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Purpose

In cooperation with the J. Neils Lumber Co., Libby, Mont., the U. S. Forest
Products Laboratory studied the air seasoning of lodgepole pine poles. The
purposes of this work were: (a) to investigate the practicability of using
a resistance type of electric moisture meter for determining moisture-
content average and distribution in lodgepole pine poles just before pre-
servative treatment; (b) to determine the effects of different methods of
piling; and (c) to determine the circumferential shrinkage of lodgepole
pine poles during air seasoning.

Material

The 2,161 class 7, 30-foot lodgepole pine poles used in this investigation
were cut from trees growing within a 40-mile radius of Libby, Mont. The
poles were trucked to the treating plant and were machine-peeled before
being piled for air seasoning. The interval between the felling of the
trees and the arrival of the poles at the plant was about 1 week.

Procedure

Foundations and Piles 

Pier- and beam-timber foundations about 18 inches high and 6 feet apart
were provided between 30-foot front and rear alleys (fig. 1).

Three piles of poles were erected during a 3-week period beginning
July 28, 1950.

-The author acknowledges his indebtedness to M. R. Knudson and to G. D. Bowen,
employees of the J. Neils Lumber Co., Libby, Mont., for their effective
cooperation, which was very essential to the conduct of this work.

2
–Maintained in cooperation with the University of Wisconsin at Madison, Wis.
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In pile 1, two 8-pole layers were placed at right angles to each other on
the foundation, 40 poles in the third layer, 8 poles in the fourth layer,
40 poles in the fifth layer, and so on until 21 layers were completed.
This pile may be designated as a modified crosshatch pile (fig. 2).

Consecutive layers in piles 2 and 3 were piled at right angles to each
other. Each layer consisted of about 40 poles, and each pile had 21
layers. Both piles were of the so-called crosshatch type (figs. 3 and 4).
Pile 3 was covered with a pitched roof consisting of two layers of boards
separated by a layer of building paper (fig. 4).

Sample Poles and Electrodes

Twenty sample poles for each pile were weighed, and their lengths and circum-
ferences at the top, ground line, and butt were measured before and after air
seasoning. The original weights and measurements of the sample poles were
recorded on the following dates: Pile 1, July 27 to 29, 1950; pile 2,
Aug, 2, 1950; pile 3, Aug, 7, 8, and 10, 1950. The final weights and
measurements were recorded on the following dates: Pile 1, July 12 and 17,
1951; pile 2, July 14 and 20, 1951; pile 3, July 20, 1951. In each pile,
four of these poles were placed in each of five layers, as shown by the
white crosses in figures 2, 3, and 4. In each sample pole before placement
in the pile, two brass escutcheon pins were driven to a depth of about 1-1/4
inches or 0.15 of the diameter at the ground line. (This depth corresponds
theoretically with the depth at which the average moisture content occurs
when the average moisture content does not exceed about 40 percent in the
case of lodgepole pine.) These escutcheon pins were 0.108 inch in diameter.
No. 20 enameled copper wires were soldered to the pins and were connected
through jack boxes to an electric moisture meter of the resistance type
shown in figure 5.

Moisture-meter readings were recorded at intervals of 10 to 20 days during
the air seasoning period, except that only one reading was taken during
November, and none during October, December, January, and February, because
readings taken at low temperatures and at high moisture-content values are
not very reliable.

As each pile was razed, a moisture-meter reading was taken with the pins of
a special electrode driven to a depth of 1-1/4 inches at the ground line in
each pole. Moisture-meter readings were taken later at the following depths
at the ground line in each air-seasoned sample pole: 3/8, 1, 1-1/4, 1-1/2,
and 2-1/2 inches.

From each of 10 air-seasoned sample poles in each pile, a 1-inch disk was
cut at the ground line. Each disk was cut into three annuli and a core for
determination of moisture-content distribution by the oven-drying method.
The average depth of each annulus corresponded to the depth (3/8, 1, or
1-1/2 inches) at which a moisture-meter reading had been taken for comparison.

-See Appendix, pages 10 and 11.
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The computed depth at which the average moisture content of the above-
mentioned core occurred was about 2-1/2 inches from the surface of a cl ass 7,
30-foot pole.

Adjacent to each disk cut for moisture-content distribution, a 1-inch disk
was cut for the determination of average moisture content by the oven-
drying method.

On the basis of initial and final weights per cubic foot and of final
moisture content (determined by the oven-drying method), the oven-dry weight
per cubic foot and the initial moisture content were calculated for each
pile.

Observations of blue stain, orange stain, and mold were recorded for indi-
vidual poles as the piles were razed.

The air-seasoned poles were reported to have been treated with creosote by
the Rueping process in accordance with the usual procedure at the cooperator's
plant.

Results

In figure 6, the average of each set of periodic moisture-meter readings
taken at a depth of 1-1/4 inches is plotted.

In figure 7A, 7B, and 7C, the averages of transverse-moisture-distribution
values for 8 to 10 poles for each of the 3 piles are shown. In addition,
the moisture-distribution curves for the wettest and driest poles tested
are plotted. The points are based on moisture-content determinations by the
oven-drying method. The average moisture-content values based on entire
cross sections also are indicated.

In figure 8A, 8B, and 8C, the average moisture-distribution curves(referred
to in the preceding paragraph) are shown together with the corresponding
moisture-meter readings for each pile.

In table 1 are shown the initial and final weights per cubic foot and
moisture-content values of 10 sample lodgepole pine poles from each of piles
1 and 2, and of 9 poles from pile 3. In the sixth column of this table, the
moisture-content values shown are based on the values determined by the
oven-drying method. In the next column the moisture-content values were
calculated from the final weights per cubic foot and the species average
weight per cubic foot when oven-dry and volume when green: namely, 23.7
pounds per cubic foot. The differences between the two methods of computa-
tion result from variations in specific gravity.

In the last column, the oven-dry weights per cubic foot were calculated from
the final weights per cubic foot and the final average moisture-content
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values. The initial moisture-content values tabulated in the third column
were calculated from the initial weights per cubic foot and from the oven-
dry weights per cubic foot tabulated in the last column.

The average of the oven-dry weights per cubic foot of the sample poles in
the three piles is 0.2 pound or 0.8 percent lower than the average weight
of the species per cubic foot.

Table 2 provides a comparison between moisture-meter readings (taken at a
depth of 1-1/4 inches at the ground line in each of 10 sample lodgepole
pine poles from each of piles 1 and 2 and of 9 poles from pile 3) and the
corresponding moisture-content values determined by the oven-drying method.

In table 3 are shown the moisture-meter readings taken at a depth of 1-1/4
inches at the ground line in each of 10 remaining sample lodgepole pine
poles from each of piles 1 and 2, and of 11 poles from pile 3. These poles
were not sectioned for moisture-content determination. The averages corres-
pond well with those shown in table 1.

Table 4 shows the average moisture-meter readings taken at electrode depths
of 3/8, 1, 1-1/4, 1-1/2, and 2-1/2 inches at the ground line in 20 lodgepole
pine poles from each of 3 piles. With the exception of the values at the
1-1/4-inch depth, the values were prorated on the basis of the areas of the
corresponding elements of the cross section. The average moisture content
for each pile was thus computed and tabulated in the last line of the table.

Table 5 gives the average, maximum, and minimum moisture-meter readings
taken with escutcheon pins at a depth of 1-1/4 inches at the ground line in
each of four or five poles in an outside tier, and in corresponding poles in
a centrally located tier in each of three piles on Sept. 12, 1950.

Table 6 shows the final average of moisture-meter readings, standard devia-
tion, and minimum and maximum moisture-meter readings, respectively, for
top, middle, and bottom thirds of each of the three piles of lodgepole pine
poles; also the average of moisture-meter readings and of standard devia-
tions. Readings were taken on 2,161 poles, but the readings on 36 poles in
the top layer of pile 1 were not included in the calcula-Aons of the table
because the poles were rained on during the afternoon of the preceding day.

Shrinkages1 in circarlference at the top, ground line, and butt of 8 or 10
sample poles from each of 3 piles after 11-1/ 2 mouths of air seasoning were
correlated with initial and final moisture-content values, as shown in
table 7.

In pile 1, slight blue stain occurred 1:n layers 1, 2, 3, and 5.

—The T.:113:)er Yechanics Section, Vancouver Laborato7.5, Forest Products Labora-
tories Di7ision, PoreEtz,y 	 Denar;;nnz of Resources and Development
of Canada, obtairiej qh6 folLoving da:la 0= the ave7ego circumferential
shrirhuge of l00 nc..:12tain-74-2e Douglas•fir poles, Classes 1 to 7, 25 feet
long, unsh&vedi and a:;:r-sas-ried for 1 year: top, 1.5 percent; ground
line, 0.9 percent; butt, 1.6 percent.
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In pile 2, blue stain, mostly heavy in the lower half of the pile, occurred
in all layers except layers 16, 18, 20, and 21. The 4 or 5 poles nearest
the faces of the piles and in the first 13 layers appeared to be practically
free from stain and mold, presumably because of more rapid drying of these
poles. Mold occurred in layers 2 to 11, and orange stain occurred in layers
3 to 7, and in 9 to 11.

In pile 3, blue stain, moderate to heavy in the lower half of the pile,
occurred in all layers except layers 20 and 21. The 2 to 10 poles nearest
the faces of the pile and in the first 18 layers appeared to be practically
free from stain and mold. Mold occurred in layers 3 to 17, and orange stain
in layers 5 to 17.

After air seasoning, all poles in the three piles were pressure treated
with creosote. Borings taken from 20 treated poles from each pile showed
that the sapwood was completely penetrated by the preservative. The sapwood
depth varied from 0.6 to 2.1 inches and averaged about 1.3 inches. The
area of the sapwood was about half that of the cross section. The penetra-
tion into the heartwood averaged 0.2 to 0.4 inch for the different groups.
of poles. Metering-tank readings indicated a net retention of preservative
of about 8 pounds per cubic foot.

Discussion of Results

Figure 6 shows the general trend in the drying of the sample poles in each
of the three piles. The moisture meter used was inherently less accurate
at moisture-content values higher than the fiber-saturation point than it
was at lower moisture-content values. For this investigation, howeve‘such
a characteristic was not very detrimental. Readings on the samples in ile 3
were delayed until Sept. 6, 1950, because a jack box was not available until
that date.

During the early stage of drying, the more rapid rate of drying of the sample
poles in pile 1 as compared with those in piles 2 and 3 is apparent, although
a part of the difference is due to the fact that the sample poles for pile 1
were prepared about 5 days before those in pile 2 and 11 days before those
for pile 3. The result is attributed principally to the fact that the poles
in pile 1 were somewhat more open-piled than those in the two other piles
and that the method of piling permitted a more rapid movement of air through
pile 1.

While the initial average moisture content of the 10 sample poles in pile 2
was somewhat higher than that of the corresponding poles in pile 1, this
factor alone would theoretically have relatively little effect on the drying
rate. That this is true is indicated also by the fact that the initial
average moisture-content values of the sample poles in piles 1 and 3 were
practically the same, and, as previously mentioned, the differences in
drying rates among the piles during the early stage of drying were mainly
attributable to the methods of piling.
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The upward trend in the curves during the fall and winter was due to the
higher relative humidities and increased precipitation,

Referring to table 2, it may be noted that: (a) in pile 1, the moisture-
meter readings with one exception varied from 2.4 percent lower than to
4.0 percent higher than the values determined by the oven-drying method),
and the averages were respectively 21.1 and 21.3 percent; (b) in pile 2,
the corresponding range was from 3.9 percent lower than to 3.5 percent
higher than the values determined. by the oven-drying method, and the
averages were respectively 23.7 and 23,9 percent; and (c) in pile 3, with
one exception, the moisture-meter values varied from 2.9 percent lower than
to 2.7 percent higher than the values determined by the oven-drying method,
and the averages were respectively 16.9 and 17.3 percent,

The average moisture content for each pile, as shown in table 4, compares
well with the tabulated value obtained at the 1-1/4-inch depth, and indi-
cates the consistency of the moisture-meter readings. Moreover, when these
average values are compared with those in table 2, it appears that generally
the moisture-meter reading taken at the 1-1/4-inch depth, i,e., at 0.15 of
the diameter, is a satisfactory indication of the average moisture content,
at least when the average moisture content is below the fiber ►saturation
point and when there is n9 pick-up on the surface.

In table 5 the average moisture content of four or five poles in the outside
tier may be compared with that of corresponding poles in a centrally located
tier in each pile, The respective differences in average moisture content.
between the two groups of poles are 1.1 percent for pile 1 1 10,4 percent
for pile 2, and 5,2 percent for pile 3. Especially in the case of pile 1
does it appear that the moisture-meter readings of the accessible poles of
an outside tier may be used as an indication of the moisture content of
poles open.piled as they were in pile 1. With close piling, as in piles 2
and 3, the spread in moisture.content values was considerably greater than
that in pile 1 on Sept. 12, 1950.

On the basis of readings taken during July 1951, the averages shown in
table 5 are perhaps 2 to 5 percent lower than the true averages
determined by the oven-drying method. Possibly the checking around the
escutcheon pins had a greater effect on contact resistance than that around
the special electrode, driven only a moment before the readings were taken.
The increased contact resistance of the escutcheon pins would result in
lower moisture meter readings than those taken with the special electrode,

In addition to the readings taken at the ground line in each of the poles
in the central tier in each pile, similar readings were taken also at the
midlength, On Sept, 12, 1950, the average moisture-content values were
about 1 or 2 percent higher at the midlength than at the ground line,
indicating slightly slower drying near the middle of the pile than at 6 feet
from the side of the pile,

The marked difference in amount of stain and mold in pile 1 as compared with
that in piles 2 and 3 is further evidence of the more rapid drying of pile 1.
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The data from this study are not sufficiently complete to provide a basis
for stating the maximum moisture content at which lodgepole pine poles
can be pressure-treated with creosote. It nay be mentioned, however, that,
theoretically, with a uniform moisture content of 80 percent in the sapwood,
the air space in lodgepole pine is ample to permit a retention of 8 pounds
of creosote per cubic foot. Treatment at such a high moisture content, how-
ever, would be objectionable because, subsequently, checking would occur and
might expose untreated wood to fungus attack. This consideration is of far
greater importance than the determination of the maximum moisture content at
which the wood can be satisfactorily treated. How low the moisture content
should be at the time of treatment to prevent objectionable subsequent check-
ing is not known. Until relevant data are obtained, it is believed that
the average moisture content of lodgepole pine poles should not exceed about
30 percent at time of treatment.

Table 6, which is based on moisture-meter readings, shows, with the exception
of pile 1, an appreciable increase in moisture content from top to bottom,
as would be expected because, when a pile is drying, the principal air move-
ment is downward through the pile. In pile 1: however, the top third had
the highest average moisture content, probably because of the rain on the
day preceding the date on which the readings for pile 1 were taken. That
the drying of the poles in pile 1 was more nearly uniform than in piles 2
and 3 is indicated by the fact that the standard deviation was the smallest
for pile 1. Further, the lower average moisture content and smaller standard
deviation for pile 3 than the corresponding values for pile 2 indicates some
benefit from the roof on pile 3. Nevertheless, the difference in moisture-
content values between piles 2 and 3 does not appear to justify the use of
the roof on pile 3.

Referring to table 7, it may be noted that the average circumferential
shrinkage was less at the ground line than at either the top or the butt.
One explanation is that the top and butt ends were probably drier than the
ground-line section and therefore had the greater shrinkage. Furthermore,
the greater shrinkage at the top than at the butt may be accounted for on
the assumption that the top, being smaller, was drier than the butt. As
would be expected, in a general way the shrinkages increased as the moisture
content decreased. Because of irregularities in shape at the top and butt,
it is probable that measurements taken at the ground line are more reliable
than those taken at the top and butt. As the moisture content approached
20 percent, the circumferential shrinkage at the ground line was about 1.3
percent of the circumference when the poles were green.

Summary and Conclusions 

The resistance type of electric moisture meter used in this study is a
satisfactory means of determining moisture-content average and distribution
in class 7, 30-foot lodgepole pine poles, at least when the average moisture-
content values do not exceed 30 percent (fig. 8). The average of moisture-
meter readings taken at a depth of 0.15 of the diameter at the ground line
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checked well with the average of moisture-content values determined by
the oven-drying method (table 2).

Although pertinent data are not available, it is believed that, to avoid
objectionable checking after treatment and consequent exposure of untreated
wood to fungus attack, the average moisture content of a lodgepole pine pole
should not exceed about 30 percent at time of treatment. If the treated
poles are to be exposed to conditions that will cause considerable drying,
the moisture content at time of treatment may need to be somewhat lower than
30 percent. Within these limitations, the type of moisture meter used is a
satisfactory instrument for determining when the poles are ready for treat-
ment.

When moisture-meter readings taken at a depth of 0.15 of the diameter of
the ground line of accessible class 7, 30-foot lodgepole pine poles in a
modified crosshatch pile were below 30 percent, they were a good indication
of the moisture-meter readings to be expected if they were taken on other
poles in the same pile (table 5).

The final average and standard deviation of the moisture-meter readings
taken on air-seasoned poles in the modified crosshatch pile were lower than
those of the poles in either of the two crosshatch piles, one of which was
roofed. Although the roof was of some benefit, its use does not appear to
be justified, at least when the poles are to be pressure-treated, In a
region with greater precipitation, however, it is quite possible that it
would be worth while to roof the piles (table '6). On the other hand, if
the poles are to be treated by a nonpressue method, previous experience
at the cooperator's plant ind .iated difficulty in proper treatment if a pole
is wet on the upper half and dry on the lower half (referred to the horizon-
tal position). Under these conditions a roof may be justified unless treat-
ment can be delayed until the surface has redried. A day or two of clear
warm weather might result in such redrying.

Placing the top ends of poles to the north may be advantageous in reducing
checking of such ends. Alternatively; it may be worth while to apply a
moisture-resistant coating to them before checking begins. (U. S. Forest
Products Laboratory Technical Note No. 186).

A great deal more stain and mold occurred in the two crosshatch piles than
in the more open modified crosshatch pile.

During air seasoning from the green condition to 20 percent, the average
circumferential shrinkage at the ground line of sample poles was about 1.3
percent of the circumference when the poles were green (table 7).

A method of estimating moisture-content dis tribution is described and is
applied to air-seasoned class 7, 30-foot lodgepole pine poles (table 8).

Sample poles in the modified crosshatch pile erected on July 28, 1950,
reached an average moisture content of about 22 percent in 46 days.

Report No. 81922	 -8-



E =
77 2

:7
2) 2

T 	
/1) 2T

1 e	 -9 V
9

1-

4-

212

1 e -25 2
25

A method is described that permits an estimate to be made of the drying-rate
factor for class 7, 30-foot lodgepole pine poles under a certain set of
conditions (page 12). It would be very desirable to obtain additional data
involving piles erected during other seasons of the year as a check-on the
method of computing the drying-rate factors and to compare the results with
those that would be expected on the basis of Stamm's data referred to on
page 12.

Appendix

In 1925 the U. S. Forest Products Laboratory suggested that there might be
an analogy between the calculations for heat conduction and moisture movement
in wood.2 The pertinent equations for diffusion are as follows:

Newton's law of diffusion in an infinite, sheet may be expressed by the
Fourier equation:

dm	 a2m 	 (1)= K
dt

In this equation, dm = differential concentration; d 2m = change in concen-
U2

tration with respect to differential distance x from the surface; dt =
differential time; and K is the diffusion constant. The equation expresses the
fact that the change of concentration with respect to time is proportional to
the slope of the concentration gradient. The solution of this equation is:

( 2Te s	

2T
in 	 e-9 2
UR 3	

.2.)	 s
in iF	

?_.5-e 
-25 

(i)

2T 
sin2R .

4
= TT

(2)

In this.equation, A =

free-liquid concentration per unit volume 	 . x = distance from
initial free-liquid concentration per unit'vo1ume

surface; R = half slab thickness; T = KO; 0= time; and IC = diffusion
/12

constant. The integration of equation 2 is as follows:

( 3)

and expresses the degree to which the specimen has been dried.

The theory upon which these equations are based involves a number of
assumptions: (1) the validity of Newton's law of diffusion; (2) the

	n•n••nn•nnnnnn•n••••••n•n=ilmnIinInilnw

5
Tuttle, Fordyce. A Mathematical Theory of the Drying of Wood. Franklin

Inst. Journal 200:609-614, illus. 1925.
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constancy of the diffusion constant; (3) a uniform moisture distribution
when the drying begins; (4) that the effective moisture movement is
normal to the surface; (5) that the surface fibers attain a moisture content
that is in equilibrium with the surrounding atmosphere as soon as drying
begins; (6) that the thickness of the specimen does not change; and (7)
that the temperature and relative humidity remain constant during the
drying process.

Even though the conditions underlying the mathematical theory are seldom
if ever met in practice, methods are available that have proved helpful
in estimating moisture-content distribution and the time required to dry
various materials.

The solution of such equations by ordinary, methods is too complicated for
practical use. In 1929, however, Sherwood_ and in 1932 Newman' devised
methods of simplifying the calculations by means of graphs.

Figure 9 is based on Sherwood's curves for the calculation of moisture
distribution, and figure 10 is Newman's curve, which is useful in calculating
the degree to which drying has progressed.

Referring to figure 9, the abscissas are average values of evaporable
moisture, Et which is equal to

Present moisture content -- equilibrium moisture content 
Original moisture content -- equilibrium moisture content

For example, suppose that a rectangular timber has dried from an initial
moisture content of 85 percent to 50 percent and that the equilibrium
moisture content during the drying was 15 percent.

Then

0.5085 -

The ordinates are individual values of E at different zones of a section
corresponding to average values of E for the entire section. For example,
when the average value of E is 0.60, the corresponding value at 50 percent
of the drying thickness is about 0.70.

The individual E values at different depths in figure 9 apply to a slab
of given thickness and infinite width. To use these values in the computa-
tion of moisture-content distribution in poles; they were prorated on the
basis of annular intervals: each 0.1 of the radius in width, to compute
average E values of a cylinder corresponding with average E values of a
slab. The relationship of these two values is shown in figure 11. The

6
–Sherwood: T. K. The Drying of Solids. I. Indus. and Engin. Chem.

21:12-16, illus. 1929.

'Newman: Albert B. The Drying of Porous Solids: Diffusion Calculations,
Diffusion and Surface Emission Equations. Cooper Union Bulletin No. 5,
July 1932, fig. 2, p, 20.

E = 50 - 15 
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data are plotted in a different form in figure 12, which shows that below
an average E of 0.4, the average E corresponds to the E of a zone at about
0.3 of the radius or 0.15 of the diameter from the surface.

Because pile 1 dried more rapidly than either of the two other piles during
the early stage of drying (July 28 to Sept. 12, 1950), and because it
seemed that of the drying conditions in the three piles those in pile 1
would most nearly meet theoretical conditions as outlined on pages 9 and 10lit
was considered worth while to apply figures 9 and 11 to the computing of
-moisture-content distribution for pile 1. The results of this application
are presented in table 8 as a specific example.

The initial and final average moisture-content values of eight sample poles
in pile 1 were, respectively, 78.7 percent and 19.5 percent, based on oven-
drying determinations. Temperatures and relative humidities recorded at
Libby, Mbnt., during the period, July 28, 1950, to June 23, 1951, and
supplemented by corresponding weather data from Kalispell, Mont., during
the period, June 24 to July 12, 1951, were used together with figure 13 to
determine the equilibrium moisture content: namely, 13.6 percent.

19.5 - 13.6Hence, E = 7
8. 7 - 13.6 = 0.09

This average value (for a cylinder) on the vertical axis of figure 11
corresponds with an E value of 0.125 (for a slab) on the horizontal axis.

The curves in figure 9 are based on a drying thickness that is one-half the
thickness of the piece. For eight sample lodgepole pine poles (class 7,
30 feet long) in pile 1, the drying thickness was the radius, or 4.1 inches.
For the outer annulus the average depth was 0.375 inch. Hence, as referred
to in figure 9, the percentage of drying thickness was 

4
°•75 x 100 9 per-

1
cent. Similarly, the percentages for the next two annuli and for the core
were, respectively, 24, 37, and 60. The average value of E, evaporable
moisture for these poles, as indicated above, was 0.125. With these per-
centages and this value of E, the moisture-distribution values shown in
table were computed and are in fair agreement with the actual values.

In figure 10 the ordinates are average values of E for the entire cross
section. The abscissas in this figure are designated by T, which is equal
toIn this fraction IC is the drying-rate factor for a long cylinder

ae	-
with a unit radius; 0 is time; and a is the radius of a long cylinder. The
equation may be written:Ta2 .K =

An application of this formula to the air-drying of the sample poles in
pile 1 is given in the following paragraphs and is related to certain basic
data,

f.The drying-rate factor is the percentage of moisture per day flowing
transversely with respect to the fiber direction when the moisture
gradient is 1 percent per inch in the direction of flow.

0
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Stafim has developed a method, based on theoretical considerations of
capillary structure of the heartwood of conifers, for estimating moisture-
diffusion constants. From his figure 17, Technical Bulletin No. 929,
U. S. Department of Agriculture, a value for heartwood with a specific
gravity of 0.41 (based on weight when oven-dry and volume when green) at
66° F. was derived as 0.01 percent per day. Corresponding data for sapwood
are not available. Consequently, an attempt was made to calculate the
drying-rate factor for the poles in pile 1 by considering the drying of the
heartwood only, during the period July 28 to Sept. 12, 1950.

Interpolation of the data for pile 1 in table 4 indicated that the average
moisture content of the heartwood, which theoretically occurred at a depth
of 2.08 inches, was 24.8 percent on July 12, 1951. The reading taken with
escutcheon pins on the same date was 16.6 percent and on Sept. 12, 1950,
17.4 percent. The difference between these two readings, 0.8, added to
24.8 equals 25.6 percent. The initial moisture content of the heartwood
was not determined but in previous independent experiments it was found to
average 41 percenta for lodgepole pine. Weather data recorded at Libby,
Mont., were used in estimating the corresponding equilibrium moisture
content: namely, 10.9 percent during the drying period of 46 days.

, E 25.6 - 10.9 14.7 =Hence,
	 41- 10.9	 30,1 

049

By referring to figure 10, the corresponding value for T is found to be
0.066. The average raOas of the heartwood was 2.9 inches; that is, 4.1,
the average radius of the poles, minus 1.2, the average depth of the sapwood.
The average temperature during the period under consideration was 66° F.,
which was mentioned above.

Substituting the various values in the equati

K = 0.066 x 2.92
46	

- 0.012. This value of K is
the value u.01 mentioned above.

Ta2
on IC =	 as given on page 11,

0

considered to check well with

Reversing the process, if K is known or assumed on the basis of Stamm's
data, the drying time may be estimated thus: 0 = Tat.

K

Hence, e	 0.066 x 2.92
0.01	

= 56 days.0 

2Stamm,  Alfred J. 1946. Passage of Liquids, Vapors, and Dissolved
Materials Through Softwoods.

10Forest Products Laboratory Technical Note No. 218.
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Table 1.--Initial and final weights per cubic foot and moisture-
content values of 10 sample lodgepole pine poles from
each of piles 1 and 2, and of 9 poles from pile 3 

(1)	 :(2)	 •	 (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)

:	 .	 .	 .	 .
1	 :	 9 :	 46.7	 85.3	 :	 30.0	 :	 18.9	 26.6	 :	 25.2

:	 11 :	 45.8	 75.5	 :	 31,2	 :	 19.5	 :	 31.6	 :
:	 12 :	 46.0	 67.9	 :	 32.6	 :	 19.1	 :	 37.6	 •
:	 13 :	 48.3	 89.4	 :	 31.o	 •	 21.7	 :	 30.8	 :	 25.5
:	 14	 :	 46.8	 91,8	 :	 28.4	 :	 16.5	 :	 19.8	 :	 24.4
: 16 :	 47.5	 :	 84.1	 :	 30.2	 :	 17,2	 :	 27.4	 :	 25.8
:	 17 :	 40.9	 :	 61.7	 :	 31.6	 :	 24.7	 :	 33.3	 :	 25.3
:	 18 :	 40.6	 75.0	 :	 28.9	 :	 24.4	 :	 21.9	 :	 23.2
: 19 :	 43.0	 83,0	 :	 31.0	 :	 31.7	 :	 30.8	 :	 23.5
: 20 :	 42.6	 :	 60.8	 :	 31.5	 :	 18,9	 :	 32.9	 :	 26.5
:Aver.:	 44.8	 :	 77.1	 :	 30.6	 :	 21.3	 :	 29.3	 :	 25.3

2 •	 22 .	 51.8	 :	 110.6	 :	 30.4	 .	 23.6	 .	 28.3	 .	 24.6
:	 23 :	 51.2	 :	 106.5	 :	 30.5	 •
: 24	 :	 50.0	 :	 94.6	 :	 32.2	 :	 25.4	 :	 35,9	 .	 25.7
:	 27 :	 48.1	 :	 81.5	 :	 34.9	 :	 31.9	 :	 47.3	 ;	 26.5
:	 28 :	 48.7	 :	 87.3	 :	 32.7	 :	 25.9	 :	 38.o	 .	 26.0
: 29 :	 41.7	 : 103.4	 :	 24.1	 :	 17.5	 :	 1.7	 :	 20.5
: 30 :	 45.o	 86.7	 :	 29.5	 :	 22.5	 :	 24.5	 :	 24.1
: 31 :	 49.2	 :	 110.3	 :	 28.9	 :	 23.7	 :	 21.9	 :	 23.4
: 32 :	 49.3	 93.3	 :	 30.9	 :	 21.4	 :	 30.4	 :	 25.5
: 37 :	 38.o	 65.9	 .	 28.5	 .	 24.2	 .	 20,3	 .	 22.9
:Aver.:	 47.3	 93.9	 :	 30.3	 :	 23.9	 :	 27.7	 •	 24.4

3 : 42 :	 41.4	 71.1	 :	 29.3	 21.2	 :	 23.6	 :	 24.2
: 5o :	 39,5	 63.9	 :	 28.5	 :	 18.3	 :	 20.3	 24.1
: 55 :	 44.3	 :	 72.4	 :	 30.2	 :	 17.5	 :	 27.4	 :	 25.7
:	 58 :	 28.9	 :	 68.o.	 :	 19.6	 :	 13.8	 : ...... ..:	 17.2

: 57 :	 50.6	 :	 93.1- 29.6	 :	 13.9	 :	 25.7	 .	 26.2

:Aver.:	 40.6	 :	 75.8	 :	 27.1	 17.3	 .	 16.7	 :	 23.1

-Computed from final weights per cubic foot and final moisture-
content values determined from disks.

-Computed from final weights per cubic foot and final moisture-
content values determined from disks.

Report No. R1922

:	 cubic
:cubic foot:content:cubic foot:contentl:content-:	 foot

•.	 (8)

.	 26.1

.	 27.4

. 23.0 : 28.7 :	 24.8

-Determined from disks by oven-drying method.

`Based on species average weight per cubic foot when oven-dry and
volume when green; namely, 23.7 pounds.
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Table 2.--ComElsm1221yRfn moisture-meter readings  taken at 1-1/4-inch
depth at the ground line in each of 10 sample lodgepole pine poles from
each of piles 1 and 2, and of 9 poles from pile 32 and average moisture-
content values determined by the oven-drying; method, July 1951 

Pole : Moisture-meter readings : Entire cross section : Column 2 minus

	

number :	 moisture content	 :	 moisture content : column 3
(1)	 :	 (2)	 (3)	 .	 (4)

	

'	 •	
:	 0'. 	

	

:	 Percent	 :	 Percent	 Percent

Pile No. 1
July 12, 1951	 July 12, 13, 1951

9 . 18.0 18.9 - 0.9
11
12 •

20.0
22.5

.5
3.4

13 •. 19.5 - 2.2
14 •

. 20.5 :
.....121:21:7699

4.0
16 •. 18.0 : .8
17 28.5 : 3.8
18 .. 22.0 •. 24.4 - 2,4
19 • 21.5 : 31.7 -10.2
20 20.5 : 18.9 : 1.6

Aver. : 21.1 • 21.3 •	 ...

Pile No. 2
July 14, 20, 1951 July 16, 21, 1951

22 .. 23.0 23.6 : -	 .6
23 •. 22.0 23,0 : - 1.0
24 • 23.5 25,4 : - 1.9
27 28.0 31.9 : - 3.9
28 •. 25.0 25.9 •. ..	 .9
29 •. 20.0 17.5 : 2.5

30 : 26.0 22.5 : 3.5
31 .. 25.0 23.7 : 1.3
32 : 23.0 21.4 : 1.6
37 : 21.5 24.2 : - 2.7

Aver. : 23.7 23.9 ••

Pile No, 3

42 ..

July 20, 1951 July 21, 23, 1951

23,5 21.2	 : 2.3
50 •. 17.5 18.3 -	 .8
53 : 18.0 . 20.9 : - 2.9
54 17.5 17.6 : -	 .1
55 18.0 : 17.5 : .5
57 13.0 : 13.9 -	 .9
58 16,5 : 13.8 2.7
59 15.0 .. 14.3 .7
Go 13.0 : 18.3 - 5.3

Aver. : 16.9 : 17.3
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Table 3.--Moisture-meter  readings taken at 1-1/4-inch depth at the 
ground line in each of 10 sam •le lodge n ole pine poles
from each of piles 1 and 21 and of 11 poles from
pile 3) July 1951 

Pile 1
	

Pile 2
	

Pile 3

Pole :Moisture-meter: Pole :Moisture-meter: Pole :Moisture-meter
Number: readings :Number: readings :Number: readings

	

Percent:	 PercentPercent
..

	1 	 •. 23.0	 : 21	 22.0	 : 41 :	 21.0
. :

	2 	 :	 20.8	 25 :	 20.5	 : 43	 24.0
:	 . 

	

3	 :	 23.5	 26 •. 20.5	 44 .	 24.0

	

4	 :	 23.0	 33 :	 17.5	 : 45 :	 20.5
.	 :	 .

	

5	 :	 20.0	 34 :	 22.0	 46 :	 25.0
. :
:	 •.	 •.	 :

	

6	 :	 20.5	 : 35 :	 20.5	 . 47 :	 21.5
. :	 .. :

	

7	 •. 17.5	 : 36	 21.0	 • 48 :	 2000
•

	8 	 :	 23.0	 : 38 :	 38.0	 . 49 :	 22.0. . :

	

10	 •. 22.5	 39	 22.0	 : 51 :	 18.0
:	 ..	 :

	

15	 -. 21.5	 40 •	 22.5	 : 52 :	 20.0
17.556 :

	

Av.	 21.3	 23.2	 	 :	 19.3
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:Moisture : Propor- : Moisture : Propor- : Moisture : Propor-
: content : tionate : content : tionate : content : tionate

	

:	 areal	 :	 : areal :	 : areal
: 

	

In. : Percent :	 Percent	 : Percent : Percent	 Percent : Percent

	

14.1 :	 33.1	 :	 14.8	 :	 33.1 :	 13.3 :	 32.9

	

19.5 :	 18.4	 :	 21.6	 :	 18.4 :	 18.0 :	 18.3

	

21.3 • 	 •	 23.2	 : 	 	 19.3 : 

	

22.3 :	 15,4	 :	 24.7	 :	 15.4 :	 20.4 :	 15.4

	

26.6 :	 33.1	 :	 30.9	 :	 33.1 :	 24,1 :	 33.4

3/8
1
1-1/4 :
1-1/2 :
2-1/2 :

Weighted .
average
moisture :
content :
1
-The proportionate area is the percentage of the total cross section

represented by the respective areas of the 3/4-inch, 1/2-inch, and
1/2-inch annuli, and of the core. For example, if the area of the
total cross section is 53.3 square inches and that of the outer
3/4-inch annulus if 17.6 square inches, the proportionate area is
17.6, or 33.1 percent.
53.3

20.5 • 	 •	 22.9	 : 	 	 18.9 •	

Table 4.--Average moisture-meter distribution readings taken on 20 air-
seasoned lodgepole pine poles in each of 3 piles, July 1951

Depth : Pile 1	 Pile 2 Pile 3   

Table 5.--Average, maximum, and minimum moisture-meter readings taken
with escutcheon pins at a depth of 1-1/4 inches at the

cground line in an outside tier and in a centrally located
tier of olesA in each of three piles on Sept. 12 1950

Moisture contentPile :
Number:

1

2

3

Outside tier	 :	 Central tier	 :

: Average : Maximum : Minimum: Average : Maximum : Minimum :

: Percent : Percent : Percent: Percent : Percent : Percent :

	

16.9 : 	17.5 :	 16.0 :	 18.0 :	 24.0 :	 12.5 :

	20.2 : 	 24.0	 17.0 :	 30.6 :	 42.0 : 	18.5

:	 20.0 :	 23.0 :	 17.5 :	 25.2 :	 26.0 :	 23.5
-Five poles in each tier in piles 1 and 2. Four poles in each tie

Difference
in

averages

Percent

1.1

10.4

5.2 
r in pile 3.
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Table 6.--Variation in moisture content based on moisture-
meter readings taken on a total of 8125 
lodgepole pine poles in 3 piles, July 1951

Pile :	 Portion
number:	 of pile

Average : Standard : Moisture-meter readings
of	 : deviation : 	

moisture- :	 : Minimum : Maximum
meter :

readings :

Percent
	

Percent : Percent : Percent

1 : Top third 19.5 2.50 15.5 28
: Middle third : 17.8 1.31 14.0 24
: Bottom third : 17.8 1.67 13.0 23

Average 18.4 2 .03

2 : Top third 20.1 2.58 14.5 3o
: Paddle third : 21.9 3.04 16.0 40
: Bottom third : 23.2 4.89 16.0 55

Average 21.7 3.86

3 : Top third 16.9 2.35 11.5 26
: Middle third : 19.7 2.01 15.5 28
: Bottom third : 21.1 2.41 15.0 33

Average 19.3 2.85
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1 : 77.1 : 21.3 : 1.9

2 : 93.9 • 23.9 : 1.5

3 : 75.8 : 17.3 : 1.9

Table 7,--Average circumferential shrinkage of 8 or 10
class 7, 30-foot lodgepole pine poles from
each of 3 piles during air seasoning

Pile : Average moisture : Circumferential shrinkage
number:	 contentl

: Initial : Final :	 Top	 :Ground line : Butt

: Percent : Percent : Percent :	 Percent : Percent

	1.2 	 • 1.3

	

.a	 1.2

	

1.4	 • 1.5

-Based on initial and final weights per cubic foot and on
final moisture content of 8 or 10 sample poles from
each pile.

Table 8.--Actual and calculated transverse-moisture-
distribution values for eight class 7, 
30-foot lodgepole pine poles after air
seasoning for about 11-1/2 months 

Moisture-content distribution

Actual	 Calculated

Outer : Next : Next : Core : Outer : Next : Next : Core

	

3/4-inch:1/2-inch:1/2-inch: 	 :3/4-inch:1/2-inch:1/2-inch:

	

annulus: annulus: annulus:	 : annulus- annulus: annulus:

Percent:Percent : Percent:Percent: Percent: Percent: Percent:Percent

	15.5. 19.6 	 20.3.	 23.7 :	 15.6 :	 18.2 :	 20.8 : 24.0
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Figure 1.--Pier-and-beam timber foundation for experimental pile of lodgepole pine poles.
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Figure 2.--View of modified crosshatch pile 1 showing four sample poles (indicated by white crosses)
in each of five layers.
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Figure 3.--View of crosshatch pile 2 showing sample poles.
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Figure 4.--View of roofed crosshatch pile 3 showing sample poles. (Six of the sample poles in the pile
do not appear in the photograph.)
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Figure 5.--Jack boxes through which wires from electrodes in sample poles were connected to the moisture
meter at right side of illustration.
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