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Wood composite materials are hygroscopic when

exposed to moist environmental conditions. The water

absorbed by these materials can affect both their short-

term and long-term mechanical performance. Creep

performance of wood composite materials under long-term

loading in different environmental conditions is a complex

problem and is important to the satisfactory in-service use

of these materials.

This study examines the creep deflection behavior of

plywood and oriented waferboards subjected to long-term

loading in different environmental conditions. The

structural panels studied were commercial products and

included Douglas-fir plywood and oriented waferboard made

with Aspen and bonded with either phenolic (PF) or

isocyanate (ISO) adhesives.
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The experiment was conducted in four environmental

conditioning rooms. They were the standard (72°F, 65% RH),

TAPPI (72°F, 50%), hot-wet (90°F, 90% RH) and hot-dry

(900F, 30% RH) rooms.

Environmental condition significantly affects the

creep properties of the three types of wood composite

panels studied. Increased relative humidity was found to

accelerate relative creep for all three types of materials.

Product type is one of the main factors affecting creep

properties of wood composites. Waferboards bonded with the

different resins had significantly different relative creep

values in the 90°F, 90% RH (hot-wet) condition. ISO-bonded

waferboard crept much more in the hot-wet condition than

the other panel types. Two out of three ISO-bonded board

samples failed in the 90°F, 90%RH condition during the

experiment. But in the other environmental conditions, ISO-

bonded waferboard had better creep behavior than PF-bonded

waferboard. Plywood showed the best creep behavior in

comparison to the waferboards at all environmental

conditions.

Relative recovery was related to relative creep. The

higher the relative creep, the higher the relative recovery

for the three types of materials in the four environmental

conditions.
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EFFECT OF ENVIRONMENTAL CONDITION AND PRODUCT TYPE

ON CREEP PROPERTIES OF WOOD STRUCTURAL PANELS

I. INTRODUCTION

Wood and wood composites are viscoelastic materials.

Understanding the performance of these materials under

long-term loading in different environmental conditions is

a complex problem. This study intends to develop a better

understanding of the creep deflection behavior of wood

composites subjected to long-term loading in different

environmental conditions. In addition, a prediction of

long-term performance is made. The following three types of

wood composites were investigated: oriented waferboard

bonded with phenol-formaldehyde adhesive, oriented

waferboard bonded with isocyanate adhesive and plywood

bonded with phenol-formaldehyde adhesive.

Creep is defined as the time-dependent deformation

exhibited by a material under constant load. A creep test

can be conducted in such a way that the forces on the

material are applied instantaneously and held constant over

time. Figure 1.1 shows the load-time and deformation curves

for such a testing. When the load is held constant, the

deformation will increase at a decreasing rate with time.

After having been loaded for a certain time period, on

removal of the load at time tl, an instantaneous reduction



of the deformation will occur, which is called recovery.

It is convenient to define relative creep Yrc as

following:

-Yo
Yrc

Yo

where yrc is relative creep (%);

Yo is initial deflection at time to (in);
yi is deflection at time t1 (in).

ti Time

instantaneous

Time

(W

Figure 1.1 Creep curve: (a) load-time function,
(b) deformation-time function.

Source: Bodig and Jayne (1982)

There are three distinct stages of deformation of a

material as creep leads to failure. They are, as shown in

Figure 1.2, primary, secondary, and tertiary creep. In the

2
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primary
creep

secondary
creep

Time

tertiary
creep

failure

Figure 1.2 Creep behavior: (a) stages of creep,
(b) creep rate.

Source: Bodig and Jayne (1982)

Physical and mechanical properties of wood and wood

composite materials vary from one species of wood to

3

primary period, the rate of deformation with time is

decreasing. While in the period of secondary creep,

deformation is approximately linear. When creep deformation

reaches the tertiary creep period, the rate of the

deformation starts increasing. But not all wood and wood

composites under constant load have the three stages of

creep.

to lime
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another, or from one type of panel composite to another

one. Even within a panel, the properties differ from one

part to another. There are many factors which affect the

properties of the composite materials in this study. The

factors come mainly from three sources: the raw material,

the manufacturing process, and the environmental condition.

Those factors that need to be considered for the raw

material include wood species, resin type, resin content,

wood density, flake configuration and dimension, and

moisture content. Factors for the manufacturing processing

include resin distribution, pressing time, pressing

temperature, and distribution of density in a panel. There

are two main factors for environmental condition, they are

temperature and relative humidity (RH).

Physical and mechanical properties of wood

composites are similar to those of solid wood, but are more

complicated than those of solid wood. Because wood is a

hygroscopic material, it will adsorb or desorb moisture

due to changing environmental condition. This moisture

change will affect both the physical and mechanical

properties of the material. Therefore, moisture content

will affect creep deflection.

Temperature affects creep behavior also. Relative

creep curves for beams of Hoop pine at 21.5 and 42.5 °C are

shown in Figure 1.3. The beams were cut with their long

axis in the longitudinal direction of the wood and then



were loaded with two forces acting at quarter span points

to produce a constant moment between the loads. The loads

were converted to extreme fiber stress and expressed as

percentages of the modulus of rupture (NOR) obtained from

independent static bending tests. It can be seen from the

data that an increase in temperature causes a higher

relative creep.

Wood composites such as oriented strand board,

particleboard and plywood when used structurally are

usually subjected to bending loads. These structural panel

materials are used in flooring and roofing. In these

applications, their deflection under load will increase

with time. This phenomenon may limit the applications of

these materials.

Figure 1.3 Creep curves of Hoop pine at two
temperatures and various stress ratio.

Source: Kingston and Clark (1961)

5



Wood composite panel products are conventionally
bonded with phenol-formaldehyde adhesive. However, in

recent years, isocyanate (ISO) adhesives are being used to

bond oriented waferboard. Isocyanate is considered water-

resistant and has very good physical and mechanical

properties. Currently there is little information about

creep behavior of wood composite panels bonded with

isocyanate. For panel manufacturers and consumers, it is

worthwhile to have reliable information on the creep

performance of iso-bonded panel products. This study is

designed to address this point.

6



II. OBJECTIVES

The objectives of this study are to examine the

effects of environmental condition, resin type and product

type on creep properties of wood composites subjected to

constant load, and to develop an equation for predicting

creep deflection of the wood composites for each

environmental condition studied.

Three types of wood composites were examined: a

phenolic-bonded oriented waferboard, an isocyanate-bonded

oriented waferboard, and a phenolic-bonded plywood. Their

creep performance was evaluated for different environmental
conditions.

7



III. LITERATURE REVIEW

Wood and wood-based materials, like other

viscoelastic materials, exhibit the phenomenon of creep

deflection under constant load. Their creep deflection

increases with time. In the past, many researchers have

studied creep behavior of wood and wood composites because

of the importance of this property to satisfactory in-

service performance.

It is assumed that wood fails according to St.

Venant's general hypothesis that failure occurs when the

deflection of the material considered reaches a certain

value which is independent of time (Bryan, 1960). Hunt

(1976) found that St. Venant's hypothesis for failure does

not apply to long-term loading tests of chipboard, although

large deflections are thought to weaken the board; the

degree of weakening depends on the degree to which the

board has been 'plasticised' by atmospheric conditions

during loading. In fact, time to failure of wood composites

under constant load is affected by many factors and their

combinations.

There are many factors which affect creep properties

of the materials, such as relative humidity, temperature,

density of material, type of resin, resin content, and

moisture content. In addition, creep deflection is a

function of time.

8
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3.1 EFFECT OF MOISTURE CONTENT, TEMPERATURE AND RELATIVE

HUMIDITY (RH)

Bryan and Schniewind (1965) conducted an experiment

to investigate the changes in deflection of particleboard

beams subjected to constant load while the relative

humidity of test conditions was varied. The result of one

test with urea-bonded particleboard, illustrated in Figure

3.1, shows the accumulative amount of deflection when the

environment conditions were cycled from 30 to 50% RH. They

found that the deflection rate sharply increased and

continues at an accelerated level throughout each period of

50% RH. When returned to the 30% RH level, small amounts of

recovery occurred over an approximately 82 day period,

after which the deflection rates normal for 30% relative

humidity resumed. Comparing total deflections with those of

a similar material loaded in an atmosphere of constant

relative humidity equal to 30%, it is seen that total creep

is increased by approximately 80%. Similar results were

obtained for both urea- and phenolic-bonded boards.

Bryan and Schniewind also investigated the effects

of moisture content on creep. The direct effect of moisture

content on creep deflection - that is, the effect of

various levels of moisture content held constant during the

test was considered. Table 3.1 shows relative creep values

after 400 hours of loading for three moisture content



130 501 RH 301 RAI. 501 11 -0.---30% 1.R.
10 20 30 40 50 U 70 110 90 100

TIME. DAYS

Figure 3.1 Creep deflection under periodically
changed relative humidity conditions.

Source: Bryan and Schniewind (1965)

levels. Figure 3.2 shows the relative creep curves at 6%

equilibrium moisture content (EMC). The relative creep of

the urea-bonded material is more than 10 times greater at

18% than at 6% nominal moisture content. They found that

although phenolic resins were considered water resistant,

the phenolic-bonded particleboard also showed a pronounced
moisture effect on relative creep. It appears that the

resin bonds play an important part in the overall mechanism

of creep in particleboard.

10



Table 3.1 Relative creep after 400 hours for
three moisture content levels

300

200

Each relative creep value is an average
for three specimens.

Source: Bryan and Schniewind (1965)
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Figure 3.2 Relative creep in EMC conditions of 6%.
Source: Bryan and Schniewind (1965)

11

Board Type

Nominal moisture
content, percent

6 12 18

Urea, percent creep
Phenolic, percent

weep

19

28

48

64

250

198

x 6% 6%

0 = a
11% 61

... ..i .....ip... .....



Halligan and Schniewind (1972) investigated the

effect of moisture on creep properties of particleboard

when they conducted an experiment to evaluate other

properties of particleboard. The results, as shown in

Figure 3.3, seemed to indicate a relation between relative

creep and moisture increase or thickness swelling. It is

clear that high moisture increase and high thickness

swelling will produce high creep. Overall effects of

0 2
TH,Cx NESS SWELLING

3 5 7 9 II 13
MOISTUR E CONTENT CHANGE %

Is

Figure 3.3 Plots of relative creep versus thickness
swelling and moisture content increase.
Measurements taken on creep test
specimens before and after loading.*

Source: Hallingan and Schniewind (1972)

* The numbers in the graph (b) stand for particleboards
with different resin levels and board specific gravity.
646 is low resin 0.6 specific gravity; 746 low resin
0.7 specific gravity; 846 low resin 0.8 specific
gravity; 669 medium resin 0.6 specific gravity; 769
medium resin 0.7 specific gravity; 869 medium resin 0.8
specific gravity; 600 high resin 0.6 specific gravity;
700 high resin 0.7 specific gravity; 800 high resin 0.8
specific gravity.

12
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Stress - 340 Ili/sq.in.
6 specimens per group

Hardboard 6'/.m.c.

Particleboard 67. m.c.

1

Hordbccrd 18/.mc

Particleboard
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moisture increase and swelling overshadow differences

between board. One regression line as shown in Figure 3.3

represents all boards reasonably well.

Armstrong and Grossman (1972) studied the behavior

of particleboard and hardboard beams during moisture

cycling. They observed deflection under sustained loading

at constant conditions of a nominal 6 and 18% moisture

content and deflection under sustained loading while

subjected to moisture cycling between 6 and 18% moisture

content. Creep in bending was measured for two groups of

specimens of particleboard maintained at 35°C and

approximately 6 and 18% moisture content, respectively. The

120 240 480 600 720 840 hrs 960
Time

Figure 3.4 Relative deflection-time curves for beams
of particleboard and hardboard tested at
constant conditions of 35°C and nominal
moisture constant values of 6 and 18%.

Source: Armstrong and Grossman (1972)
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deflection of each beam at the center of its span was

measured, relative to the supports, at frequent intervals.

The results are shown in Figure 3.4. It is easily seen in
Figure 3.4 that there is a pronounced effect of moisture

content on relative creep in bending for both particleboard

and hardboard. At a lcw constant moisture content (6%) the

relative creep increased by 40-50% within about 10 days,

after which time the rate of creep became very low. At a

high constant moisture content (18%) the rate of creep is

high and, although gradually decreasing, was still

appreciable at the end of the test period of 40 days when

the relative creep had increased by 350% for particleboard

and 470% for hardboard.

Figure 3.5 illustrates the behavior of loaded

particleboard beams during repeated moisture content
cycling in the range of 6 to 8% moisture content. The first

change in moisture content, whether a gain or loss, brought

about large increases in the deflections of the loaded

beams. The largest increase in deflection occurred in the

beams subjected to increasing moisture content during the

first moisture change. In subsequent moisture changes,

desorption of moisture caused further appreciable increases

in deflection whereas desorption of moisture resulted in

smaller increases in deflection or even a slight decrease.

The relative deflections of the particleboard beams after

three complete moisture cycles had increased to a value of



Stress 340113./sq.

10 specimens xr gray
Temperature Mt

,'u stmt

High m.c. at start

15

Figure 3.5 Relative deflection-time curves for loaded
beams of particleboard subjected to
moisture content cycling between values of
6 and 18% and at low and high moisture
contents.

Source: Armstrong and Grossman (1972)

8 when the first moisture change was desorption and to a

value of 10 when the first change was adsorption. This

difference was due largely to the increases in deflection

arising during the first moisture change.

Schniewind and Lyon (1973) tested two sizes of

simply supported, center-loaded Douglas-fir beams to

evaluate creep-rupture life under cyclic environmental

conditions. All specimens were loaded to produce an extreme

fiber-stress equal to 70% of the static modulus of rupture.

10

a

.5 6

5
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The cyclic environmental conditions used in this study are

shown given in Table 3.2.

Table 3.2 Types of cyclic environmental conditions

Temperature Relative HumidityType
of mini- maxi- functional mini- maxi- functional Period

cycling mum mum form mum mum form
°F °F 910 % hrs.

A 75 75 constant 35 87 square wave 24
60 90 sinusoidal l 35 87 sinusoidal I 24
60 90 sinusoidal2 65 68 special2 24

/The temperature and relative humidity functions were 1800 out of phase, i.e., the point of maximum
temperature and minimum relative humidity coincided.

he relative humidity was varied in such a way that the nominal equilibrium moisture content
conditions remained constant.

Source: Schniewind and Lyon (1973)

Figure 3.6 shows the results of the test under Type

D cycling. One specimen had not failed after some 80,000

minutes, at which time the test was discontinued. All other

points are grouped closely around a straight line for the

normal probability plot of Figure 3.6, showing that the

logarithms of the time-to-failure are normally distributed.

Figure 3.7 shows the results of Type E cycling.

Distribution of the points is more irregular than those for

Type D cycling but can still be considered to approximate

a normal distribution. The results of Type D cycling

indicate that temperature cycling in the range studied has

little or no effect on time-to-failure, since the average



2 SO

50

5; 20

5

95

5

Figure 3.6 Survival probability vs. duration of
loading for small specimens at 70% load
level subjected to Type D cycling
(temperature cycling with major moisture
changes).

Source: Schniewind and Lyon (1973).

Figure 3.7 Survival probability vs. duration of
loading for small specimens at 70% load
level subjected to Type E cycling
(temperature cycling with minor moisture
changes).

Source: Schniewind and Lyon (1973)
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is about what would be expected on the basis of the

concurrent moisture content changes alone. For Type E

cycling this is not the case, since moisture content

changes were very small at an amplitude of 0.32%. This

suggests that there is a temperature-moisture content

interaction.

Haygreen, et al (1975) engaged in studies of creep

behavior of particleboard under changing humidity

conditions. They conducted an experiment using commercial

particleboard subjected to constant and cyclic humidity

changes. Figure 3.8 illustrates their results of creep of

particleboard under constant and cycling humidity changes.

We can note that boards subjected to the 55-65% RH cycle

exhibited about the same creep as boards at a constant 60%

relative humidity. The 50-70% RH cycles produced only

slightly greater creep. Boards subjected to 40-80% RH

cycles, however, developed much more creep. The swelling

and mechanical behavior of particleboard are known to be

sensitive to high moisture conditions. Therefore, creep was

greatly accelerated when subjected to a relative humidity

in excess of 70%, ie 80%. Continual adsorption-desorption

cycles about 60% RH did not result in appreciately greater

creep than at a constant 60% RH unless a RH above 70% was

encountered.
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Figure 3.8 Creep and moisture content of
particleboards in experiment A loaded at
the 275 psi flexural stress level.
"Interior" and "exterior" refers to
boards bonded with urea and phenolic
resin, respectively.

Source: Haygreen, et al (1975).

The maximum humidity level to which a board is

subjected has a greater influence on creep development than

does the rate of sorption on the surfaces under high

flexural stress. Figure 3.9 shows this relationship.

V. V

(9.4

360 405

19
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0 50-70% RH.
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RELATIVE HUMIDITY

Figure 3.9 Creep at 360 hours in experiment A shown
as a function of the highest humidity
attainted during the cycles. The 60% RH
point shows creep at constant humidity.

Source: Haygreen, et al (1975).

They conclude that the amount of creep that develops

is very sensitive to the highest RH to which the board was

subjected. Increasing the rate of sorption at the surfaces

of the boards has only a small effect on creep rate as long
as high humidity levels are not encountered.

McNatt and Hunt (1982) tested creep properties of

three-layer flakeboards and plywood subjected to 65% RH or

25 to 85% RH cyclic humidity at 80°F for 90 days. The

bending creep specimens were loaded at the quarter points.

20
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The load was designed to produce about 530 psi stress. The

results of deflection-time for each of the five panel types

loaded at the constant temperature-humidity conditions

(800F, 65% RH) are shown in Figure 3.10. After 90 days,

creep deflection was lowest for the Douglas-fir plywood

specimens. Initial deflection, however, was greater for the

Douglas-fir plywood than for any other panel types.

0/6

20 30 40 50 60 70 8C 90
rim( (04YS)

Figure 3.10 Deflection with time for nominal 1-1/8-
inch thick flakeboard and plywood
specimens under load in a constant 80°F
and 65% RH environment. (Deflections
corrected for differences in material
thickness).

Source: McNatt and Hunt (1982).

Figure 3.11 illustrates the results of deflection-

time response of five panel types subjected to cyclic

humidity conditions. Nominal low and high humidities for

each cycle were 25 and 85% RH. However, due to fluctuations

in room conditions, actual low humidity (at 80°F) ranged

from 19 to 32% and high humidity ranged from 72 to 92%.
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Figure 3.11 Deflection with time for nominal 1-1/8-
inch thick flakeboard and plywood
specimens under load in a cyclic humidity
condition. (Deflections corrected for
differences in material thickness).

Source: McNnatt and Hunt (1982).

Gnanaharan and Haygreen (1979) conducted an

experiment to compare flexural creep at 50, 60, 70 and 80%

RH in the directions of parallel- and perpendicular-to-

grain for solid wood with a laboratory-produced

particleboard of the same species. Three types of material

22

Initial deflections were close to those of the specimens

under load at constant temperature-humidity conditions.
Final deflections were about twice those at the constant

conditions and ranged from 0.157 inch for the Southern pine

plywood specimens to 0.233 inch for the 46 pcf oak

flakeboard and the Douglas-fir plywood.
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Figure 3.12 Relative creep at 300 hours and relative
recovery at the conclusion of test as a
function of relative humidity for the
three board types.

Source: Gnanaharan and Haygreen (1978).
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were used: 1. wood stressed parallel-to-grain (WA), 2.

particleboard (waferboard) of random grain orientation

(PB), and 3. wood stressed perpendicular-to-grain (WB).

Figure 3.12 shows relative creep and relative recovery as a

function of relative humidity for the three board types.
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The overall humidity effect on relative recovery was

highly significant (p=0.°1). The trend observed in the

analysis of relative creep data was also seen with relative

recovery, that is, PB falls between WA and WB. We can see

that the relative creep rate and relative recovery rate are

very similar for WA. For PB and WB, the relative recovery

is much lower than the relative creep rate. Humidity when

averaged across board types had a highly significant

(p=0.01) effect on the nonrecoverable component of relative

creep. As the relative humidity increases, it is the

viscous portion of the deformation that increases the most;

the time-dependent elastic components are not affected to

the same extent.

Throughout the literature reviewed, it is noted that

the environmental condition that the specimen is exposed to

is a very important factor influencing the creei, behavior

of viscoelastic materials such as wood. There is a trend

that creep will increase with an increase in temperature

and relative humidity.

3.2 EFFECT OF PRODUCT TYPE

Different materials have quantitatively different

creep when subjected to the same environmental conditions,

but the creep behavior of wood composites is qualitatively

similar (Armstrong and Grossman, 1972).
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Armstrong and Grossman (1972) found from their study

that the creep behavior was qualitatively similar for

particleboard, hardboard and solid wood, but quantitatively

the effects were greatest in particleboard and hardboard.

The behavior of particleboard and hardboard under sustained

bending loads differs from that of wood in that relative

creep is affected by the moisture content of the materials.

In view of the quantitatively similar creep behavior of

particleboard, hardboard and wood during sorption of

moisture, it suggests that the basic mechanism of the

transient effects is similar in the three materials and

depends on features common to all of these materials and

not on the type of bonding of the composites. On the other

hand, the quantitative differences observed in the behavior

of three materials might be explained in terms of nature of

the bonding of the components.

Haygreen et al (1975) found that the absolute creep

rates for the two particleboards used in their study were

significantly higher than that for the plywood under all

relative humidity conditions. The main difference between

the two types of particleboard is that for the oriented

board there is a fairly uniform increase in the creep as

relative humidity is increased, while for the shavings/

residue type particleboard there was a sharp increase in

creep after 75% RH was exceeded, as shown in Figure 3.13.

Price (1983) investigated creep behavior of three
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Figure 3.13 Creep at 168 hours in the experiment as a
function of RH.

Source: Haygreen, et al (1975).
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types of materials; random flakeboard constructed of mixed

species at two densities and two thicknesses, oriented

flakeboards constructed of mixed species at two densities

and two thickness, and southern pine plywood, 3-ply, 1/2-

inch thick and 4-ply, 5/8-inch thick. He tested creep

properties in both the 4 foot and 8 foot panel directions.

As shown in Figure 3.14, the three panel types had similar

deflection trends for all three RH cycles. The figure

illustrates the observed phenomenon of the deflection rate

increasing during the adsorption phase of the RH cycle with

the exception of the 4-day cycle test. Randomly oriented

26
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Figure 3.14 Deflection versus time relationship for
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direction and subjected to 600 psi
continuous stress for 32 days under a 4-,
8- and 32-day relative humidity cycle of
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Source: Price (1983).
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flakeboard having the lowest MOE (modulus of elasticity)

exhibited the largest deflection for the 4-day and 8-day RH

cycles. Average relative creep was 1.76 for plywood, 2.26

for the oriented panels, and 2.30 for the randomly oriented

flakeboard. Considering both panel directions, all load

levels and RH cycles, the plywood specimens completing the

32-day loading had the smallest deflection increase.

We can say that type of material is one of the main

factors affecting creep properties. It plays a very

important role in creep deflection.

3.3 EFFECT OF RESIN TYPE

Resin plays an important part in bonding wood

composites. Physical and mechanical properties of wood

composites reflect resin performance to some extent.

When Halligan and Schniewind (1972) investigated

effect of moisture on physical properties of particleboard

they used two types of resin bonded boards, urea

formaldehyde and phenol formaldehyde. Relative creep is

plotted against the log of time in Figure 3.15. They found

that urea and phenolic boards gave similar creep curves.

Haygreen et al (1975) also found that creep in urea-

bonded and phenolic-bonded boards was not statistically

different even under severe humidity conditions.

Pierce et al (1986) studied time to failure under
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steady-state conditions. Three types of particleboards were

used in their study; a urea-formaldehyde (UF) bonded

particleboard and two melamine-urea-formaldehyde (MUF)

bonded flooring grade particleboards with average densities

of 670 kg/m3 (MUF1) and 739 kg/m3 (MUF2). The results of

this study indicate that one of the MUF bonded boards

2-646 0
2-7C0
3-634 A
3-777
4-634 °
4-777

3>

cr 4
U

.67/1
.

2
11--44'

A

01 1 10 1000 CCC.,0
TIME - MIN.

Figure 3.15 Relative creep versus log time (30-97%
RH). Curves are the mean of four tests.
One line represents Boards 2-700 (urea)
and 3-777 (phenolic).*

Source: Halligan and Schniewind (1972).

performs significantly better than a second MUF boards over

the long term. This gives added weight to the view that

there are other factors in the make-up and production of

/-
A

* The codes in the figure mean that 2-646 is for urea-
bonded low density board; 3-634 for phenolic-bonded
untreated low density board; 4-634 for phenolic-bonded
treated board; 2-700 for urea-bonded medium density
board; 3-777 phenolic-bonded untreated medium density
board; 4-777 for phenolic-bonded treated medium density
board.
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the board that are at least as important as the resin type

itself.

It is difficult to say which type of resin has

significantly better creep behavior than others because

there are some other factors that affect creep properties

of wood composites.

3.4 EFFECT OF STRESS LEVEL

Stress level is another factor affecting creep

behavior of wood composites or solid wood. Pierce et al

(1979) engaged in a study to apply a curve fitting program

to a range of chipboard types loaded in 3-point bending.

They also compared creep curves for different boards and

glue types at two different stress levels in a different

board and glue types at two different stress levels in a

constant temperature-relative-humidity environment. Creep

data were obtained for five chipboard types covering three

types of resin at 30% and 60% stress levels under

conditions of constant temperature and humidity (20°C, 60%

RH).

All the 30% stress level specimens were intact when

monitoring ceased after a duration of loading of between

112 and 797 days. However, all but two of the 60% stress

level specimens failed by the time the experiment was

stopped and failure times ranged from 25-575 days. The two
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60% stress level specimens that remained intact were under

test for 483 and 1288 days.

Pierce et al (1979) found that there was some

evidence to show that as the stress level decreases the fit

of the 3-element model improves at large time values. At

low stress levels there may be little or no viscous flow

and the deformation may tend towards a fixed horizontal

asymptote.

Saito et al. (1980) investigated the deformation

behavior of commercial particleboard under long term

bending at 20°C, 65% RH condition at different stress

levels in order to estimate the creep limit. Figure 3.16
shows the relationship between relative creep and stress

level.

50

Time 24h

0
10 20 30 40 50 60 70 80

Stress level

Figure 3.16 Relationship of stress level to relative
creep (creep deflection expressed as a
percentage of the initial deflection).
Boards: 0 Al, A2, E3B and p HB.
Loading time: 24 hours.

Source: Saito et al (1980).
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They tested four types of board. The results

indicate that the creep limit of particleboards was

considered to exist between 30% and 40% of short term

static strength. When stress level was below 50% a power

function fitted the creep deflection time curved well.

Dinwoodie et al. (1981) found for particleboard that

at a given time,stress was not directly proportional to

deflection. Therefore, the board behaved as a non-linear

viscous-elastic material, especially at high levels of

stress, and possible also at lower levels as well. The

results indicated that increasing stress level resulted in

a statistically significant decrease in both deflection at

failure and time to failure.

3.5 MODELS OF CREEP BEHAVIOR OF VISCO-ELASTIC MATERIAL

There are a number of empirical equations to

describe creep behavior of visco-elastic material, which

express the relationship between creep deflection or

relative creep and time.

The most often used equations are

1). three element model for primary creep

Yt = Bo + Bi [ 1 - exp ( B2 t ) ]

where Yt: deflection at time t, inch;

Bo: initial deflection, inch;

B1 and B2: coefficients determined



experimentally;

t: loading time, min or hour

four-element model for deformation beyond the primary

creep stage

Yt = Bo + Bi [ 1 exp ( B2 t ) ] + B3 t

where Yt, B1, B2, and t are the same meaning as

above;

B3: a flow component that occurs during the

secondary and tertiary stages of creep.

" power-model "

Yt = A tB

where A and B are constants.

Logarithm model

Yt = Bo + B log t

where Bo and B are constants.
These models can be seen in the papers by Clouser

(1959), Senft and Suddarth (1971), Pierce and Dinwoodie

(1977), Saito et al (1980), Bodig and Jayne (1982) and

Hoyle et al (1985).

3.6 CONCLUSIONS FROM LITERATURE:

Conclusions about the creep characteristics of wood-

based materials are as follow:

1). Amount of creep deflection for wood composites

is very sensitive to high relative humidity ( > 75% RH ).

33
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Cycling relative humidity increases relative

creep much more than constant relative humidity does.

Increasing humidity level from 65% to 90% RH

resulted in a statistically significant increase in

deflection at failure and decrease in time to failure,

while differences in both parameters for boards at 30% and

65% were not significant.

Flexural creep is proportional to stress below

approximately 20% of the static bending strength.

Increasing the stress level results in a

statically significant decrease in both deflection at

failure and time to failure.

Creep behaviors of wood composites are

qualitatively similar when subjected to the temperature-

relative-humidity condition.

Creep characteristics of wood-based composites

with different resin types did not show a significant

difference between each other.

There is little literature available about creep

properties of isocyanate-bonded board. Thus, it was felt

that it was necessary to conduct an experiment to evaluate

the creep properties of isocyanate-bonded composite board.



IV. METHODOLOGY

4.1 MATERIALS

Three types of commercially available wood-based

composites were studied; phenolic-formaldehyde (PF) bonded

oriented waferboard, isocyanate (ISO) bonded oriented

waferboard and plywood. The materials are all sheathing

grade. The details of the materials are listed in Table

4.1.

Table 4.1 Specifications and properties of the
materials *

Type of Prod PF OSB ISO OSB
I PLYWOOD

Snecies Aspen Aspen D-fir

Density*** (pcf)
CV (%)

39.22
7.70

40.39
6.93

33.89
8.03

MOE (psi) 384407.6
I 413603.9

J 570412.8CV (%) I 13.9
I 12.2 26.8

MOR (psi)
I 5610.44

I 6320.67
I 9196.11

CV (%) 24.88 20.10
I 26.79

MC (%) 4.70 5.22 4.31CV (%) 6.17 5.06 11.63
The data were obtained by testing unconditioned
materials. Sample size was 20 for each type of
material.

** CV is coefficient of variation.
*** Density based on ovendry weight and volume taken

at 0% moisture content.
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Thickness (in)
CV** (%)

0.445
0.77

0.468
4.96

0.459
0.79



The two types of oriented waferboard were obtained

from Louisiana-Pacific Corp. The plywood was bought from a

local retail yard.

4.2 SPECIMEN PREPARATION

Two kinds of specimens were prepared. One of them

was used for a creep test and the other one for a modulus

of rupture (MOR) and modulus of elasticity (MOE) test.

Cutting diagram for test samples is shown in Figure 4.1.

A

at

Figure 4.1 Test sample's cutting diagram. Odd numbered
samples are for MOR and MOE test, and even
numbered for creep test.
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Rm Name Temp. (0F)
I RH (%)

Standard
I 72 65

Tappi 72 50

Hot Dry
I 90 30

Hot Wet
I 90 90

* The EMC values were measured in each condition room.
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The dimensions of the specimens for both the creep

test and the MOR and MOE test were the same, 3-inches wide

by 14-inches long. The cutting direction for the sample

length for the oriented waferboard was along the machine

direction, and for plywood along the longitudinal direction

of the face veneer.

Replication was three for each type of creep test

specimen in each environmental condition. The adjacent

samples to each creep test specimen were tested for MOR and

MOE.

4.3 TEST CONDITIONS

This experiment was conducted in four environmental

condition rooms. They are shown in Table 4.2.

TABLE 4.2 Environmental Conditions

EMC (%)*

6.89

5.77

3.74

14.24



4.4 EXPERIMENTAL PROCEDURE

4.4.1 Conditioning Specimens

Specimens for both the creep test and the MOR and

MOE test were placed for conditioning in each of the four

environmental condition rooms for about two weeks. The

creep tests were conducted in each of these rooms. In this

way, the moisture contents of the specimens would

equilibrate to the conditions in each individual

environmental room prior to testing and remain at that

particular moisture content thoughout the test.

4.4.2 MOR and MOE test

MOR and MOE were tested using an Instron machine.

The test procedure was according to ASTM D 1037-78

standard. The bending test span was 12-inches, and the

loading rate was 5mm/min.

The average MOR value of the neighbor specimens of a

creep specimen was used to represent the MOR value of the

creep test specimen. The loading weight of this creep

specimen was calculated based on this average NOR value.

Table 4.3 shows the average values of MOR and MOE of each

type material for each environmental condition after being

conditioned for two weeks.

38



Table 4.3 Average NOR and MOE values of conditioned
materials *

Standard1 MOR 6738
1Room

1 MOE
1 406026

1

Tappi 1 MOR 5329
Room 1 MOE

I 370922 1

Hot Dry 1 MOR
1 4917

1Room 1 MOE 367174
I

Hot Wet 1 NOR
I 3996

Room
I MOE 258662

* The unit of NOR and MOE is psi. The average values ofMOR and MOE were obtained from a sample size of four
for each type of material for each condition.

4.4.3 Creep Test

Creep specimens were loaded in a 3-point flexural

mode at 40% of the average MOR value that was calculated

from neighboring samples for each conditioning room. The

span was 12 inches, which is 24 times the nominal thickness
of the material. Deflection values were periodically

measured with a special designed device consisting of a

dial gauge, a level and a metal frame as shown in Figure

4.2.

The creep test specimens were loaded on the test

tables in each of four environmental rooms after being

conditioned for two weeks. The two supports for the creep

specimen were of different shapes. One was a "knife edge"

39

ISO PLY

5881 9890
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6328 9202
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7207 11517
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Figure 4.2 Creep test specimens loaded in 3-point
flexural mode.

formed by an angle iron. The other was a roller type to

permit the bending specimen to move when deflected. The

roller vas a saction of steel pipe, 1 inch in diameter and

4 inches in length. The steel pipe was used as a part of

the loading yoke to apply load at the center of the

specimen. The size of the steel pipe was the same as the

support pipe. A piece of cable went through the pipe on the

center of the specimen, then the two ends were cramped

together by a connector. The load was then suspended from

the cable. The weight was comprised of a plastic bag filled

with sand of a calculated weight.

To load the specimen, a jack was used to gradually

apply the weight. The deflection measuring dial gauge

measured to 5/10,000 inch.

The unloaded position of each specimen was measured

40

\

c(:Lt_Acn :IL

n

zpply We

E:JLD (b-i! i:=31f.as1 pips

gL:rA t6.a

,3(nOpTi.



Time
I

0 'Initial' 2 mm
I 4 mm

I 6 mm
I 10 min

Creep

Creep

Time
I
20min I 30min I 40 mm

I
60 mm

I 80 min
I 100 min

Time
I 120minl 180minl 240mm

I 15 hrs
I 24 hrs

I 48 hrs

Creep
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prior to loading. Initial deflection values were taken

after 5 seconds of loading. The initial deflection values

are believed to behave elastically. The schedule for taking

deflection readings is given Table 4.4.

Table 4.4 Creep Recording Schedule

After loading for one day, deflection readings were

taken once a day at 24 hour intervals. The specimens were

unloaded after 1,200 hours. Then their recovery behavior

was measured and recorded. The recovery deflection readings

were taken at a similar time schedule to that of creep

deflection readings. The recovery experiment was

discontinued after 600 hours, even though some of specimens

would continue to recover. Thus, the total creep test for

each specimen in this experiment was 1,800 hours.



V. RESULTS AND DISCUSSION

A General Linear Models (GU'!) Procedure in SAS

(Statistical Analysis System) was used to analyze the data

from this experiment. The data for relative creep were

analyzed at 10 different time points to determine the

effect of environmental condition on creep properties of

the three types of wood composite panels. The time periods

analyzed were 0.1, 1, 2, 24, 240, 408, 600, 840, 1008 and

1200 hours. The data for relative recovery were analyzed

at 7 different time points using the same procedure as for

the relative creep analysis. The time periods studied for

recovery were 0.1, 1, 2, 24, 120, 240, 408 and 600 hours.

The results will be discussed later in this chapter.

A regression procedure in SAS was used on an IBM PC

to fit equations (5.1) and (5.2).

Yrc (Yrr) = Bo + B log t ( 5.1 )

Yrc (Yrr) =AtM ( 5.2 )

Where Yrc is relative creep (%);
Yrr is relative recovery (%);
A, Bo, B and M are constants;
t is time (hours).

Comparing the correlation coefficients of equations

(5.1) and (5.2) in Table 5.1, it appears that equation

(5.2) provides a better fit of the data for describing the

relationship between relative creep, whereas for recovery

data (Table 5.2), equations (5.1) and (5.2) are comparable

in describing the phenomena. The R-square values of the two

42



equations are both above 0.93. To select one equation to

* Describe treatments

43

describe creep and recovery, equation (5.3) could be used.

Table 5.1 Relative creep model parameter estimates:

TRT* BoB R-SQUR A M R-SQUR

Yrc = Bo + B*LOG(TIME) Yrc = A*(TIME)AM

PF7250 9.2477 12.1736 0.9406 6.9486 0.2886 0.9914
PF7265 10.6541 18.6796 0.8888 7.8397 0.3271 0.9896
PF9030 7.2859 12.6611 0.9022 5.0804 0.3350 0.9864
PF9090 22.7965 55.8940 0.8495 16.1585 0.3766 0.9922

1S07250 7.1614 11.0995 0.9318 5.0617 0.3189 0.9921
1S07265 9.1994 14.2243 0.8905 7.4473 0.2946 0.9957
1S09030 7.0699 13.0577 0.8880 5.3678 0.3276 0.9950
1S09090 27.4328 89.7718 0.7612 22.2075 0.3917 0.9936

PLY7250 4.5274 3.3574 0.9677 3.8931 0.2009 0.9832
PLY7265 7.3661 7.1802 0.8759 6.8881 0.2143 0.9847
PLY9030 3.1599 4.1666 0.9189 2.5270 0.2777 0.9927
PLY9090 10.7031 24.3661 0.8410 8.5842 0.3450 0.9971

* Describe treatments

Table 5.2 Relative recovery model parameter estimates:

TRT* Bo B R-SQUR A R-SQUR

Yrc = Bo + B*LOG(TIME) Yrc = A*(TIME)AM

PF7250 9.2650 7.5807 0.9452 7.1236 0.2439 0.9676
PF7265 16.8391 13.1690 0.9818 12.7409 0.2428 0.9791
PF9030 10.7639 5.9880 0.9840 9.0033 0.1873 0.9524
PF9090 16.9144 14.7458 0.9696 11.8059 0.2712 0.9459

1S07250 7.5227 6.6501 0.9332 5.8911 0.2477 0.9953
1S07265 13.7252 11.4544 0.9723 10.3657 0.2498 0.9893
1S09030 7.4411 5.1641 0.9763 5.8023 0.2240 0.9558
1S09090 17.9946 15.4971 0.9821 12.5690 0.2699 0.9628

PLY7250 3.9193 3.0782 0.9338 3.1536 0.2294 0.9878
PLY7230 7.7309 5.8957 0.9780 5.9306 0.2372 0.9747
PLY9030 4.7158 1.9798 0.9680 4.3063 0.1426 0.9649
PLY9090 9.4906 8.4676 0.9668 6.6435 0.2731 0.9633
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Relative creep and relative recovery curves were

obtained by fitting equation (5.1) and (5.2). The graphs of

the relative creep and relative recovery curves from

equation (5.2) are used to discuss the results of this

study. The graphs of the relative creep and relative

recovery from equation (5.1) are presented in Appendix 2.

5.1 EFFECT OF ENVIRONMENTAL CONDITION

5.1.1 On Relative Creep

Environmental condition has a significant affect on

the creep properties of wood-based composite materials.

Through statistical analysis, we noted that relative creep

in the hot-wet (90°F, 90% RH) condition was highly

significantly different from that of other conditions for

all three types of wood composite panels.

Figure 5.1 illustrates relative creep of PF-bonded

waferboard in different environmental conditions. It is

noted that the relative creep curves for the TAPPI (72°F,

50% RH) condition and the hot-dry (90°F, 30% RH) condition
are very close, almost in one line.

At time of 0.1 hours, relative creep in the 90°F-

90%RH condition was highly significantly (p=0.01) different

from those of the other three conditions. Relative creep in

the 90°F-30%RH condition was significantly (p=0.05)
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different from that in the 72°F-65%RH condition, while

relative creep in the 720E-65%RH condition was

significantly different from that in the 900E-30%RH

condition. But relative creep in the 720E-50%RH and 90°F-
30%RH conditions was not significantly different.

At 1 hour, the situation was very similar to that at

a time of 0.1 hours.

At 2 hours, the relative creep in the 720E-65%RH

condition became significantly higher than those for the

72°F-50%RH and 900E-30%RH conditions, but lower than those

in the 900E-30%RH condition. Relative creep in the 90°F-
904kRH condition was still significantly higher than those

of other conditions. This state lasted until 240 hours.
At 408 hours, relative creep in the standard (72°F-

65%RH) condition was no longer significantly higher than

those in the 900E-30%RH condition, but still higher than

those in 720E-50%RH condition. The difference of relative

creep between 720E-50%RH and 90°F-30%RH conditions was

still not significant. This situation stopped at 840 hours.

After 840 hours, the relative creep for the 720E-65%RH

condition was again higher than relative creep in the 72°F-
50%RH and 900E-30%RH conditions.

From the statistical analysis, relative creep in the

900E-90%R1 condition are significantly higher than those in

other conditions from the beginning to the end. This fact

can be easily seen in Figures 5.1, 5.2 and 5.3.



One interesting phenomenon noted is that relative

creep for the 720E-65%RH condition was sometimes

significantly higher than those in the 900E-30%RH

condition, sometimes not. It can be explained that the

difference of relative creep between in 72°F-65%RH and

900E-30%RH conditions was just around some critical values.

When the relative creep in either the 720E-65%RH or 72°F-

50%RH condition increased more quickly than the other, the

difference became significant. Otherwise, the difference

was not significant.

200
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170

180

TULE ( HOURS )

Figure 5.1 Relative creep vs time of PF-bonded oriented
waferboard in different conditions.
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Figure 5.3
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The phenomenon that relative creep with time

sometimes increases quickly and other times slowly, or

possibly there is no increase at all can be explained by

the theory of fracture mechanics. When material fails, four

stages in this process can be identified. They are

nucleation, initiation, propagation, and catastrophic

failure or crack arrest. The progression of creep is

similar to that of failure. A load can be so small that the

gross material is apparently unaffected, when actually many

micro-cracks develop in the material. This is the first

stage of nucleation. When greater loads are applied (ie.,

40% MOR), larger cracks form and when their size reaches a

critical value, irreversible extension of the crack begins.

This stage is called initiation. The effect of constant

load produces a concentrated force at the crack tip and

further growth occurs. This is defined as propagation. When

the crack reaches a boundary, the propagation may be

arrested. Creep would start again. An extreme case would be

when creep starts to accelerate after a critical deflection

value is reached and the material fails catastrophically.

This is why creep sometimes increased faster, while other

times more slowly or stopped.

It is noted in Figure 5.1, 5.2 and 5.3 that for all

panels types, the 90°F, 90% RH condition resulted in the

highest relative creep. The result agree with Bryan and

Schniewind (1965), Armstrong and Grossman (1972), and
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Haygreen, et al (1975) that high humidity or high moisture

content would produce higher creep. The result indicates

that moisture in wood composites acts really as a "creep

catalyst". High relative humidity at the same temperature

provides higher equilibrium moisture content (EMC). The

moisture plasticizes wood composites and reduces bonding

strength which results in increased creep. Comparing

relative creep at the 90°F-90%RH condition with that at the

90°F, 30% RH condition, showed dramatic differences, even

though both of them are at the same temperature.

Generally, we know from least square means of the

relative creep for all samples in the four conditions that

the increasing order of relative creep is 90°F-30%RH, 72°F-

1- 1

5 7 a 11 13

EQUILIBRIM MOISIVIS CONTINT (X)

Figure 5.4 Least square mean for comparing relative
creep vs eqilibrium moisture content at
240 hours.

15
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50%RH, 720E-65%RH and 900E-90%RH. Figure 5.4 shows the

relationship between least square means of relative creep

for the samples and EMC (equilibrium moisture contents) in

four conditions at a time of 240 hours.

It is difficult to determine the interaction of

temperature and relative humidity on creep due to the

limited number of environmental conditions available for

testing. Therefore, we only can consider temperature and

relative humidity as one combined factor -- environmental

condition. Thus, we could not discuss the effect of

temperature or relative humidity separately.

5.1.2 On Relative Recovery

At a time of 0.1 hours, the relative recovery for

the 72°F-65%11H and 90°F-90% RH conditions was greater than

those in 90°F-30%RH condition. Neither of the relative

recoveries in the 72°F-65%RH condition nor in the 90°F-

90%RH condition were significantly different at this time.

After a time of one hour, relative recovery in the

four conditions remained significantly different until the

time that the experiment stopped.

Figures 5.5, 5.6 and 5.7 illustrate the relative

recovery for each material type in different environmental

conditions. No matter which type of panel, the effect of

condition on the relative recovery in 90°F-90%RH condition
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is the highest for each type of material. Whereas the

relative recovery in 720E-65%RH condition is greater than

that in the 900E-30%RH and 72°F-50% RH conditions, and the

720E-30%RH condition is greater than 90°F-30%RH condition.

In general, the increasing order of effect of

environmental condition on relative recovery is 900E-30%

RH, 720E-50%RH, 720E-65%RH and 900E-90%RH. Figure 5.8 shows

the relationship between the least square means of overall

relative recovery for the three material and environmental

conditions at a time of 240 hours. Comparing Figure 5.8

with Figure 5.4, the greater the relative creep, the

greater the relative recovery.

The greater the relative humidity the greater will

be the relative creep and the relative recovery. For

example, at a given time period of 240 hours, the relative

recovery increases with EMC increase because relative

humidity increases EMC, seen Figure 5.8.

Analysis of variance of relative creep and relative

recovery at different time levels shows that effect of

environmental condition on both relative creep and relative

recovery is highly significant. The tables of ANOVA are

presented in Appendix 1.
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5.2 EFFECT OF PRODUCT TYPE OR RESIN TYPE

The results of this study show that different types

of wood-based materials whether phenolic- or isocyanate-

bonded oriented waferboard or plywood have significantly

different creep characteristics. The details are discussed

below.

5.2.1 On Relative Creep

At a time of 0.1 hours, relative creep of the three

types of wood-based panels were not significantly

different. However, at a time of one hour, the relative

creep of plywood became highly significantly different from

the other two types of waferboard panels. From the table of

analysis of variance at this time, the effect of product

type is significant. But relative creep of ISO-bonded

waferboard is still not significantly different from those

of PF-bonded waferboard. Table 5.3 shows the relationship

between relative creep and type of product for all

environmental conditions at this time. The relative creep

of ISO-bonded waferboard and PF-bonded waferboard were

almost same. This relationship remained the same until

time of 240 hours.

At 240 hours, the relative creep of plywood was

still significantly lower than those of the other two types
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Table 5.3 Least square mean of overall relative
creep vs product type at 0.1 hours.

Least square mean (%)I 13
I 26

I 28

Table 5.4 Least square mean of overall relative
creep vs product type at 240 hours.

Least square mean (%)1 28
1 60

1
70
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of panels. However, the relative creep of ISO-bonded

waferboard became highly significantly different from those

of PF-bonded waferboard. The rplative creep of the ISO-

bonded waferboard is generally higher than those of the

other two types of panels. The relationship between

relative creep and product type for this time period is

shown in Table 5.4.

After time of 240 hours, the relationship between

relative creep and product type remained the same until a

time of 1200 hours when unloading began. The results of the
study show that product type affects relative creep

significantly. It indicated that resin type also affects

relative creep significantly. But Haygreen et al (1974)

found that creep for urea- and phenolic-bonded boards were

not statistically different. While Pierce et al (1986)

found that creep behavior of same resin bonded boards in

different densities was significantly different. This

Product Type 1 plywood
I FP-board 1 ISO-board

Product type
1

plywood I FP-board 1 ISO-board
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suggests that there were other factors affecting creep

properties besides resin type.

In general, ISO-bonded waferboard had lower relative

creep than PF-bonded waferboard in all environmental

conditions except the 90°F-90%RH environmental conditions.

Figures 5.11, 5.12, 5.13 and 5.14 illustrate the relative

creeps of the three types of wood composite panels in the

four environmental conditions.

0 200 400 600

TIME ( HOURS )

Figure 5.9 Relative creep vs time of different
panels in 72°F, 50% RH condition.

Figure 5.9 shows the relative creeps for the three

types of panels in the 720E-50%RH condition. The relative
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creep of plywood was always lower than those of the other

two types of panels after a loading of 24 hours. The

relative creep of ISO-bonded waferboard was lower than for

PF-bonded waferboard in this environmental condition.

Figure 5.10 shows the relationship between relative

creep and time for the three panels in the standard

condition room. Prior to a time of 24 hours, the relative

creep of the three materials in this condition was not very

different. At 24 hours, the relative creep of plywood

became significantly different from the two waferboards.

When reaching 1008 hours, the relative creep of the three

materials became significantly different. As shown in

Figure 5.10, PF-bonded waferboard had the highest relative

creep and ISO-bonded waferboard had a lower relative creep

than PF-bonded waferboard. The relative creep of plywood

was the lowest.

The relative creep of PF-bonded waferboard and ISO-

bonded waferboard in the 900E-50%RH condition are

essentially the same, as shown in Figure 5.11. They are not

definately different, but do have greater creep than the

plywood.

Figure 5.12 shows relative creep for the three types

of panels in the 900E-90%RH condition. The results of

relative creep for this condition were different from those

of other conditions. Statistical analysis showed that the

relative creep of the three types of materials are highly
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Figure 5.10 Relative creep vs time of different
panels in standard condition.
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Figure 5.13

300

280

240

ZOO

190

190

170

140

150

140

130

120

110

100

^ 220

200

a 180

180
X

14,0

120 -
E.

loo
ft: 80 -X

SO -
40 -
20 -
0

0

TIME ( HOURS )

Figure 5.12 Relative creep vs time of different
panels in hot wet condition.
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significantly different after a loading for 24 hours, ISO-

bonded waferboard was very sensitive to the 90°F-90% RH

condition. During the test, two ISO-bonded waferboard

specimens failed. One broke at 48 hours and the other at 72

hours. In the other conditions, the ISO-bonded board had

better creep performance than, or at least the same as PF-

bonded waferboard. Therefore, isocyanate resin showed a

better bonding performance than phenolic resin at only the

lower relative humidities. This result agree with the

findings by Wilson (1980) that isocyanates provided good

bonding strength at 720F, 65%RH for particleboard and

flakeboard, compared with UF and PF resin, as determined by

modulus of rupture and internal bond.

Comparing the relative creep of the three types of

wood composites in different environmental conditions with

each other, Figure 5.13 provides a trend for how the

environmental condition and the product type affect creep

behavior. The relative creeps increase generally from

3.74%, 5.77%, 6.89% to 14.24%EMC.

5.2.2 On Relative Recovery

At time of 0.1 hours the relative recovery of

plywood was significantly lower than that for the two

waferboard types. The relative recovery of ISO-bonded

waferboard and PF-bonded waferboard was not significantly



Figure 5.14

TIME ( HOURS )

Relative recovery vs time of different
panels in 72°F, 50% RH condition.
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different.

In different environmental conditions the relative

recovery behavior of the materials differed, see Figures

5.14 through 5.17. In the 72°F, 50%RH and the 72°F, 65%RH

conditions, as shown in Figures 5.14 and 5.15, the relative

recovery of plywood appeared only significantly lower than

that of PF-bonded waferboard at a time of 0.1 hours. At 1

hour the relative recovery of plywood in the 72°F, 50%RH

condition became different to both waferboard types. When

the time had reached 24 hours and beyond, the relative

recovery of the three types of panels in both conditions

were different from one another. The relative recovery of

the three type panels in the 90°F-30%RH condition and the

720E-65%RH were similar, as shown in Figure 5.16.
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Figure 5.15 Relative recovery vs time of different
panels in 72°F, 65% RH condition.
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Figure 5.16 Relative recovery vs time of different
panels in 90°F, 30% RH condition.
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Figure 5.17 Relative recovery vs time of different
panels in 90°F, 90% RH condition.

In the 90°F-90%RH condition, the relative recovery

of the materials exhibited only a small difference. As

shown in Figure 5.17, the relative recovery of ISO-bonded

waferboard is the largest in this condition. In the other

conditions studied, the relative recovery of PF-bonded

waferboard is the largest.

Figure 5.18 shows the relationship between relative

recovery of the three type panels and the environmental

conditions at a time of 240 hours. In 72°F-50%RH, 720E-65%

RH, and 900E-30%RH conditions, the relative recoveries of

ISO-bonded waferboard were lower than those of PF-bonded

waferboard. In 90°F-90%RH condition, the relative recovery



of PF-bonded waferboard became lower than that of ISO-

bonded waferboard. This phenomenon is not easily explained

in this study due to insufficient data.

Figure 5.18

EQUILIBRIUM MOISTURE CONTIFT (2)

Least square mean of relative recovery
of different panels vs equilibrium
moisture content at 240 hours.
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VI. CONCLUSIONS

The following conclusions are made:

1). Environmental condition affects creep

properties of wood composites significantly, as shown in

the tables of ANOVA. (Appendix 1).

At the same temperature, conditions with higher

relative humidity produced higher relative creep. High

relative humidity provided higher equilibrium moisture

content (EMC). High moisture plasticizes wood composites

and reduces bonding strength, which results in high creep.

Usually at the first period of loading time

(0.1 hours) the differences between the relative creep of

the various materials in each condition or the relative

creep of each material in the different conditions are not

significant. After that time the difference of relative

creep between materials gradually became significant.

The product type affected relative creep and

relative recovery significantly. Different products

produced different creep and relative recovery.

Resin type for the waferboards showed a

significant effect on relative creep and relative recovery.

ISO-bonded oriented waferboard was more

sensitive to the hot-wet (900F, 90% RH) condition than

other two type of panels. However, its performance was

better than PF-bonded waferboard for all other conditions.

65



7) The higher the relative creep, the higher the

relative recovery for all types of wood-based composite

panels studied in the four environmental conditions.
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Source DF
Model 13
Block 2

A 2

3

A*B 6

Error 22
Corrected Total 35

Source DF
Model 13
Block 2
A 2

3
A*B 6
Zrror 22
Corrected Total 35

Source DF
Model 13
Block 2
A 2

3
A*B 6
Error 22
Corrected Total 35

APPENDIX 1. TABLES OF ANOVA

Notes about the tables of ANOVA:

Factor A: type of product, 3 levels.
Factor B: environmental condition, 4 levels.
Replication: 3, taken as blocks.

1. Dependent Variable: Relative Creep

Table 1. Time = 0.1 hours:

Table 2. Time = 1 hour:

Table 3. Time = 2 hours:

Sum of Squares
110.39

4.63
4.09

86.04
15.64
56.43
166.82

Sum of Squares
968.52
29.33

136.43
719.13
83.63
89.65

1058.17

Sum of Squares
1498.79

27.78
247.23

1104.03
119.75
106.39

1605.18

F Value
3.31
0.90
0.80

11.18
1.02

F Value
18.28
3.60

16.74
58.82
3.42

Pr > F
0.0065
0.4204
0.4636
0.0001
0.4405

Pr > F
0.0001
0.0444
0.0001
0.0001
0.0154

F Value Pr > F
23.84 0.0001
2.87 0.0779

25.56 0.0001
76.10 0.0001
4.13 0.0063
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Table 4. Time = 24 hours:

Source
Model
Block
A

A*B
Error
Corrected

OF
13
2

2

3

6

22
Total 35

Source
Model
Block
A

A*B
Error
Corrected Total

Source
Model
Block
A

A*B
Error
Corrected Total

Source
Model
Block
A

A*B
Error
Corrected

DF
13
2

2

3

6

20
Total 33

Sum of Squares
10433.03

93.93
1587.42
7821.54
930.15
204.51

10637.54

DF Sum of Squares
13 51011.33
2 357.81
2 9865.96
3 41842.56
6 5891.56

20 1325.30
33 52337.30

OF Sum of Squares
13 76096.37
2 576.66
2 15530.78
3 62480.02
6 8114.37

20 2220.85
33 78317.22

Table 7. Time = 600 hours:

Sum of Squares
101454.02

735.30
20035.71
83844.80
11398.96
3068.76

104522.78

F Value
86.33
5.05

85.38
280.46
16.68

F Value
59.19
2.70

74.41
210.37
14.81

F Value
52.71
2.60

69.93
187.56
12.18

F Value
50.86
2.40

65.29
182.15
12.38

Pr > F
0.0001
0.0156
0.0001
0.0001
0.0001

Pr > F
0.0001
0.0917
0.0001
0.0001
0.0001

Pr > F
0.0001
0.0994
0.0001
0.0001
0.0001

Pr > F
0.0001
0.1167
0.0001
0.0001
0.0001
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Table 5. Time = 240 hours:

Table 6. Time = 408 hours:



Table 8. Time = 840 hours:

Source DF
Model 13
Block 2
A 2

3
A*B 6
Error 19
Corrected Total 32

Table 9. Time = 1008 hours:

Source
Model
Block
A

Table 10. Time = 1200 hours:

Source OF
Model 13
Block 2
A 2

3
A*B 6
Error 18
Corrected Total 31

Sum of Squares
147434.26

605.44
31625.79
105346.81
20027.31
2844.88

150279.14

DF Sum of Squares
13 183559.34
2 228.58
2 34535.74
3 134260.03

A*B 6 27443.80
Error 18 1424.92
Corrected Total 31 184984.27

Sum of Squares
260590.14

351.48
54263.11

195392.39
59549.18
1784.43

262374.57

F Value
75.74
2.02

105.61
234.53
22.29

F Value
178.37

1.44
218.13
565.34
57.78

F Value
202.20

1.77.
273.68
656.99
100.11

Pr > F
0.0001
0.1599
0.0001
0.0001
0.0001

Pr > F
0.0001
0.2621
0.0001
0.0001
0.0001

Pr > F
0.0001
0.1983
0.0001
0.0001
0.0001
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2. Dependent variable is relative recovery (%):

Table 11. Time = 0.1 hours:

Source DF
Model 13
Block 2
A 2

3
A*B 6
Error 18
Corrected Total 31

Table 12. Time = 1 hours:

Source
Model
Block
A

3
A*B 6
Error 18
Corrected Total 31

Table 13. Time = 2 hours:

Source DF
Model 13
Block 2
A 2

3
A*B 6
Error 18
Corrected Total 33

DF Sum of Squares
13 462.78
2 2.21
2 237.49

197.18
23.08
26.18

488.96

Table 14. Time = 24 hours:

Source DF
Model 13
Block 2
A 2

3
A*B 6
Error 18
Corrected Total 33

Sum of Squares
73.78
0.64

46.10
21.49
3.93

30.58
104.36

Sum of Squares
666.00

6.83
321.90
297.64
24.54
40.54

706.54

Sum of Squares
2505.18

6.27
939.42

1411.67
119.85
39.79

2544.97

F Value
3.34
0.19

13.57
4.22
0.39

F Value
24.48
0.76

81.65
45.20
2.64

F Value
22.74
1.52

71.46
44.05
1.82

F Value
87.18
1.42

212.51
212.89

9.04

Pr > F
0.0094
0.8309
0.0003
0.0201
0.8786

Pr > F
0.0001
0.4825
0.0001
0.0001
0.0511

Pr > F
0.0001
0.2462
0.0001
0.0001
0.1525

Pr > F
0.0001
0.2681
0.0001
0.00.01
0.0001
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Table 15. Time = 120 hours:

Source
Model
Block
A

A*B
Error
Corrected

Table 16. Time = 240 hours:
Source
Model
Block
A

A*B
Error
Corrected Total

Table 17.
Source
Model
Block
A

A*B
Error
Corrected

OF
13
2

2
3
6

18
Total 33

Time = 408 hours:

DF Sum of Squares
13 7830.64

2 25.07
2 3060.83
3 4182.37
6 211.45

18 64.12
Total 33 7894.75

Source
Model
Block
A

A*B
Error
Corrected Total

Sum of Squares
4663.64

5.16
1790.26
2582.44
188.80
42.67

4706.30

DF Sum of Squares
13 6495.66

2 17.39
2 2473.98
3 3525.24
6 213.99

18 53.01
33 6548.68

DF Sum of Squares
13 8369.17

2 23.73
2 3344.16
3 4372.50
6 201.86

18 93.96
33 8463.13

F Value
151.34

1.09
377.63
363.15
13.27

F Value
169.66

2.95
420.01
398.99
12.11

F Value
169.10

3.52
429.64
391.38

9.89

F Value
123.33

2.27
320.33
279.22

6.45

Pr > F
0.0001
0.3580
0.0001
0.0001
0.0001

Pr > F
0.0001
0.0778
0.0001
0.0001
0.0001

Pr > F
0.0001
0.0513
0.0001
0.0001
0.0001

Pr > F
0.0001
0.1317
0.0001
0.0001
0.0009
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Table 18. Time = 600 hours:



APPENDIX 2. GRAPHS FROM EQUATION 5.1

All of the graphs of relative creep and relative
recovery from equation (5.1) are presented here.
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Figure 1. Relative creep of different panels in 72°F, 65%
RH condition.
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Figure 3. Relative creep of different panels in
90°F, 90% RH condition.
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Figure 2. Relative creep of different panels in
72°F, 50% RH condition.
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Figure 5. Relative recovery of different panels in
72°F, 65% RH condition.
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Figure 4. Relative creep of different panels in
90°F, 30% RH condition.



(

200 400

TIME ( sons )

Figure 6. Relative recovery of different panels in
72°F, 50% RH condition.
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Figure 7. Relative recovery of different panels in
90°F, 90% RH condition.
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Figure 8. Relative recovery of different panel in
90°F, 30% RH condition.
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