Equilibrium Moisture Content
Prediction for Wood
William T. Simpson

Abstract
A formula for predicting equilibrium moisture content
of wood without interpolation of tabular data or computer
storage of large masses of data would be useful in con
trolling wood product quality. The formula presented, based
on sorption theory and data, yields equilibrium moisture
content values from temperature and relative humidity
data that agree well with tabulated values. The average
deviation of the calculated values from tabulated values is
less than 0.13 percent moisture content, and deviation is
never more than 0.9 percent.

moisture conA tent (EMC) of woodof theat equilibrium
given relative humidities
CCURATE PREDICTION

and temperatures is important in controlling the quality
of wood products. EMC values are useful in engineering
wood products. For example, the moisture contesnt of wood
during kiln-drying and manufacture should be matched
to the expected EMC condition where the product will
be used. This prevents shrinking and swelling defects.
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A large body of EMC-temperature-relative humidity
data is contained in Table 38 of the Wood Handbook
(7). The EMC data start at a temperature of 30°F. and
increase in 5°F. increments up to 130°F., and then in
10°F. increments up to 210°F. The EMC values for a
number of relative humidities are tabulated for each
temperature. For easy interpolation, the table has also
been graphed (5). If a formula existed for direct cal
culation of EMC from temperature and relative humidity,
it would be convenient for computer use as it would be
much easier and more efficient to store a formula than
it would be to store Table 38 with an interpolation
subroutine.
The Hailwood and Horrobin sorption theory (2)
suggests such a formula. The sorption theory considers
a polymer-water system to be a solution, and has been
used in fundamental studies of the wood-water system
(1, 6, 8).
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remains that it gives a representation of the sorption
isotherm that is relatively simple analytically and gives
excellent agreement with the experimental results over
a broad range of relative vapor pressure.
The data for each temperature in Table 38 of the
Wood Handbook were fitted to Equation [1] by a non
linear regression technique (4) to determine the values
of K1, K2, and W for each temperature (Table 1). When
these values are substituted back into Equation [1] and
EMC values are calculated, the greatest deviation be
tween the calculated and actual moisture contents is 0.76
percent moisture content, and the average of the
absolute value of the deviations is 0.12 percent moisture
content.
The values of K1, K2, and W in Table 1 were each
related to temperature by the method of least squares,
so that values for intermediate temperatures can be
calculated. The equations are:

Water absorbed by a polymer is assumed to exist
in two states: water in solution with the polymer (dis
solved water) and water combined with a unit of the
polymer to form a hydrate. The theory is based on the
Equilibrium between three components: Polymer, hy
drated polymer, and the dissolved water. If it is assumed
that only one type of hydrate is involved, there are
two chemical equilibria. One is the equilibrium between
the hydrated water and the dissolved water (equilibrium
constant = K1) and the other is an equilibrium between
the dissolved water and the water vapor of the surround
ing atmosphere (equilibrium constant = K2). Assuming
that the polymer, hydrated polymer, and dissolved wa
ter form an ideal solid solution, it is possible to derive
an equation for the sorption isotherm from these two
equilibria. The final equation is
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where T is temperature in degrees Fahrenheit. When
Equations [2], [3], and [4] are substituted into Equa
tion [1], EMC can be calculated for temperatures and
relative vapor pressures intermediate to those listed in
Table 38. The maximum deviation between the cal
culated EMC’s and those listed in Table 38 of the Wood
Handbook is 0.90 percent moisture content, and the
average of the absolute value of the deviations is 0.13
percent moisture content.
Two methods of calculating EMC are thus pos
sible, and the choice of method depends somewhat on
application and personal preference. Both eliminate the
need to store or carry as large a body of information as
Table 38 of the Wood Handbook. For computer use and
for calculations at nontabulated temperature Equations
[1], [2], [3], and [4] are probably more efficient. For
noncomputer use at tabulated temperatures the values
from Table 1 substituted into Equation [1] will avoid
the arithmetic of Equations [2], [3], and [4].

where m is percent moisture content, h is relative vapor
pressure (relative humidity/ 100) and W is the molecular
weight of the polymer unit that forms the hydrate, The
first term in Equation [1] represents the hydrated water,
while the second term is the dissolved water.
The Hailwood and Horrobin theory has been
criticized on theoretical grounds (2, 3), but the fact
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