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a b s t r a c t

Oriented strand board (OSB) is a form of wood composite manufactured from long, narrow strands
bonded together with resin under heat and pressure. A large experimental database is gathered here that
shows that OSB can be considered a notch-insensitive material thanks to its heterogeneous nature.
Notched tensile strength does not decrease with hole size for hole diameters tested, and that for low
to moderate hole sizes failure often occurs in the gross section away from the hole. The existence of
an intrinsic material stress concentration is suggested, based on the existence of a constant characteristic
dimension, and probabilistic considerations are used to gain insight on the observed behaviors. Scaled-up
unnotched and notched specimens tend to fail at lower applied stress, but follow similar overall behavior.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Wood, a naturally occurring fibrous composite material, has
been a construction material by choice for centuries, even for early
airframes. However, because wood properties vary between spe-
cies, between trees of the same species, and between pieces from
the same tree it is difficult to obtain consistent and repeatable
products with solid wood. Still nowadays, material and process
control is the main force preventing broader use of bio-based com-
posites. When processing variables are properly selected, engi-
neered wood materials, also known as wood composites, can
surpass natural wood as structural materials. With solid wood,
changes in properties are studied at the cellular level, while for
engineered wood materials, they are studied at the fiber, particle,
strand, or veneer level. Properties of such materials can be tailored
to specific applications by combining, reorganizing, or stratifying
these elements. Conventional wood composites are grouped into
two general categories: plywood, and other wood composites,
which include oriented strandboard (OSB), particleboard, and
fiberboard [1].

Plywood is a flat panel built up of plies of veneer joined by a
thermoset adhesive (usually phenolic resin), and consolidated un-
der heat and pressure to create a laminated panel. Plywood is con-
structed of layers with the grain direction oriented perpendicular
to one another, which provides it with similar axial strength and
stiffness properties in perpendicular directions within the panel
plane. Plywood has been successfully used in engineering applica-
tion that needs high quality sheet material, and for decades it has
provided the benchmark for wood-based construction materials.
ll rights reserved.

7.
Although plywood is by all means a wood composite, the term
wood composites is usually reserved to the other three family of
materials, which employ finite-sized reconstituted reinforcements.
All the products in the family of wood composite materials are pro-
cessed in similar ways. Raw material for oriented strandboard, par-
ticleboard and fiberboard is obtained by flaking or chipping lumber.
The chopped wood is then dried, adhesive is applied, and a mat of
wood particles, fibers, or strands is formed; the mat is then pressed
under heat until the adhesive is cured. Particleboard is produced by
mechanically reducing the wood processing byproducts, such as
sawdust, into small particles, and is generally not used for struc-
tural applications because of its lower mechanical performance.
Fiberboard, which includes hardboard and medium-density fiber-
board (MDF), is comprised of longer lignocellulosic fiber bundles
randomly oriented in a three-dimensional mat. Fiberboard exploits
the inherent strength of wood to a greater extent than does parti-
cleboard, and is therefore used in more structural applications, such
as furniture [2]. Another recent member of the wood composites
family is oriented strandboard (OSB), which is an engineered struc-
tural panel manufactured from long, narrow strands, which have a
typical aspect ratio (length divided by width) of at least three [1],
and are typically several inches in length (Fig. 1).

Since its debut in the early 1980s, OSB has virtually replaced
other panels in new residential construction in North America.
OSB is typically used in large sheets for roof, wall, and floor sheath-
ing, for which the OSB Design Manual [3,4] contains guidelines that
range from rated span to nail and screw patterns. OSB has nearly
tripled its share of the North American structural sheathing market
to 70%, and production of OSB overtook that of plywood in the year
2000 for the first time. Today, all building codes in the US and Can-
ada recognize OSB panels for the same uses as plywood on a thick-
ness-by-thickness basis.
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Fig. 1. Examples of baseline OHT specimens and scaled-up specimens with various hole diameters.

Table 2
Test matrix, with varying hole diameter and specimen width

Family Width
(W) (in.)

Length
(L) (in.)

Thickness
(t) (in.)

Hole
diameter (D)
(in.)

D/W Number of
repetitions (N)

A 2 8 0.4 0.000 0.000 24
A 2 8 0.4 0.125 0.063 24
A 2 8 0.4 0.250 0.125 24
A 2 8 0.4 0.375 0.188 24
A 2 8 0.4 0.500 0.250 24
A 2 8 0.4 0.625 0.313 24
A 2 8 0.4 0.750 0.375 24
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In general OSB can be manufactured at a significantly lower cost
than plywood, and yet it exhibits mechanical performance similar
to that of plywood, see Table 1 [1,3,4]. In general, shear and tensile
strengths are consistently lower than compressive and flexural
strengths. While the literature on OSB is rather limited, the major-
ity of the efforts in the area have been limited to studying the influ-
ence of the stand distribution on the material properties, and how
such distribution can be monitored and controlled to improve the
quality of the manufacturing process [5–14]. Several approaches
have been proposed for inferring the mechanical performance of
OSB panels by indirect measurements.

Moses et al. [15] uses laminate theory and Tsai-Wu failure the-
ory, typically used for advanced polymer composites, to predict the
elastic and failure behavior of laminated strand lumber (LSL). LSL
differs from OSB for the longer and thicker strand dimensions,
and the typically greater panel (laminate) thickness. More impor-
tantly, LSL is usually available with specific strand orientations,
from unidirectional (0�) to cross-ply (0/90�). The study character-
izes the effect of five stacking sequences on tensile, compressive,
and shear properties, and in particular the study investigates the
response of fully aligned, completely random, and three intermedi-
ate combinations. The study mentions a possible size effect related
to the length of the test specimen in tension, observed while test-
ing two different specimen dimensions, but does not address it
explicitly.

This study investigates specifically the notched failure response
of OSB, in particular the tensile strength of specimens containing
circular holes of a various dimensions, and the influence of speci-
men size and scaling on the measured strength.

2. Experimental set-up

The material used for the investigation is commercially avail-
able 3/8-in. thick (0.375 in. or 9.5 mm) sheathing-grade OSB.
Sheets of the same nominal thickness and average measured thick-
ness of 0.40 in. (10 mm) are employed during this investigation.
Table 1
Comparison between typical material properties of plywood and OSB, based on [1]

Property Plywood OSB

Flexure strength (ksi) 3.0–7.0 3.0–4.0
Tensile strength (ksi) 2.0–4.0 1.0–3.0
Compressive strength (ksi) 3.0–5.0 1.5–4.0
Shear strength thru-thickness (ksi) 0.6–1.1 1.0–1.5
Shear strength in-plane (ksi) 0.2–0.3 0.2–0.3
Modulus (Msi) 1.0–2.0 0.7–1.2
Shear modulus (Msi) 0.2–0.3 0.2–0.5
The specimen used to measure open-hole tensile (OHT) as well
as unnotched tensile (UNT) strengths is based on the SACMA
SRM-5 recommended test method [16] for advanced polymer com-
posites. The specimen is a straight-edged, untabbed rectangular
plate indicated as family A in Table 2, whose baseline dimensions
are 8 in. � 2 in. (203 mm � 51 mm). Keeping a constant length/
width aspect ratio (Fig. 1), the effect of specimen width is investi-
gated to isolate possible effects associated with the finite length
scale of the wood strands. Scaled-up specimens, indicated as fam-
ilies B, C and D, respectively, having geometry 12 in. � 3 in.
(305 mm � 76 mm), 16 in. � 4 in. (406 mm � 102 mm), and 32
in. � 8 in. (813 mm � 203 mm), are also tested while keeping all
other parameters constant. Although the distribution of strand
lengths in a panel is rather large with peaks of 6.0 in. (152 mm),
the average length of the surface strands on the panels investigated
is approximately 3.0 in. (76 mm). Thus an 8-in. test gage (203 mm)
width offers over 2.5 times the length of the nominal strand. The
baseline specimen configuration is used to perform the bulk of
the investigation, both in terms of total specimens tested and num-
ber of D/W ratios investigated. Due to the high variation in mea-
sured strength associated to these natural materials, over
hundred specimens are tested for the baseline configuration. De-
tails on the test matrix are reported in Table 2.
B 3 12 0.4 0.000 0.000 10
B 3 12 0.4 0.600 0.200 10
B 3 12 0.4 0.750 0.250 10
B 3 12 0.4 0.900 0.300 10
B 3 12 0.4 1.000 0.333 10
C 4 16 0.4 0.000 0.000 10
C 4 16 0.4 0.250 0.063 10
C 4 16 0.4 0.500 0.125 10
C 4 16 0.4 1.000 0.250 10
C 4 16 0.4 1.500 0.375 10
D 8 32 0.4 0.000 0.000 10
D 8 32 0.4 0.500 0.063 10
D 8 32 0.4 1.000 0.125 10
D 8 32 0.4 2.000 0.250 10
D 8 32 0.4 3.000 0.375 10
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Specimens are machined to the required width and length from
stock 4 ft � 8 ft (1.2 m � 2.4 m) sheets using a table saw, and then
drilled for the desired hole size. The edges of each sheet are
trimmed by 3 in. (76 mm) on each side to eliminate the outermost
portion of the material that may not be in pristine condition. Spec-
imens are tested at room temperature without prior desiccation.
Gripping is performed with purposely designed grips that feature
tapered geometry and serrated surface that facilitate progressive
introduction of the load and, after several trials and revisions, vir-
tually eliminated all grip failures (when failure occurs in proximity
of the grip rather than in the test gage). Testing is performed in a
67,400 lb (300 kN), high-stroke electromechanical test frame, un-
der displacement control.

It should be noted that density has been proved to greatly affect
the strength of wood composites, and given the high variation that
can be encountered in a panel, it is possible that such variation
may be responsible for a substantial part of the variability ob-
served in the results. Future research should ensure that the den-
sity of each specimen is assessed prior to testing, and that
strength results be normalized but individual specimen density.
Using density as a covariate when analyzing the unnotched and
notched results would contribute in reducing some of the observed
scatter.

Another known contributor to variability in strength of wood
composites is moisture, and it the degree of moisture absorption
and swelling in each test specimen can lead to decreased measured
strength. Future research should also ensure that each specimen is
dried in an oven at moderate temperatures to remove excess mois-
ture and further increase the level of consistency in the physical
state of the specimen prior to testing.
3. Results and discussion

When calculating the OHT strength of composite materials,
where stress concentration factors depend on the stacking se-
quence and local stress state in the vicinity of the notch is not as
clearly defined due to the heterogeneity of the material, two ap-
proaches can be used. The first calculates the notched rOHT

N

strength of the material as the maximum sustained load P divided
over the net section (w � d), and is defined as
Fig. 2. Gross section strength variation with hole size for 8 in. � 2 in. (203 mm -
51 mm) specimens.
rOHT
N ¼ P

ðw� dÞ � t ð1Þ

where w is the width of the specimen and d is the hole diameter,
while t is the specimen thickness. The other approach employs
the gross strength rOHT

inf , as in the case of unnotched strength rUNT,
regardless of the presence of the hole, and is defined as

rOHT
inf ¼ rUNT ¼ P

w � t ð2Þ

The latter method is commonly preferred in advanced compos-
ite design, such as in the generation of allowable strength values in
the aerospace industry. The effect of the presence of the hole is to
effectively reduce the value of the maximum load to failure, thus
reducing the calculated strength.

All specimens of reference family A are tested to failure, which
is selected as the maximum point in the load–deflection curve, and
is followed by a catastrophic drop in load carrying capability. Re-
mote strength rOHT

inf (Eq. (2)) is used to generate the plot of Fig. 2,
which shows the variation of strength with increasing hole diam-
eter. It should be noted that the ratio of hole diameter to specimen
width (D/W) is not held constant for the specimens used to gener-
ate Fig. 2, since all specimens are 2.0-in. wide regardless of the hole
size. In general, the trend observed is of decreasing strength with
increasing hole size, which is to be expected given the reduced sec-
tion area capable of carrying load. The scatter associated with the
data is as high as 26% and is typical of wood-based products.

A rather rare feature of Fig. 2 is that for the smaller hole sizes
tested, the majority of the failure locations occurs in the gross sec-
tion of the specimen, away from the hole. In particular, only 10% of
the specimens fail in the net section for the 1/8 in. (3.2 mm) hole
diameter, while and even for hole sizes up to 3/4 in. (19 mm) the
number of hole failures does not exceed 75%, as shown in Fig. 3.
Furthermore, the increase from less than 30% to over 70% is rather
rapid, suggesting a clear change in response of the material/speci-
men combination. This phenomenon is not common in traditional
metallic and composite materials, where the stress concentration
in proximity of the hole inevitably generates failure in the net sec-
tion area. Figs. 4 and 5 show typical specimens with failure loca-
tions at or away from the hole for several hole sizes.

For isotropic infinite plates containing a circular hole, the in-
crease in stress in the vicinity of the hole can be described by the
well-known power law expression of Fig. 6:
Fig. 3. Number of specimens that fail at the net section (in % of all specimens tested
for a given hole size).



Fig. 4. (a, b) OSB specimens showing failure at the gross section for (top) 0.25 in. (6.35 mm) and (bottom) 0.50 in. (12.7 mm) diameter holes.
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rh ¼
1
2
r 1þ a2

r2

� �
� 1

2
r 1þ 3a4

r4

� �
cosð2hÞ ð3Þ

where a is the hole radius, r is the radial distance from the center of
the hole, and h is the angle comprised between r and the loading
axis, a can be verified in any fundamental solid mechanics textbook.
The point stress criterion, formulated by Whitney and Nuismer [17]
to predict the notched strength of advanced polymer composites,
relies on the isotropic stress concentration expression and modifies
it by introducing the concept of the characteristic dimension d0. If
Fig. 5. (a, b) OSB specimens show failure at the net section for (a
we specify the index I as the ratio of applied remote stress r over
the unnotched tensile strength rUNT,

I ¼ r
rUNT ð4Þ

the point stress criterion specifies that failure will occur when I
reaches the value of unity at a location distant d0 from the hole,
known as characteristic dimension. This d0 has been shown to be
constant for a given material form, material type and stacking se-
quence for advanced polymer composites.
) 0.50 in. (12.7 mm) and (b) 0.75 in. (19 mm) diameter holes.



Fig. 6. Schematic describing the point stress criterion and stress concentration a-
round a circular hole.
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We can re-write Eq. (3) in terms of variables of interest as

rOHT ¼
2ðaþ doÞ4rUNT

6a4 þ 10a3do þ 13a2d2
o þ 8ad3

o þ 2d4
o

ð5Þ

It is then possible to calculate an average value of d0 = 0.215 in.
(5.46 mm), as shown in Table 3. The predicted strength is plotted
in Fig. 7 against the measured values, and shows good agreement
given the already measured variation in the data.
Table 3
Determination of characteristic dimension

Family Average strength (psi) Standard deviation (psi) Do (in.)

0.000 2272.4 501.1 –
0.125 2211.6 435.5 0.226
0.250 2083.5 584.9 0.221
0.375 1946.4 492.0 0.200
0.500 1955.4 413.6 0.306
0.625 1506.4 437.0 0.159
0.750 1450.8 308.2 0.172

Fig. 7. Predicted strength vs. hole diameter for all configurations tested.
A possible explanation for the phenomena observed can be
found in the non-homogenous nature of the OSB wood composite.
Its meso-structure (more so than the true micro-structure) is such
that the geometric Kt due to the presence of the hole may have less
influence on failure than an ‘‘inherent material” Kt. The material Kt

for non-homogeneous materials, such as short fiber composites,
has been attributed [18] to the presence of high stress concentra-
tion at the end of the randomly distributed reinforcing fibers. In
the case of OSB, the wood strands effectively act as the short rein-
forcements, and the mismatch in elastic properties between the
strand and the surrounding matrix, as well as the neighboring
strands that may be oriented in different directions, generates local
peak stresses that generate failure. Furthermore, OSB is character-
ized by the presence of voids and dry spots, and those will also
contribute to the local heterogeneity of the material.

Using the characteristic dimension d0, Waddoups et al. [19] sug-
gested, for advanced polymer composites, that it is possible to cal-
culate the stress concentration factor Kt:

Kt ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
dþ d0

d0

s
ð6Þ

Referring to Fig. 3, the percentage of failures occurring at the net
section exceeds the 50th percentile for a hole diameter between
0.500 in. and 0.625 in. (12.7 mm and 15.9 mm, respectively). For
smaller hole diameters, the ‘‘inherent material” stress concentra-
tion due to the heterogeneous meso-structure is greater than the
geometric stress concentration, thus failure occurs mostly at the
gross section. If we select the cut-off line at 70% of hole failures,
the inherent material stress concentration can be calculated as
2.11 for D = 0.625 in. (16.9 mm). This would suggest that only 1/
2.11 (or 0.47) of the theoretical strength of a theoretical pristine
(parent wood) material could be achieved.

Given the fact that such a high percentage of failures occurs at
the gross section even for specimens with large holes, the data in
Fig. 2 can be rearranged in Fig. 8 to differentiate the strength cal-
culation according to the failure location. Strength calculation for
specimens that effectively fail at the gross section is performed
with Eq. (2), while for specimens that fail at the net section Eq.
(1) is used. The strength calculation thus employs a selective
strength, accounting to the effective failure section area Fig. 8
shows that if the effective failure section is employed, all strength
data can be bound by two constant values, around 3200 psi
Fig. 8. Selective strength variation with hole size for 2 in. � 8 in. (203 mm � 51
mm) specimens.



Fig. 9. Strength probability density functions as they vary with hole sizes for the
baseline 8 in � 2 in. (203 mm � 51 mm) specimens.
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(22.0 MPa) for the upper bound and around 1200 psi (8.3 MPa) for
the lower bound, and that it oscillates around an average value of
approximately 2100 psi (14.5 MPa), with a coefficient of variation
around 23%. The data suggests that the material is notch insensi-
tive, as traditional metallic materials but unlike typical composite
materials [20]. This means that the strength value does not vary in
the presence of the hole, and furthermore it does not decrease non-
linearly for increasing hole sizes.

It should be noted that in the above analysis finite width effects
have been neglected, but that given the hole/width ratios consid-
ered in this investigation (up to 0.375), the finite width effect
might partially influence the results. However, the author is not
aware of previous work that has addressed the fracture behavior
of OSB, including the validation of classical fracture mechanics cor-
rection factors.

Using a two-parameter Weibull distribution, it is possible to
plot the probability density functions for all gross strength rOHT

inf

data of family A:

PðxÞ ¼ 1� e�
x
bð Þ

a

ð7Þ

where b is the scale parameter, or the measured strength in ksi,
which indicates the location of the distribution, and a is the shape
Fig. 10. Selective strength remains constant with increasing D/W ratios for all sp-
ecimen configurations tested.
parameter, which measures the spread. For the unnotched speci-
mens, values of a = 4.43 and b = 2.27 best fit the data, while for
the largest hole diameter specimens a = 5.32 and b = 1.45. It should
be noted that the value of a increases slightly for larger hole sizes,
due to a decrease of variation in measured strength. A value of
a = 4.76 can be calculated as best average fit for the entire set of
data points in family A, while the average b can be chosen as 1.91.

These results are in line with those observed for LSL in [15],
where a two-parameter Weibull distribution is used to fit the ten-
sile strength data. The measured values range from 4.5 to 3.7 for
the shape parameter, and 8.1–3.6 (�1000 psi) for the scale param-
eter. The greater values are for the fully aligned configuration,
while the lower are for the completely random ones, in a fashion
similar to OSB. It should be kept in mind that the reinforcement
length of LSL can be considered as continuous, while OSB can be
considered as a traditional discontinuous fiber composite.

The most significant observation that comes out from Fig. 9 is
that the distributions for notched specimens overlap the one of
the unnotched specimens, and furthermore that the distribution
of several specimens having large holes overlap the distribution
of specimens with smaller holes. This observation can provide an
explanation for the phenomenon that a large portion of notched
specimens does not fail at the hole but rather in the gross section,
where the strength of the unnotched material is exceeded.

All results presented so far refer to family A. The hole diameter
is varied for constant specimen width, giving rise to varying D/W
ratios, and all results are calculated without including the finite
width effect. In order to investigate the issues associated with
same D/W ratios for varying widths, scaled-up specimens of fami-
lies B, C and D are tested, both in unnotched and notched configu-
rations. Specimen length is also varied in order to generate
geometrically proportional specimens, albeit of constant thickness.
In general, for all families tested plots such as the ones in Figs. 2
and 8 can be constructed, reinforcing the previous observation that
OSB material is notch insensitive. However, based on the previous
observation that for OSB selective strength can be a more relevant
indicator of the true material strength than gross strength, remain-
ing constant over varying hole diameters, it may be more signifi-
cant to plot the variation of average selective strengths against
D/W ratios.

Using the average of several measurements for various D/W ra-
tios, and plotting them for each specimen family, it can be seen
that although the high variation in the data of Fig. 10 has a ten-
dency to mask the trends, there is a consistent decrease in average
strength as specimen size increases (Fig. 11).
Fig. 11. Variation of the selective strength of Fig. 10 as it decreases between the
baseline and the scaled-up specimens.
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The decrease of UNT strength with specimen width, although
partly consistent with past observations on advanced polymer
composites, cannot be explained via first-ply failure and classical
laminated plate theory. Furthermore, common analysis methods
used for homogenous materials, independent from their isotropic
or orthotropic nature, cannot be used to predict notched strength
value and location due to the complex stress state in the meso-
structure. Therefore, predicting the UNT and OHT strength of OSB
wood composites poses a challenge for traditional mechanics,
which requires further and careful study, possibly based on dam-
age mechanics. However, this falls beyond the scope of the present
paper.

4. Conclusions

For the notched configurations tested, results on OSB wood
composites show that the macroscopic response is virtually
notch-insensitive, possibly due to the internal stress concentration
arising from the heterogeneous nature of the substructure. An
‘‘inherent material” stress concentration factor can be derived,
and it has been used to explain the tendency of the material to fail
at the gross section regardless of the presence of a hole for several
hole sizes. There also appears to be a relationship between speci-
men geometry and measured strength, possibly associated with
the finite length scale of the reinforcing strand.
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