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The moisture in green wood -- so necessary for growth -- so useless in wood products! The removal of
moisture or water from wood through seasoning or drying is essential before the most valuable assets of wood can be
realized.

Drying wood is one of the most important and expensive processes which must be undertaken by the lumber or
plywood manufacturer. This process involves extensive inventories or large capital investments in kilns or veneer
dryers. Frequently the drying of wood is the major factor in limiting the production capacity of a mill. Drying is
a bottleneck. It is a unit operation requiring heat and mass transfer -- tie transfer of heat to evaporate the water,

and the transfer of water to the surface of the wood and into vapor.

Kiln and dryer design, drying schedules, and operating techniques have each received their share of attention
in efforts to increase production and reduce costs. The separation of green wood into heartwood and sapwood sorts
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also has been used to speed drying of the lower moisture containing heartwood. This separation historically has been
based upon a visual sort -- a sort made possible in some species by the distinct color difference between heartwood
and sapwood..

The distribution of moisture throughout a log perhaps has not been adequately defined or studied. Most data
merely report average moisture values for an entire piece of wood, or the average for heartwood or the average for
sapwood. The continuous and timely measurement of these changing moisture conditions in green wood by electronic
instrumentation shall be considered, rather than drying practice or drying equipment.

The subsequent removal of the moisture from the green wood after the amount present has been determined
may be tempered by the operators experience with other variables. Some of the variables which may influence
separation of moisture are listed in Table 1.

TABLE 1

MOISTURE	 Growth Rate
Distribution	 Grain

Texture

SPECIES	 MANUFACTURING
Specific Gravity	 Thickness
Permeability	 Width
Extraneous Components 	 Length

Drying Equipment

GROWTH
Age

The experience with these other variables will be different with different mills and equipment. However,
the problem of measuring moisture in green wood will be the same problem at every mill.

MOISTURE DISTRIBUTION

The location of the water in the log is generally known only by average moisture contents of heartwood or of
sapwood. Typical available information is that published in the Dry Kiln Operator's Manual, an excerpt in Table 2.
These data show the difference between moisture contents in heartwood and sapwood for some of the Western species.
The actual distribution of the moisture within the heartwood and sapwood, however, is not disclosed in these average
values. This information is not readily available from the literature either, although it is generally known that a
distinct break in moisture occurs, rather than a gradual transition.

TABLE 2 *

MOISTURE IN GREEN WOOD

Moisture Content, %

Heartwood Sapwood

Douglas Fir (coast) 37 115
Western Hemlock 85 170
Western White Pine 62 148
Sitka Spruce 41 142
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*From: Dry Kiln Operations Manual, U. S. D. A. , Agriculture Handbook No. 188, Table 1, Forest Products
Laboratory Forest Service, U.S. Department of Agriculture (March 1961).

The distribution of moisture within 5 annual ring segments of a Douglas fir log is shown in Table 3 from un-
published data obtained from Oregon State University. When shown graphically, Figure 1, these moisture data
demonstrate the rapid transition of moisture content from heartwood to sapwood.

TABLE 3

MOISTURE DISTRIBUTION IN DOUGLAS FIR TREE AT BREAST HEIGHT*

Growth Rings North

Moisture Content, %

South	 Average

0-5 31 30 30

6-10 31 31 31

11-15 35 70 52

16-20 112 124 118

21-25 113 135 124

26-30 125 147 136

* Unpublished data, Oregon State University, Forest Research Laboratory.

FIGURE 1

MOISTURE DISTRIBUTION IN A DOUGLAS FIR LOG
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In Douglas fir and some of the other species, this transition from heartwood to sapwood is marked not only by
the transition in moisture, but also by a distinct change in color. Heartwood is characterized by a darkening in
color, while sapwood remains light in color. Douglas fir veneer mills use this color difference to sort into heartwood
and sapwood for which different drying schedules have been established. In some pine sawmills the sawyers have
learned to carefully segregate sapwood and heartwood through sawing practice in order to later speed kiln drying.
These visual separations are subject to error, however, since color change and moisture change may not occur

simultaneously.
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MOISTURE DEFINITIONS

Percent moisture content, percent moisture, and moisture level are all terms which are used to indicate the
amount of water present in green wood. In the lumber and plywood segments of the forest products industry, percent
moisture content is the common terminology, and is defined as:

WEIGHT OF WATER PERCENT MOISTURE CONTENT m g

	

	X 100
WEIGHT OF DRY WOOD

In the pulp and paper segment of the industry, however, it is most common to speak of percent moisture, defined as:

PERCENT MOISTURE =
WEIGHT OF WATER
	 X 100
WEIGHT OF GREEN WOOD

Moisture contents greater than 100 percent are common to lumbermen, while 100 percent moisture means
"all water" to a pulp and paper mill operator. These differences in meaning are the result of the basis selected for
the calculation - and this is the important point - these are calculated values!

Instrumental methods for determining the moisture in green wood are based on determining the amount of water
in the field of the sensing device, or a value which is related to the weight of water per unit volume. This could be
defined as:

MOISTURE LEVEL =
WEIGHT OF WATER 
VOLUME OF GREEN WOOD

The difference between "percent moisture content" and "moisture level" can be explained with aid of an
example. Since "moisture content" is related to dry wood weight, and "moisture level" to green wood volume,
specific gravity of the wood -- a weight-volume relationship -- enters. Consider the example of Table 4 based on
one cubic foot of green wood.

TABLE 4

EFFECT OF SPECIFIC GRAVITY ON WATER REMOVAL

Case 1 Case 2

Specific Gravity 0.40 0.45
Dry Wood Weight, O.D. lbs. 25 28

Green Basis
Moisture Content % 100 100
Water Weight lbs 25 28
Moisture Level lbs. 25 28

Dry Basis
Moisture Content % 10 10
Water Weight lbs. 2.5 2.8
Moisture Level lbs. 2.5 2.8

Water Removal on Drying lbs. 22.5 25.2

This example shows that in each case the percent moisture content is the same. However, in Case 2, the
"moisture level" is greater, and therefore, from the same volume of wood a greater amount of water must be re-
nx,ved when drying to a lesser but equal percent moisture content. When applying moisture data to drying considera-
tions, the moisture level will be more meaningful than moisture content because it more closely defines the quantity
of water which must be removed. Also, moisture level is the quantity determined by moisture instruments and does
not require a calculation based on weight before a meaningful value is obtained.

MOISTURE MEASUREMENT

At Laucks Laboratories the capacitance method is used for measurement of moisture in wood, either green
or dry. This principle for the measurement depends upon the detection of changes in the dielectric constant of the
wood with changes in moisture.. The dielectric constant for dry wood is about 2, while the dielectric constant for
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water is much higher at about 81, The addition of a small amount of water to the wood reflects a significant change
in the dielectric constant. The changes which occur are detected by changes in what may be considered the equiva-
lent electrical circuit within the wood as approximated by the circuit model shown in Figure 2.

FIGURE 2

EQUIVALENT CIRCUIT IN WOOD FOR MOISTURE MEASUREMENT BY CAPACITANCE METHOD
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The Capacitor, C o
, represents the coupling capacitance created by the air gap between the electrode and the

wood. There is also a resistance component in the coupling, but its effect is so small that it is neglected. In the
wood C is the capacity of the oven-dry material and Rwt is the resistance or relatively wet material, especially
when the moisture forms conductive paths. Cw in the series R-C circuit is the circuit component whose changes are
measured. With sensing elements in a fixed location on either side of the sample, the effect of the coupling
capacitance, Co can become quite high because of the physical configuration that requires adequate space be al-
lowed between the elements to permit the wood to be passed. However, when a fringe-field or spray-field electrode
principle is applied, as shown in Figure 3, the wood to electrode distance can be reduced by bringing the wood into
contact with the electrode. The electrical changes in the equivalent circuit occuring in the wood become pre
dominent and can be readily measured in the bridge and amplifier circuitry of the moisture meter.

Electrical changes in the wood are an indirect measure of the moisture level and correlations between these
changes and moisture level can be established. The only direct measure of moisture is that obtained by oven-drying;
and that is the method used during the calibration of all the various instruments for defining either moisture level
or percent moisture content.

For instrumentally measuring the moisture in green wood, a Laucks SENTRY Hand Meter can be used. This
instrument can be placed against small samples of wood which can be oven dried, and a calibration curve developed.
A typical calibration curve is that for green Douglas fir or hemlock veneer as shown in Figure 4.
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FIGURE 3

FRINGE-FIELD ELECTRODE
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FIGURE 4

TYPICAL MOISTURE METER CALIBRATION DOUGLAS FIR AND HEMLOCK GREEN VENEER
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Laucks Laboratories have also developed the instruments for installation in the process lines in sawmills and
veneer plants for continuously measuring the moisture in green wood. These instruments inspect each piece of
wood as it passes over the sensing electrode and thus eliminates the need for a human judgment decision. Equipped
with level selector systems, the moisture meters provide a signal which can be used either to actuate an appropriate
gate in an automatic materials handling system, or to actuate a marking system in a manual green sorting chain.
When the wood for a particular moisture sort is actually marked, Laucks recommends the use of their foam marking
system. Foam applied to the wood with this system provides a temporary mark which will later disappear without
staining the wood.

MILL RESULTS

An example of the benefits that can be obtained by sorting wood into moisture level groups is the increased
capacity which has been obtained in a Douglas fir veneer plant. This plant sorted the green veneer by color prior
to drying before the installation of the green veneer moisture measurement equipment. Data are shown in Table 5
comparing operations for April to June 1967, before installation of Laucks equipment, with April to June 1968, after
installation of green veneer moisture measuring equipment.

TABLE 5

DOUGLAS FIR VENEER MILL
(April to June Monthly Averages, 3/8 Basis)

1967	 1968

Manual Sort	 Electronic Sort

Heart, Sort % S2 53

Production, M ft.` 4270 4680

Drying Time, hrs/M ft. 2 0.60 0.51

While the actual amount of heartwood in the dry sort did not increase significantly, the production in the
null increased 9.5 percent. More significant is the decrease of 15 percent in the average time required for drying
1000 square feet of veneer on a 3/8 inch basis. This improvement in operating efficiency is attributed to the
elimination of human judgment in sorting and replacing it with a mark which told the men on the sorting table if
the moisture level was high or low. The high level moisture veneer which has been mistakenly placed in the low
moisture sort was properly pulled. Similarly the heartwood that was previously placed in the sap prt was properly
pulled.

As an added feature, the mill reports that the training of new employees for the green chain was simplified.
This is a significant benefit to this mill, for they have experienced an average turnover of personnel on the green
chain of over 100 percent per month during the last year.

A pine mill in Eastern Canada is an example of the application of moisture measuring equipment on lumber.
This mill installed their Laucks equipment five years ago. A decrease of 20 to 25 percent in the drying time for
lumber sorted into a low moisture level sort is reported. On their drying schedule, this represents a saving of 4 to
5 hours on a kiln charge.

CONCLUSION

Electronic equipment is now available from Laucks Laboratories to aid in sorting green wood, either veneer
or lumber, into sorts with high or low moisture levels. With sorting prior to drying, the drying efficiency of the
null can be increased and greater production obtained through existing kilns and dryers.
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