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SUMMARY

This is a continuing study examining the effect of resin content level on 
creep and other properties of waferboard. Results to-date indicate that 
reducing phenol-formaldehyde resin content from 3.0 to 1.5 percent has a 
significant adverse effect on thickness swelling, bending strength and 
stiffness, internal bond strength, and nail withdrawal resistance. 
Waferboard produced with resin content as low as 1.5 percent met all 
requirements of CSA Standard CAN3-0437.0-M85. Waferboard produced was 
found to be inferior to CSP sheathing plywood in terms of thickness 
swelling and bending properties and superior regarding lateral nail 
resistance, surface hardness, and nail withdrawal resistance. A new creep 
test apparatus provides greater structural stability, allows specimens to 
align and bend without friction, and allows improved load application and 
withdrawal with minimum specimen interference.
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1.0 OBJECTIVES

The main objective of this continuing study is to determine the extent to 
which reductions in phenol-formaldehyde resin content influence creep 
behaviour of waferboard under various environmental conditions. As a 
secondary objective, various physical and mechanical board properties are 
to be evaluated and possible correlations with creep investigated. In the 
final analysis, recognized rheological and empirical models will be fitted 
to the data to describe creep behaviour of waferboard.

2.0 INTRODUCTION

The creep behaviour of waferboard and other reconstituted structural panels 
is more complex and the extent of creep is generally more pronounced than 
in plywood and solid wood, particularly when exposed to harsh environments. 
Such behaviour can be attributed to board characteristics, such as: the 
compressed nature of the products; the irregular shape and arrangement of 
the particles; properties of the adhesive and the internal bond; and the 
mechanical weakening of the components during preparation.

The tendency for industry to reduce phenol-formaldehyde resin content in 
waferboard from the traditional level of 2.5 percent to as low as 1.8 
percent, can promote the problem further. Although short-term acceptance 
tests may be satisfied, this practice can have adverse effects on the long-
term load-carrying capabilities of the products.

A literature review of pertinent research, together with preliminary 
experimental work (Alexopoulos, 1986) confirmed the importance of examining 
the effect of resin content level and its implications on the long-term 
performance of waferboard. This study is being conducted in co-operation 
with the Forest Products Department, Faculty of Forestry, University of 
Toronto.

This status report presents the experimental work completed on various 
physical and mechanical board properties and updates modifications made to 
the creep test apparatus. Results from the creep tests will be included in 
the final report.

3.0 STAFF

J. Alexopoulos Project Leader 
Research Scientist

A.R. Davis Technologist
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4.0 EXPERIMENTAL METHODS

4.1 VARIABLES STUDIED

Four powdered phenol-formaldehyde (PF) resin content levels, which bracket 
commercial waferboard practice, are being studied:

i) 3.0 percent
ii) 2.5 percent
iii) 2.0 percent
iv) 1.5 percent

Creep tests will be carried out at three environmental test conditions:

i) 20°C, 65 percent relative humidity (mild standard conditions)
ii) 20°C, 90 percent relative humidity
iii) 30°C, 65 percent relative humidity

4.2 TEST MATERIALS

Waferboards were prepared in the laboratory, using a standardized procedure 
simulating commercial techniques. Production parameters used are 
summarized as follows:

Wood Species:
Flaker type:
Wafer geometry:

Wafer moisture content 
following drying:

Resin type:

Resin content levels:

Wax type :
Wax content:
Blending time:
Mat moisture content: 
Distribution of wafers 

in mat:
Press pressure:
Press temperature: 
Press time:
Target board density: 
Board size:

trembling aspen 
CAE disc waferizer
0.6858 mm (0.027 in.) thick x 38.1 mm (1.5 in.) 

long x random width

3 percent
commercial powdered phenol-formaldehyde 

(Reichhold IB-948 for face and IB-947 for 
core)

1.5, 2.0, 2.5, 3.0 percent based on oven-dry 
weight of wafers 

molten slack wax
1.5 percent based on oven-dry weight of wafers
2 minutes
3 to 5 percent

random
4.83 MPa (700 psi)
210°C (410°F)
5 minutes, 10 seconds 
640 kg/m3 (40 lbs/ft3)
12.7 x 610 x 610 mm (1/2 x 24 x 24 in.)

Commercial 12.7-mm thick, 4-ply, CSP sheathing grade plywood was included 
in the study for comparisons.
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4.3 TEST PROCEDURES AND MATERIAL ALLOCATION

The creep test procedure to be used is similar to that developed by 
Forintek Canada Corp. as described in tentative new CSA Standard 
CAN/CSA-0437.2, Evaluation of Binder Systems for Waferboard and Strandboard 
(CSA, 1986). Specimens measuring 12.7 x 125 x 550 mm are tested in flexure 
over a span of 500 mm with a centre load of 10 kg. Deflections are 
measured using electronic devices called Linearly Variable Differential 
Transducers (LVDT) and recorded and analyzed using a data acquisition 
system connected to a microcomputer. Deflection is measured for 8 weeks 
with the load applied and then the load is removed and recovery measured 
for a further 4 weeks. Deflection at 30 seconds following load application 
and load removal represents the elastic response of the specimens. Each 
combination of resin content level and test condition is repliated eight 
times.

In addition to creep properties, specimens were cut from the prepared 
boards to evaluate other properties to obtain basic information about the 
boards for comparisons with minimum standard requirements and to 
investigate possible intercorrelations with creep. Table 1 summarizes the 
properties, along with corresponding specimen dimensions, that are being 
evaluated in accordance with the procedures outlined in CSA Standard 
CAN3-0437.1-M85, Test Methods for Waferboard and Strandboard (CSA, 1985a).

Figure 1 illustrates the cutting pattern of the various test specimens from 
each prepared waferboard and commercial plywood panels. In total, 24,
610- x 610-mm waferboards (trimmed to 560 x 560 mm) were prepared for each 
resin content level. Eight commercial CSP sheathing grade 1220- x 2440-mm 
plywood panels were obtained from a local panel distributor. Specimens cut 
for bending include bond durability specimens.

Overall, there are 6 categories of panel types using small, 75- x 355-mm 
bending specimens: waferboard bonded with each of the 4 resin content 
levels and plywood tested with face grain running parallel and 
perpendicular with respect to the test span. For the creep-size specimens, 
there are 5 categories; all of the above with the exception of plywood 
having the face grain perpendicular to the test span.

To examine, more effectively, the influence of various adverse test 
conditions on the bending and creep properties of each panel type, 
specimens were initially matched according to bending stiffness with 
specimens tested under mild standard conditions of 20°C, 65 percent 
relative humidity. A surplus number of specimens was removed from each 
panel type. Each specimen was non-destructively tested, in accordance with 
CSA Standard CAN3-0437.1-M85, to approximately 12 percent of its maximum 
bending strength. The apparent modulus of elasticity (MOE) was calculated 
for each specimen and values were ranked in descending order. Starting at 
the mean MOE value for each panel type and progressing outward, adjacent 
specimens with similar MOE values were placed in groups corresponding to 
the number of sets of tests to be conducted, i.e., three for the small 
bending samples (Dry, CSA 2-hour boil and ASTM 6-cycle) and six for the 
creep samples (test and control specimens for each of three test 
conditions). Specimens within each MOE grouping were arbitrarily allocated 
to each test group so that the average ranking and the variability
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Table 1

Properties Evaluated in Accordance With CSA Standard CAN3-0437.1-M85

Property Specimen Size 
(mm)

Dry bending - modulus of rupture (MOR)
- apparent modulus of elasticity (MOE)

75 x 355 
75 x 355

Bond durability - CSA 2-hour boil 
- ASTM 6-cycle

75 x 355 
75 x 355

Thickness swelling (TS) 150 x 150

Linear expansion - 50-90 percent relative humidity (LÊ ) 
- oven-dry to saturated (LE2 )

Internal bond strength (IB) (waferboard only)

Lateral nail resistance (LNR)

Surface hardness (SH)

Nail withdrawal resistance (NWR)

75 x 300 
75 x 300

50 x 50

75 x 150

75 x 150

75 x 150
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Figure 1

Method of Cutting Specimens from 560- x 560-mm Waferboard and 
1220- x 2440-mm Plywood Panels

Waferboard

Odd-Numbered Panels 1-23 Even-Numbered Panels 2-24

Plywood
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associated with it were similar among test groups. Control creep specimens 
are associated with creep test specimens at each adverse test condition to 
analyze residual strength and stiffness subsequent to creep testing while 
taking into account the effects of the test condition.

5.0 RESULTS AND DISCUSSION

The original creep test apparatus was constructed from wood and had fixed 
specimen pipe supports. The loads were applied and removed manually by 
hand. A new setup was designed and constructed to remedy these 
deficiencies (see Figure 2). The frame is made of coated steel for greater 
structural stability under various environments. The specimens are 
supported on 10- x 50- x 150-mm aluminum plates that in turn rest on ball 
bearings. A specimen is allowed to rotate about both its planes and to 
move horizontally along its length without friction. Uneven loading 
resulting from specimens not being flat and friction caused at the supports 
by the bending action are minimized. The large and rotating support plates 
and 38—mm diameter loading pipes prevent any localized compression of the 
specimens during testing.

Separate air cylinders are used for each specimen to ensure constant rate 
of loading regardless of variations in specimen thickness and stiffness.
The air cylinders are supported on a separate steel frame to avoid 
vibratory interference with the specimens during loading and unloading and 
during possible specimen failures.

Physical properties of random waferboard at four resin content levels and 
of commercial CSP sheathing grade plywood are presented in Table 2. One-
way classification analysis of variance and Duncan's Multiple Range Test 
were conducted to determine significance of difference in means within each 
property. Means with the same letter are not significantly different at 
the 95 percent probability level. Also provided in Table 2, and in tables 
which follow, are the requirements of CSA Standard CAN3-0437.0-M85, 
Waferboard and Strandboard for random (R-l) waferboard (CSA, 1985b).

The results in Table 2 show that the waferboards produced with different 
resin content levels are uniform in thickness, density, and moisture 
content. The thickness and density for waferboard are higher in comparison 
to those of plywood and waferboard tends to equilibrate to a lower moisture 
content than does plywood. Reducing resin content to 1.5 percent has a 
significant adverse effect on thickness swelling. Thickness swelling of 
waferboard is higher than that of plywood, as expected. Dimensional change 
along the plane of the waferboards, i.e., linear expansion, increases with 
decreasing resin content, however, not significantly. Linear expansion of 
plywood is similar in both directions because of the averaging influence of 
the cross-bands and is also similar to waferboard mainly because the random 
wafers produce an analogous effect. CSA physical requirements for 
waferboard are complied with in all cases.

The static bending properties and bond durability results, as evaluated by 
the CSA 2-hour boil test and the ASTM 6-cycle test, are summarized in Table 
3A for all panel types. Reducing resin content from 2.5 percent to 1.5 
percent significantly reduces the bending properties of specimens tested at
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Figure 2

Creep Test Apparatus
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Table 2

Physical Properties of Laboratory Random Waferboard
and Commercial CSP Sheathing Plywood

Panel Type Density
2

Moisture
Content

Thickness
Swelling

Linear Expansion 
50-90% R.H.

Mean
(mm)

Grp3 Mean 
(kg/m3 )

Grp Mean
(%)

Grp Mean Grp 
(%)

Mean
(%)

Grp

Waferboard
Resin Content (%)

3.0
2.5
2.0
1.5

12.95
12.83
12.97
12.91

A
A
A
A

642.1
646.1 
637.0 
642.4

A
A
A
A

7.5
7.2
7.4
7.4

C
C
C
C

8.2 B
9.3 B
9.3 B 
13.6 A

.080

.087

.088

.094

A
A
A
A

Plywood
Test Direction 

Parallel 
Perpendicular

12.55
12.44

B
B

407.3
396.1

B
B

9.2
8.6

A
B

3.5 C
.081
.082

A
A

CSA 0437.0 Waferboard 
Requirements
Max. 13.45 
Min. 11.95

-
8.0 25.0 .20

1 Thickness and moisture content were determined on specimens conditioned at 20°C, 65 percent

2 Density6i s^ased^on weight oven-dry and volume at 20«C, 65 percent relative humidity.
3 Ss with ST-Ï SÏÏ» ate nojaignifiaantiy different at th,, 95 pete*£  PtobaMlity levai. 
- Test direction refers to direction of face gram with respect to test direction.

Sample size for each property is 12.Note :



Table 3A

Mechanical Properties of Laboratory Random Waferboard and
Commercial CSP Sheathing Plywood

Panel Type 20°C, 65% R.H. CSA. 2-Hr. Boil ASTM 6--Cycle
MOR 1 MOET----- MOR MOE MOR MOE

Mean
(MPa)

Grp2 Mean
(MPa)

Grp Mean
(MPa)

Grp Mean
(MPa)

Grp Mean
(MPa)

Grp Mean
(MPa)

Grp

Waferboard
Resin Content (%) 

3.0 31.8 B 5051 B 15.7 B 2997 B 25.6 B 4472 B
2.5 30.6 B 5008 B 16.0 B 3205 B 24.9 B 4408 B

2.0 28.9 B 4900 BC 16.1 B 3121 B 24.7 B 4245 BC
1.5 25.5 C 4710 C 14.4 B 3175 B 20.4 C 4027 C

plywood
Test Direction6 

Parallel 46.5 A 6634 A 20.3 A 4139 A 38.7 A 5736 A
Perpendicular 18.8 D 1433 D 10.5 C 1045 C 15.5 D 1178 D

CSA 0437.0 Waferboard 
Requirements 

Min. 17.2 3100 8.6 - 8.6 -

1 Calculation of modulus of rupture (MOR) and apparent modulus of elasticity (MOE) is based on original 
thickness at 20°C, 65 percent relative humidity.

2 Means with the same letter are not significantly different at the 95 percent probability level.
3 Test direction refers to direction of face grain with respect to the test span.

Note: Sample size for each property is 12.



20°C, 65 percent relative humidity and following the ASTM 6-cycle test.
The CSA 2-hour boil test is much more severe than the ASTM 6-cycle test (on 
average MOR is 35 percent lower and MOE 27 percent lower), thereby masking 
any effects due to decreasing resin content. Relative to plywood with face 
grain running parallel to the test span, the bending properties of 
waferboard are approximately 23 to 38 percent lower across all tests. 
Plywood tested in the perpendicular direction is clearly inferior to 
waferboard and plywood tested along the parallel direction. All 
waferboards meet the minimum dry bending and bond durability requirements 
of CSA Standard CAN3-0437.0-M85.

Internal bond strength, lateral nail resistance, surface hardness, and nail 
withdrawal resistance results for all panel types, are presented in Table 
3B. Low resin content reduces internal bond strength and nail withdrawal 
resistance significantly. Waferboard is superior to plywood in terms of 
lateral nail resistance, surface hardness, and nail withdrawal resistance, 
due mainly to its higher density (see Table 2). The properties of the 
experimental waferboards are well above the minimum values required by the 
CSA standard.

6.0 CONCLUSIONS

1. Reducing phenol-formaldehyde resin content to 1.5 percent has a 
significant adverse effect on the following waferboard properties: 
thickness swelling; bending strength and stiffness when tested at 
20°C, 65 percent relative humidity and following the ASTM 6-cycle test; 
internal bond strength; and nail withdrawal resistance.

2. The CSA 2-hour boil accelerated aging test procedure affects bending 
strength and stiffness much more severely than does the ASTM 6-cycle 
test.

3. Waferboard produced with resin content as low as 1.5 percent meets all 
requirements of CSA Standard CAN3-0437.0-M85.

4. Relative to CSP sheathing grade plywood with face grain running along 
the test direction, waferboard is inferior with respect to thickness 
swelling, and bending strength and stiffness and superior regarding 
lateral nail resistance, surface hardness, and nail withdrawal 
resistance. Linear expansion is similar for all panel types studied. 5

5. A new creep test apparatus was designed and constructed that is 
structurally stable and allows the specimen to align itself initially 
and to move during testing without friction. Air cylinders at
each specimen provide control over the rate of loading and unloading, 
regardless of variations in specimen thickness and stiffness, with 
minimum specimen interference.
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Table 3B

Mechanical Properties1 of Laboratory Random Waferboard
And Commercial CSP Sheathing Plywood

Panel Type Internal Bond 
Strength

Lateral Nail 
Resistance

Surface
Hardness

Nail Withdrawal 
Resistance

Mean Grp1 2 
(MPa)

Mean Grp 
(N)

Mean Grp 
(N)

Mean Grp 
(N)

Waferboard
Resin Content (%) 

3.0 0.594 A 2321 A 3732 B 267 A

2.5 0.514 B 2396 A 4061 A 293 A

2.0 0.429 C 2460 A 3556 B 269 A

1.5 0.437 C 2276 A 3793 B 201 B

Plywood
Test Direction3

Paralllel 1184 B 2129 C 148 C
Perpendicular 1246 B

CSA 0437.0 Waferboard
Requirements
Min. 0.345 889 2200** 901*

1 All properties were evaluated at 20°C, 65 percent relative humidity.
2 Means with the same letter are not significantly different at the 95 percent probability level.
3 Test direction in the case of lateral nail resistance refers to direction of face grain with 
respect to test direction.

*» Requirements are from preceding CSA Standard CAN3-0188.2-M78 (CSA, 1978).

Note: Sample size for internal bond strength is 22, for lateral nail resistance 12, for surface
hardness 48, and for nail withdrawal resistance 36.



7.0 RECOMMENDATIONS

Although not included in the present study, due to time and space 
constraints, a fourth environmental test condition combining high humidity 
and high temperature should be included in future work.
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