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SUMMARY

Objectives

1. To develop improved creep testing procedures suitable for use in 
high humidity environments.

2. To determine the effect of high relative humidity and increased 
temperature on the creep properties of commercial waferboard.

Introduction

The use of waferboard in structural applications and the introduction 
of new binding systems are expanding. This growth is paralleled with 
the concern of the abilities of these materials to maintain their 
integrity and load-carrying capabilities under a wide variety of adverse 
conditions. This study is a continuation of the development of a 
data base for creep properties of waferboard to better understand the 
limitations of these panels and to provide basic information necessary 
for establishing standard creep testing procedures and performance 
criteria. In previous work of the program, the effect of increased 
loads on the creep properties of commercial waferboard bonded with 
phenol-formaldehyde (PF) and laboratory-made waferboard bonded with 
methylolated kraft lignin/phenol-formaldehyde (MKL/PF) was examined.
Test data in the literature indicate that in many instances high 
relative humidity and increased temperature affect the creep behavior 
of wood-based products, such as particleboard and waferboard, to a 
much greater extent than solid wood.

Work Performed

In the first experiment of this year's study, flexural creep tests were 
conducted on two commercially-produced, 11.1-mm poplar waferboards to 
determine the effect of high relative humidity (90 percent RH). One 
waferboard type was comprised of 38-mm long wafers; the other, of 
76-mm long wafers. The wafers were more or less randomly distributed 
throughout both panel types. Specimens measuring 152 x 660 mm were 
loaded with 3.95 kg at centre over a span of 610 mm for 65 days and 
subsequently allowed to recover for 12 days. Test data from previous 
creep experiments carried out at 65 percent RH were included for comparisons.
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In Experiment 2, creep tests were carried out, for the most part, 
in accordance to the procedure outlined in proposed CSA Standard 
CAN3-0437.2-M83, " Standard Test Methods for Waferboard Binders" .
The testing method was based on the procedure developed by Forintek 
in the earlier two years of the program. The creep behavior of 
poplar waferboards, with 76-mm long wafers included in Experiment 1, 
was determined at two conditions (20°C, 65 percent RH and 30°C, 65 percent 
RH) with specimens subjected to a midspan load of 19.4 kg. This load 
corresponds to twice the uniform design snow load of 3.28 kN/m2. Creep 
deflection was measured for 59 days and recovery for a further 15 days.

Results and Conclusions

In Experiment 1, relative creep of specimens loaded at 90 percent RH 
was 4.8 to 7.1 times greater in comparison to relative creep at 65 percent 
RH. Relative recovery at 90 percent RH was 2.7 to 4.0 times the 
relative recovery at 65 percent RH. The two waferboard types loaded 
at 90 percent RH, showed similar initial creep and initial recovery 
deflections; however, final creep and final recovery deflections, 
hence, relative creep and relative recovery, were slightly lower for 
short wafer waferboards. Differences in creep behavior could be 
correlated to differences in modulus of elasticity. Residual bending 
strength after loading and after equilibration to room conditions was 
reduced from 5.0 to 13.2 percent and bending stiffness from 2.2 to 
5.1 percent. Following re-equilibration to room conditions, residual 
thickness was 11.1 to 17.1 percent higher based on original thickness 
and moisture content 39.6 to 56.3 percent higher based on original 
moisture content.

Creep tests at the two temperature conditions.showed that relative creep 
of specimens loaded at 30°C was 2.5 to 2.9 times greater in comparison to 
relative creep at 20°C. Relative recovery was 1.6 to 1.7 times greater. 
Two specimens out of ten tested perpendicular to panel length at 30°C 
failed following approximately 1 month under load.

Commercial Significance

This study will provide basic information necessary for establishing 
standard testing procedures and performance criteria for creep. This 
information is especially necessary if the many potential alternatives 
to present phenol-formaldehyde binders, such as the low cost kraft 
lignin/PF combination, spent sulfite liquor and isocyanate adhesives are



to become available for use by the industry. The proposed standard, 
CSA Standard CAN-0437.2, includes a creep test based upon the test 
procedure developed by Forintek in the first 2 years of the program. 
During the coming year, Forintek will conduct a test program on 
waferboard manufactured with currently used PF binders to provide 
the test data with which the CSA Committee can establish acceptance 
criteria.

Recommendations

The combined effect of cyclic relative humidity and high temperature 
on creep properties of waferboard should be evaluated.
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INTRODUCTION

The use of waferboard in structural applications and the introduction 
of new binding systems are expanding. This growth is paralleled with 
the concern of the abilities of these materials to maintain their 
integrity and load-carrying capabilities under a wide variety of 
adverse conditions. Test data indicate that in many instances high 
relative humidity and increased temperature affect the creep behavior 
of wood-based products, such as particleboard and waferboard, to a 
much greater extent than solid wood.

This study is a continuation of the development of a data base for 
creep properties of waferboard to better understand the limitations 
of these panels and to provide basic information necessary for 
establishing standard creep testing procedures and performance criteria. 
This information is especially necessary if the many potential 
alternatives to present phenol-formaldehyde binders, such as the low 
cost kraft lignin/PF combination, spent sulfite liquor and isocyanate 
adhesives,are to become available for use by the industry. In previous 
work (Forintek Canada Corp., 1983), the effect of increased loads on the 
creep properties of commercial waferboard bonded with PF and laboratory 
waferboard bonded with MKL/PF was examined.

The objectives of this study, therefore, are to determine the effect of 
1) high relative humidity (RH) (90 percent RH) and 2) increased temperature 
(20°C and 30°C) on the creep behavior of commercial waferboard. These 
two parts will be treated sequentially as Experiments 1 and 2.

The two temperature conditions of Experiment 2 are specified in a creep 
test that is based upon the test procedure developed in the first two 
years of the program. This test is included in a draft of a proposed 
standard, CSA Standard CAN3-0437.2-M83 " Standard Test Methods for 
Waferboard Binders" . Preliminary creep tests were conducted at this 
time in preparation for next year's anticipated extensive test program 
in which Forintek will conduct various tests on waferboard manufactured 
with currently used phenol-formaldehyde (PF) binders to provide the 
test data with which the CSA Committee can establish acceptance criteria.

BACKGROUND

It is pointed out by Stamm (1964) that increases in moisture content up 
to the fibre-saturation point of wood and increases in temperature have 
the effect of plasticizers. Boyd (1982) proposes that these factors reduce 
the viscosity and lower the resistance to flow of the predominately 
amourphous matrix materials and lignin which fill the spaces between the 
microfibrils in the structural framework of the wood cell wall. Under 
this influence, an externally applied force causes the matrix to flow to
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a new location relative to the microfibrils, breaking bonds in the 
process and thereby allowing increased creep deflection to occur until 
a balance is reached between the force which the deflecting microfibrils 
impose on the matrix, and the resistance of the matrix to continued 
flow. These stress-induced interactions between the crystalline and 
non-crystalline components of the cell wall are used to explain differences 
in rate of creep exhibited by wood depending on whether the stress mode 
is in compression, bending, tension or shear and the increased creep 
if the moisture content of wood is reduced or cycled, than if it is 
constant (saturated or dry) during application of the force.

In a much earlier study, Gibson (1965) describes a simpler, yet prevalent 
view regarding the mechanism of the effect of moisture on creep. He 
suggests that the additional deformation during long-term loading under 
changing moisture conditions was due to the continual making and breaking 
of hydrogen bonds in reaching a new equilibrium moisture content. The 
result of this bond breakage, while subjected to an applied stress, is 
increased strain. Experiments by Gardner et al.(1967) on creep under 
cyclic adsorption and desorption of organic vapors tend to verify the 
role of the hydrogen bonds.

The increase in creep deflection caused in wood by increases in moisture 
or temperature is well documented, as indicated in the literature reviewed 
by Schniewind (1968).

Reconstituted structural panels, such as particleboard and waferboard, 
are comprised of wood fibres or particles that react similarly to 
increases in moisture and temperature as solid wood. Other characteristics 
of composites, such as the compressed nature of the products, the irregular 
shape and arrangement of the particles, and behavior of the adhesive 
bonding, contribute in rendering the effects of moisture and temperature 
more complex and more pronounced than in solid wood. Gressel (1972) 
suggests that the extensive destruction of the histological cell composition, 
the more or less random statistical orientation of the longitudinal axes 
of the chips in the plane of the panel, and the no longer continuous bond 
between the individual chips result in marked increase in creep compared 
with solid timber and plywood in a climate of constant high humidity.

Bodig anti Jayne (1982) report that adhesive bonds in composites between fibres 
and between wood particles tend to weaken and may even rupture when exposed 
to high relative humidity. In studies carried out on Douglas-fir flake- 
boards, Hann, Black, and Blomquist (1962) attribute reductions in strength 
properties resulting from exposure to natural weathering to the effects 
of release of compression of the wood and to adhesive bond fracture caused 
by swelling stresses. When adhesives of low durability are used, such 
as urea formaldehyde (UF), the effects are more pronounced and some 
deterioration of the adhesive occurs. Gressel (1972) points out that, 
in the long run, the more brittle urea resin bonds are mechanically ruptured
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as a result of swelling and shrinkage stresses caused by alternating 
humidity conditions. Dinwoodie (1978) makes a similar suggestion in 
attributing the poor performance exhibited by UF particleboards to 
the effect of mechanical stressing set up by the alternating swelling 
and shrinkage of adjacent chips and not to any chemical degradation 
of the resin. The findings of Halligan and Schniewind (1972) appear 
to be compatible with this observation. Particleboard, post-treated 
with steam, exhibited sustantial reductions in creep as a result of 
lower internal stresses and associated lower thickness swelling and 
equilibrium moisture content caused by the treatment.

Studies in the literature establish the inferior creep behavior of 
particleboard and waferboard in comparison to solid wood, especially 
in an atmosphere of high relative humidity (Bryan and Schniewind, 1965; 
Gnanaharan and Haygreen, 1979; Norimoto and Yamada, 1966; Perkitny and 
Perkitny,.1966).

The rate of creep of particleboard and waferboard was found to accelerate 
above approximately 70 percent relative humidity (Gnanaharan and Haygreen, 
1979; Haygreen et al.,1975). Creep studies of Dinwoodie et al. (1981) on 
particleboard showed that increasing the relative humidity level from 
65 percent to 90 percent resulted in a statistically significant increase 
in deflection at failure and decrease in time to failure; differences 
in both parameters for boards at 30 percent and 65 percent were not 
significant.

Cyclic relative humidity conditions have a much greater effect on creep 
properties of particleboard and waferboard than steady state conditions 
(Armstrong and Grossman, 1972; Bryan and Schniewind, 1965; Gressel, 1972; 
Haygreen et al., 1975; Lehmann, Ramaker and Hefty, 1975; McNatt and Hunt, 
1982) . Creep behavior of waferboard under cyclic conditions will be 
examined in a forth-coming study.

Little information is available on the effect of temperature on creep 
properties of wood-based panels. Dinwoodie (1978) points out that resins, 
such as urea formaldehyde (UF) and phenol formaldehyde (PF), are susceptible 
to hydrolytic degradation at moderate to elevated temperatures in the 
presence of moisture (above 8 percent). This chemical deterioration of 
the resin involves the severance of the cross linking in the cured adhesive 
by water molecules. At temperatures above 40°C, the less durable UF 
adhesives exhibit accelerated deterioration of the resin and above 60°C 
the process is very rapid. Deterioration of PF resin is slight compared 
to UF. Several other authors indicate the significant degrading effect 
of a combination of moisture content and high temperature on adhesive 
bonds, especially for urea formaldehyde resins (Gillespie, Countryman and 
Blomquist, 1978; Hunt, 1976; Selbo, 1975; Yu DeXin and Ostman, 1983).
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Gressel (1972) found that a three-layer particleboard showed no 
appreciable difference in relative creep between 5°C and 20°C 
(constant stress and moisture content) and increased creep only 
became clearly apparent at a temperature of 50 °C. Similar results 
were obtained by Davidson (1962) for solid wood. Hunt (1976), on 
the other hand, summarizes the results of one of his earlier reports 
in which he found that increasing the temperature from 15°C to 25°C 
doubled the creep deflection of UF wood chipboard at 40 percent and 
28 percent relative humidity and increased by about 25 percent at 
65 percent relative humidity.

EXPERIMENTAL

Experiment 1: Effect of High Relative Humidity

Materials

Two commercially-produced aspen poplar waferboard panel types were 
used for this analysis. They were 11.1 mm in nominal thickness and 
were bonded with powder phenol-formaldehyde adhesive. One panel type 
was comprised of wafers approximately 38 mm in length (identified as 
" short wafer" waferboard in the report); the other of longer wafers, 
approximately 76 mm in length (identified as " long wafer" waferboard). 
The distribution of wafers was more or less random throughout both panel 
types. The long wafer waferboards were similar to those used in 
previous studies of the program.

Experimental Plan

The creep test procedure used in this study was similar to the one developed 
in the first two years of the program. Modifications were made to the 
loading system for more efficient and uniform load application and removal. 
Firstly, a small hydraulic jack was used to apply and remove the load at 
a uniform rate (see Figure 1). Secondly, the small steel pipes, which 
transfer the load to the specimens, had ropes attached to their ends that 
were in turn attached to the frames accomodating the weights via S-hooks 
(see Figure 2). Unhooking the loading frames during load removal and 
transferring the pipes directly above one of the supports eliminated 
movement of, or interference with the specimens.

As in the earlier experiments, specimens measuring 11.1 x 152 x 660 mm 
were cut parallel and perpendicular with respect to the longitudinal axis 
of the panel. All specimens were initially equilibrated to an environment 
maintained at 20°C and 65 percent relative humidity. Twelve test and 
twelve control specimens were matched for each test direction and for each 
panel type based on the modulus of elasticity of each specimen as determined 
by applying a non-destructive load at midspan and measuring the corresponding 
deflection. The test specimens were allowed to condition at 20°C and 90
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Figure 1

Method of Loading and Measuring Flexural Creep

Figure 2

Looking Down on Rope and Loading Frame Connection

5



percent relative humidity then loaded at centre over a span of 610 mm 
with a load of 3,95 kg (8.7 lbs). This load level was used in an 
earlier study (Forintek Canada Corp,, 1983) to examine the creep 
properties of similar types of long wafer waferboard at 20°C, 65 percent 
relative humidity. The results of the earlier study will serve as 
a basis for evaluating the effects of high moisture on creep properties.

An additional set of matched controls were placed in the chamber along 
with the test specimens to try to separate the effects of long-term 
loading from the effects of high relative humidity on the final specimen 
bending properties.

Creep deflection measurements were taken at centre using a dial gauge 
accurate to 0.01 mm and mounted as shown in Figure 1. The load remained 
on the specimens for approximately 2 months with deflection measured 
at 30 seconds, 1, 4, 7 hours and 1, 3, 4, 8, 16, 32, 50, 65 days. Recovery 
time was limited to 12 days to allow adequate time to carry out creep 
tests at the two temperature conditions. Deflection at 30 seconds 
following load application and load removal was defined as the elastic 
response of the specimens.

At the end of the creep tests, the test specimens were equilibrated to 
room conditions (20°C, 65 percent relative humidity) and then tested 
along with the controls in static bending. The load was applied at 
centre over a span of 610 mm. The original dimensions measured at 
20°C and 65 percent relative humidity were used in the calculations.

Experiment 2: Effect of Increased Temperature

Materials

Due to time and space constraints, only the " long wafer" commercial 
waferboard panel type included in Experiment 1 was used in this 
investigation.

Experimental Plan

The creep tests in this experiment were carried out, for the most part, 
in accordance to the procedure outlined in proposed CSA Standard 
CAN3-0437.2-M83. The testing method was based on the procedure developed 
in the earlier two years of the program, therefore, it is similar to 
the one described in Experiment 1.

In accordance with the standard, creep behavior of the long wafer 
waferboard was determined at two conditions: 20°C, 65 percent relative
humidity and 30°C, 65 percent relative humidity. As in Experiment 1,
152- x 660-mm specimens were cut in both directions of the panels. Ten 
test and ten control specimens were used for each test direction and for 
each temperature condition. Four specimens, one test, and one control 
for each of the test conditions, were matched based on the modulus of 
elasticity of each specimen.
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Following equilibration to their respective conditions, the specimens 
were subjected to a load of 19.4 kg (42.75 lbs.). This load, which 
is approximately 78 percent the proportional limit load of the wafer™ 
board specimens tested in bending, corresponds to twice the uniform 
design snow load of 3.28 kN/m2 (68.5 lbs/ft2). The design snow load 
was derived by taking 60 percent of the ground snow load as specified 
by the National Building Code of Canada for roofs exposed to wind 
(National Research Council of Canada, 1980a). The ground snow load 
was the average in Canada as calculated from the environmental loads 
given in the Supplement to the National Building Code of Canada 
(National Research Counci 1 of Canada, 1980b).

The specimens were loaded for two months with deflection recorded at 
30 seconds, 1, 2, 4, 7 hours and 1, 2, 4, 8, 16, 40, 59 days. The 
load was then removed and deflection measured for a further 15 days.

RESULTS AND DISCUSSION

Experiment 1: Effect of High Relative Humidity

Table 1 summarizes average thickness, moisture content, density, and 
thickness swelling of test and control specimens used in the study.
The long wafer specimens exhibited higher thickness swelling and 
higher permanent thickness swelling than the short wafer specimens.
This difference can be attributed to the combined effects of several 
processing factors, such as board density, wafer geometry, resin level, 
blending efficiency, and pressing conditions.

Thickness swelling of waferboard results from the swelling of the wood 
itself and the mechanical thickness expansion caused by the release of 
compression stresses imparted to the board from the pressing operation. 
Release of compression stresses occurs at high moisture content and 
this part of swelling is not recovered when the board returns to a drier 
state. In this experiment, thickness swelling at 90 percent relative 
humidity, expressed as a percentage of specimen thickness at 65 percent 
relative humidity, ranged from 17.8 to 26.1 percent. When reconditioned 
at 65 percent relative humidity, permanent thickness swelling or " spring- 
back" as it is commonly referred to, ranged from 11.1 to 17.1 percent. 
These values represent approximately 63 percent of the total thickness 
swelling.

Equilibrium moisture content increased by 200.6 to 223.4 percent at 90 
percent relative humidity (see Table 1), Permanent equilibrium moisture 
content increase following reconditioning at 65 percent relative humidity, 
ranged from 39.6 to 56.3 percent of original moisture content. Particle-
board and flakeboard are known to exhibit large sorption hysteresis 
(adsorption curves are markedly lower than desorption curves) (Suchsland, 
1972) .
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Thickness, Moisture Content, Density and Thickness Swelling of Waferboard Specimens

----- —----------
65% - 90% - 65% RH

65% RH
65% - 90% RH Permanent

Moisture
Content
Increase

Permanent
Thickness
Swelling

Moisture

Waferboard 
Panel Type

Actual
Thickness

Mois-ture
Content Density1

Thickness
Swelling

Content
Increase

Mean
(mm)

CV
(%)

Mean
(%)

CV
(%)

Mean 
(kg/m3)

CV
(%) (%) (%) (%) (%)

Long Wafer

Parallel
Test2 11.46 5.7 7.2 2.6 637.8 5.1 26.1 200.6 17.1 39.6

Control2 11.28 3.0 6.8 4.9 622.2 5.0

Perpendicular
Test 11.25 3.6 6.5 7.2 648.8 5.1 21.1 200.8 13.2 41.7

Control 11.27 3.2 6.3 4.6 647.3 5.7

Short Wafer

Parallel
Test 11.33 1.7 6.4 2.5 623.3 3.1 17.8 201.6 11.1 51.8

Control 11.39 2.8 6.5 3.5 639.8 4.9

Perpendicular
Test 11.40 1.2 5.9 11.0 628.7 2.5 18.9 223.4 11.7 56.3

Control 11.35 1.4 5.8 3.4 631.9 3.4

1 Density is based on weight oven-dry and volume at 20°C, 65 percent relative humidity.

2 Sample size for all test and control specimens is 12.
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Average modulus of rupture (MOR) and modulus of elasticity (MOE) of 
test and control specimens are presented in Table 2. Student's t-test 
comparison of means was used to evaluate differences in MOR and MOE 
between the two test directions of control unexposed specimens 
(i.e., 65 percent relative humidity test conditions). All differences 
were found to be significant at the 95 percent level of confidence.
The differences were greater for the long wafer waferboards than for 
the short wafer waferboards. Some alignment of the wafers appears to 
occur during the mat forming process with the effect on bending strength 
and stiffness being understandably higher (increase in the aligned 
direction and decrease in the cross direction) when wafers of larger 
length-to-width ratio are used.

Long-term loading does not appear to have had a significant effect on 
the final bending properties of the specimens. Table 2 suggests that 
reductions in MOR and MOE were caused mainly by high humidity. Exposed 
controls displayed similar and in some cases lower bending properties 
than did the test specimens.

Considering the test specimens and the unexposed controls, reductions 
in bending strength ranged from 5.0 to 13.2 percent for short wafer 
waferboards tested perpendicular and parallel with respect to panel 
length, respectively. Reductions in bending stiffness ranged from 
2.2 to 5.1 percent for long wafer waferboards tested parallel and short 
wafer waferboards tested parallel to panel length, respectively.

The average deflection data are plotted against time in Figures 3 and 
4 for the two test directions. It is apparent that high relative humidity 
substantially increased creep deflection and irrecoverable creep in 
waferboard. Following 1560 hours under load, creep deflection was 
still increasing, however, at a more or less constant rate.

Average initial creep deflection, final creep deflection, and relative 
creep values are given in Table 3. The test values of the earlier study 
are also included in this table. Examining long wafer waferboard at the 
two relative humidity conditions, the initial deflection of specimens tested 
at 65 percent relative humidity is higher for the perpendicular test direction 
relative to the corresponding initial deflection of specimens tested at 
90 percent relative humidity. Perhaps, this unexpected behavior can be 
explained on the basis of modulus of elasticity differences. It was shown 
in previous studies of the program and by Lehmann et al. (1975) that a 
strong inverse relationship existed between creep deflection and specimen 
stiffness. The average modulus of elasticity of specimens tested in the 
perpendicular test direction at 65 percent relative humidity was 2.62 GPa.
This value was much lower than that of specimens exposed to 90 percent 
■relative humidity. These differences were reflected in the initial creep 
deflections which are functions of short-term stiffness.

9



Table 2

Moduli of Rupture and Elasticity of Waferboard Specimens

Waferboard RH Test
Panel Type Condition

(%)

Modulus of 
Rupture1 

Mean CV
(MPa) (%)

Modulus of 
Elasticity 

Mean CV
(GPa) (%)

Long Wafer

Parallel
Test 65-90-65 19.4 21.5 4.49 10.9
Control 65-90-65 19.1 25.9 4.20 18.0
Control 65 22.0 15.6 4.59 13.2

Perpendicular
Test 65-90-65 16.4 17.2 3.35 12.0
Control 65-90-65 16.8 18.8 3.38 17.1
Control 65 17.9 15.8 3.44 13.8

Short Wafer 

Parallel
Test 65-90-65 18.3 11.8 4.11 9.4
Control 65-90-65 17.7 12.8 4.03 10.2
Control 65 21.1 16.9 4.33 9.5

Perpendicular
Test 65-90-65 17.2 10.9 3.63 5.8
Control 65-90-65 16.1 8.4 3.60 5.4
Control 65 18.1 11.9 3.73 6.1

1 Bending properties of all specimens were calculated based on original 
dimensions measured at 20°C, 65 percent relative humidity.
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Figure 3

Creep Deflection and Recovery of Waferboard Specimens 
Tested Parallel with Respect to Panel Length

i

Figure 4

Creep Deflection and Recovery of Waferboard Specimens 
Tested Perpendicular with Respect to Panel Length

11



Table 3

Creep Deflection of Waferboard Specimens

Waferboard Total Deflection Relative

Panel Type Initial'1 Final2 
(mm) (mm)

Creep

Long Wafer

Present Study (90% RH)

Parallel 2.18 11.47 4.26

Perpendicular 2.91 14.42 3.96

Earlier Study (65% RH)

Parallel 1.66 2.66 4 0.60

Perpendicular 3.55 6.44 4 0.82

Short Wafer

Present Study (90% RH)

Parallel 2.42 11.08 3.58

Perpendicular 2.68 13.26 3.95

1 Initial deflection corresponds to elastic deflection at 30 seconds 
following load application.

2 Final deflection corresponds to total deflection at 1560 hours 
following load application.

, final deflection - initial deflection .
Relative creep = --------- initial deflection

4 values were obtained by extrapolating the time-deflection curves 
in Figures 3 and 4.
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Final creep deflections were much more pronounced for specimens tested 
at 90 percent relative humidity in comparison to specimens tested at 
65 percent relative humidity. Average final creep deflections at 
90 percent relative humidity were 11.47 mm for specimens tested parallel 
to panel length and 14.42 for specimens tested perpendicular to panel 
length. The corresponding deflections at 65 percent relative humidity 
were 2.66 and 6.44 mm. Relative creep at 90 percent relative humidity 
was 4.8 to 7.1 times greater in comparison to relative creep at 65 percent 
relative humidity.

The initial creep deflection values of short wafer waferboards for the two 
test directions fell between those of long wafer waferboards at 90 percent 
relative humidity (see Table 3). Again, this behavior can be traced back 
to differences in specimen modulus of elasticity. When averaged for the 
two test directions, the two waferboard types showed similar initial deflections, 
however, final creep deflections and relative creep were slightly lower for 
short wafer waferboards in comparison to long wafer waferboards at 90 percent 
relative humidity. This perhaps reflects the less stable nature of the long 
wafer waferboards as indicated by the higher average thickness swelling and 
permanent thickness swelling shown in Table 1.

Significantly lower bending stiffness of perpendicular specimens relative 
to parallel specimens for all panel types was reflected in consistently 
higher creep deflections (see Table 3).

Average initial recovery, final recovery and relative recovery values 
are shown in Table 4. Initial recovery was approximately equal in 
magnitude to initial creep deflection for all panel types. Specimens 
displaying lower creep resistance (i.e., higher creep deflection) showed 
higher irrecoverable creep following 288 hours of recovery time (see 
also Figures 3 and 4). At high relative humidity the rate and magnitude 
of creep recovery were much lower than at lower relative humidity.
Table 4 indicates that recovery at 288 hours following load removal 
averaged 35 percent of the final creep deflection for specimens exposed 
to 90 percent relative humidity and 70 percent for specimens exposed to 
65 percent relative humidity. Relative recovery of specimens at 90 percent 
relative humidity was 2.7 to 4.0 times greater in comparison to relative 
recovery at 65 percent relative humidity.

As in creep deflection, average initial recovery was similar for the two 
types of waferboards at 90 percent relative humidity with the short 
wafer waferboards displaying lower final and relative recovery.

Experiment 2: Effect of Increased Temperature

Table 5 presents the basic characteristics and bending properties of the 
matched control waferboard specimens. As in Experiment 1, significant 
differences in bending properties between the two test directions are 
apparent in this table.
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Table 4

Creep Recovery of Waferboard Specimens

Waferboard 
Panel Type

Total Recovery 
Initial1 Final2 
(mm) (mm)

Relative q
Recovery

Long Wafer

Present Study (90% RH)

Parallel 2.11 3.90 0.85
Perpendicular 2.90 5.12 0.77

Earlier Study (65% RH)

Parallel 1.60 1.94 0.21
Perpendicular 3.39 4.37 0.29

Short Wafer

Present Study (90% RH)

Parallel 2.38 4.02 0.69
Perpendicular 2.64 4,55 0.72

Initial recovery corresponds to elastic recovery at 30 seconds 
following load removal.

2 Final recovery corresponds to total recovery at 288 hours following 
load removal.

3 Relative recovery final recovery - initial recovery , 
initial recovery
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Table 5

Basic Characteristics and Bending Properties of Control 
Waferboard Specimens

Direction of Testing with Respect to Panel Length
Parallel Perpendicular

Actual 1Thickness
Mean (mm) 10.94 11.20
CV (%) 3.8 4.4

Moisture Content

Mean (%) 5.9 5.8
CV (%) 4.6 3.1

Density
Mean (kg/m3) 672.1 678.7
CV (%) 2.7 4.1

Modulus of Rupture
Mean (MPa) 24.6 20.7
CV (%) 6.7 10.8

Modulus of Elasticity
Mean (GPa) 5.04 3.73
CV (%) 6.2 8.7

Note : Sample size for all values is 10.
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The average deflection data are plotted against time in Figures 5 
and 6 for parallel and perpendicular test directions, respectively.
It can be seen that increasing the temperature conditions from 20°C 
to 30°C increased creep deflection significantly. Two specimens 
(not included in the analysis) tested at 30°C in the perpendicular 
test direction failed after undergoing approximately one month of 
creep.

Average initial creep deflection, final creep deflection and relative 
creep values are given in Table 6. It is evident from this table and 
Figures 5 and 6 that specimens tested perpendicular to panel length displayed 
consistenly higher creep deflection at both temperature conditions in 
comparison to specimens tested in the parallel direction. Initial 
creep deflection of specimens tested at 30°C was 1.1 to 1.2 times 
greater in comparison to that displayed by specimens tested at 20°C.
Creep rate was greater at the higher temperature condition as indicated 
by the 50 to 80 percent increase in final deflection. Average final 
creep deflections at 30°C were 24.04 mm for specimens tested parallel 
to panel length and 29.30 mm for specimens tested perpendicular to 
panel length. The corresponding final deflections at 20°C were 13.33 
and 19.18 mm. Relative creep of high temperature specimens was 2.5 to 
2.9 times greater in comparison to specimens tested at the lower temperature 
level.

Creep recovery data is presented in Table 7. Initial recovery was 
approximately equal in magnitude to initial creep deflections in all 
cases except for specimens tested in the perpendicular direction at 
30°C. The incomplete recovery of the initial elastic deflection, along 
with the fact that two specimens of this group failed, suggest that 
the high load level used in this study, coupled with low specimen 
stiffness and the effects of high temperature, caused some specimens 
to exhibit " tertiary" creep. This stage of creep is associated with 
non-linear viscoelastic behavior and ultimate fracture of the specimen 
if loads are maintained for sufficiently long periods.

Relative recovery followed a similar trend as relative creep; higher 
relative creep was associated with higher relative recovery (see Tables 
6 and 7). Final recovery averaged approximately 61 percent of the final 
creep deflection for specimens loaded at 30°C, and 87 percent for specimens 
loaded at 20°C. According to Table 7, relative recovery of specimens 
loaded at the higher temperature condition, was 1.6 to 1.7 times greater 
in comparison to specimens loaded at the lower temperature condition.
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Figure 5

Creep Deflection and Recovery of Waferboard Specimens 
Tested Parallel with Respect to Panel Length

Figure 6

Creep Deflection and Recovery of Waferboard Specimens 
Tested Perpendicular with Respect to Panel Length
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Table 6

Creep Deflection of Waferboard Specimens

Test
Condition

Total Deflection 
Initial1 Final2 
(mm) (mm)

Relative
Creep3

20°C

Parallel 9.84 13.33 0.36
Perpendicular 13.10 19.18 0.46

30°C

Parallel 11.69 24.04 1.06
Perpendicular 13.65 29.30 1.15

1 Initial deflection corresponds to elastic deflection at 30 seconds 
following load application.

2
Final deflection corresponds to total deflection at 1416 hours 
following load application.

Relative creep = final ; deflection ; - initial deflection. 
initial deflection
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Table 7

Creep Recovery of Waferboard Specimens

Test
Condition

Total Recovery 
Initial1 Final2 
(mm) (mm)

Relative
3

Recovery

to o 0 O

Parallel 9.88 11.78 0.19
Perpendicular 13.45 16.40 0.22

30°C

Parallel 11.66 15.28 0.31
Perpendicular 12.49 17.06 0.37

1 Initial recovery corresponds to elastic recovery at 30 seconds 
following load removal.

2 Final recovery corresponds to total recovery at 360 hours following 
load removal.

3 Relative recovery =
final recovery - initial recovery . 

initial recovery
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CONCLUSIONS

Experiment 1: Effect of High Relative Humidity

1. For specimens loaded at 90 percent relative humidity conditions, 
average final creep deflections after 1570 hours (65 days) were 11.47
and 14.42 mm for parallel and perpendicular test directions, respectively. 
For similar specimens loaded at 65 percent relative humidity, the 
corresponding final deflections were 2.66 and 6.44 mm. Relative creep 
at 90 percent relative humidity was 4.8 to 7.1 times greater in comparison 
to relative creep at 65 percent relative humidity.

2. Final recovery at 288 hours (12 days) following load removal averaged 
35 percent of the final creep deflection for specimens loaded at 90 percent 
relative humidity and 70 percent for specimens loaded at 65 percent 
relative humidity. Relative recovery of specimens loaded at 90 percent 
relative humidity was 2.7 to 4.0 times the relative recovery at 65 percent 
relative humidity.

3. The two waferboard types tested at 90 percent relative humidity, showed 
similar initial creep and initial recovery deflections. Final creep and 
final recovery deflections, hence, relative creep and relative recovery, 
were slightly lower for short wafer waferboards.

4. Differences in creep behavior could be correlated to differences in 
specimen, modulus of elasticity.

5. Reductions in bending properties of specimens loaded at 90 percent 
relative humidity, following reconditioning at 65 percent relative humidity, 
ranged from 5.0 to 13.2 percent for modulus of rupture and from 2.2 to
5.1 percent for modulus of elasticity. These reductions were caused 
mainly by the high moisture conditions. 6

6 . At 90 percent relative humidity, thickness swelling of specimens 
ranged from 17.8 to 26.1 percent and moisture content increase from 
200.6 to 223.4 percent. Permanent thickness swelling, following 
reconditioning at 65 percent relative humidity, ranged from 11.1 to
17.1 percent and permanent moisture content increase from 39.6 to 
56.3 percent.

Experiment 2: Effect of Increased Temperature

1. Average final creep deflections following 1416 hours (59 days) of 
loading at 30°C were 24.04 and 29.30 mm for specimens tested parallel 
and perpendicular to panel length, respectively. The corresponding 
deflections at 20°C were 13.33 and.19.18 mm. Relative creep at 30°C 
was 2.5 to 2.9 times greater in comparison to relative creep at 20°C.

20



2. Final recovery at 360 hours (15 days) following load removal 
averaged 61 percent of the final creep deflection for specimens 
loaded.at 30°C, and 87 percent for specimens loaded at 20°C.
Relative recovery of specimens loaded at 30°C was 1.6 to 1,7 times 
the relative recovery at 20°C.

3. The load level used in the study caused some specimens tested 
perpendicular to panel length at 30°C to exhibit non-linear viscoelastic 
behavior. Two specimens failed following approximately one month 
under load.

RECOMMENDATIONS

1. The combined effect of cyclic relative humidity and high 
temperature on creep properties of waferboard should be evaluated.
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