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IMPORTANCE OF SEASONED TIMBER

1. INTRODUCTION

Seasoning enhances many properties of wood, and minimises dimensional changes of wood products in
service. Itis a requirement of the Australian Standard Specifications for a wide range of timber products.
The need for seasoned timber has long been recognised by many specifiers and users of wood products,
but there is still some confusion about the precise meaning of the term ‘seasoning’.

Wood consists of a large number of small cells, which are generally tubular in shape. The cellsin aliving
tree always contain water. It is in the form of ‘free’ waterin the cell cavities, and ‘bound’ water in the cell
walls, which are fully saturated. The cell cavities are usually not completely filled with free water, but
contain both water and air. The free waterinthe living parts of the tree - the sapwood and inner bark - carries
the dissolved minerals and foods that are essential to the life of the tree. The heartwood cells also contain
free water, but the amount can vary. In some species it can be as much as is in the sapwood, but in other
species, €.g. pines, it may be much less.

Whena tree is felled and sawn into timber the wood starts to dry. The free water evaporates first. The stage
where all the free waterhas gone, but the cell walls are still fully saturated, is known as the fibre saturation
point. The cell walls then lose water until the wood has dried to a condition where the amount of bound
water is in equilibrium with the moisture in the air around the wood. This moisture content is known as
the equilibrium moisture content (EMC), and it depends mainly on the relative humidity of the
surrounding air and, to alesser extent, on its temperature. In most applications wood products are not used
in constant environments and the amount of bound water varies, following changes in the relative humidity
and temperature. The range of EMC depends on the size of the variations in the conditions, and the rate
of response of the wood.

One of the most important effects of changes in the amount of bound water is that the wood changes insize.
It shrinks as the moisture content falls, and swells as it increases. The effect is greatest perpendicular to
the grain, and is greater in the tangential direction (parallel to the growth rings) than in the radial direction
(perpendicular to the growth rings). Dimensional changes in the longitudinal direction (parallel to the
grain) are smaller, and are usually insignificant in practice. A ‘rule-of-thumb’ guide for the ratios of the
dimensional changes in the three directions is -

Longitudinal : Radial : Tangential = 1 : 50 : 100

The largest effect is the initial shrinkage as the moisture content falls from the fibre saturation point to the
EMC range. This can cause gaps to open in floors, panelling or other items where pieces are closely fitted
together. It is also an important cause of warp, and the stresses in the wood caused by the shrinkage can

cause checking and splitting. Where these would be unacceptable the timber must be dried to its service
EMC before it is installed or used.

The dimensional changes caused by variations of moisture content within the EMC range are not as great,
and usually can be accommodated. They are the cause of drawers or doors sticking during periods of damp,
humid weather, or of some opening between individual floor orlining boards during very dry periods. The
effects can be minimised by drying the wood to the mean of its service EMC range before it is fixed in
position or used in the manufacturer of wooden articles such as furniture or joinery.
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This leads to the definition of the term seasoning -

"Seasoning is drying timber to a moisture range appropnate to the conditions
and purposes for which it is to be used."”

The appropriate moisture content, or EMC, range varies with different locations and exposure conditions.
It can vary from as low as 6 to 8% in the far west of New South Wales, to as high as 15 to 18% in sheltered
outdoor situations in some districts of the north coast. It is usually lower in indoor than outdoor locations,
and lower in air conditioned buildings than in non air conditioned buildings in the same area. Information
about probable EMC ranges in particular situations and locations can be obtained from State forestry
departments and the CSIRO Division of Forestry and Forest Products.

The specification for seasoned timber should be the appropriate moisture content (EMC) range. Australian
Standard Specifications are generally in the form -

“The moisture content anywhere within any piece shall be not less than 10% nor more than 15%,
except that where this moisture content range is unsuitable for a particular location or purpose, the
moisture content anywhere within any piece shall be within two percentage units of an agreed
value.”

Some old specifications use phrases like “the timber shall be well seasoned”, or “the timber shall be left
instrips fora period of two years”. These are too vague. Whatis “well seasoned” in one particular location
may not be appropriate to the intended use of the timber somewhere else. A specification of drying time

is not a specification of moisture content, or even a specification that the timber has been dried to the EMC
of the location. Itis quite possible to keep timber in drying stacks for very long periods without it reaching
a moisture content where it could be called seasoned.

The important thing is that the timber moisture content is in the appropriate range. The methods used by
the producer to achieve this are of no importance to the user.

2. DO NOT RELY ON PERSONAL JUDGEMENT

Reliable methods of determining moisture content are essential, both for the producer and the user, to avoid
the problems that can occur when timber is used at an inappropriate moisture content. Some “rough and
ready” subjective methods, such as estimating moisture content from smell, weight, or the way the wood
machines, have been used in the past by experienced people. When estimates made by these methods have

. been compared with reliable measurements it has been clearly shown that the former are unreliable. These

methods can provide a rough idea, but the inherent errors are far too great for them to be used for proper
quality control.

The objective, reliable methods of determining moisture content are summarised in the section "Methods
of Determining Moisture Content”, and the two methods in general use in the timber industry are discussed
in detail in the sections "Oven-drying Method" and "Electric Moisture Meters".
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EXPRESSION AND CALCULATION OF MOISTURE
CONTENT

The moisture content of wood can be expressed in two ways -

. The mass of water as a percentage of the total mass of wood plus water. This method is used
in the chemical processing industries. The moisture content on this basis is always less than
100%, and is sometimes described as moisture content on a wet basis.

. The mass of water as percentage of the oven-dry mass of wood. Moisture contents will be
greater than 100% if the mass of water exceeds the oven-dry mass of the wood. This occurs
in green wood of many lower density species, e.g. the sapwood of pines. This method is
sometimes described as moisture content on a dry basis.

The second method is the standard practice used in the timberindustry, and is the method used in this paper.
Ithas the advantage in timber drying that losses of equal amounts of water give numerically equal decreases
in moisture content.

Using this method, the moisture content (regardless of how it is measured) is given by -
Mass of moisture

Moisture content (%) = x 100 (%)
Oven-dry mass of wood

It is calculated by either of two formulas -

Formula 1 -

Initial mass - Oven-dry mass
Moisture content (%)

x 100 (%)

Oven-dry mass

Formula 2 -

Initial mass

Moisture content (%) -1 x 100 (%)

Oven-dry mass
An example of the use of these formulas is -

Mass of moisture test piece immediately after it is cut
from a board (Initial mass): 528¢g

Mass of moisture test piece when it has reached
constant mass in the oven (Oven-dry mass): 469 ¢
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Calculation of moisture content -
Formula 1 -
Initial mass - Oven-dry mass

Moisture content (%) = x 100 (%)
Oven-dry mass

52.8 - 46.9
= —— x 100 = 12.6%
46.9
Formula 2 -
Initial mass
Moisture content (%) = -1 x 100 (%)
Oven—dry tnass
52.8
= -lpx 100 = 126 %
46 9
METHODS OF DETERMINING STATE FORESTS OF NEW SOUTH WALES
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METHODS OF DETERMINING MOISTURE
CONTENT

The main methods of determining the moisture content of wood are -
. Drying in an oven at a temperature of 101 to 105°C.

. Use of a moisture meter that measures electric properties of wood that are affected by
moisture content.

. Chemical methods, particularly Karl Fischer titration.
. Distilling off the water and measuring its volume.
. Hygrometxié methods.

The first two are in common commercial uSe_, and will be discussed in detail. They are the methods
specified in Australian Standard 1080, Part 1 Methods of Test for Timber Moisture Content.

Oven-drying is the most widely used general reference method. It has the disadvantages of being
destructive and relatively slow, and errors can occur if the wood contains volatile material, other than
water, that evaporates during drying. The method consists of cutting test pieces, measuring theirmass, then
oven-drying them until they come to constant mass.

Moisture meters are quick and convenient, and are suitable for use in most commercial situations. They
are widely used in the timber industry. However, they are generally not as accurate as oven-drying.

The Karl Fischer titration, using iodine, pyridine and methanol, is probably the most accurate for all
situations. However, it is more appropriate to research than commerce, and is rarely used in practice.

Distillation can be used to measure the moisture content of wood that contains appreciable amounts of
volatile material that would cause errors in the oven-drying method. It requires relatively complicated
apparatus, is slow, and may not be consistently accurate. It is not convenient for normal commercial
practice, butis used for moisture content determination as part of determining the retention of some organic
preservatives in wood.

Hygrometric methods measure the relative humidity of air that has come to equilibrium with the wood.
They are slower and less convenient than moisture meters, and are rarely used in practice.

STATE FORESTS OF NEW SOUTH WALES METHODS OF DETERMINING
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1. OVEN-DRYING METHOD

(a) General

This is the standard method most widely used as a reference method in the timberindustry. Itis the method
prescribed in the Timber Marketing Regulation for determining moisture content for the purposes of the
New South Wales Timber Marketing Act, 1977 (as amended). It is also the method normally used for
resolving disputes when the results of other methods, such as electric moisture meters, are challenged.

It must be remembered that it involves determining the moisture content of test pieces, usually cut from
boards in a parcel of timber, or cut from timber products. The results strictly apply only to the pieces tested.
Their relevance to the whole parcel, or all the timber products, depends on the test pieces being carefully
selected to be truly representative. Forexample, in sampling a parcel of timber, test pieces should be taken
from a number of boards located throughout the parcel, not just the more accessible boards on the top and
sides which may have quite different moisture contents to those in the bulk of the parcel due to their
different exposure history.

This method is usually the most accurate readily available (with the possible exception of Karl Fischer
titration) and, in ideal conditions, can give results correct to about 0.3 to 0.4 percentage units of moisture
content.

Oven-drying will over-estimate the true moisture content if the wood contains significant amounts of
volatile material that evaporates with the moisture during oven-drying. This can occur in species
containing natural volatile oils or resins, but the effect is not often large enough to be important, and is
usually ignored in practice. However, the errors may be significant in wood that has been treated with
preservatives such as creosote or LOSP (light organic solvent preservative).

The opposite can occur if the test pieces contain a significant amount of material other than wood that does
notevaporate during oven-drying. This may happen with wood thathas beenimpregnated with salts, resins
or polymers. The amount the true moisture content is under-estimated depends on the amount of the
additional material present. In wood treated with water-borne preservatives or fire retardants the error is
unlikely to be more than about two percentage units of moisture content in the normal range of moisture
content of seasoned timber. The error may be much larger in wood with high loadings of additional
material, such as wood/plastic combinations, or wood treated with bulking or chemical seasoning agents.

The principal disadvantages of oven-drying are that it is destructive, as it involves cutting test pieces from
the wood being tested, and the resultis usually notknown for about 24 hours. It canbe accelerated by drying
in a microwave oven, but this is not as reliable as the standard method. This is discussed further in the
section "Microwave Oven Drying".

(b)  Equipment required
(i) Saw

A saw is required for cutting test pieces. A small bandsaw is most suitable, particularly if many test pieces
or moisture distribution test pieces (discussed in the section "Moisture Content Distribution"), are to be
cut. Ahand saw can be used for cutting mean moisture contenttest pieces (discussed in the section "Method
for Determining Mean Moisture Content"), but is unlikely to be satisfactory for resawing more than the
occasional moisture distribution test piece. Saws must be sharp to minimize the amount of heat generated
during cutting, which may cause some drying of the test pieces. Circular saws are less suitable because
they may cause too much heating of the wood.

METHODS OF DETERMINING STATE FORESTS OF NEW SOUTH WALES
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(ii) Balance

A balance is necessary for measuring the mass of the test pieces before and after oven-drying. A top-
loading type is usually the most convenient. A relatively inexpensive mechanical balance, such as a single
or multiple beam, or “Harvard trip” type, is satisfactory. However, if many pieces are to be tested, the
purchase of an automatic balance may be justified. Ineither case, the balance mustbe capable of measuring
the mass of a test piece to an accuracy of £0.1 g or better. Its capacity should be at least 100 g, and must
be as large as the mass of the heaviest piece to be tested. The balance should be located in a position that.
is sheltered from draughts, and is near the test piece preparanon area and the drying oven.

(iii) Drying oven

A well ventilated oven with the temperature controlled at between 101 and 105°C is used for drying the
testpieces. The oven trays should be open grids to allow free aircirculation around the test pieces. Suitable
thermostatically controlled, forced ventilation, electrically heated drying ovens are available from
laboratory equipment supply cornpanies.

Alternatives that have been used in the timber industry are ovens constructed on the side of a boiler, or
steam heated ovens. The former use radiant heat from an exposed portion of the boiler shell, with the
natural upward air circulation regulated by baffled openings at the top and bottom of the oven. The latter
use a steam heated radiator in the bottom of the oven, with the air circulation regulated similarly.

(c)  Method for determining mean moisture content

Test pieces for determining the mean moisture content of timber boards or products are full cross sections,
between 15 and 20 mm long in the direction of the grain. They should be cut at least 0.5 m from the ends
of the boards or products to avoid errors caused by faster drying at the ends. Itis often less wasteful to cut
atest piece from the centre of a long board, leaving two usable short lengths, than to discard the end 0.5 m.

In timber boards, or products such as tool handles, that are less than 1 m long, the test piece should be cut
from the centre of the length. Small imber items, such as mosaic parquetry fingers, can be tested whole.

Test pieces should be typical of the general timber in the boards or products, and should be free of defects
such as knots, gum veins, etc.

If it is not possible to weigh the test pieces immediately after they have been cut, test specimens, at least
300 mm long in the direction of the grain, should be cut from the boards or products at least 0.5.m from
their ends. Short pieces of timber, or products less than 1 m long, can either be taken whole as test
specimens, or specimens can be cut from the centre of their length. The test specimens should be wrapped
immediately in polyethylene sheeting, aluminium foil, or similar, t0 minimise changes in their moisture
content, and stored in a cool, dry place until testing. A test piece should be cut from the centre of the length
of each test specimen. The delay between taking the test specimens and cutting the test pieces should be
kept to a minimum and, if possible, should not exceed 24 hours.

Any loose sawdust, splinters, etc. must be removed from each test piece by brushing, scraping, or rubbing
with sandpaper, and the test piece should be weighed immediately to determine its initial mass. Speed is
important, as the moisture content of a test piece can change rapidly once it has been cut, causing an error
in the result of the test. The time the test piece is exposed between cutting and weighing must be kept as
short as possible. It is good practice to wrap each test piece in a polyethylene bag between each step to
reduce the risk of moisture content changes.

If the mass of a test piece is less than about 50 g, two or more adjacent test pieces should be cut and weighed
together, so that the initial mass is determined with a precision of at least one in 500, i.e. 50 gto an accuracy
of 10.1 g. With a balance accuracy of £0.01 g, the necessary precision can be achieved with test pieces
aslightas S g.
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The test pieces are placed in the oven, separated on the oven trays to ensure a free air circulation around
each piece. Oven-drying continues until the test pieces reach a constant mass, when they are removed and
re-weighed to determine their oven-dry mass. Freshtest pieces should notbe added to anoven thatcontains
pieces that are nearly oven-dry, as some of the moisture evaporated from them may be absorbed by the
pieces in the oven.

Oven-dry wood will rapidly absorb moisture from the atmosphere, so care must be taken to ensure this does
not happen between the removal of the test pieces from the oven and re-weighing. The test pieces can be
weighed hot, immediately after removal from the oven, but this may reduce weighing accuracy, due to the
air currents around the balance caused by heat from the hot test piece. This is unlikely to be a problem with
balances only accurate to £0.1 g, but can occur if the accuracy is £0.01 g or better. It can be avoided by
cooling the test pieces before re-weighing, either in a dessicator, wrapped in polyethylene or similar, to
prevent moisture uptake.

Oven-drying usually takes about 18 to 24 hours. The test pieces are assumed to have reached a constant
mass when it does not change by more than 0.1 g (for test pieces with an initial mass of about 50 g or more)
between successive weighings, separated by an additional period of oven-drying of at least two hours. This
isequivalent to specifying that constant mass hasbeen reached whenit does not change by more than0.2%
between successive weighings. This will give a value of the moisture content that is sufficiently accurate
for normal commercial purposes. However, a Note in AS 1080, Part 1 recommends the higher precision
of a change in mass of not more than 0.1% between successive weighings. This can be adopied if the
balance used is sufficiently accurate, and greater precision is required.

Once the initial mass and oven-dry mass of each test piece have been determined, its moisture content can
be calculated using either of the formulas given in the section "Expression and Calculation of Moisture
Content". The result is often expressed to the nearest 0.1 percentage unit of moisture content, but it should
be remembered that this is more precise than the inherent accuracy of the method.

(d) Moisture content distribution

Test pieces for determining the distribution of moisture content through the thickness of a piece of timber
are full cross sections, about 30 to 35 mm long in the direction of the grain. They should be cut following
the procedure outlined in the section "Methods of determining moisture content" above for test pieces for
determining the mean moisture content. It is normal practice to also cut an adjacent test piece for
determining the mean moisture content.

The moisture distribution test piece should be marked on its cross-cut surface and resawn into two case
sections, one core section and, if required, two intermediate sections as shown in Figures 1to 4 (page 9).
The particular pattern used depends on the type of saw available, and the information required from the
test. The patterns in Figures 1 and 3 are easier to cut with a handsaw than those in Figures 2 and 4, but any
of the patterns can easily be cut with a small bandsaw. Intermediate sections are usually only cut from
material more than 30 mm thick.

The moisture content of the distribution sections is determined exactly as described in the section "Method
for Determining Mean Moisture Content" for mean moisture content test pieces.

In most cases the information required is only the general gradient from the case, through the intermediate
@if required), to the core. This assumes that the moisture contents of both sides of the piece of timber are
roughly the same, which is usually true in normal timber drying practice. In this case any of the cutting
patterns may be used, and the two case sections are weighed together to provide a mean case moisture
content. The two intermediate sections are treated similarly.

METHODS OF DETERMINING STATE FORESTS OF NEW SOUTH WALES
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Figures 1, 2, 3 and 4. Cutting patterns for moisture content distribution.

Situations can arise where there is a suspicion that the moisture content of one face of a piece of timber
may be substantially different to that of the other face. This could occur through rain wetting, or different
exposure conditions on the two faces. It can be detected by using the cutting patterns in Figures 1 or 3,
and determining the moisture content of each section separately.

In very thick material it is sometimes of interest to have more than one intermediate section between the
case and core. These are cut following the principles shown in Figures 3 and 4.

(e} Microwave oven-drying
(i) General

Conventional oven-drying usually takes at least 18 to 24 hours. This is one of its disadvantages,
particularly if an approximate result is required quickly. The oven-drying stage can be carried out much
faster by drying the test pieces in a microwave oven. However, considerable care must be exercised as it
is very easy to go straight through the oven-dry stage and char, or even set fire to the test pieces.

A small domestic microwave oven is suitable. It must be well ventilated, and forced ventilation is
preferable. The most common problem is excessive heating of the test pieces, so the oven should have
provision for power below full output - either a ‘defrost’ setting, or switched proportions of full output.
A turntable helps to eliminate localised heating at ‘hot spots’ in the oven. Placing the test pieces on paper
towels helps moisture escape from their bottom surfaces.
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Microwave energy is absorbed preferentially by the water molecules in the tést pieces, producing heat. At
the start of drying the moisture is usually distributed fairly uniformly through the test pieces. However,
the water evaporates from the surface of the test pieces (particularly the end grain) and, as drying
progresses, more heat is generated in the interior where the moisture content is higher. As dry wood is an
excellent insulator against heat conduction, the interior may heat more rapidly than the heat can be
conducted away. This can lead to overheating of the interior of the test pieces before they are uniformly
oven-dried - causing charring or, in extreme cases, setting them on fire. It is also possible, if a lot of
moisture is present, that the water in the interior of the test pieces may evaporate (boil) faster than it can
get away to the surface. This can lead to a build-up of interior steam pressure which may result in the test
pieces exploding.

The aim of microwave oven-drying is to apply the energy at a rate that will evaporate all the moisture from
the test pieces, bringing them to constant oven-dry mass, without over-heating. The most suitable
technique for any application must be found by ‘trial and error’. The main variables to be determined are
the oven output power level, and the length of the successive periods of heating and cooling. A technique
suggested for use as a starting point in developing an optimum method for a particular application is -

1. Weigh the test pieces to determine their initial mass.

2, Subject them to an initial period of heating in the microwave oven.

3. Remove and weigh the test pieces.

4, Cool the test pieces for a fixed period, either in a dessicator, or unwrapped in the air.
5. Re—weigh the test pieces.

6.  Subject them to an additional heating period in the oven,

Repeat steps 3. to 6. until the test pieces come to constant mass. It is often difficult to determine this
precisely, but a stage is usually reached where the rate of loss of mass decreases with the mass becoming
approximately constant, before the rate increases again, during subsequent heating periods, as the test
pieces start to char. Another indication of reaching constant mass is when the mass measured in step 5.
is not less than the mass determined in step 3. The constant mass is taken to be the oven-dry mass and the
moisture content is calculated from this, and the initial mass, using either of the formulas given on pages
3 and 4.

A suggested starting point for developing an appropriate technique is an initial heating period of about five
minutes (may be longer for material with high moisture content), followed by subsequent heating and
cooling periods of about three minutes each, using an oven power of about 30 to 40% of its full output, or
the ‘defrost’ setting (for a typical domestic microwave oven with a full power output of about 600 W),
Higher power may be suitable if a number of test pieces are to be dried at the same time.

If the test pieces do not come to constant mass, but continue to loose weight until they start to char, the
energy input is too high. The technique should be modified by reducing the oven power or shortening the
heating periods and/or lengthening the cooling periods. The opposite approach should be taken if oven-
drying is excessively long.

This method is capable of measuring moisture content to within about one percentage unit of moisture
content of the results obtained by conventional oven-drying (as described in (a) to (d) under "Oven-drying
Methods™), in a total time that may be as short as 20 minutes, and will usually be no longer than 45 minutes.
However, it is not as reliable as, and the results should be confirmed by, conventionally oven-drying
adjacent tests pieces.
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The risk of over-heating can be reduced, and drying accelerated, by cutting test pieces that are thinner in
the direction of the grain than those used for conventional oven-drying. However, this increases the risk
of errors caused by moisture content changes between the cutting and initial weighing of the test pieces.

(ii)  Precautions

As with any microwave oven, it is important that it be kept clean with no accumulation of debris, wood
residues, etc. The airvents on the oven must allow free ventilation, and should not be blocked orobstructed
inany way. Microwave leakage can be dangerous, so it is important that the oven is maintained in a good
state of repair. The oven door must be properly closed when the ovenis inuse, and there must be no damage
orobstruction to the door, the door hinges and latches, or the door seals and sealing surfaces. Microwave

ovens use high electric voltages so the protective casing should only be removed by skilled service
personnel.

The magnetron in a microwave oven may be damaged if the oven is operated when it is empty, or when
it does not contain a sufficient quantity of energy absorbing material. Towards the end of oven-drying
wood test pieces the energy absorption can be quite low - particularly if there is only one piece in the oven.
For this reason it is good practice to have an additional energy absorber in the oven. A simple way is to
put about 500 mL of water in an open non-metallic container in the oven.

Anyone who uses a cardiac pacemaker should check the effect of electronic equipment on its operation
before using a microwave oven.

2. ELECTRIC MOISTURE METERS
(a) General

The oven-drying method is the most direct and accurate method of determining moisture content in most
cases, as it involves a direct measurement of the mass of wood material and the mass of the water
evaporated from it. It has the disadvantages of being destructive, and of having a considerable delay before
the result is known. There is a need for a quick, reliable, non-destructive method for assessing moisture
content that can be used in normal timberyard and commercial practice. This need is satisfied by portable
electric moisture meters which measure moisture content indirectly from electric properties of wood that
change as the moisture content changes. There are two types -

) Resistance meters, which measure the electric resistance of the wood.

. Meters that measure the dielectric properties of wood - the dielectric constant, dielectric loss
factor, or a combination of both. These are often referred to as ‘capacitance meters’, even
though this term strictly applies to meters that only measure the dielectric constant. They may
also be referred to as ‘radio frequency meters’.

Both types have advantages and limitations, but resistance meters are probably the most suitable for most
applications, and are the type most often used in practice.

Information about the makes of meter that are available in Australia, and the firms or agents that can supply
them, can be obtained from State Forestry Departments or the CSIRO Division of Forestry.

Fixed meter installations for the production line monitoring of moisture content are also available. They
can measure either the resistance or dielectric properties of the wood. Both types use non-penetrating
electrodes. Systems are also available for monitoring the moisture content of timber during kiln drying
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- either from resistance measurements from electrodes embedded in the wood, or from the alternating
current impedance between electrode plates in the kiln charge, or between an electrode plate in the charge
and the ground. A detailed discussion of these installations and systems is beyond the scope of this paper,
which will concentrate on portable moisture meters of the type most suitable for normal timberyard and
timber industry use.

(b)  Resistance meters
(i)  Principle of operation

Dry wood is an excellent electric insulator, but its electric resistance falls as its moisture content increases.
This effect is most pronounced for moisture contents below the fibre saturation point (about 25 to 30% for
most species). In this range there is an approximately linear relationship between the logarithm of the
moisture content and the logarithm of the resistance. The effectis large - the resistance at a moisture content
of 8% is roughly 1000 times greater than at 19% - and it provides a method of estimating the moisture
content of wood from a measurement of its resistance. Above the fibre saturation point the relationship
is poorer, with more variation, and resistance measurements cannot provide reliable estimates of moisture
content. At moisture contents lower than about 6% the resistance is too large to measure in practice.

The relationship between electric resistance and moisture content provides the basis for resistance meters.
The resistance is measured by applying a voltage between two poles of an electric circuit that are in contact
with the wood, and measuring the current that flows between them. The actual contact with the wood at
each pole is made by blades, pines, needles or nails driveninto the wood. The poles of the circuit are usually
between 20 and 40 mm apart, but the spacing is not critical as the resistance is primarily the surface
resistance between the contacts and the wood, and is almostindependent of the length of the path the current
takes through the wood.

The effective resistance at a pole of the circuit is the lowest resistance between the wood and the contact.
This occurs where the moisture content of the wood touching the contact is highest. However, the lowest
resistance in the electric circuit is the lowest between the wood and the contacts at both poles of the circuit,
so the moisture content measured by the meter is the highest that occurs at the contacts at both poles.

Surface contacts on a piece of wood can only provide a measure of the moisture content of the layer of wood
cells right at the surface. In most cases this will not be the same as the moisture content of the wood within
the piece, so this type of contact is generally unsuitable for measuring the moisture content of solid wood
sections. The electric contact must be made with the portion of the wood within the cross section that is
to be measured.

The resistance is usually displayed on the meter in percentage units of wood moisture content, rather than
resistance, using values the manufacturerhas assumed for the relationship between resistance and moisture
content. This can vary with a number of factors - particularly species, temperature, and whether the
direction of current flow is parallel orperpendicular to the grain. The information needed for the proper
use of a meter should be provided by the manufacturer.

(ii)  Effect of species

The relationship between electric resistance and moisture content is not the same for all wood species.
Differences occur, mainly due to differences in the amounts and chemical composition of extractives in
the wood. The relationship most commonly used for moisture meters is that for North American coast type
Douglas fir (oregon). Values for resistance at different moisture contents have been determined in
Australia and the USA and are those most commonly used for the calibration of resistance meters.
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The Australian data are for resistance with the current flow perpendicular to the direction of the grain, at
atemperature of 20 to 21°C. Correction figures for various species tested in this way, using meters based
on this calibration data, are given in Appendix 1. These corrections strictly apply only for the conditions
stated, but they may be used as a general guide for the effect of species on the readings of resistance meters.

The meter manufacturer should supply information about the species that the meter is calibrated for, and
all necessary information to enable appropriate corrections to be made when the meter is used on other

species required by the customer. Some meters have a number of different scales, or different plug-in
modules, for different groups of species.

(iii) Effect of temperature

The electric resistance of wood decreases with increasing temperature, so resistance meters will tend to
read high if the wood temperature is higher than the temperature assumed for the calibration of the meter.
This can happen if meters are used on hot timber that has just been removed from adrying kiln, oron timber
in normal timberyard practice during hot weather - particularly if it is out in the sun. The converse also
happens - meters read low on timber that is below the calibration temperature.

Most meters are calibrated for temperatures of about 20 to 21°C. Errors caused by the effect of temperature
are generally only minor if the wood temperature is within about 5°C of this (i.e. between about 15 and 25°C
for most meters) and are usually ignored in practice. If the wood temperature is more than about 5°C away
from the calibration temperature the meter reading should be corrected for temperature. Values of the
corrections to be made are given in Appendix 2, which is based on a calibration temperature 0f 20 to 21°C.
The correction of the meter reading for temperature should be made first. The corrected reading obtained
should then be corrected for the effect of species, as described in the section "Effect of Species”.

Meter manufacturers should supply details of the calibration temperature they have used, and details of
temperature corrections that should be made. Some meters have a built-in facility for automatically
correcting for the wood temperature entered by the user on a dial on the meter. Some automatic systems
for monitoring wood moisture content during kiln drying incorporate sensors to measure the wood
temperature and automatically correct for it.

(iv) Effect of grain direction

The electric resistance of wood is about half as large for a current flowing parallel to the grain as it is for
a current flowing perpendicular to the grain. This means that the reading of a resistance meter will be one
to two percentage units of moisture content higher for parallel current flow than for perpendicular. The
Australian calibration data are for current flow perpendicular to the grain, and the contact made with the
wood must be such that the poles of the electric circuit are separated across the grain. Some other meters,
particularly those made in the USA, measure resistance along the grain, and the contact with the wood must
be made this way. The meter manufacturer should clearly state which way the meter is to be used.

(v) Meters and electrodes

Some electric resistance meters and their electrodes are shown in Plates 1to 5. The electrodes contain the
two poles of the electric circuit that contact the wood. The actual contact is made by pins, needles or blades,
connected to the electrode poles, and driven into the wood. The body of the electrode, the insulation of
the flexible lead connecting it to the meter, and the plug and socket at the meter must have a very high
electric resistance, so that the resistance measured is that of the wood, not leakage in the circuit.

A number of different arrangements of the contacts in the electrode poles are in common use.
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One standard type of electrode uses two tempered steel needles (steel gramophone needles, or similar) in
each pole. The needles are about 10to 15 mm apart and project about 6 to 8 mm from the pole piece. This
type of electrode is suitable for testing timber up to about 32 mm thick. The body of the electrode can be
hammered to get full penetration of the needles into the wood, and the base is recessed to accept a lever
for extracting the electrode. Variations of this pattern are offered by a number of manufacturers.

For deeper penetration in thick timber, larger diameter, more robust pins are necessary. In this electrode
type there is usually only one contact pin at each electrode pole, to make it easier to penetrate the wood.
The electrode often has a sliding weight on a shaft for hammering the pins into the wood and extracting
them after the readings have been made. Electrodes of this type are known as ‘sliding hammer’ electrodes.
They usually contain a gauge to indicate the depth of penetration of the contacts into the wood.

3
£
2
8

Plate 1. Electric resistance moisture meter with a ‘sliding hammer’ electrode. Made in Australia.

Pins of various length are available. They may be of bare metal, which contact the wood for their full
penetration depth. Analternative is pins with bare tips and insulated shanks that only make electric contact
with the wood at their tips. These are useful for investigating the variation in moisture content at different
distances below the surface of thick timber.

Two-pinelectrodes, with one pin at each pole, generally give lower meter readings than four-pin electrodes
with two pins, or needles, at each pole. This happens even though they have a larger contact area with the
wood, due to their larger diameter. As most of the meter calibration data has been determined using four-
pin electrodes, this effect should be allowed for by adding about 0.5 to meter readings below 15%, and 1
to readings above 15%, when using two-pin electrodes.
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Plate 2. Electric resistance moisture meter with a ‘sliding hammer’ electrode. Made in the USA.

Another electrode type suitable for robust timberyard use has a blade contact at each pole. The electrode
has a handle that allows the blades to be driven into the timber with a single swinging hammer-like blow.
Itissuitable fortesting timberup to about 32 mm thick. The blades canonly be driven into the wood parallel
to the grain, so this type of electrode can only be used for obtaining readings of resistance perpendicular
to the grain. Electrodes with pin or needle contacts can be used for measurements of resistance either
parallel or perpendicular to the grain.
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Plate 3. Electric resistance moisture meter with a ‘sliding hammer’ electrode. Made in the UK.

An advantage of resistance meters with removable electrodes is that the type of electrode most suitable for
any particular application can be connected to the meter. The electrode is external to the electric circuitry
of the meter. This is not the case with dielectric meters, in which the electrode is an integral part of the
meter.

Some ‘budget’ priced meters are available that have their electrode contacts in the form of two pins attached
to the meter housing, rather than a separate electrode connected to the meter by a flexible lead. These have
only limited application, as it is generally not possible 1o obtain much penetration of the contacts,
particularly into harder timber without damaging the meter.
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Plate 4. Needle electrode with separate hammer for driving and extraction.
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Plate 5. Blade (hammer) electrode for electric resistance moisture meters.
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Different makes of meter cover different ranges of moisture content. Anintending purchaser should ensure
that the meter covers the range he requires. It should be remembered that it is usually impossible to get
meter readings below about 6%. For a species like radiata pine which gives low meter readings, this
corresponds 10 a true moisture content of about 8 to 9%. Meter readings above about 25% are not usually
required in timberyard practice, and are subject to large errors. Some meters will give readings up to 80%,
or above, but this extended range is usually of little practical use.

(vi) Measuring mean moisture content

In normal timberyard practice, drying timber has a moisture gradient - being highest at the centre and
lowest at the surface. The mean moisture contentof a piece will approximate the moisture content atadepth
below the surface of about one quarter to one fifth of the thickness. This can be measured by a resistance
meter, using electrode contacts driven into the timber to this depth. The common four-pin or blade
electrodes are suitable for this purpose in timber up to about 32 mm thick. Two-pin electrodes can also
be used, but should only be driven in to the required depth.

Readings should be taken in areas where the wood is representative of the whole piece, and is free of defects
such as checks, decay, holes, gum or resin veins, knots, etc. They should not be made near the ends of
pieces, to avoid the possible effects of faster end-grain drying.

The meter will record the highest moisture content of the wood in contact with both poles of the electrode.
In periods of high humidity, or in timber that has been rain wetted, the surface moisture content may be
higher than the mean. If the electrode contacts are made with this surface layer the readings obtained will
be higher than the mean, and timber that may be satisfactorily dried could be rejected. This can be avoided
by using insulated contacts driven to the required depth.

Timber with free water on the surface should not be tested with resistance meters, even using insulated
electrode pins. There is a risk that the water will be drawn into the wood as the pins are driven in, leading
to false high readings. Such timber should be allowed to surface dry before it is tested.

Readings may be taken on the freshly cut end-grain of timber. The electrode contacts should be orientated
so the direction of current flow is parallel to the wide face of the piece. A correction of one to two
percentage units of moisture content should be added to the readings of meters calibrated for measuring
with the current flow parallel to the grain.

The estimate of the mean moisture content of a piece will be improved if a number of readings are taken
at different positions. This will also provide an indication of the variation in mean moisture content along
the length of the piece. If the moisture content of a parcel of timber is to be assessed, tests should be made
on a number of pieces selected to be truly representative of the whole parcel.

In timber more than about 32 mm thick it will usually be better to assess the moisture content distribution
than to take single readings of mean moisture content at one fifth to one quarter of the thickness. This is
discussed in the next section "Measuring Moisture Control Distribution". Readings from a number of
locations will provide an estimate of the variation in moisture content through the cross-section and along
the length, as well as the mean moisture content.

Occasionally the reading of a meter will drift with time usually downwards. If this occurs, the reading
immediately after driving the electrode contacts into the timber should be taken.
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(vii) Measuring moisture content distribution

It is often desirable to assess the distribution of moisture content within the cross-section of a piece of
timber, as well as its mean moisture content. This is more likely to be important with thick material than
with boards 32 mm, or less, in thickness. It may also be important if large variations in moisture content
are present due to uneven drying, or from the exposure conditions of the timber.

In most cases, pameularly while timber is drying, the moisture content is higher in the centre than at the
surface. This can easily be detected, and the gradient in moisture content measured, by taking successive
readings as the electrode contacts are progressively driven from the surface to the centre. Long two-pin
sliding hammer electrodes are particularly suitable for this purpose.

Drying timber usually has a continuous gradient in moisture content from the centre to the surface.
Sometimes there is a break in the gradient, and the moisture distribution is in the form of a ‘wet core’
surrounded by a shell of much drier wood. This will cause a marked increase in the meter reading as the
electrode contacts penetrate the wet core.

If an electrode with contacts that will reach the centre is not available, readings can be obtained from two
nails progressively driven into the timber. They should be spaced at approximately the same distance apart
as the pole of the meter electrode and located so the current flow between them is in the direction relative
to the grain appropriate to the meter being used. The pole or contacts of the meter electrode are pressed
on the heads of the nails fo complete the circuit. When nails are used, the same correction to the meter
readings should be made as for two-pin electrodes, as discussed in the section "Meters and Electrodes”.

Cases may occur where the gradient is reversed, i.e. the moisture content is higher near the surface than
at the centre. This cannot be measured by driving nails or uninsulated electrode contacts into the wood,
as the meter will respond to the highest moisture content encountered, which is that near the surface. Two-
pin electrodes with pins with bare tips and insulated shanks can be used. They will give readings of the
moisture content at the depth the tips are driven into the timber. An alternative is to drill two holes into
the timber to the depth required, and drive nails about 5 mm into the bottom of the holes to form the contact.
The holes must be larger in diameter than the nails, and care must be taken to ensure that the nails do not
make electric contact with the sides of the holes. The spacing and orientation of the holes, and the method
of taking readings is the same as for the use of nails discussed in the previous paragraph.

Free water on the surface of the timber may cause large errors, as discussed in the section "Measuring Mean
Moisture Content".

If the timber can be cross-cut, moisture gradients can be determined using the electrode contacts at different
position on the freshly cut end-grain, followmg the procedures outlined in the section "Measuring Mean
Moisture Content".

(viii) Effect of preservatives

Wood that has been treated with water-borne preservatives or fire retardants will generally have a lower
resistance than ungreated wood. This increases the readings of resistance meters. The error depends on
the amount of chemical present, and increases with increasing moisture content. At true moisture contents
below about 15%, meter readings may be one to three percentage units of moisture content high. Athigher
moisture contents the errors are larger, and may be too variable for corrections to be made to meter readings.
In general it can be said that the true moisture content of timber treated with water-borne salts is likely to
be lower than that indicated by resistance meters.

Oil - or solvent-borne preservatives, such as creosote or LOSP, may have the opposite effect - increasing
resistance and lowering meter readings. The effect is unlikely to be as great as the effect of water-bome
salts. Data available for radiata pine treated with copper naphthenate LOSP indicate meter readings may
be low by about one percentage unit of moisture content.
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(ix)  Effect of coatings and glue lines

Most surface coatings on wood have little or no effect on meter readings. If there is a suspicion that a
surface coating may be electrically conductive it should be just pricked with the electrode contacts. A high
meter reading will indicate that it is.conductive and will affect readings. In this case the electrode contact
with the wood must be insulated from the coating.

Some types of glues used in plywood are electric conductors and will affect the readings of resistance
meters. The effect can be determined by observing whether the meter reading increases sharply as the first
glue line is penetrated by the electrode contacts. If this happens, meter readings on the plywood will be
unreliable, and the moisture content should be determined by oven-drying.

(x)  Accuracy and precision of results

The accuracy of electric resistance meters is not limited by their ability to measure the resistance between
the electrode contacts, within their range. It is limited by the accuracy of the calibration relationship
between resistance and moisture content that has been assumed by the manufacturer, the effects of the
various factors discussed previously, and the natural variability of the properties of wood.

The calibration relationship is not usually supplied by the manufacturer, so it must be taken on trust unless
the user is prepared to make an extensive investigation comparing meter readings with the values of
moisture content obtained by oven-drying. This is not usually practicable. Comparisons between the
readings of meters connected to the same fixed resistances indicate that there are some differences between
the calibration relationships used by different manufacturers. These usually do not amount to more than
one percentage unit of moisture content in the range below about 25%.

The effects of species, temperature and grain direction should be allowed for, as discussed previously. If
this is done, the moisture content indicated by an individual meter reading on untreated timber made near
the calibration temperature is probably accurate to within two percentage units of moisture contentin most
cases, and may be within one percentage unit. The accuracy of the assessment of the moisture content of
a piece of timber can be improved by taking additional readings at different locations.

When assessing the moisture content of a parcel of timber, measurements should be allowed for, as
discussed previously. If this is done, the moisture content indicated by an individual meter reading on
untreated timber made near the calibration temperature is probably accurate to within two percentage units
of moisture content in most cases, and may be within one percentage unit. The accuracy of the assessment
of the moisture content of a piece of timber can be improved by taking additional readings at different
locations.

When assessing the moisture content of a parcel of timber, measurements should be made on a sufficient
number of representative pieces to allow an estimate to be made of both the mean moisture content of the
parcel, and its variation within and between individual pieces. The number of tests required depends on
both the precision required in the estimate, and the size of the variations. A detailed discussion of sampling
requirements is beyond the scope of this paper. Reference should be made to a standard text on statistical
sampling procedures for further information.

Estimates of moisture content from resistance meters should not be recorded to an accuracy greater than
the nearest half percentage unit of moisture content. The nearest one percentage unit is probably more
realistic, and is adequate for most practical purposes.
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(xi). Limitations of resistance meters
Electric resistance meters provide a convenient, non-destructive method for measuring the moisture
content of wood in many practical situations. They can be used for measuring both the mean moisture
content of a piece of wood, and its variation within the piece. Various aspects have been discussed in the
preceding sections. A summary of some aspects and limitations of resistance meters is -
o Readings are only reliable between about 6 and 25%.
¢ Resistance meters cannot read very low moisture contents.

¢ Readings must be corrected for the effect of the species being tested.

¢ Readings must be corrected if the temperature of the wood is appreciably different from the
calibration temperature used by the meter manufacturer (usually about 20°C).

* Readings should be made with the current flow in the wood in the same direction, relative to the
grain, as has been assumed by the meter manufacturer.,

¢ Electric contact is made below the surface of the wood. This involves some damage, which may
be unacceptable in surfaces that are exposed to view.

¢ The reading is of the highest moisture content encountered by the electrode contacts. Insulated
contacts should be used, or similar precautions taken, to avmd errors when testing wood with a
relatively high surface moisture content.

o Free water on the surface of the wood is likely to cause large errors in readings.

e Meters are likely to read high when testing wood containing water-borne salts.

¢ The presence of oil- or solvent-borne preservatives may cause meters to read low.

¢ Conductive surface coatings can cause errors unless the electrode contacts are insulated from them.

¢ Glue lines may cause errors if they are penetrated by the electrode contacts.

¢ The method measures moisture content indirectly - from its effect on the electric resistance of the
wood. It is inherently less accurate than a method like oven-drying that directly measures the
amount of moisture present in the wood.

(xii) Precautions in the use of resistance meters

¢ Keep the meter and electrode(s) clean and dry, and in good condition. Store in a clean, dry, interior
location. Avoid extreme temperatures. Handle the meter and electrode(s) carefully. Do not subject
the meter to mechanical shock. Particular care should be taken of the installation of the lead
connecting the ¢lectrode to the meter.

¢ Keep the electrode contacts in good repair. Straighten the needles, pins, or blades whenever they
_start to bend. Use a small pair of pliers if necessary. Replace broken electrode contacts.

o Check that the power supply is adequate before using the meter. Most battery powered meters have
provision for testing the condition of the battery. Replace the battery (or batteries) as soon as it
becomes necessary. Switch the meter off when it is not being used (done automatically in some
meters).
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Regularly check the insulation of the meter/electrode system. With the electrode connected to the
meter, and the electrode poles and contacts not in touch with anything (except the body of the
electrode) the meter reading should be less than the minimum scale value. If it is not, the electrode
assembly and the plug/socket connection to the meter should be inspected and cleaned, if necessary,
with alcohol or methylated spirits, and dried thoroughly, The electrode and its lead should be
inspected for any damage, or any other cause (such as the presence of moisture) that might reduce
the effectiveness of the insulation, and appropriate action taken.

Regularly check the circuit continuity of the meter/electrode system, by bridging between the
electrode contacts with a hand. The meter should show an apparently high moisture content.

Follow the manufacturer’s instructions supplied with the meter. Insert the electrode contacts in the
wood so that the current flow is in the direction, relative to the grain, contained in the instructions.

Apply any necessary correction forelectrode type inaccordance with the manufacturer’s instructions.

Apply the appropriate corrections for wood temperature and species contained in the manufacturer’s
instructions. They should be applied in the order contained in'the instructions. For most meters,
the reading should be corrected for wood temperature before applying the species correction.

Condensation may occur on.a cool meter and/or electrode that is taken into hotter surroundings for
use, e.g. taken from an air-conditioned office outinto a hot timberyard in summer. The condensation
may reduce the insulation of the system. Sufficient time should be allowed before using the meter
and/or electrode for them to warm to the new ambient temperature, and for any condensation to
evaporate.

Try to avoid using meters during damp or very humid weather. If it is absolutely necessary, store
the meter in a warm, dry place and keep its exposure to the humid conditions to minimum. Take care
to keep the meter and electrode dry, and check the insulation regularly.

Avoid excessive handling of the electrode assembly in the region of the poles of the circuit and the
contacts with the wood. Dirt or perspiration on the assembly may reduce the effectiveness of the
insulation.

Meters should not be taken into, or used in, hot timber drying kilns.

Only take readings on clear, sound wood that is free of obvious defects such as knots, decay, pith,
holes, included bark, resin or gum veins, etc. The path of the current should not cross any obvious
splits or checks.

Care should be taken on thick material. Refer to the sections "Measuring Mean Moisture Content”
and "Measuring Moisture Content Distribution". Care must also be exercised when taking readings
on thin materials, like veneer, to ensure the electrode makes good electric contact with the wood.

If the calibration relationship of the meter is known, the meter readings can be checked against
resistors connected across the poles of the electrode. Some values forresistance at selected moisture
contents are given below. These are values determined in Australia for meter readings on North
American coast type Douglas firat20 to 21°C, with the current flow perpendicular to the grain. They
do not apply to meters based on different calibration relationships.
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Meter'neading Electric resistance
(% mojsture content) (megohm)
8 5000
12 180
16 19
20 34
24 0.77

(c) Dielectric meters .
(i)  Principle of operation

Wood has the properties of an electric insulator, or dielectric, as well as the resistance to direct current that
is used in resistance meters. Dielectric meters measure one or both of the dielectric properties that are
affected by moisture content. These are the dielectric constant and the power factor (or loss factor) when
the wood is penetrated by an alternating electric field. These meters are often known as ‘capacitance
meters’ or ‘radio frequency meters’, even though these terms are not strictly accurate for dielectric meters
in general.

The dielectric constant of wood is the ratio of the capacitance of a capacitor containing the wood sample
betweents plates to the capacitance of the same capacitor containing empty space. Itis basically ameasure
of the relative amount of energy that can be stored in a capacitor containing the wood. The dielectric
constant increases with increasing wood moisture content. This effect becomes greater as the frequency
of the electric field decreases. The dielectric constant also increases with increasing wood density and with
increasing wood temperature except at very high moisture content where the effect becomes erratic.
Meters that measure the capacitance (or dielectric constant) of the wood are accurately described as
capacitance meters.

In a capacitance meter the wood sample penetrated by the field between the electrode plates forms a
capacitor that is part of an oscillator circuit. The frequency of the circuit varies with changes in the
capacitance of this capacitor, i.e. with changes in the dielectric constant of the wood. The meter detects
this frequency change and displays it as a reading. If a relationship is assumed between the frequency
change and the moisture content of the wood, the display can be in units of % wood moisture content.

The energy stored in a perfect dielectric in an electric field is recovered completely when the field is
removed. Real dielectrics are not perfect, and only part of the stored electric energy is recovered. The
remainder is lost as heat. The power factor is a measure of the proportion of the stored energy that is lost.
It is analogous to the normal electric resistance of the capacitor. The total energy lost depends on the
frequency of the electric field, i.e. the rate of charging and discharging the capacitor. It also depends on
the amount of energy stored each cycle, which depénds on the capacitance. The product of the power factor
and the capacitance is known as the loss factor. Power-loss meters are based on the relationship between
the loss factor of wood and its moisture content.

The power factor of wood generally increases with increasing moisture content, but it is a complex
relationship that also depends on temperature, frequency and wood density. The loss factor, which is the
product of power factor and capacitance, generally increases with both increasing moisture content and
increasing wood density.

Power-loss meters operate by applying an electric field to the wood from an electrode. The power absorbed
by the wood loads the oscillator in the meter, and reduces the amplitude of oscillation. The reduction is
shown on the meter dial - either in arbitrary units, or units of % wood moisture content using an assumed
relationship between power-loss and moisture content.

STATE FORESTS OF NEW SOUTH WALES METHODS OF DETERMINING
TECHNICAL PAPER NO. 41 THE MOISTURE CONTENT OF WOOD 23




Capacitance admittance meters are another type that measure dielectric properties of wood. They
measure the effect of both capacitance and loss factor. The electrode is.a capacitative element in a
capacitance-resistance bridge circuit. When it is placed in contact with the wood being tested its
capacitance and loss factor increases, unbalancing the circuit. The amount of imbalance provides a
measure of both the dielectric constant and the power factor of the wood, and is displayed to provide the
meter reading. Some meters of this type are more influenced by the dielectric constant than the power
factor.

(ii)  Effect of species and density

The most important practical effect on the readings of dielectric meters (other than moisture content) is
the density of the wood. Readings increase with increasing density. The main effect of species (apart from
a few exceptional cases) is actually the effect of differences in density. The meter manufacturer should
supply the information necessary to correct meter readings for the density and species effect. However,
it will often be necessary for the meter user to establish the calibration required for a particular application,
by comparing meter readings on representative samples with the moisture content determined by oven-

drying.

There is considerable normal density variation within many species. This imposes a natural limit to the
accuracy of dielectric meters. Some idea of the size of the effect can be obtained from sampling a range
of material from the same species and comparing meter readings with the results of oven drying.

(iii) Effect of temperature

The effect of wood temperature on the readings of dielectric meters is more complicated than the effect
on resistance meters. The manufacturer should supply information about the reference temperature of the
meter, and any necessary corrections to be made for different wood temperatures, or differences between
wood temperature and meter temperature. Insome cases it may be necessary for the meter user to establish
the appropriate calibration.

The calibration setting of a meter may vary if its temperature changes. This may happen if it is used for
repeated readings on warm wood. In these circumstances, the calibration setting should be checked

regularly.
(iv)  Effect of grain direction

The orientation of the electric field in relation to the direction of the grain can affect the readings of
dielectric meters. The effect is usually not large for meter electrodes applied to surfaces that are paraliel
to the direction of the grain, which is normally the case. However, it may be considerable if the electrodes
are applied to end-grain surfaces.

The electrodes of some dielectric meters are circular in format or construction. This symmetry eliminates
any effect of grain direction when they are used on side-grain surfaces. Other meters have electrodes that
consist of parallel rectangular plates, separated by a gap or gaps. They should be used with the electrodes
oriented with respect to the grain in the direction advised by the manufacturer. This is usually with the
length of the plates and gap(s) parallel to the grain.

(v)  Effect of preservatives
Water-borne preservatives or fire retardants in wood are likely to increase both its dielectric constant and

its loss factor. The readings of dielectric meters on wood treated with these materials are likely to be
erroneously high.
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(vi) Effect of surface coatings and finishes

Most polishes and surface finishes used on wood have no effect on the readings of dielectric meters. One
advantage of these meters is that they can usually be used on finished surfaces without marking them.

(vii) Meters and their use
Different makes of meters are available. They fall into the three types - capacitance, power-loss and
capacitance admittance - that are discussed in section (i) under "Dielectric meters”. Each has an electrode
system that is an integral part of the meter, and is not interchangeable. Different electrodes cannot be used

for different applications, as they can with resistance meters.

A dielectric meter for measuring the moisture content of veneer is shown in Plate 6.

Ly
WARD BTRTEMS M
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| [ IEBBIWARD SYSTEMS, INC.

| HAND MOISTURE METER MODEL 510

YN 6 10-3053-0485Y =,

MANUFACTURED IN SUMNER, WA, USA |

RECHARGE WHEN NOT IN USE J

|
|

Plate 6. Dielectric meter for veneer.
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There are a number of different forms of meter electrode. For any particular application the electrode type
must provide consistent firm contact with the surface of the timber being tested. The actual form and size
of the electrode depends on the meter type, the application, and the depth of field penetration.

The field penetrations of different meters can range from a few millimeters, in meters designed for testing
veneer, to about 50 mm in meters for testing thick timber. The meter used should have an appropriate field
penetration, which should normally be at least half the thickness of the timber being tested.

Dielectric meters measure mean moisture content, and are not suitable for determining moisture gradients.
They respond to the moisture content of the zone of the wood that is penetrated by the electric field, and
will generally indicate the mean moisture content of this zone. However, the readings are most influenced
by the wood nearest the electrode, so they are more reliable on wood with a fairly uniform moisture content
than readings on wood with substantial moisture gradients. If the moisture content near the surface is
higher than the mean, the meter reading will be higher than the true mean moisture content. The converse
occurs in situations of high interior moisture contents, or ‘wet cores’.

If the field of the meter extends right through the wood, the reading is likely to be affected by the material
behind it, particularly if it is metal or other high loss material. The effect can be checked by comparing
readings on wood on the backing material with readings with nothing (except air) behind the wood. A
difference indicates that the reading is affected by the backing material. The effect can be eliminated by
using an appropriate thickness of low loss backing, such as rigid polystyrene foam. An alternative is to
take readings on pieces on top of a stack of similar material with similar moisture content. This may be
the most convenient method with thin material, such as veneer. If this is done, the meter reading is likely
to be higher than it would be if taken on a single thickness, and the meter should be calibrated for this type
of application.

Readings should be taken with the whole electrode in firm contact with the surface of sound wood that is
free of defects such as decay, knots, holes, gum or resin veins, etc. If possible, the meter should be located
so that there is a clearance between the electrode and the edge of the piece of wood being tested at least
equal to the thickness of the piece.

One important advantage of dielectric meters is that they can read down to zero moisture content, although
their accuracy falls at very low moisture contents. Power-loss meters can provide accurate readings up to
about 15 to 30%, depending on species. Capacitance and capacitance admittance meters can read higher
moisture contents, but are most accurate below about 30%.

As with resistance meters, dielectric meters should be used in accordance with the manufacturer’s
instructions, and the reliability of the results depends on the adequacy of sampling. Several readings should
be taken at separate locations on anumber of representative pieces to provide an estimate of mean moisture
content of the individual pieces and the parcel, and the piece-to-piece variation. In most applications it will
be necessary o establish the meter calibration by comparing readings on representative samples with the
moisture content determined by oven-drying. Ongoing comparative testing will be required to maintain
the calibration in routine production situations.
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(viii) Application of dielectric meters

Dielectric meters are generally not as accurate as resistance meters, and do not have as wide a general
application. However, they do have some advantages -

o Their electrode contact is non-penetrating and the meters can be used onmost finished timber
surfaces without marking them.

o They will read very low moisture contents, below the range of resistance meters.

. They can be faster and more convenient where a large number of readings are to be taken for
the production line quality control monitoring of the moisture content of similar material.
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CONCLUSION

The two types of electric moisture meters available - resistance and dielectric - have relative advantages
and limitations. These have been discussed indetail in the section "Expression and Calculation of Moisture
Content” and "Methods of Determining Moisture Content”.

Resistance meters have the wider general application in normal timberyard and timber industry use.
However, they will only give reliable results if their limitations are fully understood by the user, proper
precautions are taken, and the appropriate corrections are applied to the meter readings.

Dielectric meters are generally more limited in their scope of application. However they have advantages
over resistance meters that make them the most suitable type in some situations. It should be remembered
that they are usually not as accurate as resistance meters, due to the significant effect of wood density on
their readings. '

L]
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APPENDIX I

SPECIES CORRECTION FIGURES FOR ELECTRIC RESISTANCE METERS.

Figures for resistance meters with the Australian calibration curve developed for North American coast
type Douglas fir (oregon), tested at 20° to 21°C with the current flow perpendicular to the direction of the

grain.

Standard Trade Names generally comply with Australian Standards AS 2543 - 1983 "Nomenclature of
Australian Timbers" and AS 1148 - 1971 "Nomenclature of Commercial Timbers Imported into Australia”.

Sources of information are listed at the end of the Appendix. Where different information is available from
more than one source, preference has usually been given to data from the country of origin of the species.

Figures in italics are extrapolated beyond the original data.
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APPENDIX 2

TEMPERATURE CORRECTIONS FOR ELECTRIC RESISTANCE METERS.

For electic resistance meters with a calibration wood temperature of 20° to 21°C

Based on data in: Keylwerth, R. and Noak, D. [“The effect of elevated temperatures on the measurement of the moisture content of wood by the electric-resistance
method”.] Holz als Roh-und Werkstoff, 14(5), May 1956: 162-172.

Temperature corrections are usually applied before corrections for species.
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