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SUMMARY

This second status report describes the effects of 1 year exterior 
weathering at the Ottawa site and three accelerated aging tests on 
thickness, bending properties, internal bond strength, surface hardness, 
and nail withdrawal resistance of small specimens of two commercial 
waferboards. Following 1 year exterior weathering, all but two 
properties of random short wafer waferboards were adversely affected 
to a greater extent than aligned long wafer specimens. Thickness change 
and internal bond strength retention were more or less equal for the 
two waferboards. Relative to 1 year exterior weathering, accelerated 
aging was more severe in all cases except modulus of rupture following 
the AFNOR V 313 test and the ASTM 6—cycle test. Of the three accelerated 
aging tests studied, the AFNOR V 313 test was the least severe followed 
by the ASTM 6-cycle test and the CSA 2-hour boil, the most severe test.
A second outdoor test site was set up in Saskatoon, Saskatchewan and 
similar waferboards were mounted for exposure.
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OBJECTIVES

This report describes the status of the project, now in its second year.
The main objectives of this study were to evaluate commercial waferboard 
specimens following 1 year of exterior weathering and following acceler-
ated aging and to establish a second exterior test site and install similar 
material for exposure.

INTRODUCTION

A study was initiated in 1983 to evaluate the durability of waferboard 
and other composite panels. Specimens are subjected to exterior weathering 
for extended periods of time of 1 to 5 years and also to various accelerated 
aging tests. Two outdoor test sites have been established: one in
Ottawa, Ontario; the other in Saskatoon, Saskatchewan. Efforts will be 
made to locate test sites in eastern and western Canada and in the United 
States.

Data generated from this study will be used to predict the durability of 
waferboard and other composite products in exterior applications. Infor-
mation on the long-term service life over a wide region is essential to 
determine probable limitations of the products and to identify new markets 
in all types of building construction.

The first report in this project (Alexopoulos, 1984) summarized related 
research in the literature and described the experimental procedure.
This status report describes the effects of 1-year exterior weathering 
at the Ottawa site and three accelerated aging tests on various properties 
of small waferboard specimens. Data from other test sites and longer 
exposure periods will be presented in later reports as they become available.

STAFF

J. Alexopoulos Research Scientist 
Project Leader

A . R . Davis Technologist
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EXPERIMENTAL

The experimental procedure was described in detail in the previous 
report (Alexopoulos, 1984), A brief outline will be presented here for 
a better understanding of the work performed.

Materials

The panel types included initially in the study were two commercially- 
produced poplar waferboards having a nominal thickness of 11.1 mm and 
bonded with powder phenol-formaldehyde adhesive. One panel type was 
comprised of 38-mm long wafers randomly distributed throughout the 
panel. The other panel had long wafers, approximately 76 mm, oriented 
to a low degree along the panel length direction in the face layers 
and randomly distributed in the core layer. The latter waferboard type 
is referred to as " aligned long wafer" in the report and the former 
as " random short wafer " .

Methods

The effect of exterior weathering and accelerated aging was assessed by 
testing specimens for thickness swelling, modulus of rupture, modulus 
of elasticity, internal bond strength, surface hardness, and nail 
withdrawal resistance following exposure. Degradation in these properties 
was evaluated based on the properties obtained with matched unexposed 
specimens.

Exterior Weathering

A new exterior test fence facility similar to the one in Ottawa, was 
installed at the National Research Council Canada (NRCC) compound in 
Saskatoon, Saskatchewan. The facility, shown in Figure 1, faces south 
at an angle of 45°. Exposure began on October 18, 1984. As in earlier 
experiments, two specimen sizes, 75 x 316 mm and 610 x 1220 mm, of 
each panel type cut in both panel directions were included. Specimens 
are matched according to stiffness and are exposed for 1, 2, 3 and 5 
years.

Specimens weathered for 1 year at the Ottawa site were removed and 
allowed to condition in a room maintained at 20°C, 65 percent relative 
humidity. Bending strength and stiffness were determined on small 
specimens with the weathered surface both, on the compression side and 
on the tension side. Internal bond strength, surface hardness and nail 
withdrawal samples were taken from the bending specimens following testing. 
All test methods were carried out in accordance to the procedures 
outlined in CSA Standard CAN3-0188.0-M78. The original dimensions 
measured at 20°C, 65 percent relative humidity prior to exposure were 
used in the calculation of modulus of elasticity and modulus of rupture.
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Exterior Weathering Site in Saskatoon, Saskatchewan

Figure 1
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Bending properties of large specimens will be carried out using the 
Laboratory's Post Flexural Panel Testing Machine following modifications 
to achieve required accuracy and reliability. The test procedure will 
follow the specifications of ASTM Standard D 3043, " Method C Pure Moment 
Test for Large Panels" . Data on large panels, therefore, are not yet 
available to report.

Accelerated Aging

Three accelerated aging tests were applied to evaluate panel durability 
in the laboratory: i) 6-cycle aging test described in ASTM Standard
D 1037-84, ii) 2-hour boil test in CSA Standard CAN3-0188.0-M78, and 
iii) V 313 test in European Standard AFNOR. Small-size specimens,
75 x 316 mm, were prepared for these tests. With the exception of the 
CSA 2-hour boil bending specimens, all other properties were determined 
on specimens conditioned at 20°C, 65 percent relative humidity in 
accordance to CSA Standard CAN3-0188.0-M78. All bending property calcu-
lations were based on initial conditioned dimensions.

RESULTS AND DISCUSSION

The initial experimental plan included linear expansion as one of the 
properties to be studied following exterior weathering and accelerated 
aging. Linear measurements were taken using a dial gauge mounted on 
a bar with two needle sensors attached to it. Aluminum nails driven 
through each specimen at mid-width 25 mm from each end had shallow holes 
billed through their heads and geometric centres that defined the 
position of the needles and dial gauge. The 1—year weathered samples, 
however, partly because of the essentially one-sided weathering and 
partly because of excessive thickness swelling at the ends, acquired a 
concave shape that caused most measurements to be lower than the unexposed 
values. Efforts in flattening out the specimens were not successful, 
therefore, the tests were withdrawn.

Average physical and mechanical properties of unexposed waferboard specimens 
used in exterior weathering studies are presented in Table 1. The 
bending properties of aligned long wafer specimens were superior to those 
of random short wafer specimens in all cases except modulus of elasticity 
tested perpendicular to panel length. All mechanical properties surpassed 
the minimum requirements of CSA Standard CAN3-0188.2-M78.

Typical edge and face deterioration of weathered specimens are illustrated 
in Figures 2 and 3, respectively. Close examination of the longer wafer 
specimens photographed on edge reveals that some of the raw material is 
comprised of large-size chips rather than wafers resulting in irregular 
thickness swelling and less sound edges. Waferboard properties following 
1 year exterior weathering and three accelerated aging tests expressed
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Table 1

Average Properties of Unexposed Waferboard Specimens Used in Exterior Weathering Studies

Actual
Thickness (mm)

Moisture 
Content (%) Density (Kg/mJ )*

Modulus of 
Rupture (MPa)

Modulus of 
Elasticity (GPa)

Internal 
Bond (kPa)

Surface 
Hardness (kN)

Nail
Withdrawal (N)

//** // / // / // / // /

Aligned Long Wafer

Mean
CV (%) 
N

10.67
3.5

10

11.3}
2.2'

10

6.8
2.9
10

6.9
3.1

10

647.0
5.5

10

649.3
5.6
10

31.3
17.8
10

22.2
14.7
10

4.82
7.4

10

2.91
8.5
10

493
22.3
40

3.83
24.6
20

251
25.3
20

Random Short Wafer

Mean
CV (%) 
N

11.42
2.4

10

11.56
2.1

10

6.8
2.3

10

6.7
2.8 

10

632.3
5.7

10

630.6
4.2
10

23.2
16.1
10

20.9
16.3
10

3.85
9.2
10

3.45
6.1
10

446
19.7
40

3.99
22.7
20

226
29.9
20

Minimum CSA 
Standard 
CAN3-0188.2-M78 
Requirements

- - - 14.0 14.0 2.70 2.70 280 2.20 90

* ^en.®i,ty iS based on wei9ht oven-dry and dimensions at 20°C, 65 percent relative humidity.
//' refers to specimens tested parallel to panel length direction.

* * * " _ / " refers to specimens tested perpendicular to panel length direction.

Note: Separate control bending specimens were matched according to stiffness with accelerated aging bending specimens for comparisons.
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Figure 2

Edge Deterioration of Waferboard Specimens
Subjected to Exterior Weathering for 1 Year
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Figure 3

Face Deterioration of Waferboard Specimens
Subjected to Exterior Weathering for 1 Year
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as percent of controls are given in Table 2. Considering the specimens 
tested in bending with the weathered surface on the tension side (i.e., 
values in parentheses), on the average, bending stiffness of both wafer- 
board types was approximately 3 percent lower in comparison to losses 
in bending stiffness of specimens tested with the weathered surface in 
compression. Bending strength for aligned long wafer specimens was 
7 percent lower and for random short wafer specimens 2 percent lower.

The results of Table 2 are summarized in bar graphs in Figure 4. Bending 
properties were averaged for the two test directions for simplicity. 
Considering differences in the two waferboard types, following 1 year 
weathering, all properties of random short wafer waferboards with the 
exception of thickness changes and internal bond strength were adversely 
affected to a greater extent than aligned long wafer specimens. Thickness 
changes and internal bond strength retention were more or less equal for the 
two waferboard types. Combining the two board types, thickness increased 
by 11 to 12 percent, modulus of rupture was reduced by 20 to 23 percent, 
modulus of elasticity by 26 to 30 percent, internal bond strength by
0.5 to 3 percent, surface hardness by 13 to 23 percent, and nail withdrawal 
resistance by 3 to 10 percent.

Table 3 shows that the two waferboard types behaved similarly concerning 
the order of degrading effect by exterior weathering and accelerated 
aging tests on each property studied. Accelerated aging was more severe 
in comparison to 1 year exterior weathering in all cases except modulus 
of rupture following the AFNOR V 313 test and modulus of elasticity 
following both the AFNOR V 313 test and the ASTM 6-cycle test. For the 
remaining properties, accelerated aging caused significantly higher 
degradation in relation to exterior weathering, particularly in terms of 
internal bond strength (see Figure 4).

Of the three accelerated aging tests studied, on an overall average basis, 
the AFNOR V 313 test was the least severe and the CSA 2-hour boil test 
was the most severe. Relative to the CSA 2-hour boil test, the ASTM 
6-cycle test caused greater degradation only in terms of internal bond 
strength for both board types. Surface hardness losses were more or less 
equal for the two tests (see Table 2 and Figure 4). Following accelerated 
aging, thickness swelling was lower in all cases for random short wafer 
specimens, however, the same specimens exhibited lower bending strength 
and stiffness retention. Relative internal bond strength, surface 
hardness and nail withdrawal resistance retention alternated between 
the two board types with different aging tests. Accelerated aging 
caused thickness to increase by 26 to 41 percent, modulus of rupture was 
reduced by 11 to 53 percent, modulus of elasticity by 8 to 44 percent, 
internal bond strength by 39 to 66 percent, surface hardness by 48 to 
64 percent, and nail withdrawal resistance by 30 to 59 percent.
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Table 2

Properties of Exposed Waferboard Specimens Expressed as Percent of Controls

Accelerated Aging Test Method 
ASTM 6-Cycle CSA 2-Hour Boil AFNOR V 313

1 Year Exterior 
Weathering

Aligned Long Wafer

Thickness 138.4 140.5 131.4 111.1
Modulus of Rüpture

Parallel 78.9 51.0 87.0 69.3 (70.0)*
Perpendicular 72.0 55.3 91.9 91.0 (79.7)*

Modulus of Elasticity
Parallel 86.2 70.8 92.1 71.4 (69.9)
Perpendicular 89.7 68.3 92.5 77.3 (74.2)

Internal Bond 39.9 54.1 55.5 97.2
Surface Hardness 35.8 36.7 48.3 87.5
Nail Withdrawal 56.5 40.8 70.3 97.0

Random Short Wafer

Thickness 133.8 134.0 126.3 112.3
Modulus of Rupture

Parallel 73.0 45.9 86.5 75.9 (74.6)
Perpendicular 70.0 47.5 86.5 77.5 (75.1)

Modulus of Elasticity
Parallel 75.5 55.8 85.7 70.4 (66.0)
Perpendicular 78.2 56.1 81.1 69.0 (69.6)

Internal Bond 34.5 47.2 61.5 99.6
Surface Hardness 35.6 36.2 51.9 77.4
Nail Withdrawal 64.7 57.3 66.5 90.4

* Numbers in parentheses refer to bending properties of specimens tested with weathered surface
on the tension side.
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Figure 4

Properties of Exposed Waferboard Specimens Expressed as Percent of Controls
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Table 3

Relative Order of Degradation by Exterior Weathering and 
Accelerated Aging Tests on Each Property Studied

Thickness
Modulus of 
Rupture

Modulus of 
Elasticity

Internal
Bond

Surface
Hardness

Nail
Withdrawal

Aligned Long Wafer

1* Exterior AFNOR AFNOR Exterior Exterior Exterior
2 AFNOR Exterior ASTM AFNOR AFNOR AFNOR
3 ASTM ASTM Exterior CSA CSA ASTM
4 CSA CSA CSA ASTM ASTM CSA

Random Short Wafer

1 Exterior AFNOR AFNOR Exterior Exterior Exterior
2 AFNOR Exterior ASTM AFNOR AFNOR AFNOR
3 ASTM ASTM Exterior CSA ASTM ASTM
4 CSA CSA CSA ASTM CSA CSA

* Numbers refer to order of degrading effect with " 1" indicating least severe and " 4" most severe.



CONCLUSIONS

1. Following 1 year exterior weathering at the Ottawa site, all 
properties of random short wafer waferfaoards except thickness 
changes and internal bond strength were adversely affected to 
a greater extent than aligned long wafer specimens. Thickness 
changes and internal bond strength retention were similar.

2. Exterior weathering caused thickness to increase by 11 to 12 percent, 
modulus of rupture to decrease by 20 to 23 percent, modulus of 
elasticity by 26 to 30 percent, internal bond strength by 0.5 to
3 percent, surface hardness by 13 to 23 percent, and nail withdrawal 
resistance by 3 to 10 percent.

3. Accelerated aging was more severe in comparison to 1 year exterior 
weathering in all cases except modulus of rupture following the 
AFNOR V 313 test and modulus of elasticity for both, the AFNOR
V 313 test and the ASTM 6-cycle test.

4. Of the three accelerated aging tests studied, the AFNOR V 313 test 
was the least severe and the CSA 2-hour boil test was the most 
severe.

5. Accelerated aging caused thickness to increase by 26 to 41 percent, 
modulus of rupture to decrease by 11 to 53 percent, modulus of 
elasticity by 8 to 44 percent, internal bond strength by 39 to
66 percent, surface hardness by 48 to 64 percent, and nail withdrawal 
resistance by 30 to 59 percent.

RECOMMENDATIONS

Outdoor test sites should be established in eastern and western Canada and 
in the United States to evaluate long-term performance over a wider geograhic 
region. New types of composites and coated composites should also be exposed 
for evaluation.
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