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ABSTRACT 

Air-dry wood samples are often simply re-wetted by direct immersion in order to raise the moisture 
content above the fiber saturation point. It is assumed that this )treatment has no effect on the properties 
of wood and is equivalent to the green condition. A preliminary study was undertaken here to evaluate 
the influence of water re-saturation processes on the dimensional changes in sugar maple wood. 
Matched samples were subjected to three different full-water saturation treatments, from a four-step 
mild procedure to a one-step drastic procedure. Results showed that the re-wetting process had a 
significant effect on swelling and shrinkage of sugar maple wood. 
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INTRODUCTION 

Changes in the equilibrium moisture con- 
tent (EMC) and subsequent changes in dimen- 
sions are important aspects of the physical and 
mechanical properties of wood. The relation- 
ship between these properties has been com- 
prehensively described by Skaar (1 988). The 
swelling and shrinkage of wood are the result 
of moisture (gain or loss, respectively) inter- 
actions within and between the cell walls. Di- 
mensional changes occur as a result of the in- 
ternal deformation of the wood tissue. The 
magnitude of these deformations is influenced 
by the drying rate (shrinkage) or by the ad- 
sorption rate (swelling). For example, Stevens 
( 1963) has reported variable shrinkage for 
beech wood dried at two different drying 
rates. Given the complexity of these wood 
properties, carefully controlled experimental 
conditions are required. 

Specimens for evaluation of the physical 
and mechanical properties of wood must often 
have a inoisture content above the fiber satu- 
ration point (FSP), commonly referred to as 
the green condition. Strength properties are 
normal1:y evaluated at this condition. The 
green state is also the starting point for deter- 
mining many other wood properties (shrink- 
age for example). When only air-dry material 
is available, specimens are simply re-wetted 
until the moisture content is raised above the 
FSP. M L I C ~  research dealing with the EMC and 
wood properties does not take into account the 
type and process of re-wetting or the adsorp- 
tion penod, or the method of re-wetting is not 
described adequately, with the assumption that 
this process has no effect on the wood prop- 
erties. However, Covington (1965) found that 
there was a significant reduction in mechanical 
strength for re-wetted samples compared to 
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never-dried green samples. Hernandez and Bi- 
zod (1994) suggested that re-wetting samples 
by immersing the 14% initial MC wood di- 
rectly in distilled water could have produced 
permanent creep and caused the observed rel- 
atively high tangential shrinkage in sugar ma- 
ple wood. 

The aim of this work was to evaluate the 
effect of previous moisture saturation treat- 
ment on the dimensional changes in sugar ma- 
ple wood. Three types of saturation treat- 
ments, varying from mild to severe, were 
used. The partial swelling up to the saturated 
state and the partial and total shrinkage over 
subsequent desorption were evaluated. We ex- 
amined both end-coated, and uncoated sam- 
ples. We presumed that the desorption rate 
could influence the wood shrinkage. 

MATERIAL AND METHODS 

Experiments were carried out using sugar 
maple (Acer saccharurn Marsh.) sapwood 
samples (20 mm (L) X 20 mm (R) X 60 mm 
(T)). Tangential and radial faces were finished 
using the fixed-knife pressure-bar planing 
method (Stewart 1989). Samples were equili- 
brated in a conditioning room at 20°C and 
70% RH, and the initial MC of the samples 
was 13.3%. Initial dimensions in all principal 
directions were measured with a micrometer 
to the nearest 0.001 mm. A total of 120 sam- 
ples were divided into three longitudinally 
matched groups of 40 each. Three re-wetting 
treatments were applied to the three groups at 
room temperature. 

The first group (group I) was fully saturated 
in four steps as follows: 1) 9 days over a KC1 
saturated salt solution (about 86% RH), 2) 10 
days over a K,SO, saturated salt solution 
(about 96% RH), and 3) 22 days over distilled 
water (nearly 100% RH). Gains in MC of the 
samples at this point were 2.4%, 3.5%, and 
4%, for the three steps, respectively. The sam- 
ples were then immersed in distilled water to 
achieve full saturation. The second group 
(group 11) was fully saturated in two steps: 1) 
20 days over distilled water (nearly 100% 

RH). The gain in MC at that point was 9.5%. 
Then samples were immersed in distilled wa- 
ter ils above to full saturation. Finally, the third 
group (group 111) was directly immersed in 
distilled water without any intermediate steps. 

The step of final immersion was the same 
for ,all of the treatments, and samples remained 
immersed in distilled water for 3 days. During 
this period, vacuum (up to 72 cmHg) and at- 
mospheric pressure cycles were applied to en- 
sure: full saturation. All samples were re- 
weighed to the nearest 0.001 g, and dimen- 
sions in all principal directions were again 
taken using a micrometer for partial swelling 
values. Each group was divided into two sub- 
groups. Transverse faces of samples of one 
subgroup were sealed; these were designated 
"coated samples." Samples of the other sub- 
group were not sealed and are designated "un- 
coated samples." This was done in order to 
check the movement of free water in the lon- 
gitudinal direction and to evaluate its influence 
on :shrinkage of sugar maple during desorp- 
tion. 

A.fter saturation, all samples were placed in 
a conditioning room at 20% 1°C and 7022% 
RH. Weight and dimensions were monitored 
until equilibrium was reached. Samples were 
weighed and measured at this time, after ap- 
proximately 4 months for percent partial 
shriinkage. The samples were gradually oven- 
drie~d after equilibrating as follows: for 2 days 
at room temperature; then the temperature was 
gradually increased starting at 3S°C to 102OC 
over 7 days. Final measurements were then 
made on the oven-dried wood. The partial per- 
cent swelling between the initial state (about 
13.3% MC) and the fully saturated state, and 
the partial and total percent shrinkage between 
the saturated state and the final desorption 
were calculated based on saturated dimen- 
sions. Changes in volume were estimated from 
the radial and tangential dimensional changes. 
Significance was tested using analyses of vari- 
ance with significance reported at the 1% 
problability level. 
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TARL.L 1. Initial and jinal moisture content of the three saturation tr-eatments, and mean and standard error of the 
mean (SE)  ,for partial swelling ,from initial moisture content to full saturation. 

Mo~\ture  content Radial Tangenual Volumetric 
Type of - 

\dturdtloll lnltlal F ~ n a l  Meana SE Mean SE Mean SE 
'Tc % <7r 70 

I 13.4 105.1 2.36* 0.04 6.5SA 0.04 8.78A 0.03 
I1 13.2 105.2 2.36A 0.04 6.70B 0.03 8.90B 0.04 

111 13.3 106.2 2 .SB 0.04 6.74B 0.04 9.1 lc  0.03 

W e a n s  with the s a n e  letter within a column are not stat~stically different at the 1 %  probability level. 

RESULTS AND DISCUSSION from its dehydrated position. Swelling pres- 

Eflect of saturation treatment on the initial 
partial swelling 

The moisture content and the percent swell- 
ing of the samples after the saturation treat- 
ments are presented in Table 1. The average 
initial moisture content of the samples was 
13.396, and the average saturated moisture 
content was 105%. There were no statistically 
significant differences between groups. 

The saturation treatment had a significant 
effect on partial radial and tangential swelling. 
The mild and intermediate treatments (groups 
I and 11) had similar partial radial swelling val- 
ues. However, the radial swelling for samples 
that had been drastically saturated (group 111) 
was significantly (8%) higher than that of the 
other groups. Tangential swelling was signifi- 
cantly higher for groups I1 and 111 compared 
to group I (1.8% and 2.4%, respectively). The 
mean values for groups I1 and 111 were not 
statistically different. This means that when 
the partial volumetric swelling was consid- 
ered, all treatments produced significantly dif- 
ferent patterns of swelling. The volumetric 
swelling was 1.4% greater for group I1 and 
3.9% greater for group 111, compared with 
group I. 

This demonstrates that the saturation pro- 
cess does influence the swelling behavior of 
wood. The greater swelling associated with 
faster saturation processes may be due to high- 
er internal stresses compared with those in- 
duced during a slower saturation regime. Un- 
der some conditions, this local internal stress 
could exceed the strength of the material. The 
stressed tissue then "dislocates" or moves 

sures may also produce micro-checks or per- 
manent separation of tissues induced by a non- 
homogeneous distribution of hygro-stresses 
(Rice and Peacock 1992), which lead to a 
greater external deformation. Poliszko et al. 
(1992) proposed a similar explanation for 
acoustic emission (AE) generated by beech 
wood during swelling in water. 

Covington (1965) compared several me- 
chanical properties, in the green state, of nev- 
er-dried samples and re-wetted samples. As in 
this study, there was a significant difference 
between the groups; the re-wetting treatment 
reduced most of the mechanical properties 
studied. 

Efkct of saturation treatment on the 
shrinkage 

The (effect of the saturation process on 
shrinkage during the subsequent desorption 
was similar to results for initial swelling. Par- 
tial and total shrinkage obtained for the three 
saturation treatments are presented in Table 2 
for uncoated samples. The results for coated 
samples were similar to those obtained with 
uncoated samples. 

The saturation treatment significantly af- 
fects the partial and total shrinkage of sugar 
maple. 'The mild and intermediate treatments 
(groups I and 11) produced similar values for 
shrinkage, in both the radial and tangential di- 
rections. However, the drastic saturation treat- 
ment (group 111) produced a significant effect 
with greater partial and total shrinkage. The 
samples of group 111 shrank approximately 
7.7% an'd 4.5% more in the radial and tangen- 
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TABLE 2. Partial ifrom green state to 14.9'% EMC) and saturated dimensions; these values were pre- 
total shrinkage for uncoated samples ,for three types of viously affected by the re-wetting process to 
water saturation treatments. 

different degrees. This means that the basis of - 
Typt: of Part~al Total 

SBtllr- 
the above calculations is not constant or in- 

Shr~nkage ation Meana SE Mean SE dependent. " "# 
70 

The initial hygrothermal condition before 
Radial 

2.07A '.05 5.10A 0'07 the partial swelling measurements was the It 2.12A 0.06 5.16A 0.07 
11[ 2 , 2 3 ~  0,06 5 , 2 6 ~  same as that for partial shrinkage measure- 

Tangential [ 5.15A 0.10 9.62A 0.18 
ments, that is 20°C and 70% RH. The partial 

5 , 1 5 ~  9 , 6 0 ~  swelling and partial shrinkage should have 
111 5.38B 0.08 9.818 0.16 been similar since both are considered to be 

Volumetric I 7.1 I A  0.13 14.22A 0.22 
I1 7.17A 0.13 14.27A 0.22 

111 7.49B 0.10 14.56B 0.19 
9Means  wlth the same letter w~thin  a column a e  not statistically different 

at the 1% probability level 

tial directions, respectively, from simulated 
green state to 14.9% MC than those in the 
group I. In the case of total shrinkage, the dif- 
ference between these two types of saturation 
was reduced to 3.1% and 2% for the radial 
and tangential directions, respectively. It was 
noticed during the experiment that the differ- 
ence between these groups was at a maximum 
at the early stages of desorption (not shown). 
As desorption progressed, the difference be- 
tween groups I11 and I was reduced to the val- 
ues shown. These differences were significant 
at the 1% probability level. 

The ratio of tangential and radial shrinkage 
(T/R) was slightly greater for group I than for 
groups I1 and 111, due to the greater effect on 
shrinkage in the radial direction with the more 
rapid saturation treatment. Since the tangential 
direction has the lowest mechanical strength, 
the saturation treatment probably could not af- 
fect the shrinkage in this direction much more. 
Consequently, the radial direction showed 
greater sensitivity (response) to the saturation 
treatment. During the desorption period, it was 
noticed that radial shrinkage began later in 
group I than in samples for group I11 and pro- 
gressed at a slower rate. Tangential shrinkage 
progressed at the same rate in both groups 
(data not shown). It is important to note that 
values for percent shrinkage are based on the 

based on green dimensions. Tables 1 and 2 
show that partial swelling values are greater 
than the partial shrinkage values. Regular 
wei~ghing during the desorption conditioning 
period over 4 months indicated that the sam- 
ples had reached the equilibrium before partial 
shrinkage measurements were made. However, 
the radial and tangential dimensions of sam- 
ples were on average 0.3% and 1.5% greater 
than the initial dimensions of samples before 
satilration treatment. MC was also 1.6% high- 
er than initially noted (14.9% compared to 
13.3%). If it is assumed that samples at the 
stai-t were in an adsorptive state, the difference 
between partial swelling and partial shrinkage 
could be explained by the sorption hysteresis 
ancl by the second order effect of MC on 
swelling (HernBndez 1993). This latter con- 
cept implies that for a given EMC, tangential 
and radial dimensions, and hence the volume 
of wood, are greater after desorption than after 
adsorption. 

These results must be considered limited, as 
only one type of wood with one specific ori- 
entation and dimension was used. The mag- 
nitude of the effect of previous saturation his- 
tory on dimensional changes in wood may 
vary with wood species, size, and orientation 
of  the samples used. However, these results do 
show the potential influence of internal stress 
during drying and re-wetting processes on the 
physical and mechanical properties of wood. 

CONCLUSIONS 

'Three different re-wetting treatments were 
applied on air-dried longitudinally matched 
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samples of sugar maple. It was found that rap- 
id re-wetting leads to greater swelling and 
shrinkage. For a given hygrothermal condi- 
tion, shrinkage started sooner in the most dras- 
tically saturated samples. The radial direction 
was more affected than the tangential direc- 
tion, despite the fact that shrinkage in this di- 
rection started later than in the tangential di- 
rection. 

These results support the earlier hypotheses 
that during direct soaking of air-dried wood, 
internal defects such as micro-checks can be 
activated and develop further at low tensile 
stresses. This study demonstrates that the 
method of re-wetting dry samples prior to 
measuring wood properties merits further at- 
tention. 

Intermediate saturation processes produced 
results similar to those observed with the 
slowest treatment. However, the species, size, 
and orientation of the samples used for the 
measurement of wood properties may all be 
affected by the intensity of the saturation pro- 
cess, and a conservative approach must be 
adopted. 
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