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Abstract
The electrical impedance of Pinus radiata soft wood was monitored across the grain, as it
dried in air, by injecting alternating currents of frequencies 6x10-3-105Hz into test pieces
via stainless steel plates clamped to the squared ends. The voltage response was sensed
via nails embedded along one side equidistance from the ends and from each other.
Impedance models based on concentration polarization/diffusion effects as well as
dielectric, conduction and geometrical properties of the tracheidal, wall-pits and
polarization regions were fitted to the impedance spectra. The frequency-dependent
polarization/diffusion capacitance provided the most consistent correlation with moisture
content. Changes in the dielectric properties indicated that substantial shrinkage in the pit
aperture occurred as the drying process traversed the fibre saturation point. The
dependence of model parameter values on moisture provide a basis for characterising
critical moisture gradients between the surface and the center of timber that can lead to
cracking during drying.

Introduction
The moisture content of wood affects practically all of its physical and mechanical
properties. Further, the movement of moisture in wood during drying is directly related to
the development of internal stresses at the microscopic level that can lead to the
downgrading of surfaces and strength. Drying is also the most energy demanding and
time consuming of the manufacturing processes, which emphasizes the importance of
obtaining a better understanding of the microscopic movement of moisture. However,
spatial resolutions of only 0.625x0.625 mm have been obtained from real time scanning
X-ray transmission images using a recently developed digital X-ray microscope[1].
The moisture content is also known to significantly affect the electrical properties of
timber. Titta and Olkkonen[2] developed a portable electrical impedance spectrometer
which measures the impedance magnitude and phase angle of timber from frequencies of
1kHz to 100 kHz. Jayazeri and Ahmet[3] used multiple electrodes at a frequency of 1MHz
and were able to measure the moisture contents of a stack of veneers. Steele and Cooper
[4,5]
patented a moisture and density detector that uses radio frequencies up to 1000 MHz
to determine the moisture content and mass density based on the signal strength and
phase shift. The detector was developed for rapid throughput systems, and does not
determine moisture gradients. Titta and Olkkonen reported that dielectric surface
measurements are typically limited to moisture contents ranging from 6-8% to 25-30%,
which is suitable for many construction applications but is not suitable to measuring the
drying of timber. More recently Moschler and Hanson[6] developed a prototype
microwave based moisture sensor system operating in the range of 4.5 to 6GHz that yield
a linear response to moisture content of hardwood lumber over a range of 6-100%.
A great deal of work has been done modelling the drying of timber[7] and using these
drying models to optimise drying schedules to maximise throughput whilst minimising
defects in the wood arising from the gradient in moisture content that leads to stresses
developing in the timber, which in turn can lead to the timber cracking[8,9]. Electrical
impedance spectroscopy (EIS) would provide a convenient, non destructive and quick
method to estimate moisture contents and gradients within samples and hence validate
drying models and expedite development of more effective and tailored schedules.
The Inphaze impedance spectroscope used in this work differs from those used in
previous studies, due to its capability of measuring impedance at very low frequencies
approaching 6x10-3 Hz with resolutions in magnitude and phase, of 0.025% and 10-3
degrees, respectively.

Experimental Methods
Moisture content and conditioning history
Wood samples of Pinus radiata were stored at 4oC at the original moisture content. Test
pieces were cut to be 20 x 20 mm in cross section and 40mm long and clamped between

two stainless steel plates as depicted in Figure 1. Electrical impedance measurements
were performed while the pieces dried over time in ambient air (~20°C) until the water
contained in the wood reached equilibrium with water in the external environment. The
pieces were then oven-dried for 24 ± 3 hrs at 101 ± 2 ºC, cooled in a decanter with silica
beads underneath for approximately half an hour and then weighed to yield the oven-dry
weight of the timber[10].

Electrical impedance spectroscopy
Electrical impedance spectroscopy (EIS) is a non-destructive technique for characterising
structure and monitoring physical processes in situ, that is finding use in a wide variety of
materials science applications[11,12,13,14], particularly for detection of moisture and water
fluxes[15]. The method involves stimulating a system with an alternating current of small
amplitude i0 and known angular frequency ω and measuring the electric potential
response of amplitude v0 and phase shift φ. The impedance Z is defined by its magnitude
|Z| = v0 /i0 and phase ∠Ζ=φ, which yields the conductance and capacitance,
1
1
G(ω ) = Cosφ and C (ω ) = −
Sinφ
(1)
Z
ωZ
,respectively, of the system.

Figure 1. Schematic of the experimental setup detailing data acquisition and
processing of impedance measurements using the Inphaze electrical impedance
spectrometer (www.inphaze.com.au). Digital-to-analogue converters (DAC)
generated a precise sinusoidal current of small amplitude that was injected into a
rectilinear test piece of Pinus radiata via stainless steel current electrodes clamped
to opposing faces of the piece. The test piece was located in a Faraday cage with
instrumentation amplifiers that monitored the stimulus and the voltage response of
a section of the wood located between two metal electrodes (nails) embedded in a
surface of the wood normal to current electrodes. Analogue-to-digital converters
(ADC) monitored the analogue outputs of the amplifiers. Data spanning several
cycles of the alternating current were transferred to a computer via a universalsystems-board (USB) interface where the amplitudes and phases of the current and
voltage were determined and the impedance was calculated.

In aqueous systems the current and voltage electrodes are commonly separated in order to
eliminate measurement of the high, frequency-dependent, impedance of the interface or
“ionic double layer” that forms between the voltage electrodes and aqueous
environments. Figure 1 shows that in our experiments the outer current electrodes were
stainless steel plates and the inner voltage electrodes were small stainless steel nails. The
plates, which were of comparable cross sectional area to the test pieces, were clamped to
the squared ends of the test pieces and used to inject a current of approximately uniform
density through the wood. Two nails, which served as voltage sensing electrodes, were
embedded firmly into one side of the test piece equidistance from the ends and from each
other. The square ends were surfaces along the grain and so the side surface into which
the nails were embedded were across the grain and not surfaces normally featured in a
construction.

Proposed Model
Figure 2 illustrates the structural basis of an electrical impedance model based on the
tomography of Pinus radiata[16,17] and ionic and water flows therein. The radial
tomography is illustrated in Figure 2(a). The longitudinal tomography is revealed at
higher magnification in Figure 2(b), which can be seen to be an array of highly ordered
tubular vessels called tracheids. A tracheid is a column of superposed longitudinally
shaped dead cells whose end walls have been perforated. The tracheids are connected
longitudinally by pitted endplates through which water, dissolved mineral salts and
nutrients flow from the roots to the stems and leaves. Even higher magnification (Figure
2(c)) reveals pits in the tubular walls of the tracheids that facilitate radial flow of water
and salts between adjacent tracheids. The tracheidal walls provide structural support to
the tree as well as the structural strength of harvested wood.

Structural considerations
The longitudinal orientation of the tracheids in harvested wood is commonly referred to
as ‘the grain’. An electrical impedance model for situations when electrical current i used
for impedance measurements was injected against the grain is illustrated in Figure 2(d).
The electric current in the wood is carried by ions from dissolved salts which move
between tracheids via the pits in the tubular walls. The passage of ions will be dependent
on the degrees to which the water-filled tracheids, the intervening pitted walls between
the tracheids and the side-walls conduct ions. These properties are represented by the area
specific conductors; gtracheid, gwall-pit & gside-wall, respectively, in the model. The passage
will also be dependent on the capacity of these regions to store the ions, represented by
area specific capacitors; ctracheid, cwall-pit & cside-wall, respectively, in the model. These
parameters are also dependent on the thicknesses (d) of the regions. Specifically;

g tracheid =

σ tracheid
d tracheid

, g wall − pit =

σ wall − pit
d wall − pit

and g side − wall =

σ side − wall
d side − wall

(2)

and

ctracheid =

ε tracheid ε o
d tracheid

, c wall − pit =

ε wall − pit ε o
d wall − pit

and c side − wall =

ε side − wall ε o
d side − wall

(3)

where the effective conductivities of the regions are designated by the symbol σ and the
effective dielectric constants by the symbol ε. εo is the dielectric permittivity of free
space (= 8.85 10-12 F/m).

Assumptions for the modeling
The geometrical and electrical properties of the regions will be the same for all of the
tracheids in the highly ordered array illustrated in Figure 2(b) when sufficient time is
allowed for the water exchanges between the wood and external environment to reach a
steady state. Under these conditions of pseudo equilibrium the model based on a single

tracheid will be valid for a section of the test sample comprised of a number, say N,
tracheidal layers in series in which case the total area specific conductance and
capacitance values for the section are given by;

g tracheids =

σ tracheid
d tracheids

, g wall − pits =

σ wall − pits
d wall − pits

and g side − walls =

σ side − wall
d side − walls

(4)

and

ctracheids =

ε tracheid ε o
d tracheids

, c wall − pits =

ε wall − pits ε o
d wall − pits

and

c side − wall =

ε side − wall ε o
d side − walls

where the thickness are given by;
d traceids ≈ Nd tracheid , d wall − pits ≈ Nd wall − pit and d side − walls ≈ Nd side − wall

(5)

(6)

The effective dielectric properties of the tracheids, wall-pits and side-walls in Equation
(5) will include contributions from principally water and wall fibers, the dielectric
constants of which differ by more than an order of magnitude. So these properties will
change during the drying process as will the conductivity properties of these regions
(Equation (4)) that depend on the concentration of ions in the water. So the model
provides a means of quantifying changes in the distribution of water during drying
processes via impedance measurements that perturb the distribution of ionic charges
between these regions.

Ionic concentration polarization considerations
At sufficiently low frequencies there is sufficient time within a half cycle of the ac
current used for impedance measurements to establish an ionic concentration difference
on either side of the wall-pit complexes. The establishment of the concentration
polarization layer of conductance, gpolarization and capacitance, cpolarization, induces ionic
diffusion currents in the the other half of the cycle that oppose the ac current resulting in
an ac voltage response that is out of phase with current. This phenomenon is detected as a
‘capacitance’ with a magnitude that increases with decreasing frequency to values much
larger than dielectric-geometrical capacitance of the concentration polarization layers,
cpolarization [18] as well as the structures producing the polarization. This phenomenological
capacitance is characteristically inversely dependent on frequency at low frequencies
becoming independent of frequency at high frequencies as given by;
−1

ω 
c diffusion = c polarization + cω − dependent  
(7)
 ωo 
where cω-dependent characterizes the frequency-dependent component of the diffusionpolarization ‘capacitance’ and ωo is 1 radian/second. At sufficiently high frequencies,
Equation (7) reverts to a dielectric-geometrical capacitance, specifically cpolarization, which
is independent of frequency.
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Figure 2: (a) Schematic of wood defining regions and directional orientations of wood
(adapted from Zylkowski 2002). (b) Scanning electron microscope view of the transverse
cross section of Pinus radiata soft wood revealing a matrix of tracheids that constitute
about 95% of the volume (Meyland and Butterfield 1972). (c) An enlarged scanning
electron microscope view of the tracheids revealing pits in the trachea wall for water
translocation (Meyland and Butterfield 1972). (d) Proposed electrical model for the
sample based on the tracheid structure highlighted by the dashed line in Figure 2(c) and a
concentration polarization/diffusion impedance element arising from ionic and water
flows during drying. (c & d) The arrows depict the direction (across the grain) of the
alternating electrical current i used for impedance measurements.
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Figure 3. Measurements of (a) conductance and (b) capacitance dispersions with
frequency of the inner 13 mm portion of a 40 mm long Pinus radiata soft wood of

20 mm square cross section as function of the percentage of oven dry weight. The
theoretical curves are fits of the model depicted in Figure 2(d) to the data.

Results
Impedance measurements of a test piece of Pinus radiata soft wood for oven dry weights

ranging from 9% to 133% are presented in Figure 3 in terms of the area specific
conductance and capacitance (see Equation (1) for transformation). The dispersions of the
conductance and capacitance with frequency are very characteristic of dispersions
observed in membrane systems[19]. Indeed the wall-pit complexes comprising the internal
structure of the wood shown in Figure 2 resembles a membrane in which the pits are
structurally similar to membrane pores facilitating the transport of water and ionic
charges between the water-filled tracheids on either side of the wall-pit complexes. So the
internal structure and the dependencies of the conductance and capacitance on frequency
are generally consistent with wood resembling and functioning as a multilayered
membrane system.

Fitting parameters in the model
Modeling focused on interpreting the positive frequency-dependent capacitive
characteristics (Equation (7)) that dominates the observed capacitance dispersions at low
frequencies and the Maxwell-Wagner characteristics (Equations (5) and (6)) that
dominates these dispersions at high frequencies.
Fitting of the electrical impedance model shown in Figure 2(d) to the impedance data did
not yield realistic non-zero values for all of the structural (Maxwell-Wagner)
conductance and capacitance elements of the form defined by Equations (5) and (6).
Realistic values for the tracheidal and wall-pit structures were only obtained when;
g side −walls = 0 and

c side −walls = 0

(8)

This result indicates that the contribution of the side-walls to the measurements could not
be resolved and is consistent with the geometrical orientation of the long side-walls that
exposes the smallest cross-sectional area of the wood structure to the ac current used for
impedance measurements, minimizing the contribution that side-walls make to the total
impedance.
The dispersions of conductance and capacitance in the highest frequency regime
(typically greater than 100Hz in Figure 3) yielded the values shown as bar-graphs in
Figure 4 for the structural elements of the tracheids, wall-pits and polarization regions.
Figure 4(b) shows that the conductance values of all these regions decreased markedly
with increasing dryness (i.e. moving left to right) whilst the capacitance values (Figure
4(a)) decreased from the most wet to the most dry but not so consistently with increasing
dryness or so markedly.
The dispersions of conductance and capacitance with frequency below 100Hz (Figure 3)
could not be modeled satisfactorily as structural (Maxwell Wagner) elements because the
measured capacitance increased with decreasing frequency over several decades of
frequency in a manner the is uncharacteristic of structural elements whose conductance
and capacitance values are constants in frequency. However, such capacitance

dispersions are characteristic of concentration polarization effects and the onset of
diffusion processes to dissipate the polarization.
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Figure 4. (a) Capacitance and (b) conductance values (from highest oven dry weight to
lowest) for the Maxwell-Wagner structural impedance elements and the concentration
polarization element comprising the model depicted in Figure 2(d) and fitted to the
impedance spectra shown in Figure 2. The experimental errors for values were typically
±3% with the exception of values for ctracheids and gtracheids at moisture contents of 133%
(), 71% () and 47% (⊳) for which the errors were typically ±10%. The errors for
ctracheids at these moisture contents are reflected in estimates of the dielectric constants
plotted in Figure 6(b)

Concentration polarization/diffusion effects
The capacitance spectra in Figure 3(b) reveal clearly the frequency-dependent capacitive
properties at frequencies below 100Hz described by Equation (7). The properties are
confined to the lowest frequency regimes of the capacitance spectra with the regime
shifting to lower frequencies with decreasing oven dry weight. A similar trend is
observed in membrane systems as the membrane conductance decreases. This trend is
also reflected in Figure 5(a) which shows that values for the frequency-dependent
capacitance, cω-dependent, as well as values for the polarization capacitance, cpolarization, and
conductance, gpolarization, (Figure 5(b) decrease with decreasing oven dry weight. That the
frequency-dependent properties are not evident for the lowest oven dry weight of 9%, i.e.
for wood containing the least amount of water, is consistent with the properties at higher
oven dry weights originating in ionic concentration polarization and diffusion effects.

Coupling of the water and ionic flows
An extension of concentration polarization and diffusion theories in membranes considers
the effects of water drift and diffusion on the movement of ions[18]. Osmotic processes
couple the ionic and water flows and the theory predicts a frequency-dependent
‘capacitance’ that is negative, e.g. cω-dependent<0 in Equation (7). Figure 3(b) shows that
remnant effects of negative capacitance characteristics are observed at the high-frequency
fringes of the positive frequency-dependent capacitive regimes. It further shows that
these fringes shift to lower frequencies with increasing dryness, in concert with the shift
of the regime, which is consistent with manifestation of negative capacitances in wood
being associated with osmotic associated concentration polarization and diffusion
processes. Figure 3(b) further shows that both the positive frequency-dependent
capacitive regime and negative capacitive fringes diminished in magnitude with
increasing frequency as described by Equation(7), reverting to Maxwell-Wagner
dispersions that reflect bulk structural and electrical properties of the wood.
As the positive frequency-dependent capacitive characteristics dominate at low
frequencies and Maxwell-Wagner characteristics dominate at high frequencies, the fitting
of the model (Figure 2(d)) focused on obtaining values for model parameters reflecting
these processes.

(a)
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Figure 5. Concentration polarization/diffusion parameter values for Pinus radiata soft
wood as function of the percentage oven dry weight (Error bars were smaller than the
symbols used to identify the parameter values). The curves illustrate a general trend
for the dependence of the values on oven dry weight.

Discussion
A principal objective of this study is to determine a relationship between the moisture and
electrical properties of wood that can provide a basis for measuring the gradient in
moisture content. The shrinkage of the timber during drying is an inevitable change that
principally occurs near the fiber saturation point (FSP), which is defined as the moisture
content at which water flow in the wood changes from drift, e.g. driven by capillary and

osmotic forces, to diffusion, driven by concentration gradients. The detection of
differences in the FSP between the surface and the centre of the timber can provide a
basis for predicting differential shrinkage that can lead to shearing stresses and
undesirable cracking of the timber.
The impedance measurements (Figure 3) reveal a complex dependence of the
conductance and capacitance of the centre section of a Pinus radiata sample on moisture
content. The proposed model based on the known tomography of Pinus radiata (Figure 2)
provides a means of relating how the changes in the spectra can be best utilized to
estimate the FSP.

Dependence of polarization/diffusion capacitance on moisture
content
The frequency-dependent capacitive dispersions (see Figure 3(b)) that dominate at low
frequencies for oven dry weight values greater than 22% are typical of dispersions
attributed to concentration polarization and diffusion effects arising from ionic drift and
diffusion through water filled pores in membranes. This suggests that the characteristic
dispersions in wood can be attributed to similar processes occurring in water-filled pits.
That the characteristic dispersions are absent in the dispersions corresponding to the
lowest oven dry weight of 9% is consistent with the pits restricting the flow of ions,
presumably through the drying process preferentially restricting the drift of water
between the tracheids. This suggests that the systematic shift in the frequency-dependent
capacitive dispersions to lower frequencies with decreasing oven dry weight, which is so
evident in Figure 3(b) for oven dry weights greater than 22%, is correlated with the
moisture content in wood as well as the nature of the water transport that goes towards
defining the fiber saturation point (FSP). The absence of a frequency-dependent
capacitive dispersion for an oven dry weight of 9% suggests that the FSP lies in the range
of 9-40%, which is consistent with reported FSP values in the range of 20-25%[20] and
25-39%[21] for Pinus radiata soft wood.
The model parameter that quantifies the dependence of the frequency-dependent
capacitive dispersions on frequency in the spectra shown in Figure 3 is the frequencydependent capacitance, cω-dependent (see Equation (7)). Figure 5(a) shows that values for cωdependent decreased systematically with decreasing oven dry weight with the magnitude of
the decrease accelerating for oven dry weights less than 40%. Figure 5 shows that the
dependence of bulk electrical properties of the polarization layers, i.e. cpolarization and
gpolarization, on oven dry weight, reflects the dependency of cω-dependent overall, but not
within the range where FSP is commonly observed, i.e. 22-39% oven dry weight. Further,
a comparison of the variations of values for all the fitted parameters shown in Figures 4
and 5 reveal that values for cω-dependent undergo the largest changes (9-orders of
magnitude) for a decrease in oven dry weight from 40% to 9%. Thus cω-dependent is the
most sensitive and best correlated parameter to changes in moisture content in the ranges
where FSP is expected to occur.

Physical interpretation of model parameters
Another important feature associated with wood is the relationships between moisture
content and shrinkage strains that can lead to timber cracking[22]. Pang and Herritsch [21]
have reported that shrinkage near the FSP for Pinus radiata soft wood is approximately
3.5% across the grain. Figure 6(a) illustrates the expected 3.5% shrinkage of the section
of wood occurring between the voltage sensing electrodes that were 13.3 mm apart before
drying. The shrinkage was assumed to occur in the tracheidal region over the range of
oven dry weights where FSP is likely to occur, i.e. 9-40% rather than in the substantially
thinner wall-pits region the thickness of which was assumed to be independent of oven
dry weight, estimated to be 0.23 mm and substantially less than 13.3 mm. Equations (5)
and the fitted capacitance values plotted in Figure 3(b) then provided an estimate of the
dielectric constants of the tracheidal and wall-pits regions, values for which are shown in
Figure 6(b) as a function of oven dry weight. Similarly, Equation (4) and the conductance
values in Figure 3(a) yielded estimates of the conductivities for these regions which are
shown in Figure 6(c).
Figure 6 illustrates how impedance spectroscopy can provide insight into the
hydrodynamic interchanges between the tracheidal and wall-pits regions. The changes in
dielectric constant arising from the drying of wood can be attributed to water which has a
dielectric constant of 79 that is substantially larger than that of a dry wall and that of
macromolecules contained in the tracheids. Figure 6(b) shows that the dielectric constant
of the tracheids1 approaches that of water at the highest of the oven dry weights, as
expected. The modelling also predicts that the dielectric constant of the tracheids
decreases with decreasing oven dry weight, also as expected.

1

The error bars for the dielectric constant values at moisture contents of 133%, 71% and 47% are
indicative of the errors in estimates of values for ctracheids (see caption of Figure3). More definitive values
for ctracheids and hence εtracheids would be possible if the frequency range of impedance measurements were
extended to 106 Hz.
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Herritsch 2005)
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Figure 6. (a) Assumed thickness values for the tracheads (thicknesswall-pits = 0.23 mm) (b)
calculated dielectric constants and (c) calculated conductivities for the tracheads and wall-pits
as a function of oven dry weight.

The changes in the dielectric constants of the wall-pits region require further explanation.
Figure 6(b) shows that the dielectric constant increased marginally as the oven dry weight
decreased from 133% to approximately 22% but thereafter plummeted to a minimum
value of similar order of magnitude to that expected for a dry cell wall and indicative of
the drying process traversing past the fibre saturation point (FSP). A plausible
explanation for the marginal increase is that the drying process initially involves the
transference of water from the tracheids to the pits causing the pits to dilate slightly. The
plummeting decrease at 22% suggests substantial shrinkage in pit aperture restricting the
expulsion of water from the tracheids. This decrease also correlates with a smaller, but
nonetheless significant, decrease in the concentration polarization/diffusion capacitance
observed at an oven dry weight of 22% (see Figure 5(a)) that is indicative of the
drift/diffusion transition in water transport that defines the fiber saturation point (FSP). It
further correlates with a more moderate and systematic decrease in the electrical
conductivity properties of the wall-pits region (see Figure 6(c)) and a smaller decrease in
the conductivity of the tracheids.

Application to measuring moisture distribution
The electrical impedance spectroscopy (EIS) characterization of the central region of a
Pinus radiata sample can also be performed for regions close to the surface using pairs of
voltage sensing nails located towards the ends of the sample. A comparison of the
characterizations could then provide qualitative estimates of critical spatial differences in
moisture content for predicting differential shrinkage that leads to the cracking of timber.
Significantly, values for the parameters derived from the EIS characterizations were very
sensitive to changes in moisture content near the fiber saturation point (FSP) where
shrinkage predominates (see Figures 4 and 5). Of these parameters, the frequencydependent capacitance, cω-dependent, that describes the frequency-dependent capacitive
dispersions (see Equation (7)) which so dominate the spectra shown in Figure 3(b), is the
most sensitive and best correlated with changes in moisture content (see Figure 6(b)).
Even though these dispersions extended to extraordinarily low frequencies (6 mHz in
Figure 3(b)), they are readily discernable in the frequency range of 1 to 1000 Hz, which is
a more practical range for measurements aimed at validating drying models and
developing more effective and tailored drying schedules in appropriate time frames.
A further consideration to the practicality of using EIS for monitoring moisture content in
timber, in situ, is the degree to which the measurements damage the wood. Firstly,
electrical signals used for the measurements are typically less than 100 mV which is
orders of magnitude less than levels that can scorch the surface of timber. Secondly, the
current electrodes are sufficiently large in surface area not to penetrate timber surfaces
even when firmly clamped to opposing faces of the timber normally featured in timer
products, i.e. those faces that are along the grain. Thirdly, the slight damage that will
arise when the voltage sensing nails penetrate surfaces can be restricted to those faces
that are normally hidden in timber joints, i.e. those faces across the grain.

Conclusions
Electrical impedance spectroscopy (EIS) characterised concentration
polarization/diffusion capacitance as well as dielectric, conduction and geometrical
properties of the tracheidal, wall-pit and polarization regions in Pinus radiata soft wood.
Changes in values for all parameters correlated with changes in moisture content while
the wood dried.
Those changes in the concentration polarization/diffusion capacitance were the largest
and provided the most consistent correlation with changes in moisture content during
drying.
Changes in the dielectric properties of the wall-pits regions suggest substantial shrinkage
in the pit aperture as the drying process traverses the fibre saturation point (FSP).
EIS characterizations provide a practical means for monitoring moisture content in timber
for validating drying models for timber.
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