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SUMMARY

Under current ASTM D-3501 procedures, the only practical method of obtaining compressive 
properties of wood based panels is to glue two or more plies of the specimen together to provide 
a compact column capable of resisting buckling. It is thought, however, that this method may 
not provide representative compression strength and stiffness data due to load sharing.

An apparatus which enabled the testing of large slender specimens in compression had already 
been designed for use in a previous project (Onysko & Tardif 1993). This apparatus applied 
continuous lateral pressure to specimens which restrained buckling along the specimen length. 
A pilot study was performed in which the minimum restraining air pressure required was 
determined. The apparatus required further testing to verify its reliability.

Another project (Lau 1989) involving 400 OSB and waferboard specimens from several different 
mills provided us with a fairly extensive data base including built-up compression, small 
specimen compression, tension, and flexure data as well as enough matched material to test 
using this new apparatus. In addition, plywood material of several lay-ups and thicknesses was 
purchased and tested both as large slender specimens and as built-up specimens.

All the material tested using the lateral support apparatus for large slender compression 
specimens broke at random locations along the specimen length and with random break angles. 
Thus, this apparatus appeared to provide unbiased compression results with regard to break 
location and type.

The compression strength and stiffness of OSB and waferboard for both built-up and large 
slender compression specimens was poorly correlated with tension properties. Correlation was 
also poor between large slender compression properties and both small specimen and built-up 
compression properties. Some correlation between large slender compression properties and 
built-up compression properties was found for the plywood tested.

It was concluded that the test procedure providing the lower value was more appropriate. The 
lateral support apparatus for large slender compression specimens provided lower mean and 5th 
percentile strengths than did the built-up compression apparatus for OSB and Waferboard. It 
provided lower or equivalent mean and 5th percentile strengths for plywood.

It is proposed that this new apparatus and test procedure be recommended to the panel sub
committee responsible for the ASTM D-3501 standard for possible inclusion into the standard.
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1.0 OBJECTIVES

To verify the reliability of a new apparatus for determining compression properties of panel 
products.

2.0 INTRODUCTION

The wood panel industry requires information on compressive properties of its materials in order 
to facilitate design of engineered wood products such as stressed-skin membranes, box beams, 
wood I-beams, and composite floor and wall assemblies.

Under current ASTM D-3501 procedures, the only practical method of obtaining compressive 
properties of wood-based panels is to "build-up" specimens by gluing two or more plies together 
to provide relatively compact short columns. These samples must be tested in an apparatus 
which would restrain sample bending along its edges. This method, however, has several 
drawbacks, as noted below.

While testing a built-up specimen, there is load sharing between the plies. In materials with 
local inhomogeneity in properties, due to knots in plywood or thickness variations, this load 
sharing results in higher apparent compressive properties.

Another problem concerning built-up specimens relates to their fabrication. The specimens tend 
to shift slightly during gluing under pressure even if inserted into a guide apparatus. The 
specimens will not be exactly square after trimming if slippage occurs, which may result in 
uneven loading across the width of the specimen.

Another problem comes to light if one wishes to test panel material having an uneven surface. 
For example, in the manufacture of OSB panels intended for roof sheathing, it is common to 
impress the surface with "dimples" or some other texture to provide some frictional resistance. 
In order to glue these panels, it is necessary to sand these dimples off. As well as being time 
consuming, this sanding can affect the strength of the material.

A matter of concern in any compression test is the effect of the ends of the specimen on the 
apparent compressive strength. Due to the number of plies in the built-up specimen, the end 
effects per volume of the specimen are doubled or tripled.

When testing panel material that is bowed or warped, the pressure applied during gluing induces 
prestresses in the finished specimen that may adversely affect the compressive results.

Other difficulties are noted when testing relatively short specimens. The gauge length over 
which strain is measured is in the range of 160 mm, which requires accurate strain 
measurement. Also the guides at either side of the specimen can restrain the samples from 
bulging at failure and have some effect on its compressive properties.
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Another method permitted in ASTM D-3501 is testing of single-ply short column specimens 
having lengths between 100 and 180 mm depending on material thickness. Unfortunately, this 
method may not always be appropriate. If samples are cut from a very non-homogenous 
material, they will not necessarily be representative of the material. Thus, in order to obtain 
fairly accurate results, many tests are necessary.

The ASTM D-3501 test standard also provides for a method of testing these panel materials by 
an apparatus providing continuous lateral support to minimize bending. The extension of this 
approach for large specimens is the subject of this report.

3.0 BACKGROUND

A compression test for large slender panel specimens was developed for use in a study on the 
effect of moisture on the axial and bending properties of OSB (Onysko and Tardif, 1993). It 
was based on the use of inflatable hoses for applying lateral restraint to specimens to prevent 
buckling. A pilot study was performed to assess what minimum restraint was needed. The 
apparatus was then used to obtain the axial properties of OSB material in the study.

From another study, in which built-up specimens were tested for compressive and other 
properties, sufficient matching test material remained for use in assessing this apparatus (Lau, 
1989). A large database had been developed which included information on small specimen 
compression tests, built-up compression tests, large specimen tension tests, tests in flexure, etc., 
for 400 specimens.

This database and the sample material available, along with plywood panels of different 
thickness, were used to evaluate the new compression testing apparatus.

4.0 DESIGN OF A LATERAL SUPPORT COMPRESSION APPARATUS

In order to test a large slender specimen in compression, lateral support must be provided to 
prevent the development of bending stresses. Such an apparatus must not, however, significantly 
increase the compressive strength by preventing local failures from occurring.

4.1 INITIAL CONCEPT AND DESIGN CONSIDERATIONS

The apparatus was conceived to allow a large slender specimen to be placed loosely against a 
rigid vertical plane and to be held in place by inflating an air activated platen. To reduce 
friction while testing, two sheets of low friction material (teflon) were to be placed on each side 
of the sample. The edges of the test specimen needed to be accessible so that transducers could 
be fastened along each edge to measure the compression strain during testing. These transducers
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(LVDT’s) were to have a gauge length suitable for the length of the specimen. A swivelling 
load head was needed to uniformly distribute the load on the specimens. It was desirable for 
this loading head to be rigid in the direction perpendicular to the specimen width, yet be able 
to swivel in the plane of the specimen. The activation pressure selected was the minimum 
necessary to restrain the sample along its entire length so as to minimize the effects of bending 
without introducing excessive friction and local restraint. The apparatus needed to accommodate 
specimens of different thicknesses.

4.2 DESIGN

The apparatus was designed using modem (limit states design) techniques to limit deflection of 
the specimen (in the supporting apparatus) due to the applied internal pressure of the apparatus. 
It was decided that a maximum deflection tolerance of 0.5 mm was acceptable over a length of 
1200 mm. Basically, the supporting mechanism consists of two very stiff structural steel 
columns fastened to a base. Between these columns are two spacers and an inflatable restraining 
membrane (made of fire hose). One of the columns was fastened to the base so it was vertical. 
The other column was hinged at its base to allow for the insertion and extraction of test 
specimens. At the top of the columns, a fastening mechanism was designed to allow adjustment 
such that, when in position, the hinged column was parallel to the rigid column. Thus, during 
a test, both the columns and the specimen were vertical. The apparatus is shown assembled in 
Figure 1 and the details are provided in Figures 2 to 6.

The LVDT’s and the gauge holders were designed to measure the total strain on a large gauge 
length and are durable enough to withstand moderate mistreatment yet light enough to be handled 
easily. A long slender extension on each transducer accommodated the length requirement. By 
encasing this extension in a rigid copper tube, we met the durability constraint. A detailed 
diagram of this apparatus is shown in Figure 3.

A special loading head was designed. Conventional loading heads were not acceptable because 
they might induce uneven loading at the top of the specimen. We designed a head that would 
rotate freely about one axis yet remain relatively rigid about the other axis. Using the criterion 
of minimizing weight without sacrificing stiffness, we designed the loading head shown in Figure 
4.

A pilot study was conducted to assess the minimum air pressure necessary to restrain the 
specimen, and to study the effect of lateral pressure on specimen attributes (Compression 
Strength (Fc) and Compression Stiffness (Ec)). This pilot study is described in Appendix I. It 
was decided that a restraining air pressure of 0.07 MPa in the membranes would be suitable for 
most applications. This pressure was increased to 0.10 MPa for stronger specimens.
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5.0 TEST METHODS

5.1 SPECIMEN PREPARATION

The available waferboard and OSB test material from the study by Lau (1989) was fully 
conditioned and rough cut into 260 mm x 1220 mm sections at the commencement of this 
project. There was a total of 80 specimens per panel direction for 0-2 (oriented strandboard - 
CSA 0437.0 M85) material and 120 specimens per panel direction for R-l (randomly oriented 
strandboard - CSA 0437.0 M85) material. Thus a total of 400 specimens was available for 
testing in compression. The cutting pattern for the original panels is shown in Figure 7.

In planning the testing of plywood, it was estimated that a sample size of thirty specimens for 
each thickness and face grain direction would be necessary for statistical accuracy. The 
thicknesses used were 9.5 mm 3-ply CSP (Canadian Softwood Plywood), 12.5 mm 4-ply CSP, 
and 15.5 mm 5-ply CSP. These lay-ups and thicknesses were chosen to assess whether any 
precautions were necessary in testing more flexible materials. The plywood was hand picked 
and purchased from a local lumber yard in the Ottawa region. The material was cut so that each 
large slender compression specimen was matched with material used to fabricate built-up 
compression specimens. Prior to testing, the plywood specimens were fully conditioned at 65% 
R.H. and 20°C. The cutting pattern and identification system used for plywood panels are 
shown in Figure 8.

5.2 COMPRESSION TESTING: LARGE SLENDER SPECIMENS

The 15.9 mm waferboard and OSB specimens were initially trimmed to 1180 mm lengths, with 
special care being taken to ensure that both ends were parallel. The plywood specimens were 
then trimmed to 1143 mm lengths when it was found that the unsupported ends were too 
flexible. The 400 waferboard and OSB specimens and the 180 plywood specimens were 
prepared and tested as outlined in Appendix II.

5.3 COMPRESSION TESTING: BUILT-UP SPECIMENS

A total of 180 plywood specimens were prepared and tested using the procedure outlined in 
ASTM D3501-76 "Standard Methods of Testing Plywood in Compression : Method B - 
Compression Test for Large Specimens", commonly referred to as the Built-up Compression 
Test.
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5.4 PREVIOUS TEST METHODS

As noted earlier, previous projects (Lau 1988, Lau 1989) supplied us with a fairly extensive 
material property database for waferboard and OSB produced in 1988. This database included 
properties obtained from tests conducted in accordance with applicable ASTM and CSA 
standards.

6.0 RESULTS AND DISCUSSION

Two statistical procedures were employed to examine correlations between the compression 
properties and other variables. Pearson correlation coefficients estimate the linearity of a 
relationship between two properties. These coefficients range between -1 and 1. Values of -1 
or 1 indicate perfect correlation. A value of 0 indicates ’perfect’ scatter. The commonly 
referred to r-squared (r2) value is simply the square of the Pearson correlation coefficient. It is 
generally assumed that a coefficient between -0.5 and 0.5 gives little indication of a correlation 
between two variables or properties.

The Scheffé analysis, on the other hand, is a multiple comparison procedure for comparing 
different sets of data for equality at the 0.05 probability level.

6.1 WAFERBOARD AND OSB PROPERTIES

6.1.1 Failure Angle and Location

Break location distributions were developed for all the material as shown in Figures 9, 10, and 
11. These distributions represent the averages of the left and right break locations measured on 
each edge from the bottom of the specimen. Ideally, the break locations should be randomly 
distributed throughout the length of the specimens. It can be seen, however, that there was a 
higher frequency of failure at the ends. This was expected for the following reasons:

1. The application of restraining pressure provides good lateral support except at the 
ends of the specimen. The specimen length selected at the beginning of these 
tests permitted greater unsupported lengths than will be recommended.

2. The force of friction, although reduced by the teflon sheets, would still reduce the 
load experienced at the bottom of the specimen. The uppermost section of each 
specimen would receive the highest load.

3. Irregularities and cut-through grain at the trimmed ends would tend to cause local 
failures.

4. Due to the minor play in the swivel load head, lateral forces may contribute to 
bending at the top of the specimen.

5



In order to find if the apparent slight trend in break location had a significant effect on strength, 
a Scheffé analysis (pair-wise comparison between classes) was performed on the data. The data 
base was divided into six classes depending on the break location (measured from the bottom 
edge). The mean Fc’s for each class were compared for significant differences at the 0.05 
probability level for each material (oriented strandboard (0-2), randomly oriented strandboard 
(R-l)) and for both parallel and perpendicular specimens. No significant differences were found 
between the strengths of the location classes.

The break angle was estimated as the difference between the left and right break heights. This 
value is proportional to the actual break angle and will be referred to as ’break angle’. Ideally, 
the break angle should be normally distributed about zero, which would indicate no bias or 
misalignment created by the apparatus. The actual distributions for each material are shown in 
Figures 12, 13 and 14.

Again, a Scheffé analysis was performed on the data using three different classes defining the 
break angle. If a break was recorded for one side only, the data for that specimen were not used 
in the comparison. The analysis showed that the failure orientation was not related to strength 
at the 0.05 probability level.

Thus, it would seem that the strength of 15.9 mm waferboard and OSB determined using the 
apparatus was not significantly biassed by the manner in which restraint was applied nor by the 
way load was applied.

6.1.2 Relationships Between Material Properties

A correlation analysis was performed on all data between all test properties and it is summarized 
in Tables 1 and 2. These tables are sorted by material class and test direction. These 
relationships are also shown graphically in Figures 15 through 21. It can be seen that although 
there are distinct correlations between some of the properties in some of the material classes, 
there are relatively low correlations between most test properties. It can also be seen that the 
correlations between large slender compression and tension are similar to those between built-up 
compression and tension specimens. For 0-2 (perpendicular) material there is a fairly high 
correlation between tension test properties and both built-up and large slender compression test 
properties. As can be seen in Figures 15 and 17, this is due primarily to a "grouping" of data 
at several locations in the plot. The material tested was obtained from nine different mills (four 
mills produced R-l panels, four mills produced 0-2 panels, and one mill produced both R-l and 
0-2 panels). In some cases, different mills produced similar materials (by definition) but with 
large differences in the material properties. Thus, in some instances, two distinct and separate 
clouds of data were treated as one data set which can produce an apparent relationship between 
test properties. The relationship does not exist when classified on a mill by mill (mill specific) 
basis. Thus, these apparent high correlations do not necessarily signify that the properties are 
correlated.
For homogenous materials, the slope of the regression curve between tension and compression 
properties (as well as between different types of compression tests) should be close to unity.
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From the study of Figures 15 to 21, it is apparent that as the r-square increases, the slope 
approaches unity.

There seems to be a significant difference between the means of the tension and three 
compression test properties. To quantify this apparent difference, a Student t-test was performed 
between data for each test type and it was found that, in all cases, tension mean properties were 
lower and significantly different at the 0.05 probability level from compression properties using 
large slender, built-up and small sample compression tests for both E*. and Fc. It was also found 
that the maximum strengths and stiffness for the three different compression tests differed in 
some cases but not in others as noted in Table 3. A complete data summary is provided in 
Table 4.

These comparisons do not take into account differences in effective specimen size (volume 
effect). For example, in the tension tests, due to the grip lengths, only 660 mm of the length 
of the specimen are fully stressed even though the specimen length was 1200 mm. To assess 
the correlation between tension strength and large slender compression strength, only specimen 
pairs were included where compression failure occurred fully within the middle 660 mm. A 
hypothesis was thus postulated that the failure location should be the same for both compression 
and tension, since both samples were contiguous in the panels from which they were cut. The 
relevant correlations are shown in Table 5 and in Figures 22 and 23. It can be seen that while 
these comparisons resulted in slightly better correlations than before, the correlations were still 
poor.

It was postulated that there might be a relationship between compression strength and the 
difference between large slender compression strength and built-up compression strength, in that, 
as panel strength increased, the percentage difference between the two test results may fall due 
to less load sharing (a more nearly homogeneous specimen). If a relationship exists, one would 
expect a better correlation between either Ec or Fc (large slender and/or built-up) and the 
difference between their respective Ec’s and Fc’s. These correlations were calculated and found 
to be relatively small. Thus, it can be said that the difference between the built-up and large 
slender test results do not change as specimen compression strengths change.

6.2 PLYWOOD TESTS 

6.2.1 Break Angle and Location

The average break location distribution for plywood specimens is shown in Figures 24, 25, 26, 
and 27. These distributions seem to be less variable than those for waferboard and OSB. A 
Scheffé analysis (pair-wise comparison between classes) was performed to test if the break 
location height was related to compression strength. No significant differences in compression 
strength were found between break location classes at the 0.05 probability level. There are two 
possible reasons for the more uniform break distribution of the plywood samples: (a) the
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restraining pressure was increased to 0.10 MPa (previously, 0.07 MPa was used.) and (b) the 
specimen length was decreased from 1180 mm to 1143 mm, which reduced the unrestrained 
sections at the top and bottom of the specimen. Both of these actions were taken after several 
tests of the 15.9 mm (parallel) plywood failed at the ends.

A Scheffé analysis was also performed to study the relationship between specimen break angle 
and specimen strength. This revealed that there was no difference in strength between the 
various break-angle classes. The distributions are shown in Figures 28 and 29.

The conclusion reached was that, providing attention is paid to the length of the unrestrained 
ends, there is no bias in the results, and the test method provides a fair measure of the 
compression strength of the material over the full length of the specimen.

6.2.2 Relationships Between Large Slender Compression and Built-up Compression Test 
Properties

A correlation analysis was performed for all data as shown in Table 6 and graphically in Figures 
30 through 35. These correlations are higher than found for waferboard/OSB in the parallel-to- 
grain direction (strong axis). We found that the failures in the large slender plywood specimens 
were often located around a series of knots or a core gap or an overlap in one of the plies. 
Although these correlations are higher, they are by no means high enough for reliable prediction 
of specimen attributes.

Another correlation analysis was carried out between properties based on average panel values. 
The cutting pattern shown in Figure 8 provided three specimens per test type for each panel. 
The average of these three specimens was used. Thus, the correlations shown in Table 7 and 
in Figures 36 through 41 are based on 10 pairs per direction per thickness. Higher correlations 
were obtained using these average panel values than those obtained using all data. This supports 
the possibility that the correlations are being lowered due to internal variability.

The cutting pattern for parallel-to-face-grain specimens is shown in Figure 8. This pattern 
provided test specimens with the same longitudinal veneers. For example, column 1 contains 
a sample for a built-up and a large slender compression specimen. By comparing only samples 
from the same plane, some within-panel variation is minimized. A correlation analysis 
comparing these same-plane specimens is shown in Table 8 and in Figures 42 and 43. Slightly 
increased correlations were found.

It was hypothesized that as compression strength increased, the difference between built-up 
compression strength and large slender compression strength would decrease, in that a relatively 
high compression strength would likely be obtained from a more nearly homogenous specimen. 
A correlation analysis was performed for the plywood specimens to look for this possible 
relationship. As before, we found there is no proof that the difference between the built-up and 
large slender test results changes as compression strength changes.
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6.3 DISCUSSION OF CORRELATIONS: WAFERBOARD / OSB & PLYWOOD

6.3.1 Tension vs Large Slender Compression Properties

For wood products, unlike steel, the load required to induce failure and the failure mode are 
usually different in compression and tension. Tension specimens fail as a splintery break 
indicative of toughness, but compression tests fail in crushing or local fibre buckling. Thus, one 
would not necessarily expect good correlation between tension and compression strength and 
stiffness.

Typically, there were relatively low correlations between tension and large slender compression 
properties. Due to these low correlations, and the significantly different means between these 
test properties, it is apparent that the use of this lateral support apparatus for large slender 
compression specimens could not be used to replace tension testing in waferboard or OSB.

6.3.2 Large Slender vs Built-up

The testing of waferboard and OSB samples provided little correlation between built-up 
compression and large slender compression. It did, however, recognize a distinct difference in 
Fc’s in the groups of data. The Fc for built-up tests was about 10 % higher than that for large 
slender tests. This could probably be attributed to the load sharing effects of the built-up tests 
and other factors as described in section 2.1.

The plywood results, however, seem to lead to a different conclusion. It can be seen from Table 
9 that, in most cases, the built-up results differ little from the large slender results in all 
thicknesses and directions. One would expect plywood to experience more load sharing due to 
its increased (over OSB or waferboard) lack of homogeneity.

The 5th percentiles were estimated for each material property assuming normal distribution. The 
results for OSB and Waferboard are shown in Table 5 and in Table 9 for plywood. It is 
interesting to compare property means with their 5th percentiles. Often, the 5th percentiles for 
large slender strengths are significantly larger than for built-up strengths, even though they had 
similar sample means. This is due primarily to a relatively large standard deviation for the built- 
up strength data.

The results obtained thus far have shown that the laterally supported large slender compression 
test procedure and apparatus are at least as good as the built-up compression test procedure and 
apparatus. In all cases, when a difference in the data groups was observed at the 0.05 level, the 
test with the lower mean was the large slender compression test. Since it is believed that the 
built-up test provides inaccurately high results (due primarily to load sharing), it would be fair 
to conclude that the test providing the lower value is more appropriate.
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6.3.3 Large Slender vs Built-up Test Method Comparisons: Other Factors

Initially, it was suspected that the large slender specimen test might provide biased results with 
respect to break location and break angle but this was not found to be the case. Unfortunately, 
it was not possible to test for this with the built-up specimens. The built-up specimens are so 
short and wide that reliable descriptions of failure characteristics are difficult to do.

The large slender test procedure has a significant advantage over the built-up procedure in the 
testing of slightly bowed or warped specimens. The lateral support apparatus for large slender 
compression specimens forcibly straightens the specimens (during testing) through the application 
of pressure. This would approximate the actual strength of the specimen because, in virtually 
all applications, a warped or bowed panel is forcibly straightened during use. In the gluing of 
a built-up specimen, two possibilities are present. If the specimen is layered so that all plies are 
in the same direction (ie. none of the plies are flipped or rotated), the result is three equally 
bowed or warped plies. During gluing, these plies are straightened, but once removed from the 
gluing jig, the full specimen attempts again to warp or bow, applying internal stresses on the 
specimen and glue lines. Also, the pressure prescribed for gluing is sometimes not adequate to 
straighten the specimen. In either case, the result is a partially restrained specimen with internal 
stresses and possibly weaker glue lines. The other possibility is that one or more of the plies 
may be flipped or rotated. If a bowed or warped ply is flipped about its end or rotated about 
its vertical axis, the plies tend to slip during gluing and it is difficult to trim the specimen 
exactly square.

In the testing of large slender specimens, there is no load sharing. In the testing of built-up 
specimens, a weak ply may obtain help from its neighbouring plies, thus increasing the apparent 
compressive strength and/or elasticity. This effect would be larger when testing highly non- 
homogenous material. It is common in plywood for the weakest point in the panel to be located 
where there are overlapping or irregular plies or at a row of knot holes. In OSB, thickness 
variations along the panel width are common, such that one end of a panel is consistently thicker 
than the other. These locations represent the weakest section of the panels and govern the 
compression strength. The large slender test specimen should fail at these locations, while the 
built-up test may not, due to load sharing.

On the basis of our experience working with both test methods, we found that an extra 1 to 1.5 
hours per 10 specimens were needed for the built-up procedure as compared with the large 
slender specimen test procedure.

Wood-based panel products are currently allowed a fairly large amount of thickness variability 
and a compression test should have the ability to cope with these large between-panel and within- 
panel variations. Due to the nature of the lateral support apparatus for large slender 
compression specimens, once it is adjusted for a particular nominal panel thickness, it need not 
be re-adjusted for specimens which may slightly differ from this nominal thickness. The built-up 
compression apparatus cannot handle thickness variations as easily. The guides must be adjusted 
for every specimen if adequate restraining support is to be achieved. In practice, it is far too
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time consuming to adjust all four guides, so usually only two of the guides (on one face of the 
specimen) are adjusted, using the other two as a vertical reference. The result may lead to a 
slightly off-centred specimen with regard to the load head. The guides pose a unique problem 
with respect to samples with increasing or decreasing thickness. When tightened on such a 
sample, one side of the guides no longer remains vertical if buckling restraint is required. 
During testing, the specimen will either loosen (if it is thicker at the top) and it could fail in 
bending, or it will bind like a wedge (if it is thicker at the base) which could result in higher 
Ec’s and Fc’s than should be expected.

The built-up specimens pose another problem related to surface quality for gluing. Some OSB 
products have dimpled or corrugated surfaces designed to provide more friction when the 
material is used for roof sheathing. These dimples have to be sanded off to prepare the face for 
bonding. Care must be taken to remove only the dimples, but inevitably, a certain amount of 
the face material is removed as well. OSB panels usually have an uneven density distribution 
through their thickness with the more dense material at the faces and the relatively less dense 
material at the core. The removal of a small amount of face material would, therefore, represent 
a disproportionate loss in strength and stiffness, and should be avoided.

The lateral support apparatus for large slender compression specimens is much heavier and more 
complex than that for the built-up compression specimens. It has been estimated that it would 
take about 60 hours to build the large slender compression apparatus, but only about 20 hours 
to build the built-up compression apparatus.

The lateral support apparatus for large slender compression specimens should be firmly attached 
to the base of the testing machine. During testing there is virtually no risk to the operator, in 
that breaks are contained within the apparatus, eliminating the possibility of projectile debris at 
failure. The built-up compression test, on the other hand, raises a number of safety concerns. 
Due to the nature of the specimen, the loads required to produce failure are three times larger 
than the loads needed for a single ply. At these higher loads, failures are often sudden and very 
dramatic, particularly if the specimen should fail due to bending. During the testing of plywood, 
many specimens virtually exploded at failure, with some heavy pieces being thrown as far as 10 
m at high speeds.

11



7.0 CONCLUSIONS

1. All material tested using the lateral support apparatus for large slender compression 
specimens broke randomly along the specimen length and with a random break angle, which 
indicates that the large slender compression test apparatus provides unbiased compression results.

2. The lateral support apparatus for large slender compression specimens provided lower mean 
and 5th percentile strengths than did the built-up compression apparatus for OSB and 
Waferboard. It provided lower or equivalent mean and 5th percentile strengths for plywood.

3. The compression strength and stiffness values determined using the large slender and built-up 
compression methods were poorly correlated with the tension strength and stiffness for the 
material tested. This is not a reflection on either apparatus. The compression and tension 
strength of the materials tested are different.

4. Tension strength mean values were lower and significantly different at the 0.05 
probability level than both built-up compression strength mean values and large slender 
compression strength mean values for all material tested.

5. The large slender compression strength and stiffness values correlate poorly with the built-up
compression strength and stiffness for OSB, but seem to provide some correlation for the 
plywood tested. v

6. The use of large slender compression specimens provides more appropriate compression 
properties than does the use of built-up compression specimens due primarily to the elimination 
of load sharing and reinforcement. The large slender specimen is closer in size and thickness 
to the actual panel material and is therefore more representative of the panel material than the 
built-up specimen.

7. The large slender compression test provides more accurate compression data than the small 
single-ply sample test due to the increased specimen size, the reduction in end effects, better 
representation of the panels from which the specimens are cut, and the possibility for more 
accurate measurement of deformation.

8.0 RECOMMENDATIONS

In light of the above conclusions, a summary paper should be written regarding the lateral 
support apparatus and the procedure for testing large slender compression specimens. This 
should be submitted to the sub committee responsible for ASTM D3501 for possible inclusion 
in the standard.
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Table IA : Pearson Correlation Coefficients Between Properties — All Data
Waferboard and OSB 
0-2, Parallel

property Extender F^lender Ecbuiltup Fcbuiltup Ecsmall Fcsmall Ectension Fctension ^bending

Ecslender 1 . 0 .70 .68 .50 .27 .39 .50 .50 .49
F^lender 1 . 0 .48 .48 .18 .56 .46 .59 .05
Ecbuiltup 1 . 0 .78 .23 .46 .56 .52 .33
Fcbuiltup 1 . 0 .23 .64 .61 .52 .06
Ecsmall 1 . 0 .57 .15 .12 .00
F^mall 1 . 0 .48 .38 -.28
Ectension 1 . 0 .55 .17
Fctension 1 . 0 .24

^bend ing 1 . 0

> * =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95

Table IB : Pearson Correlation Coefficients Between Properties — All Data
Waferboard and OSB 
0-2, Perpendicular

property Extender F^lender Ecbuiltup Fcbuiltup E^mall F^mall Ectension Fctension ^ b e n d i n g

Extender 1 . 0 .87 .88 .85 .87 .84 .92 * .90 * .79

F^slender 1 . 0 .79 .82 .73 .81 .75 .91 * .65

Ecbuiltup 1 . 0 .92 * .79 .79 .83 .86 .68

Fcbuiltup 1 . 0 .73 .79 .79 .86 .65

E-mail 1 . 0 .89 .85 .81 .75

F^mall 1 . 0 .77 .82 .73

Ectension 1 . 0 .85 .77

Fctension f 1 . 0 .71

^ b e n d i n g 1 . 0

* =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 2A : Pearson Correlation Coefficients Between Properties — All Data
Waferboard and OSB 
R -l, Parallel

property Extender F^lender Ecbuiltup Fcbuiltup E-mail F^mall Ectension Fctension b̂ending
Ecslender 1.0 .84 .39 .41 .33 .49 .23 .46 .10

Fcslender 1.0 .33 .39 .37 .50 .28 .49 .10

Ecbuiltup 1.0 .58 .12 .28 .00 .29 .06

Fcbuiltup 1.0 .37 .55 .29 .46 .21

Ecsmall 1.0 .81 .18 .27 -.20

Fcsmall 1.0 .26 .44 -.20

Ectension 1.0 .50 .26

Fctension 1.0 .12

b̂ending 1.0

*  =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95

Table 2B : Pearson Correlation Coefficients Between Properties -- All Data
Waferboard and OSB 
R -l, Perpendicular

property EjSlender F^lender Ecbuiltup Fcbuiltup E-mail F^mall Ectension Fctension b̂ending

Extender 1.0 .70 .46 .43 .18 .41 .57 .56 .38

F^lender 1.0 .10 .36 .09 .37 .35 .54 .10

Ecbuiltup 1.0 .65 .17 .32 .38 .31 .16

Fcbuiltup 1.0 .23 .43 .35 .46 .04

E^mall 1.0 .65 .08 .21 .47

FcSmall 1.0 .18 .43 .17

Ectension 1.0 .49 .19

Fctension 1.0 .01

b̂ending 1.0

* = Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 3: Comparison of Compression Property Means.
Waferboard and OSB: All Data.
Students t-test: PR > |T | =  probability that data sets can be considered equal.

Property Comparisons 0-2 Material R-l Material

parallel perpendicular parallel perpendicular

Large Slender 
vs Built-up 0.0001 0.2055 ** 0.8725 ** 0.8772 **

Ec
Large Slender 
vs Small 
Specimen

0.3247 ** 0.0185 0.0512 ** 0.1929 **

Large Slender 
vs Tension 0.0001 0.0001 0.0001 0.0001

Built-up vs
Small
Specimen

0.0001 0.0101 0.1220** 0.2828 **

Built-up vs 
Tension 0.0123 0.0001 0.0001 0.0001

Small
Specimen vs 
Tension

0.0001 0.0001 0.0001 0.0001

Large Slender 
vs Built-up 0.0001 0.0001 0.0001 0.0001

Fc

Large Slender 
vs Small 
Specimen

0.0223 0.5945 ** 0.5157 ** 0.0621 **

Large Slender 
vs Tension 0.0001 0.0001 0.0001 0.0001

Built-up vs
Small
Specimen

0.0001 0.0001 0.0001 0.0001

Built-up vs 
Tension 0.0001 0.0001 0.0001 0.0001

Small
Specimen vs 
Tension

0.0001 0.0001 0.0001 0.0001

** =  groups which CANNOT be considered different at the 0.05 level.
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Table 4: Data Statistics
Waferboard and OSB: All Data

Type dir variable N mean
(MPa)

std.dev.
(MPa)

min.
(MPa)

max.
(M Pa)

C.V. 5th %tile
(MPa)

02 par EcSlender 77 5213 606.1 4092 6444 11.62 4,216

02 par E.Builtup 77 5988 1536 3684 9926 25.65 3,461

02 par EcSmall 70 5092 755.6 2926 7622 14.84 3,849

02 par Ectension 77 6384 1316 4381 10580 20.62 4,219

0 2 par FcSlender 77 14.63 1.907 11.02 18.9 13.04 11.49

02 par FcBuiltup 77 17.09 2.294 12.94 21.41 13.42 13.31

02 par FcSmall 76 15.25 2.682 9.283 20.24 17.59 10.84

02 par Fctension 77 12.53 1.598 9.330 17.53 12.75 9.901

02 per EcSlender 79 4122 1204.1 2369 6668 29.21 2,141

02 per EjBuiltup 79 4207 900.2 2357 6027 21.40 2,726

02 per EcSmall 78 3946 1443.5 1689 6464 36.57 1,571

02 per Ectension 78 4790 1612 2581 8940 33.64 2,138

02 per FcSlender 79 13.33 2.601 8.730 19.08 19.51 9.05

02 per FcBuiltup 79 14.78 2.628 9.590 20.37 17.78 10.46

02 per FcSmall 78 13.27 2.587 8.860 19.30 19.50 9.014

02 per Fctension 78 11.29 3.029 6.730 18.43 26.84 6.307

R1 par EcSlender 117 4442 461.1 3355 5663 10.38 3,683

R1 par E^uiltup 120 4444 719.2 3079 7058 16.19 3,260

R1 par EcSmall 112 4301 700.0 2303 6126 16.28 3,149

R1 par Ectension 117 5082 798.5 3095 8195 15.71 3,768

R1 par FcSlender 117 13.93 1.969 9.771 19 14.14 10.69

R1 par FcBuiltup 120 15.29 1.519 10.18 18.92 9.93 12.79

R1 par FcSmall 112 13.95 2.225 7.83 18.71 15.95 10.29

R1 par Fctension 117 11.20 1.666 7.44 15.7 14.87 8.459

R1 per EcSlender 117 3887 379.0 2938 4558 9.751 3,263

R1 per EjBuiltup 120 3895 689.7 1849 5847 17.71 2,760

R1 per EcSmall 119 3811 635.8 2496 6628 16.68 2,765

R1 per Ectension 119 4411 708.1 2770 6506 16.05 3,246

R1 per FcSlender 117 12.72 1.634 6.79 16.18 12.85 10.03

R1 per FcBuiltup 120 14.15 1.682 8.800 18.34 11.89 11.38

R1 per FcSmall 120 13.06 1.525 9.687 17.83 11.67 10.55

R1 per Fctension 119 10.20 1.485 6.780 14.27 14.56 7.757
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Table 5: Pearson Correlation Coefficients Between Compression and Tension Properties 
Waferboard and OSB

0-2, PARALLEL

all data all data excluding samples which would 
have broken in tension grips

property Extender Fcslender Ecbuiltup Fcbuiltup Ecslender Fcslender Ecbuiltup Fcbuiltup

Ectension .50 .46 .56 .61 .58 .59 .36 .64

Fctension .50 .59 .52 .52 .75 .78 .61 .67

0-2, PERPENDICULAR

all data all data excluding samples which would 
have broken in tension grips

property Extender Fcslender Ecbuiltup Fcbuiltup Ecslender Fcslender Ecbuiltup Fcbuiltup

Ectension .92 * .75 .83 .79 .94 * .89 .92 * .94 *

Fctension .90 * .91 * .86 .86 .95 ** .95 ** .91 * .92 *

R -l, PARALLEL

all data all data excluding samples which would 
have broken in tension grips

property Extender Fcslender Ecbuiltup Fcbuiltup Ecslender Fcslender Ecbuiltiip Fcbuiltup

Ectension .23 .28 .00 .29 .36 .40 -.44 -.26

Fctension .46 .49 .29 .46 .28 .41 -.28 .02

R -l, PERPENDICULAR

all data all data excluding samples which would 
have broken in tension grips

property Extender Fcslender Ecbuiltup Fcbuiltup Ecslender Fcslender Ecbuiltup Fcbuiltup

Ectension .57 .35 .38 .35 .47 .32 .13 .20

Fctension .56 .55 .31 .46 .42 .43 .18 .37

* =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 6: Pearson Correlation Coefficients Between Properties
All Data
Plywood * **

reference th ickness= 9 .5  m m , parallel reference thickness = 9 .5 ,  perpendicular

property E^lcnder Fcslender EJbuiltup Fjbuiltup EjSlender F^lender EJbuiltup F cbuiltup

E xtender 1 0.78 0.83 0 .7 6 1 0 .6 7 0 .53 0 .47

Fcslender 1 0 .6 0 0 .70 1 0 .5 4 0 .75

Ecbuiltup 1 0 .79 1 0 .59

FJjuiltup 1 1

reference thickness =  12 .5  m m , parallel reference thickness =  12 .5 , perpendicular

property Extender Fcslender EJbuiltup Fcbuiltup Extender FçSlender EJbuiltup F cbuiltup

E cslender 1 0 .76 0.73 0 .74 1 0 .8 2 0 .3 5 0.49

Fcslender 1 0 .77 0.79 1 0 .3 9 0.49

E cbuiltup 1 0 .66 1 0 .87

F cbuiltup 1 1

reference thickness =  15.5 m m , parallel reference thickness =  15 .5  m m , perpendicular

property E^lender F^lender EJbuiltup Fcbuiltup Extender F^lender EJbuiltup Fcbuiltup

E xtender 1 0.74 0 .5 4 0 .64 1 0 .6 2 0 .0 7 0 .34

Fcslender 1 0.41 0 .59 1 -0 .2 4 0 .14

E cbuiltup 1 0.53 1 0 .59

Fcbuiltup 1 1

* =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 7: Pearson Correlation Coefficients Between Properties
Average Panel Values
Plywood

reference th ickness= 9 .5  m m , parallel reference th ick n ess= 9 .5 , perpendicular

property E xtender FeSlender Ecbuiltup Fcbuiltup Extender FcSlender EJbuiltup Fcbuiltup

E xtender 1 0 .86 ** 0 .95 0 .8 4 1 0 .8 0 0 .79 0 .58

F^lender 1 0 .8 6 * 0 .9 4 1 0 .7 7 0 .8 6

E cbuiltup 1 0 .88 1 0.81

Fcbuiltup 1 1

reference thickness =  12.5 m m , parallel reference thickness =  1 2 .5 , perpendicular

property EjSlender F^lender EJbuiltup Fcbuiltup Extender FjSlender EJbuiltup Fcbuiltup

Ecslender 1 0.79 0 .88 0 .79 1 0 .88 0 .83 0.83

F^lender 1 0.88 0 .89 1 0 .70 0 .78

Ecbuiltup 1 0.81 1 * 0 .90

Fcbuiltup 1 1

reference thickness =  15.5 m m , parallel reference thickness =  15 .5  m m , perpendicular

property E xtender F^lender Ecbuiltup Fcbuiltup Extender FjSlender Ecbuiltup F cbuiltup

Ejslender 1 0.85 0 .8 2 0 .6 6 1 0 .6 7 -0 .16 0.27

F^lender 1 0 .77 0.81 1 -0 .3 4 0.39

E cbuiltup 1 0 .7 2 1 0.58

F cbuiltup 1 1

* =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 8: Pearson Correlation Coefficients Between Properties
Same Plane Values
Plywood

reference thickness = 9.5 mm, parallel

property Extender Fcslender Ecbuiltup Fcbuiltup

Extender 1 0.78 0.88 0.78

Fcslender 1 0.73 0.79

Ecbuiltup 1 0.79

Fcbuiltup 1

reference thickness =12.5 mm, parallel

property Extender F^lender Ecbuiltup Fcbuiltup

Ecslender 1 0.76 0.76 0.76

Fcslender 1 0.71 0.84

Ecbuiltup 1 0.66

Fcbuiltup 1

reference thickness =15.5 mm, parallel

property Ecslender F^lender Ecbuiltup Fcbuiltup

E^lender 1 0.74 0.51 0.62

Fcslender 1 0.38 0.72

Ecbuiltup 1 0.53

Fcbuiltup 1

* =  Pearson correlation coefficients above 0.90
** =  Pearson correlation coefficients above 0.95
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Table 9: Data Statistics
Plywood, All Data

Thick
(mm)

dir variable N mean
(MPa)

std.dev.
(MPa)

min.
(MPa)

max.
(M Pa)

C.V. 5th %tile
(MPa)

9.5 par EcSlender 29 8015 1105 5229 10022 13.78 6137

9.5 par EcBuiltup 30 8120 1501 5516 12173 18.49 5568

9.5 par FcSlender 30 25.14 3.36 20.19 32.34 13.37 19.43

9.5 par FJBuiltup 30 26.62 3.01 22.33 31.93 11.31 21.50

9.5 per EcSlender 30 3487 645 2661 4759 18.49 2391

9.5 per E^uiltup 29 3393 1155 326 5115 34.05 1429

9.5 per FcSlender 30 13.81 1.77 10.96 16.93 12.83 10.80

9.5 per FcBuiltup 29 13.68 2.47 10.84 19.00 18.04 9.48

12.5 par EcSlender 29 5440 511 4672 6562 9.38 4572

12.5 par E^uiltup 30 5420 607 4188 6705 11.20 4388

12.5 par FcSlender 30 18.18 1.60 13.49 21.78 8.82 15.46

12.5 par FcBuiltup 30 17.88 1.19 15.78 20.53 6.67 15.85

12.5 per EcSlender 30 5707 1054 3928 7818 18.48 3914

12.5 per E^uiltup 30 5521 889 4063 7447 16.11 4009

12.5 per FcSlender 30 19.50 3.61 13.24 27.49 18.54 13.36

12.5 per FcBuiltup 30 19.25 2.71 15.57 27.54 14.08 14.65

15.5 par EcSlender 30 6683 633 5434 7818 9.48 5606

15.5 par E^uiltup 30 6651 759 5230 8423 11.41 5361

15.5 par FcSlender 30 23.31 1.95 18.33 27.10 8.38 19.99

15.5 par FcBuiltup 30 23.46 1.78 19.73 27.37 7.60 20.43

15.5 per EcSlender 30 4644 305 4072 5206 6.57 4125

15.5 per E^uiltup 30 4574 459 3594 5495 10.03 3794

15.5 per FcSlender 30 16.83 1.62 12.46 19.65 9.65 14.07

15.5 per FcBuiltup 30 16.58 1.10 14.52 19.40 6.64 14.71
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Figure 1: Lateral Support Apparatus for Large Slender Specimens

22



Figure 2: Lateral Support Apparatus for Large Slender Specimens - Technical Drawings
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Figure 3: Design of L.V.D.T.’s for Lateral Support Apparatus for Large Slender Specimens
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Figure 4: Loading Head for Large Slender Specimens
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Figure 5: Lateral Support Apparatus for Large Slender Specimens in "OPEN" Position



Figure 6: Testing of Large Slender Compression Specimen
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PARALLEL À A
Breaking Load

PERPENDICULAR

Figure 7: Cutting Pattern for Waferboard and OSB (Previous Project)
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PARALLEL PERPENDICULAR

1 2 3 4 5  1 1 1 2 2 2 3 3 3

Board Number Panel Description

01 -  10 
11 -  20 
21 - 30 
31 - 40 
41 - 50 
51 - 60

3/8", parallel 
3/8", perpendicular 
1/2", parallel 
1/2", perpendicular 
5/8", parallel 
5/8", perpendicular

Specimen Number = {board number} + {test type} + {position number}

(ex) specimen number = 23C1 : board 23 (1/2". parallel)
one-ply compression test (C)
first column position (the top-left specimen)

Figure 8: Cutting Pattern and Numbering System for Plywood Panels
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AVERAGE BREAK LOCATION D I S T R I B U T I O N

B R E A K  L O C A T IO N  CmvO

I

Figure 9 : Average Break Location Distribution: All Data, OSB and Waferboard
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Figure 10 :

A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

B R E A K  L O C A T IO N  CmmD

A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N
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Average Break Location Distribution: 0-2, Parallel and Perpendicular, OSB and
Waferboard
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A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

Figure 11 :
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Average Break Location Distribution: R-l, Parallel and Perpendicular, OSB and
Waferboard
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LEFT RIG HT  BREAK D I S T R I B U T I O N

Figure 12 : Left - Right Break Location Distribution: All Data, OSB and Waferboard
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L E F T R I G H T  BREAK D I S T R I B U T I O N

Figure 13 :

B R E A K  D IF F E R E N C E  Cmnû

L E F T  -  R I G H T  B R E A K  D I S T R I B U T I O N

B R E A K  D IF F E R E N C E  CmrrO

Left - Right Break Location Distribution: 0-2, Parallel and Perpendicular, OSB
and Waferboard
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L E F T

Figure 14 :

-  R I G H T  BREAK D I S T R I B U T I O N

B R E A K  D IF F E R E N C E  CmnO

L E F T  -  R I G H T  B R E A K  D I S T R I B U T I O N

B R E A K  D IF F E R E N C E  Crrrrù

Left - Right Break Location Distribution: R-l, Parallel and Perpendicular, OSB
and Waferboard
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ALL DATA HOE : ONE-PLY vs TENSION
0 - 2 ,  PARALLEL

OJ(T>

ALL DATA NOE: ONE-PLY vs TENSION 
R - 1 , PARALLEL

ALL DATA NOE: ONE-PLY vs TENSION
0 - 2 ,  PERPENDICULAR

ALL DATA NOE: ONE-PLY vs TENSION
R - 1 ,  PERPENDICULAR

Figure 15: All Data MOE: Large Slender vs Tension, Waferboard and OSB
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ALL DATA MOE: ONE-PLV vs BUILT-UP
0 - 2 ,  PARALLEL

ALL DATA MOE: ONE-PLY vs BUILT-UP
0 -2 ,  PERPENDICULAR

BUILT-UP MOE (MPa)

GJ

ALL DATA MOE: ONE-PLY vs BUILT-UP
R—1, PARALLEL

ALL DATA MOE: 
R-1.

ONE-PLY vs BUILT-UP
PERPENDICULAR

BU ILT-UP MOE (MPa) BUILT-UP MOE (MPa)

Figure 16: All Data MOE: Large Slender vs Built-up, Waferboard and OSB
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ALL DATA MOE: ONE-PLY vs SMALL SPECIMEN
0 - 2 ,  PARALLEL

co
00

ALL DATA MOE: ONE-PLY vs SMALL SPECIMEN
R—1. PARALLEL

ALL DATA MOE: ONE-PLY vs SMALL SPECIMEN
0 -2 ,  PERPENDICULAR

ALL DATA MOE: ONE-PLY vs SMALL SPECIMEN
R - 1 , PERPENDICULAR

Figure 17: All Data MOE: Large Slender vs Small Specimen, Waferboard and OSB
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ALL DATA MOE: ONE-PLY vs FLEXURE
0 - 2 .  PARALLEL

ALL DATA MOE: ONE-PLY vs FLEXURE
0 -2 ,  PERPENDICULAR

(Thousands)

2000 22002400 260028003000 3200 3400 3600 3800 4000 4200
FLEXURE MOE (MPa)

ALL DATA MOE: ONE-PLY vs FLEXURE 
R - 1 , PARALLEL

ALL DATA MOE: ONE-PLY vs FLEXURE 
R - 1 ,  PERPENDICULAR

Figure 18: All Data MOE: Large Slender Compression vs Flexure, Waferboard and OSB
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ALL DATA MOR: ONE-PLY vs TENSION ALL DATA MOR: ONE-PLY vs TENSION
0 - 2 ,  PARALLEL 0 - 2 ,  PERPENDICULAR

ALL DATA MOR: ONE-PLY vs TENSION
R—1, PARALLEL

ALL DATA MOR: ONE-PLY vs TENSION
R - 1 ,  PERPENDICULAR

Figure 19 All Data MOR: Large Slender vs Tension, Waferboard and OSB
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ALL DATA MOR: ONE-PLY vs BUILT-UP

0 - 2 ,  PARALLEL
ALL DATA MOR: ONE-PLY vs BUILT-UP

0 - 2 ,  PERPENDICULAR

ALL DATA MOR: ONE-PLY vs BUILT-UP
R—1, PARALLEL

ALL DATA MOR:
R - 1 ,

ONE-PLY vs BUILT-UP
PERPENDICULAR

Figure 20: All Data MOR: Large Slender vs Built-up, Waferboard and OSB



ALL DATA NOR: ONE-PLV vs SMALL SPECIMEN
0 - 2 ,  PARALLEL

ro

ALL DATA MOR: ONE-PLV vs SMALL SPECIMEN 
R—1. PARALLEL

ALL DATA MOR: ONE-PLY vs SMALL SPECIMEN
0 -2 ,  PERPENDICULAR

ALL DATA MOR: ONE-PLY vs SMALL SPECIMEN
R - 1 , PERPENDICULAR

Figure 21 All Data MOR : Large Slender vs Small Specimen, Waferboard and OSB



MOE EXCLUDING TENSION GRIP BREAKS
0 - 2 ,  PARALLEL

MOE EXCLUDING TENSION GRIP BREAKS
0 -2 ,  PERPENDICULAR

U )

MOE EXCLUDING TENSION GRIP BREAKS
R—1, PARALLEL

MOE EXCLUDING TENSION GRIP BREAKS
R - 1 , PERPENDICULAR

Figure 22 MOE Excluding Tension Grip Breaks, 0-2, R-1, Parallel and Perpendicular, Waferboard and OSB



MOR EXCLUDING TENSION GRIP BREAKS
0 - 2 ,  PARALLEL

TENSION NOR (MPa)

its.

MOR EXCLUDING TENSION GRIP BREAKS
R—1, PARALLEL

MOR EXCLUDING TENSION GRIP BREAKS
0 - 2 ,  PERPENDICULAR

MOR EXCLUDING TENSION GRIP BREAKS
R - 1 , PERPENDICULAR

Figure 23: MOR Excluding Tension Grip Breaks, 0-2, R-1, Parallel and Perpendicular, Waferboard and OSB



AVERAGE BREAK LOCATION D I S T R I B U T I O N
9 . 5 ,  1 2 . 5 , Si 1 5 . 5  mm ,  p a r  & p e r

B R E A K  L O C A T IO N  C nm }

Figure 24: Average Break Loacation Distribution, All Data, Plywood



A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

Figure 25:

B R E A K  L O C A T IO N  CnvrO

A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N
9 . 5  mm., p e r p e n d i c u l a r

5 0  1 5 0  2 5 0  3 5 0  -450  5 5 0  6 5 0  7 5 0  8 5 0  9 5 0  -1050  -1-150

B R E A K  L O C A T IO N  Crrm}

Average Break Loacation Distribution, 9.5 mm, Parallel and Perpendicular,
Plywood
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A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

Figure 26:

6

3

4

3

2

1

O

12.3 nrmj pera I I e I
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Average Break Loacation Distribution, 12.5 mm, Parallel and Peipendicular,
Plywood
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A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

5 0  1 5 0  2 5 0  3 5 0  -430  5 5 0  6 5 0  7 5 0  8 5 0  9 5 0  1 0 5 0  1 1 5 0

B R E A K  L O C A T IO N  CrrvrO

A V E R A G E  B R E A K  L O C A T I O N  D I S T R I B U T I O N

B R E A K  L O C A T IO N  CmfTO

Figure 27: Average Break Loacation Distribution, 15.5 mm, Parallel and Perpendicular,
Plywood
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LEFT RIG HT  BREAK D I S T R I B U T I O N

Figure 28:

J

Left - Right Break Distribution, All Data, Plywood

TDO
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L E F T R I G H T  B R E A K  D I S T R I B U T I O N

B R E A K  D IF F E R E N C E  Crm O

L E F T  -  R I G H T  B R E A K  D I S T R I B U T I O N

B R E A K  D IF F E R E N C E  CnvrD

Figure 29: Left - Right Break Distribution, All Thicknesses, Parallel and Perpendicular,
Plywood
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ONE-PLY nOE vs BUILT-UP MOE
9.5 mm, parallel

ONE-PLY NOE vs BUILT-UP NOE
9.5 mm, perpendicular

Figure 30: All Data MOE: Large Slender vs Built-up, 9.5 mm Plywood, Parallel and
Perpendicular
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ONE-PLY MOE vs BUILT-UP NOE
12.5 mm, parallel

ONE-PLY NOE vs BUILT-UP MOE
12.5 mm, perpendicular

Figure 31: All Data MOE: Large Slender vs Built-up, 12.5 mm Plywood, Parallel and
Perpendicular
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ONE-PLY MOE vs BUILT-UP HOE
15.5 mm, parollel

ONE-PLY MOE vs BUILT-UP MOE
15.5 mm, perpendicular

Figure 32: All Data MOE: Large Slender vs Built-up, 15.5 mm Plywood, Parallel and
Perpendicular
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ONE-PLY NOR vs BUILT-UP MOR
9.5 mm, parallel

ONE-PLY NOR vs BUILT-UP MOR
9.5 mm, perpendicular

Figure 33: All Data MOR: Large Slender vs Built-up, 9.5 mm Plywood, Parallel and
Perpendicular
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ONE-PLY NOR vs BUILT-UP NOR
12.5 mm, parallel

ONE-PLY NOR vs BUILT-UP NOR
12.5 mm, perpendicular

Figure 34: All Data MOR: Large Slender vs Built-up, 12.5 mm Plywood, Parallel and
Perpendicular
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ONE-PLY NOR vs BUILT-UP MOR
15.5 mm, parallel

ONE-PLY NOR vs BUILT-UP NOR
15.5 mm, perpendicular

Figure 35: All Data MOR: Large Slender vs Built-up, 15.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
9.5 mm, PARALLEL

AVERAGE BOARD BULT-UP MOE (MPa) 
(Thousands)

AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
9.5 mm, PERPENDICULAR

Figure 36: Average Board MOE: Large Slender vs Built-up, 9.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
12.5 mm, PARALLEL

AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
12.5 mm, PERPENDICULAR

Figure 37: Average Board MOE: Large Slender vs Built-up, 12.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
15.5 mm, PARALLEL

AVERAGE BOARD MOE: ONE-PLY vs BUILT-UP
15.5 mm, PERPENDICULAR

Figure 38: Average Board MOE: Large Slender vs Built-up, 15.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
9.5 mm, PARALLEL

AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
9.5 mm, PERPENDICULAR

Figure 39: Average Board MOR: Large Slender vs Built-up, 9.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
12.5 mm, PARALLEL

AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
12.5 mm, PERPENDICULAR

Figure 40: Average Board MOR: Large Slender vs Built-up, 12.5 mm Plywood, Parallel and
Perpendicular
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AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
15.5 mm, PARALLEL

AVERAGE BOARD BUILT-UP MOR (MPa)

AVERAGE BOARD MOR: ONE-PLY vs BUILT-UP
15.5 mm, PERPENDICULAR

Figure 41: Average Board MOR: Large Slender vs Built-up, 15.5 mm Plywood, Parallel and
Perpendicular
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SAME PLANE MOE: ONE-PLY vs BUILT-UP
9.5 mm. PARALLEL

SAME PLANE MOE: ONE-PLY vs BUILT-UP
12.5 mm, PARALLEL

SAME PLANE MOE: ONE-PLY vs BUILT-UP
15.5 mm, PARALLEL

Figure 42: Same Plane Plots, MOE, Large Slender vs Built-up, Plywood
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SAME PLANE MOR: ONE-PLY vs BUILT-UP
9.5 mm, PARALLEL

SAME PLANE MOR: ONE-PLY vs BUILT-UP
12.5 mm, PARALLEL

SAME PLANE MOR: ONE-PLY vs BUILT-UP
15.5 mm, PARALLEL

Figure 43: Same Plane Plots, MOR, Large Slender vs Built-up, Plywood
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APPENDIX I: PILOT STUDY TO ASSESS RESTRAINING PRESSURE REQUIRED

1.0 INTRODUCTION

A compression test apparatus was designed for testing large slender specimens by laterally 
restraining the specimen along its entire length through the use of guides supported by 
pressurized hoses. A pilot study was necessary to assess the minimum air pressure required 
without affecting the compression attributes of the test specimen (strength and elasticity).

2.0 PTLOT STUDY PARAMETERS

Following the design and construction of the apparatus, it was necessary to assess the 
minimum pressure needed to restrain the specimen. A pilot study was conducted using 19 
mm medium density fibreboard (MDF) as test material. MDF is a relatively homogenous 
wood-based panel product with low variability which allowed us to more accurately assess 
the effect of different restraining pressures. We wished to determine if there was a 
significant effect on the failure pattern and ultimate load (mor) using restraining air pressures 
of 0.02, 0.04, 0.07, 0.10, 0.14 and 0.17 MPa as measured within the fire hoses. Twenty- 
four specimens were tested at each of the 0.02, 0.04, 0.07 and 0.17 MPa levels, but only six 
specimens were tested at each of the 0.10 and 0.14 MPa levels. The specimen size was 19 
mm by 254 mm by 1180 mm long.

The specimen break location was measured as the distance from the bottom of the specimen 
to the failure location on each side of the sample. This provided dimensions for calculating 
the average failure location as well as the angle of failure.

TO PTT.OT STUDY ANALYSIS

At very high restraining pressures, one could assume that compression failure would be 
prevented except near the top of the specimen or where no restraint was provided. A Chi- 
square analysis was performed between the restraining pressures and break angle and break 
location. In no case was a significant effect found between the applied pressures and these 
variables. It was concluded that the pressures used were low enough that they had no 
significant effect on the manner that specimens failed.

A further analysis was performed to examine the relationship between restraining pressure 
and ultimate compression stress. As the lateral pressure increases, the ultimate compression 
stress should increase for two reasons. Firstly, the pressure will tend to locally restrain 
incipient compression failure. Secondly, the pressure will increase the friction between the 
samples and the apparatus, so that the lower portion of the specimen will receive less 
compression stress than at the top. A Scheffé analysis (pair-wise comparison between 
classes) was performed, using pressure as a class variable, to find if there was significant 
difference in compression properties in the different pressure classes. The analysis indicates 
that there was a significant difference (at the 0.05 probability level) between the mean 
ultimate strength at 0.02 MPa and that at 0.17 MPa as well as between 0.02 MPa and at 0.14 
MPa. There was no significant difference between strength at any of the other pressures. 
These data are shown graphically in Figure A2(a).
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The modulus of elasticity in compression (EJ was also evaluated for each specimen. A 
Scheffé analysis (pair-wise comparison between classes) showed that the mean Ec was not 
significantly different for any of the pressures tested. These data are shown in Figure A2(b).

To estimate the effect of resistance due to friction on the lowest section of the boards, a test 
was performed in which a specimen was loaded into the apparatus leaving a slight gap 
between the base of the apparatus and the sample. The specimen was then gripped at 
varying air pressures, taking note of the maximum load required to move the specimen at a 
very low velocity. This load is proportional to the static friction on the specimen and 
provides an estimate of the maximum decrease in load between the top and bottom of a 
specimen. Due to the use of the two teflon sheets between the specimen and the apparatus, 
this load should remain constant regardless of specimen material. The outcome of this 
experiment is noted graphically in Figure A l. At 0.07 MPa, the apparent static friction was 
about 2500 N. Based on actual results of testing, this is approximately 6% of the ultimate 
compression load for 11.1 mm OSB or about 5% of the ultimate load for 11.1 mm CSP 
plywood of the same width. It is apparent that the lowest pressure possible should be used to 
reduce these frictional effects.

4.0 CONCLUSION AND RECOMMENDATION

For the material tested, a gauge pressure of 0.04 MPa appeared to be adequate. The 
apparatus was designed for use with other thicknesses of wood panel products. If a product 
were stronger than the MDF tested, one would expect that the pressure could be increased 
substantially without significantly affecting the stiffness or strength measurements. It was 
decided to begin the testing of waferboard/OSB with the gauge pressure set at 0.07 MPa.
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Figure A l:

F r i c t i o n  F o r c e s  v s  L a t e r a l  P r e s s u r e
S I N G L E  BOARD VALUES

□  BOARD -I

pressure, psT 

+  BOARD 2  O BOARD 3

F r i e t  1 o n  F o r c e s  v s  L a t e r a l  P r e s s u r e

pressure, psT 

□  AVERAGE

Restraining Air Pressure vs Apparent Static Friction in Lateral Support Apparatus 
for Large Slender Compression Specimens
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NOTE: 24 samples at pressures 2.5, 5, 10, & 25.
6 samples at pressures 15 and 20.

Figure A2(a): Maximum Stress vs Air Pressure
3/4" MDF

MOE vs AIR PRESSURE 
(mean +- standard deviation)
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Figure A2(b): MOE vs Air Pressure
3/4" MDF
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APPENDIX H: TESTING PROTOCOL

1.0 SPECIMEN SIZE

The specimen size to be used in the large slender compression apparatus is dependent on a 
few considerations. The length of the specimen should be such that the protruding portion 
above the guides is short enough to minimize buckling failures at the top. An L/d ratio of
1.5 (on the protruding portion of the specimen) was found to function adequately for the 
material tested. The length should also be such that the total expected compression 
deflection is no more that the protruding portion. For the particular apparatus built, the 
specimen width can be up to a maximum of 300 mm and no less than that required for 
attachment of the LVDT’s.

2.0 TESTING PROTOCOLS

The following procedure was found useful in the testing of 9.5, 11.1, and 15.5 mm thickness 
material using the compression test apparatus.

1. Cut the panels into specimens of the required width (say 260 mm) and length of 1220 
mm (4 ft.) and condition the specimens at 65% R.H. at 20° C until weight equilibrium 
is achieved.

2. Trim the top and bottom of the specimens to the required length depending on the 
maximum protrusion allowed, as described above. Ensure that the ends are cut 
square to the same edge of the specimen.

3. Record the specimen width, mass, length, and thickness:

(a) Width measurements should be made to the nearest 0.01 mm at a minimum of 
3 different locations along the specimen length and the average measurement is 
reported.

(b) Mass should be measured to the nearest 0.1 g.
(c) Length can be measured to the nearest millimetre using a standard measuring 

tape.
(d) Thickness measurements should be to the nearest 0.001 mm at 6 different 

locations in the specimen (3 locations along each side). The average and 
standard deviation of these measurements are reported.

4. Attach a teflon sheet to each side of the specimen, ensuring that the teflon covers the 
entire area which will be in contact with the spacer board. The teflon should be taped 
to the specimen at the top and may be taped at the bottom of the specimen. Care 
must be taken to minimize the width of tape in contact with the teflon-faced spacer 
boards to minimize friction.

5. Ensure that the compression test jig is properly adjusted for the thickness of the 
specimen. The specimen should fit snugly in the apparatus when the rotatable side of 
the apparatus is swung open to allow its insertion. If the specimen is too loose or too 
tight follow the procedures below to adjust the apparatus:

II-1



(a) The structural steel column which swings open (to allow for insertion and 
removal of the specimen) is adjustable at the base. Loosen the bolts securing 
this base and slide the column in or out to the required location (so that the 
specimen will fit properly).

(b) Tighten the bolts after ensuring that the base of the rotatable column is parallel 
to the fixed column.

(c) Adjust the nuts on the threaded rods which connect the tops of the rotatable 
and fixed columns so that the rotatable column is parallel to the fixed column 
(along their lengths). This should be checked while the internal air hoses are 
fully pressurized.

(d) Ensure the loading head is aligned, centred, and parallel to the specimen while 
loading.

6. With the compression apparatus open (the threaded connector rods removed and the 
rotatable side allowed to pivot slightly) insert the specimen. Close the apparatus and 
fasten the sides together with the connector rods at the top.

7. Ensure that the specimen is centred in the apparatus and inflate the hoses to the 
desired pressure. Ensure that both sides of the jig remain parallel after the pressure is 
applied by measuring the gap between the columns at the top and bottom (they should 
be equal).

8. Lower the loading head to a position where it just touches the specimen. Apply an 
appropriate pre-load prior to installing the transducers for measuring compression 
strain.

9. Install the transducers by clamping them at the same level on each side of the 
specimen. These should be approximately centred along the specimen height. Zero 
the transducers if necessary. The average of the two calibrated signal outputs is used 
in the calculation of Ec.

10. Ensure that the data acquisition system is monitoring and begin the test by lowering 
the load head at a rate that will cause failure in 3 to 10 minutes. A loading head rate 
of 0.2 mm/min (strain rate of 0.0002 mm/mm.min)was found to be adequate for the 
material tested.

11. After failure, remove the specimen and record the failure description. Remove the 
teflon sheets for further use. Cut a sample of the specimen near the failure location 
to derive the moisture content and relative density.
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12. Report the following data:

(a) specimen construction, species, & special characteristics.
(b) direction of test in relation to largest panel length, (parallel or 

perpendicular).
(c) average thickness.
(d) average width.
(e) specimen length.
(f) specimen weight.
(g) gauge length.
(h) elapsed time to failure.
(i) modulus of elasticity.
(j) ultimate stress.
(k) maximum load.
(l) deflection at maximum load.
(m) work per unit volume to failure.
(n) proportional limit stress.
(o) description of failure.
(p) load-deflection curve.
(q) moisture content.
(r) specific gravity.
(s) general observations.

An example of a typical printout and plot is shown in Figure Bl. An example of a typical 
failure and the various descriptive measurements is shown in Figure B2.
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443Test Results for.
-------------------------------------------------- -----------------------------— — —

Time to Maximum Load (sec) ..... 269
Maximum Load (N) .................  67202
Deflection @ Max Load ( m m ) .....  3.699
MOE (N/mm^) ...................... 4588.94
EA (kN>..................    17906.710
Stress Q Max Load (N/mm^2) ..... 17.222
Prop limit stress (N/mm^2) ..... 6.557
Work per unit Volume (Nmm/mm^3 . 0.050
Thickness (mm) ................. ^ 15.332

• Width (mm) .......................  254.510
Gauge Length (mm) .............   780.000
Weight (g) ......................... 2036.200
Number of points acquired ......  3252
Number of points in regression . 576

Figure B l: Typical Print-out and Plot for Large Slender Specimen Test
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- Thickness Measurements at A, B, 
C, D, E, and F.

- Width Measurements at AB, CD, 
and EF.

Figure B2: Large Slender Specimen Measurements
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