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NOTICE

This report is an internal Forintek Canada Corp. ("Forintek") document, for 
release only by permission of Forintek. This distribution does not 
constitute publication. The report is not to be copied for, or circulated 
to, persons or parties other than those agreed to by Forintek. Also, this 
report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek.

Neither Forintek, nor its members, nor any other persons acting on its 
behalf, make any warranty, express or implied, or assume any legal 
responsibility or liability for the completeness of any information, 
apparatus, product or process disclosed, or represent that the use of the 
disclosed information would not infringe upon privately owned rights. Any 
reference in this report to any specific commercial product, process or 
service by tradename, trademark, manufacturer or otherwise does not 
necessarily constitute or imply its endorsement by Forintek or any of its 
members .



SUMMARY

The development of engineering properties and grades of waferboard and oriented 
strand board (OSB) requires that the influence of in-service conditions on 
strength and stiffness properties be known. This project undertakes to assess the 
influence of different environmental conditions on the bending and axial strength 
and stiffness of one commercially produced oriented strand board (OSB) as well as 
an experimental stabilized OSB product.

The report describes the experimental plan and the test protocols being used. The 
study will be completed in the coming fiscal year.
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1.0 OBJECTIVE

To determine the effect of moisture content changes on the bending and axial 
properties of waferboard.

2.0 BACKGROUND

Future engineering design procedures in wood will likely be reliability based. 
Structural models now in use to predict deflection and stress require best 
estimates of material behaviour and properties. The properties of many wood-based 
composite materials are strongly affected by their moisture content. The 
development of engineering properties and grades of waferboard and oriented strand 
board (OSB) requires that the influence of in-service conditions on strength and 
stiffness properties be known.

Traditionally, design strength and stiffness values for solid wood products have 
been based on tests of specimens that were conditioned and tested in a constant 
environment held at 65% relative humidity and 21 deg C, conditions that result in 
moisture contents that are much less than those which characterized the lumber 
when it was initially produced. In most of Canada, in-service moisture content of 
solid wood structures can be expected to be slightly lower than that attained at 
these standard test conditions. This results in an increase in elastic modulus 
that is partly offset by a dimensional reduction due to shrinkage.

In contrast, composite wood panel products are very dry when first produced and 
can pick up large amounts of moisture during construction by exposure to high 
relative humidity and by direct wetting. Once protected within a building, these 
material dry again, but their properties have changed due to thickness swelling 
and linear expansion that occurred from the time they were first produced.

Non-conventional composite wood panels that are more stable than conventional 
OSB/waferboard can be produced by using a steam press during manufacture (Hsu, 
1989). Although no stabilized waferboard/OSB material is currently being produced 
commercially in this way, material of this type can be produced at the Eastern 
Laboratory facilities for comparison with conventionally produced material.

The current project has been designed specifically to assess some of the 
information that will be required for application to engineering properties of 
these materials.
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4.0 SCOPE

The scope of this report is to elaborate on the experimental design chosen and on 
the test protocols used for evaluation of the material properties of OSB and 
stabilized OSB. The experimental work was begun during the 1990-91 fiscal year. 
On completion of moisture conditioning, the specimens will be tested and a final 
report will be completed during the 1991-92 fiscal year.

5.1 SAMPLE SIZES AND SAMPLING:

For structural applications, it is normally necessary to be able to detect effects 
that influence properties of materials to within plus or minus 5 percent of the 
population mean. If no significant difference can be proven with this accuracy, it 
is unlikely that these effects have any practical influence relative to other 
variations that may occur in bringing a material to use in a structural 
application. In addition, it is desirable to have a reasonably high confidence in 
making a statement that an effect is real or not, i.e., being correct 19 times out 
of 20. If it is proven that some effects are significant with this confidence for 
one producer, a broader based sampling of the mills may be justified.

5.0 EXPERIMENTAL DESIGN
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If the same sample size is used for different treatments that are to be compared, 
the significance of the difference in the mean properties for each treatment 
should be

For a 5 percent accuracy, the difference in means is 0.05 y, and for a 95 percent 
confidence in the mean, t= 2.0 and

Noting that the coefficient of variation fu is s/y, the minimum number of samples 
required to meet these conditions is

The coefficient of variation for the bending properties of material from one 
sample from one mill is expected to be in the order of 0.10 . Therefore, the 
required number of independent samples required to determine if is there is any 
effect of a particular moisture content treatment on the strength of OSB to this 
accuracy and confidence is 32.

For effects that can be measured nondestructively on the same sample, a smaller 
sample number is required to achieve the same accuracy and confidence. However, 
since the purpose for determining these effects relates to strength, and 
destructive tests can only be applied once to any one specimen, we will use the 
above determined sample size as a guide for both strength and stiffness 
comparisons.

Further, one could argue that different treatments on samples from the same panel 
of material represent a matched comparison as well. Aside from the within-panel 
variation, this is true. By maintaining the sample size at 30, in most cases, the 
accuracy will be higher than initially required. Pieinning of subsequent studies

where n = sample size 
s = standard deviation 
t = Student's t statistic 
y = mean value.

y± -Yj = 0.05 y
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will benefit if a sufficiently large sample size is maintained for this initial 
study. It is recognized that there will be an increase in variances in material 
properties when a composite material is exposed to moisture and this will affect 
the number of samples required to prove that certain treatments do, or do not, 
cause detectable effects. Part of the purpose of this study is to provide guidance 
on this issue for future studies.

The main purpose of this study is to obtain estimates of the changes in properties 
of conventionally produced OSB/waferboard. A less stringent requirement on sample 
size will be considered for stabilized material produced specially for this study 
since the purpose of testing this material is only to ascertain potential benefits 
that might be obtained through stabilization.

5.2 MATERIALS

Due to the preliminary nature of this study it would not be reasonable to 
undertake the work on a broad selection of production material. Instead, it is 
considered sufficient to examine these effects on material taken from one mill 
producing oriented strand board (OSB). Only a partial study plan will be 
undertaken at this stage. Bending strength and stiffness as well as tension 
strength and stiffness will be examined now, but other properties, such as nail 
holding or shear strength and stiffness, will be deferred to a later date when 
more immediate questions have been resolved.

This study will concentrate on the properties of 15.9 mm (5/8-inch)-thick OSB 
intended as subflooring. Previous in-grade studies on the engineering properties 
of OSB/Waferboard were done using this thickness (Lau 1989, 1990). While the 
influence of moisture on the bending and axial stiffness of OSB/Waferboard used 
for roof sheathing is also of interest, the current study will concentrate on the 
thicker material due to the relevance of the data to the engineering community and 
to expand upon the substantial database already collected for this thickness of 
material.

Concerning the stabilized OSB/Waferboard materials, five (5) panels will be 
produced using the Eastern Laboratory steam press using process variables, 
adhesives, and additives that would typically be used if the material were 
produced commercially. This material is being included to assess the order-of- 
magnitude improvements that might be achievable if it were commercially produced 
in the future.
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6.0 TEST PROTOCOLS

6.1 INITIAL STIFFNESS TESTS

On receipt from the manufacturer, all panels were cut in half and the panel 
numbers were assigned. The bending stiffness of each half-panel was obtained in a 
panel bending tester in the as-received condition to permit sorting so that each 
cell in the experimental design would be made up of similar material. One of the 
half-panels from each sheet was tested for stiffness parallel to the main axis and 
the other half-panel was tested for stiffness perpendicular to the main axis of 
the original panel. Panels were then distributed to each test series so that the 
same sample stiffness distribution and variability was attained for each test 
series. The following procedure was followed

1. Cut all panels in half for parallel and perpendicular tests, and 
label each.

2. Weigh and measure the panel dimensions and thickness of all panels.

3. Test all half-panels to obtain their bending stiffness.

4. Select panels for each of the different test series, as defined in 
Table 1.

This stage requires a total of 220 specimens tested as half panels. There were 
twenty more panels supplied than were needed to allow for selection of subgroups 
having the same mean and variation in measured stiffness. Only 90 full panels are 
required for the experimental plan for conventional OSB/Waferboard.

6.2 TEST SERIES I - BENDING PROPERTIES

Sixty half-panels originating from 30 whole panels are involved in this test 
series which requires conditioning of the material in different relative humidity 
environments. Parallel and perpendicular bending properties will be determined for 
30 specimens in each moisture treatment cell.

Three moisture conditions are represented. The first is the as-received condition 
of the OSB panels. On receipt from the manufacturer, all material was protected 
under plastic coverings and wrapped in plastic when removed for testing and held 
for sorting. After sorting, and at each stage in the process, the material was 
double- wrapped in groups so the as-received condition was maintained until it was 
time to change the conditions. The other moisture conditions were (2) 65% RH and 
room temperature, and (3) 90% RH and room temperature. The second condition is one 
at which an equilibrium moisture content (EMC) of approximately 12 percent would 
be attained in wood. The third condition would normally result in an EMC of 
approximately 19 percent in wood. These moisture contents will not be the ones 
attained by the composite materials at these conditions; somewhat lower values 
will likely prevail.
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The following procedure was followed:

1. Cut all half-panels into three specimens, each approximately 400 mm 
(16 inches) wide and oriented as shown in Figure 1.

2. Number the panels as shown in Figure 1. Wrap the specimens in each 
cell (1 through 3) together in plastic sheeting until required for 
testing or further conditioning.

3. Test specimens 1 in the panel bending tester to failure. This will 
provide the as-received stiffness and strength of the material before 
any significant conditioning occurs. Cut sample material from each 
failed specimen for moisture content evaluation. Use overall 
dimensions to determine the density of each specimen.

4. Test specimens 2 and 3 in bending to obtain their stiffness only and 
obtain their weights and thicknesses prior to conditioning.

5. Condition specimens 2 at 65% RH and room temperature, and specimens 3 
at 90% RH and room temperature.

6. When equilibrium has been attained, test specimens 2 and 3 to failure 
in bending to obtain both the bending stiffness and strength of each 
specimen at room temperature. Cut sample material from each specimen 
after failure to obtain its moisture content. Use overall dimensions 
and weights at 65% RH and 90% RH respectively for determinations of 
density.

This stage involves a total of 300 bending tests, 120 nondestructive tests (for 
the product of moment of inertia and the modulus of elasticity - El), and 180 
tests to destruction (for El and the modulus of rupture - MOR).

6.3 TEST SERIES II- AXIAL TENSION PROPERTIES

Thirty of the original full panels were used to provide 30 half-panels for 
parallel and 30 for perpendicular orientation property evaluations.

Proceed as follows:

1. Use the same environmental conditions as for the bending test series. 
A further condition will be the wet/redry condition described below.

2. The specimen size will be 250 mm x 1200 mm. The length available will 
be the full 1200 mm. Cut four specimens for each environmental as 
shown in Figure 2.
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3. The "as-received" bending stiffness of each half-panel covering both 
parallel and perpendicular orientations will already have been 
obtained. For additional accuracy, obtain the as-received bending 
stiffness of each tension specimen.

4. Double wrap the "as-received" specimens after determining their 
bending stiffness. Condition specimen groups 2 and 3 to the 12% and 
19% EMC conditions until ready for shipment to the Western Laboratory 
for final conditioning and testing in tension.

5. Seal all edges of the specimens marked 4 with a minimum of 2 coats of 
an end sealer and condition by soaking in water at room temperature 
in a retort using a vacuum/pressure cycle. This treatment will take 
the material to full saturation. Remove the samples from the water 
bath and kiln dry them using a moderate schedule to attain a moisture 
content near 12%. Further condition the panels at room temperature 
and 65% RH to near equilibrium. Trim the panels for tension testing 
and obtain their bending stiffness. Double-wrap the panels and ship 
then to the Western Laboratory. There, they will be further 
conditioned at these conditions to equilibrium and finally tested.

This test series involves a total of 240 tension specimens, comprising 240 
nondestructive bending tests, and 240 tension tests to failure.

Density and moisture measurements will be performed on small samples cut from the 
test specimens after testing to failure. As-received bulk densities of all 
material will also be obtained prior to shipment to the western laboratory.

6.4 TEST SERIES III - WET/REDRIED CONDITIONING

Thirty of the original full panels were used to provide 30 half-panels for 
parallel and 30 for perpendicular orientation property evaluations.

Proceed as follows:

1. Seal the edges of all half-panels with a minimum of two coats of a 
end sealer.

2. Condition by soaking in water at room temperature in a retort using a 
vacuum/pressure cycle. Remove the samples from the water bath and cut 
the bending specimens as shown in Figure 3.

3. Test the soaked specimens marked 1 in bending to failure.
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4. Kiln dry the remaining specimens (both those marked 2 and "save") 
using a moderate schedule to attain a moisture content near 12%, that 
they would be expected to attain at 65% RH and room temperature. 
Further condition the panels at room temperature and 65% relative 
humidity to equilibrium.

5. Test the specimens marked 2 in bending to failure after conditioning.

This test series requires 120 bending tests.

Obtain density estimates will be obtained prior to soaking, based on dimensions 
and weights of half-panels. Obtain the conditioned moisture contents at the time 
of test.

6.5 TEST SERIES IV - STABILIZED OSB

At time of preparation of this report, the material for this test series had not 
yet been produced.

Proposed procedure is as follows:

1. Five full-sized panels will be produced using a steam press. After- 
production, the panels will be cut into half-panels which will be 
weighed and tested in bending to obtain their as-produced bending 
stiffness.

2. The half-panels will then be cut into specimens as shown in Figure 2, 
and treated and tested in the same way as those of test series I.
Both parallel and perpendicular panel properties will be obtained.

3. Specimens numbered 1 will be tested in the as-produced condition. 
Specimens numbered 2 will be conditioned at 65% RH and room 
temperature to equilibrium. Specimens numbered 3 will be conditioned 
at 90% RH and room temperature to equilibrium. Finally, test each 
set of samples to failure in bending.

4. Seal all edges of specimens numbered 4 and subject them to a 
vacuum/pressure soak test as described earlier. After treatment, dry 
the material to a stable moisture content at conditions of 65% RH and 
room temperature. A mild dry-kiln schedule may be used if considered 
necessary at the time.

5. Trim the edges of the panel to remove potentially swelled edges as 
was done in the other test series, and test in bending to failure in 
the panel tester. Obtain the density and moisture content of the 
material at the time of testing.
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This test series involves 10 half-panel bending stiffness tests, 40 specimen 
bending stiffness tests, and 40 bending tests to failure.

7.0 ANALYSIS

The above experimental plan will provide data for assessing the limits in change 
of properties in bending and tension as affected by moisture content of the 
material. Equilibrium moisture content of the material for given environmental 
conditions will be determined. The study will also show the influence of heavy 
moisture loading (as during construction) on the properties of subsequently dried 
material. While these tests will be done on material from only one manufacturer 
and from a relatively homogeneous sample, it is expected that this database will 
form a baseline study. It will also provide information to plan subsequent studies 
with reduced sample numbers.

This study will also provide the structural panel industry with an assessment of 
the potential benefits that can be achieved by using a steam press process.

8.0 PROGRESS DURING 1990-91

During the current year, the material for the study was provided by the Structural 
Panel Association. The bending tests were completed on half-panels to determine 
their bending stiffness. On the basis of these values, the panels were assigned on 
a random basis to each test series so that each cell in the experiment would have 
the same initial mean and variation. Test specimens were then cut from these half 
sheets.

The control specimens were tested to failure and the individual specimen stiffness 
were compared with the parent panel stiffness. The correlation was found to be 
poor and it was concluded that the stiffness of every specimen was needed prior to 
moisture conditioning to determine the change in stiffness that occurred due to 
this conditioning.

Moisture content measurements were made by oven drying. It was found that a slice 
of material taken at the end of the 400-mm wide specimen had a moisture content 
that was approximately 2 percent higher than that of a slice cut from the 
interior. On examination of the gradient in moisture from the edges, it was found 
that the moisture content of the material near all factory-cut edges was higher by 
this amount than the interior of the panel, even though all edges had a factory- 
applied sealer and also had additional coats of sealer applied on receipt of the 
shipment from the mill. On the basis of this finding, it was decided that the 
moisture content would be determined from a strip of material 75 mm wide, cut 
across the full width of the test specimen close to the failure.
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A small pilot study was undertaken to assess how the soak tests Bhould be done. 
Five specimens were used for each of 5 treatments. The treatments used were

1. 1-day soak
2. 2-day soak
3. 4-day soak
4. 14-day one-sided water spray
5. 3-day one-sided soak

Each specimen was then cut into strips 75 mm wide and tested without any further 
conditioning or drying. Thickness swelling was also measured. An analysis of this 
data showed that strength was most correlated with swelling. The largest amount of 
swelling occurred for treatment 4, the 14-day one-sided spray. The estimated time 
required to achieve the same swelling using a full soak treatment was 17 days.
From moisture measurement of the material at different depths using both a 
resistance moisture meter and slices of material that were oven-dried, it was 
determined that the 14-dry spray resulted in high moisture content throughout the 
thickness of the material.

On the basis of these tests, and supplementary tests, it was concluded, however, 
that maximum swelling was likely to take place using a wet spray technique. It was 
concluded that the technique which involved spraying each panel on one face might 
cause warping or bowing of the panels. Possible non-uniform swelling of large 
panels could also lead to out-of-plane distortion which would affect the measured 
minimum stiffness in a non-conservative way.

Further testing showed that a vacuum/pressure soak treatment could achieve 
equivalent water absorption and swelling results, even when panel edges were 
sealed with a silicone sealer. It was concluded that the required water soak tests 
on half panels and on smaller test specimens should be done using a 
vacuum/pressure treatment. The facilities to do this treatment are available at 
the Eastern Laboratory for full panel sizes using a large retort with the 
specimens submerged in a large stainless steel bin located within the retort. The 
time required for this saturation treatment is only a few hours.

9.0 WORK PLANNED FOR 1991-92

The work involved in conditioning and testing of specimens is proceeding. Testing, 
data analysis and preparation of a final report will be completed during this 
fiscal year.
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Table 1. Summary of Tests Required

I
Bending

II
Tension

III
Wet/

Redried

IV
Steam Press 

Treatment
TOTAL

No of panels 
Required

30 30 30 5 95

No. of Tests 
for El only

120 240 - 50 410

No. of Tests 
for El and MOR

180 - 120 40 340

No. of Tests 
for EA and Ft

240 “ 240
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Figure 1. Cutting pattern for test series I - bending tests.
Half of the specimens are to be numbered as noted 
by numbers in brackets
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Figure 2. Cutting pattern for Test Series II and IV
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Discard

S = bending specimen tested soaked 

D = bending specimen tested dry after soaking

Figure 3. Cutting pattern for Test Series III - Wet/Redry
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