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Reversibility of Dimensional Changes in Birch
(Betula Pubescens) and Scots Pine

(Pinus Sylvestris L.) Wood
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【summary】

The reversibility of wood shrinkage through swelling of birch (Betula pubescens) and Scots 
pine (Pinus sylvestris L.) as a measure of their response to changing conditions of adsorption and 
desorption during service was determined. Virtually all dimensional changes that occurred in the 
form of shrinkage during drying at both conventional and high temperatures were recovered during 
swelling in both species. It is suggested that minor changes in the equilibrium moisture content, 
which commonly occur during the life span of wood, will not result in significant dimensional 
changes in either species except in the tangential direction of Scots pine. Significant differences 
between shrinkage and swelling in the tangential direction in Scots pine where swelling was 
greater than shrinkage implies a higher stability of Scots pine during shrinkage compared to 
swelling. Hence it is expected that in the tangential direction, this species will be more stable 
during desorption than adsorption.
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INTRODUCTION
Shrinkage occurs in response to falls 

in the moisture content of the ambient 
environment, and this is due to the hy-
groscopic nature of wood, i.e. wood and water 
have a strong mutual affinity (Tang and Smith 
1975). Shrinkage can be viewed as a portion 
of the response of wood cells to drying stress. 
Shrinkage normally occurs in wood only 
when its moisture content falls below the 
fibre saturation point. However, shrinkage 
above the saturation point is not uncommon 

probably as a result of a high moisture 
gradient. For example, shrinkage appears to 
begin in the earlier stage of drying (average 
mc > 50-60%) in Eucalyptus grandis and E. 
tereticornis (Bhat and Thulasidas 1997).

Wood swelling occurs as a result of the 
intake of water from the surroundings into 
the cell wall. Under normal circumstances, 
this continues until the fibre saturation point 
is reached. The maximum amount of swelling 
possible for wood is usually influenced by its 
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density (Mantanis et al. 1995) and the higher 
the density, the greater is the propensity 
for a piece of wood to swell. This should 
be expected since density is influenced by 
the thickness of the cell wall. High density 
indicates more cell wall material per unit 
volume of wood and thus an invariably high 
tendency for a given piece of wood to swell.

The intensity of swelling of a piece of 
wood decreases with increasing extractive 
contents (Mantanis et al. 1995) although 
this is significance only in species with 
appreciable quantities of extractives in the 
cell wall. It is also reduced by treatment with 
water-borne preservatives (Cooper 1996).

Since the shrinkage properties of wood 
can be regarded as a picture of the amount of 
stress generated in the wood during drying, 
the proportion of shrinkage recovered in the 
process of swelling can be used as a measure 
of a species ability to adjust to changes in the 
ambient environment and hence its stability 
during service. Wood is stable if it swells 
more than it shrinks since this indicates that 
all dimensional changes that occur during 
shrinkage (desorption) are recoverable 
through swelling (adsorption).

MATERIALS AND METHODS

Samples (10×10×100 mm) were 
collected from 1 green board each of birch 
(Betula pubescens) and Scots pine (Pinus 
sylvestris L.). Samples from each species 
were divided by matching into 2 groups. 
The accurate dimensions of each sample and 
their respective green weights were recorded. 
Samples in the first group of each species 
were dried at 60℃ while those in the other 
group of each species were dried at 120℃. 
After drying to 0% moisture content in all 
cases, the dimensions were measured and the 
weight was taken. The shrinkage properties 

from the initial moisture content (average 
of 66.5 and 44.0% for birch and Scots pine 
respectively) to zero moisture content were 
determined after which the samples were 
soaked in water at 20℃. After the amount 
of water absorbed by the wood (average 
of 65.8 and 54.8% in the hardwood and 
softwood respectively) is enough to allow 
the maximum amount of swelling possible, 
the swollen dimensions and weight were 
recorded for swelling determination. The total 
shrinkage and swelling were measured using 
the formulae below;

ShC =
 100(D1 - D2)

D1

where ShC is the shrinkage coefficient 
(radial or tangential) (%), and D1 and D2 
are the initial and shrunken dimensions, 
respectively (radial or tangential); and

SwC =
 100(D3 - D2)

D2

where SwC is the swelling coefficient 
(radial or tangential) (%), and D2 and D3 
are the shrunken and swollen dimensions, 
respectively (radial or tangential).

RESULTS

The dimensional reversibility of birch and 
Sots pine wood are shown in Tables 1 and 2.

(Position for Table 1)
(Position for Table 2)
The amount of swelling was more 

than that of (Tables 1 and 2) except in the 
radial direction of birch where the reverse 
was the case. In both species, dimensional 
reversibility is greater in the tangential 
direction than in the radial direction. The 
results in Tables 1 and 2 show that the degree 
of reversibility was equal or almost so for 
both drying temperatures in both species. 
However, a general view of Tables 1 and 
2 show that the reversibility was greater in 
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Scots pine than in birch. 
The t-test analysis of differences in the 

mean was used to establish the significance of 
the differences in shrinkage and swelling and 
the degree of reversibility. The p value of the 
t-test of the differences between shrinkage and 
swelling was greater than 0.05 except in the 

tangential direction of Scots pine. Therefore, 
there were no significant differences (at the 
95% level) between shrinkage and swelling in 
the radial and tangential direction in birch and 
radial direction in Scots pine. In the tangential 
direction of Scots pine, the p value was less 
than 0.05 and therefore there were significant 

Table 1. Dimensional reversibility of birch (Betula pubescens) wood

Properties Drying Mean Standard deviation Number of
 temperature (℃)  of mean samples
Tangential direction
Shrinkage (%) 60 8.16 0.71 14
 120 7.71 0.67 14
Swelling (%) 60 8.57 0.77 14
 120 8.07 0.66 14
Reversibility ratio 60 1.05 0.04 14
 120 1.05 0.03 14
Radial direction
Shrinkage (%) 60 5.62 0.47 14
 120 5.01 0.42 14
Swelling (%) 60 5.56 0.61 14
 120 4.90 0.46 14
Reversibility ratio 60 0.99 0.07 14
 120 0.98 0.05 14

Table 2. Dimensional reversibility of Scots pine (Pinus sylvestris L.) wood

Properties Drying Mean Standard deviation Number of
 temperature (℃)  of mean samples
Tangential direction
Shrinkage (%) 60 7.53 0.40 14
 120 7.29 0.29 14
Swelling (%) 60 8.33 0.48 14
 120 8.29 0.50 14
Reversibility ratio 60 1.11 0.05 14
 120 1.14 0.06 14
Radial direction
Shrinkage (%) 60 6.01 0.56 14
 120 5.81 0.48 14
Swelling (%) 60 6.36 0.66 14
 120 6.14 0.64 14
Reversibility ratio 60 1.06 0.06 14
 120 1.06 0.07 14
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differences between shrinkage and swelling 
at the 95% level. The p values of the test for 
differences between reversibility in birch 
and Scots pine were less than 0.05 in both 
radial and tangential directions. This indicates 
that at the 95% significant level, there were 
significant differences in the degree of 
reversibility in birch and Scots pine with 
the latter being higher than the former. The 
p value of the test comparing tangential and 
radial reversibility was less than 0.05 in both 
species thus indicating significant differences 
between the 2 directions.

The p value of the t-test of the effect of 
differences in drying temperature was greater 
than 0.05 except in the radial direction of 
birch. Therefore, there were no significant 
differences in dimensional reversibility (at 
the 95% level) due to differences in drying 
temperature in the radial and tangential 
direction in Scots pine and in the tangential 
direction in birch. In the radial direction of 
birch, the p value was less than 0.05, and 
therefore there were significant differences 
due to differences in drying temperature.

DISCUSSION

The insignificant difference between 
shrinkage and swelling in both birch and Scots 
pine indicates that virtually all dimensional 
changes that  occurred in the form of 
shrinkage during drying at both conventional 
and high temperatures were recovered during 
swelling in both species. It is suggested that 
minor changes in the equilibrium moisture 
content, which commonly occur during the 
life span of wood, will not result in significant 
dimensional changes in either species except 
in the tangential direction of Scots pine. The 
significant differences between shrinkage 
and swelling in the tangential direction in 
Scots pine where swelling was greater than 

shrinkage imply a higher stability of Scots 
pine during shrinkage compared to swelling. 
Hence it is expected that in the tangential 
direction, this species will be more stable 
during desorption than adsorption.

The reversibility of shrinkage through 
swelling in these 2 species shows that the 
incidence of drying stress is not significant, 
or that those that occurred were released 
naturally through relaxation in water during 
swelling. This is only true when samples 
are small such as was the case in this study 
(10×10×100 mm). The high degree of 
reversibility could also be an indication of 
no significant changes in the anatomical 
structure.

The higher dimensional reversibility in 
Scots pine compared to birch is possibly a 
consequence of  differences in the chemical 
composition. The presence of resin in Scots 
pine could have a buckling effect on the cell 
wall of this species. During drying, some 
of this resinous content could have been 
released, consequently leading to an increase 
in the number of sites available for water 
cluster formation and invariably causing 
the material to swell more. Therefore more-
significant differences between shrinkage and 
swelling should be expected in Scots pine 
than birch as found out in this study.

CONCLUSIONS

Since virtually all shrinkage was re-
coverable during swelling in these 2 species, 
especially with the small sample sizes used in 
this study (10×10×100 mm), measurement 
of their dimensional stability as well as the 
dimensional response to a given treatment can 
be ascertained through determination of either 
shrinkage or swelling, rather than having to 
measure both of them.
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Information about the shrinkage properties
of previously dried wood can be obtained 
through its swelling behavior in water pro-
vided the material has not been subjected to 
any form of chemical modification/treatment 
and/or significant degradation due to en-
vironmental factors.
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