 to 600

Area Distribution (mm

Fic. 1. Distribution of area for the scanned strands.

have a width under 15 mm. These strand char-
acterization techniques would be useful for
comparing geometric attributes of strands
from different sources, or even providing a
guide for checking the performance of strand
manufacturing equipment.

Modeling mat layers

For each different configuration, the simu-
lation model was run 20 times using the same
strands, and whenever possible the average
and standard deviation vaues for the data
were calculated. Figures 5 and 6 display cov-
erage characteristics for 12.5% and 25% lay-
ers, respectively, of randomly and 100% ori-
ented normal slenderness ratio strands, in a
12.7-mm-thick panel with an average density
of 473 kg/m3. By comparing these two figures,
the influence of the amount of furnish in a
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Fic. 2. Distribution of shape factor for the scanned
strands.
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layer is quite apparent. The 12.5% layer of
strands in Fig. 5 shows an uncovered area (O
strands) of approximately 7%, while the 25%
layer of strands shown in Fig. 6 has an un-
covered area of less than 1%. Also, the 25%
layer of strands has higher numbers of over-
lapping strands than in the 12.5% layer, which
is logical considering that a higher number of
strands are present.

From Figs. 5 and 6, orientation does not
appear to influence the amount of area covered
by a given type of strand for a given layer
thickness. When the model was run using in-
dustrial orientation, or other strand geometries,
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Fic. 5. Areacovered by different numbers of overlap-
ping strands in a 12.5% layer (normal slenderness ratio
strands). Note that the error bars indicate one standard
deviation from the mean.

such as high slenderness ratio, or low slen-
derness ratio, the proportions of area covered
by various numbers of strands did not change.
However, these factors were found to influ-
ence the size distribution, shape, and orienta-
tion of voids (areas with no strands).

All of the normal slenderness ratio strands
were oriented 100,000 times using the indus-
trial orientation routine and each generated an-
gle was recorded. The distribution of these an-
gles was calculated at 1-degree intervals, nor-
malized, and is presented in Fig. 7. The ori-
entation of strands can be defined by an
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2.22).

alignment calculation as introduced by Geimer
(1976):

45 —
align % = L X 100 3
where
> |strand angleq
= 4
0 sample size @

Alternatively, the von Mises distribution,
which has been previously used to define
strand alignment by Shaler (1991), Harris and
Johnson (1982), Shaler and Blankenhorn
(1990), and Wu (1999) can be used. The func-
tional form of the von Mises probability den-
sity function is:

ex cos 2(6—po)

9(0; po» k) = (5)

(k)
where 0 is the angle (in radians), k is the con-
centration parameter, . is the mean angle, and
lo(k) is the modified Bessel function of order
zero. Further information regarding the von
Mises probability density function including a
description of the modified Bessel function
can be found in Harris and Johnson (1982).
When the alignment cal culation was applied

WOOD AND FIBER SCIENCE, JULY 2003, V. 35(3)

to the 100,000 angles that were generated us-
ing the industrial orientation technique, the
percentage alignment was found to be 58%. A
least squares method was used to fit the von
Mises probability density function to the ori-
entation distribution generated by the model
and is shown in Fig. 7. The concentration pa-
rameter (k) of the von Mises probability den-
sity function was found to be 2.22 with an r-
square fit to the industrial orientation results
of 0.97. Interestingly, the modeled industrial
orientation angular distribution hasa*‘flat” re-
gion that extends from approximately —15° to
15°. This characteristic of the distribution is a
result of the assumptions made regarding the
effect of distance between orienter discs and
flake dimensions. According to the applied in-
dustrial orientation technique, the length of
this flat region in the distribution would in-
crease as the distance between orienter discs
increases. Whether this phenomenon occursin
industrially manufactured panels is unknown
to the authors.

For the discussion of results herein, voids
have been defined as any area of the modeled
mat layer that is not covered by at least one
strand. It is accepted that voids certainly exist
that have been covered by strands before a
layer is compacted, and some of these voids
will remain after compaction, but because of
the two-dimensional nature of this model,
these types of voids cannot be readily identi-
fied. However, it is believed that the voids as
defined in the model (uncovered areas) are
representative in shape and size of the voids
that have been covered by strands in a layer.

Table 2 provides a summary of the shape
factor of voids larger than 10 mm? from a
number of different strand and orientation
configurations as predicted by the simulation
model. Small voids were not considered for
calculating the average shape factor because
they made up only a small portion of the total
void area and, when included, resulted in an
average value that was not representative. The
influence of orientation is clear in that the
shape factor of the voids decreases as the de-
gree of strand orientation increases. This
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TABLE 2. Average void shape factors for voids larger than 10 mm.2

Random

Industrial 100%

orientation orientation oriented

12.5% Layer

Normal slenderness ratio 0.38 (0.19)* 0.26 (0.12) 0.16 (0.10)

High slenderness ratio 0.42 (0.14) — 0.12 (0.09)

Low slenderness ratio 0.31 (0.12) — 0.24 (0.13)
25% Layer

Normal slenderness ratio 0.42 (0.13) 0.29 (0.12) 0.18 (0.10)

High slenderness ratio 0.45 (0.14) — 0.16 (0.10)

Low slenderness raio 0.35 (0.11) — 0.26 (0.11)

* Standard deviation is shown in parentheses.

stands to reason, as in a highly oriented mat
layer the edges of adjacent strands are gener-
aly near parallel to each other, and hence
spaces between strands would typically be
long and narrow in shape.

The results presented in Table 2 clearly sug-
gest some degree of interaction between the
slenderness ratio of the strands and their ori-
entation. In the randomly oriented mat layer
configuration, low slenderness ratio strands
have avoid shape factor lower than the normal
strands, while the high dlenderness strands
have a similar void shape factor to the normal
strands. In the 100% oriented mat layers, the
void shape factor decreases for all strand slen-
derness ratios; however, this decrease in shape
factor is most significant for the high slender-
ness ratio strands and least significant for the
low slenderness ratio strands.

For a 25% (by weight) mat layer, distribu-
tions of the major axis orientation of voids
over 10 mm? for random, industrial, and 100%
orientation configurations of normal slender-
ness ratio strands are shown in Fig. 8. Voids
in the mat of randomly orientated strands were
randomly orientated while void orientation in-
creased as strand alignment increased, as
shown for the 100% and industrially oriented
mats.

Lenth and Kamke (1996) studied void char-
acteristics on the edge of flakeboard mats, and
concluded that flake orientation did not sig-
nificantly influence void size, but did affect
void shape. The edge of mats with flakes per-

pendicular to its plane consisted of shorter
thicker voids (higher shape factor), while the
perpendicular edge, with flakes parallel to its
plane had thinner voids (lower shape factor).
Randomly oriented flake mats had voids on
their edges with an average shape factor in-
termediate to those of the aligned mats. These
results compare well with the void structures
seen in the plane parallel to the surface of the
strand mat investigated using the simulation
model.

Figures 9, 10, and 11 display the cumulative
void area as a function of individual void size
for randomly oriented, industrially oriented,
and 100% oriented 25% (by weight) mat lay-
ers, respectively (normal slenderness ratio
strands). All of the data from 20 modeled lay-
ers are represented in each figure to demon-
strate the variation in results. It has aready
been indicated that the average total uncov-
ered area (all of the voids added together) is
the same regardless of strand orientation; how-
ever, Figs. 9, 10, and 11 indicate that the dis-
tribution of void sizes varies with orientation.
With increased orientation, there is a tendency
for fewer small voids and a greater number of
large voids to be present (i.e., the slope of
these graphs decreases with increased orien-
tation). The void size distribution of the same
mats prepared with the long slenderness ratio
strands displayed very similar results to those
mats formed from the normal slendernessratio
strands. Mats modeled from the short slender-
ness ratio strands did not show significant dif-
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strands in random, industrial and 100% orientation configurations.

ferences in void size distribution when strand  circular geometry. For these types of geome-

orientation was varied; when the slenderness try,

ratio of a strand is decreased,

the influence of orientation has signifi-

its shape be- cantly less bearing on coverage characteristics

than for elements of an elongated nature.
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derness ratio strands.

Fic. 9. Cumulative void size as afunction of void size
for 25% layer of randomly oriented normal slenderness

ratio strands.
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Fic. 11. Cumulative void size as a function of void
size for 25% layer of 100% oriented normal slenderness
ratio strands.

CONCLUSIONS

The strand characterization methodology
presented in this article allows the determi-
nation of strand area, shape factor, mgjor axis
length, and minor axis length distribution.
This could be utilized as a useful tool to com-
pare furnish from different processes, and as
a technique for assessing the performance of
strand manufacturing equipment.

Results from the simulation model have
provided much information regarding mat lay-
er coverage characteristics when using
scanned images of industrially procured
strands. The information from this modeling
exercise is invaluable when interpreting the
coverage potential of a given amount of fur-
nish, and also provides significant information
on the voids present within a given mat struc-
ture. The actual total area covered by various
numbers of overlapping strands or voids was
found to be dependent on the amount of fur-
nish present, not on orientation or slenderness
ratio. The distribution of void size, shape fac-
tor, and orientation, however, was found to be
dependent on both strand orientation and slen-
derness ratio.
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