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Introduction

This report summarizes two drying studies recently conducted in
the Department of Forest Products, College of Forestry, University of
Minnesota. The species involved are balsam fir (Abies balsamea) and
aspen (Populus tremuloides  Michx. ), both of which occur over wide
ranges in the United States and Canada.

At the present time these species are harvested principally for
pulpwood, but the strong demand for lumber makes it appear inevitable
that they will be increasingly harvested for sawlogs in the future.

Both species have high green moisture content, averaging 100
percent or more (4). They are also characterized by small trees, having
diameters in the order of one to two feet (2). Sound sawlogs currently
being harvested are perhaps of smaller diameters than those given.

The high initial moisture content, the presence of water pockets,
and the small log diameters are all factors that complicate the seasoning
of lumber sawn from these species. In addition, observations on aspen
lumber dried at this lab have suggested the presence of non-uniform
and unusually high longitudinal shrinkage for this species.

The presence of these inherent problems, in light of the projected
future increase in use of these species for lumber, served as the im-
petus for conducting these two studies.

Study No. I 

A few years ago Bob Thompson of our staff introduced the concept
of incising as a drying pretreatment for aspen studs (5). Incising in-
creased the drying rate, thus illustrating the effectiveness of added end
grain. This prompted me to consider other ways for creating end-grain
drying, ways that could perhaps produce even faster drying plus greater
uniformity in final moisture content.

Wood is commonly drilled, but usually this is done after the wood
is dry. Why not drill certain lumber in the green condition, lumber for
which the application is such that the presence of drilled holes is accept-
able?

The first product that came to mind was lumber core stock. If this
lumber were predrilled parallel to the wide face, the subsequent glue-up
would conceal the holes. Since rapid and uniform drying of lumber core
stock is highly desirable, it seemed reasonable to evaluate the procedure.
Aspen lumber of both 1" and 2" thickness was employed in the experi-
ments. The results which have been published (1), were most encour-
aging. In the case of 2" aspen the predrilled lumber dried in about 1/2
the time required for the undrilIed and uniformity of final moisture
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content was greatly improved. Subsequent estimates of the predrilling
costs suggested definite feasibility of the procedure.

The idea of predrilling was then extended to the drying of pre-cut
studs. This is a type of dimension lumber that is designated for a
specific purpose and it should be possible to tolerate systematically
drilled holes. It is no secret that contemporary home building prac-
tices utilize the arbitrary insertion of holes in dimension lumber during
the fabrication of plumbing, electrical, and heating systems. It's not
uncommon for little care to be exercised in this drilling, particularly
in the stud walls. Fortunately this is not too serious, for the studs act
primarily as separators and attachment surfaces for the installation of
sheet materials. It is the stiffness and strength of the composite wall
unit that is most important. I have often seen during construction a
load-bearing stud in the vicinity of a bathroom that has been nearly
severed in the passage of piping. If this can be tolerated it is the
author's opinion that the drilling of holes in a predetermined and fixed
pattern during stud manufacture is an acceptable consideration.

In our first experiments studs were predrilled with 1 1/16"
holes perpendicular to the wide face and along the neutral axis. Drying
times were reduced by 15 to 20%; considerably less than the 50%
reduction obtained by drilling the lumber core stock parallel to the wide
face. In view of this it was decided to compare the effect of parallel
and perpendicular predrilling upon both drying behavior and bending
strength of balsam fir studs.

One hundred and twenty balsam fir studs were machined to con-
stant thickness and width of 1 5/8" and 3 5/8" respectively before a
specific gravity cross-section was cut from each end. The trimmed
length of the studs was 92". The green volume specific gravity of the
stud, in combination with the calculated green volume of the stud, was
used to estimate ovendry weight.

The 120 studs were randomly divided into Groups I and II, and
within each group studs were randomly allocated to the controls plus the
3 predrilling treatments shown in Figure 1. After allocation and pre-
drilling, the green weights were obtained prior to drying in a 500 bd.
ft. experimental kiln. The schedule is given in Table 1, and it differs
slightly from the FPL schedule for 8/4 balsam fir (4).

Table 1. Kiln schedule employed for drying the balsam fir studs.

Moisture Content Drying Time Dry Bulb Temp. Wet Bulb Temp.
(%)	 (Hours)	 (c'F)	 (oF)

Above 60 0-41 140 130
60-30 41-66 140 125
30-10 66-176 150 120

The studs were weighed individually at various times during drying
and the conditions were changed according to the fastest drying treatment.
Studs were randomly distributed in the kiln charge after each weighing.

The 60 studs of Group I were removed when the fastest drying
treatment reached an estimated 9%. (The desired estimate of 12% was
inadvertently exceeded due to the rapid drying rate.) Each of these
studs was then cut into 10 sections, each section being 9" long, and the
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sections were then ovendried in order to evaluate moisture content
uniformity along stud length.

Each treatment of Group II was removed upon reaching an esti-
mated average moisture content of 12%. At room temperature a re-
sistance moisture meter was used to obtain a core reading at 9" intervals
of stud' length, for a total of 10 readings per stud.

All Group II studs were then measured for warp prior to equilibra-
tion with a 12% e. m. c. condition. Following equilibration warp was
again measured. Finally each stud was tested to failure in edgewise
bending, after which the ovendry weight of the entire stud was obtained.

The strength testing was conducted in conformance with ASTM
D198-67, a procedure that eliminates shear force so that the MOE
determined is not affected by shear deflection.

The drying curves for the four treatments are compared in Figure
2, in which the curves are expressed in terms of percent water re-
maining, where:

% M. C. at a given time % WR -

	

	 x 100
% green M. C.

At 9% WR the average moisture content for each treatment on the oven-
dry basis is about 12%. Note that the parallel drilled dried fastest,
requiring 85 hours to reach 9% WR. This was almost exactly 1/2 the
time required for the controls. The average moisture content loss per
hour for the parallel drilled and controls was 1.07 and 0.54 percent
respectively.

Table 2 summarizes the effect of treatment upon variability of
moisture content both within and between studs.

For Group I studs note the low average moisture content and
within-stud standard deviation for the parallel drilled following 85 hours
of drying. Looking at all treatments, it appears that there is a direct
relationship between the average moisture content for the treatment and
variability of moisture content within each stud of the treatment.

In moving to the within-stud variation for Group II studs, note the
similarity of average core M. C. and average stud M. C. for the paral-
lel-drilled treatment. Obviously there is a small gradient in moisture
content through the thickness of the stud. Also, the low S2 value of
3. 2% illustrates high uniformity of core moisture content along the
length of the stud.

As for the between-stud variation of Group II studs the parallel
drilled again came out the best, having a standard deviation of only
2. 6%. In the case of these Group II studs there appears to be a direct
relationship between the average moisture content of the treatment and
the variation in moisture content between individual studs within the
treatment.

The warp data for Group II studs is summarized in Table 3, with
warp defined as the average of crook, bow and twist. There was a
slight reduction in warp during equilibration but there appears to be no
significant effect of predrilling upon warp.

Turning next to the strength tests, the results for MOE are sum
marized in Table 4. Turkey's method was used to test for significant
differences between the treatment means, and the significant compari-
sons are the 4 above the dashed line in Table 5.
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Table 2. Summary of moisture content variability at the end of drying
for Group I and Group II studs.

Perpendicular Perpendicular
Parallel
	 Drilled - 2"
	 Drilled - 4"

Statistic'	 Controls	 Drilled
	

Spacing	 Spacing,
(%)	 (%)
	

(%)
	

rio )

(Group I: Within-stud variation)

	

X1	 31.9	 9.2	 14.7
	 25.3

	

31	 8.5	 1.4
	 3.1
	 5.6

(Group II: Within-stud variation)

	

X
z
	22.8
	 11.5
	 26.6
	

27.6

	

11.1	 3.2
	 12.0
	 15.0

	

2	 11.3	 10.2	 15.6
	

14.4

(Group II: Between-stud variation)

	

5 2	11.3	 10.2	 15.6
	

14.4

	

Sz	4.1
	

2.6	 6.5
	 4.6

X = Average moisture content determined from oven-dried sections.1
S 1 = Average within-stud standard deviation determined from oven-

dried sections.
X2

 = Average core moisture content determined from meter readings
along length of stud.

= Average within-stud standard deviation of metered core moisture
2

contents.
—X 2

 = Average moisture content determined from ovendrying the studs
after the bending test.

S2 = Between-studs standard deviation.

Table 3. Summary of warp in inches for Group II studs. Warp is de-
fined as the average of crook, bow, and twist.

Perpendicular Perpendicular
Parallel Drilled - 2"	 Drilled -

Controls Drilled	 Spacing	 Spacing

Before
Equilibration	 .354	 .347	 .357	 .384

After
Equilibration	 .286	 . 310	 .298	 . 346

1-

9



Table 4. Summary of MOE data (X and S values are in p. s. ).

Perpendicular	 Perpendicular
Parallel	 Drilled - 2"	 Drilled - 4"

Controls	 Drilled	 Spacing	 Spacing

X	 1,31x10 6 1.11 x 10 6 1.12 x 10 6 1.26 x 106

S	 .180 x 10 6	.190 x 10 6	.251 x 10 6 .225 x 10 6

Y	 15.3%	 14.5%	 3.8%

Where: X = Average MOE for each treatment
S = Standard deviation for each treatment
Y = Percent reduction in MOE of predrilled treatments

Compared with Controls.

Table 5. Table showing above the dashed line the four significant
differences in average MOE (MOE values given in 1 x 10-6).

Treatment MOE Xj - X2 	—X -
4j	 3

Control	 X 1 	1.31	 0.20	 0.19	 0.05
Perpendicular
Drilled - 4"
Spacing	 X4 	 1.26	 0.15	 0.14

Perpendicular
Drilled - 2"
Spacing	 X31.12	 0.01

Parallel
Drilled	 X2	 1.11

Table 6. Summary of MOR data (X and S values are in p. s. ).

Perpendicular	 Perpendicular
Parallel	 Drilled - 2"	 Drilled - 4"

Controls	 Drilled	 Spacing	 Spacing

X	 4670	 3540	 3720	 4220
S	 1320	 726	 1050	 1740

24.1%	 20.3%	 9.6%

X = Average MOR for each treatment
S = MOR standard deviation for each treatment
Y = Percent reduction in MOR of predrilled treatments compared with

controls.
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Table 6 shows the results for MOR. Here the reduction was
25% for the parallel drilled but due to the variability in individual stud
values the difference was not statistically significant.

The reductions in MOE and MOR are not believed to be prohibi-
tive. Stiffness is perhaps most important since resistance to buckling
is the critical feature of studs. However, as mentioned before, it is
probably the stiffness of the composite wall unit that is most critical.

A rough cost analysis was done for predrilling. An 8' style boring
machine with 24 spindles would cost about $20, 000 and using 7% interest,
a 20 year life, and $500/year maintenance the annual cost is about $2300.
It is estimated the machine will drill 2 M bd. ft. /hr. and if operated 2
shifts/day, 5 days/week, the cost per M bd. ft. is $0. 28. The power
cost is estimated at $0. 21/M bd. ft. The labor cost, at one man per
machine, is estimated at $2.00. Thus the total estimated cost comes
to about $2. 50/M bd. ft.

Parallel predrilling could save perhaps 6 to 7 days in the drying
of balsam fir studs. With kiln drying costs close to $1. 50/day/M bd.
ft. there is a significant profit margin that is possible.

In view of the results of this experiment it is concluded that
drilling parallel to the wide face is an acceptable and potentially useful
treatment for obtaining rapid and uniform drying of pre-cut studs.

Study No. 2 

The longitudinal shrinkage of normal wood in drying from the green
to ovendry condition is generally considered negligible and is given as
being from 0.1 to 0.3 percent (3, 4, 6). Abnormal tissue, such as con-
tained in compression, tension, or juvenile wood, has higher longitu-
dinal shrinkage and can cause boards to warp badly during drying. For
example, in a board containing normal wood plus pith wood that is con-
fined to one edge, the expectation is for the edge containing the pith to
shrink the most longitudinally and for the board to possibly warp accord-
ingly. Drying studies conducted at this laboratory have indicated other-
wise for aspen, as illustrated in Figure 3. Note the apparently high
longitudinal shrinkage for the wood nearest the bark and its ability to
overcome the inherently high longitudinal shrinkage of pith wood. Due
to the frequency and seeming consistency of this type of behavior it was
deemed desirable to evaluate the longitudinal shrinkage of aspen as a
function of location within the tre e .

In June of 1972 five aspen trees were cut from 3 different sites
on the Carlos Avery Game Refuge just north of the Twin Cities. They
were felled by chain saw, cutting as close to ground line as possible.
The trees were limbed, topped, and commencing at the butt end were
cut into 3' bolts. Before being cut into bolts the north face of each tree
was identified over its full length. The trees, numbered 1 through 5,
had annual ring counts at the butt end of 30, 24, 31, 32, and 30 re-
spectively.

Upon arrival at the lab the odd-numbered bolts from each tree
were sawn through and through into 1" boards, with the plane of each
board being parallel to the north south direction of the standing tree.
The boards were planed to 5/8" thickness and then ripped into a maxi-
mum number of strips, each of which was 5/8" in cross section and
about 36" long. Longitudinal shrinkage samples approximately 14. 5"
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Figure 3, Illustration in aspen 2 x 4's of apparent high longitudinal shrinkage for wood nearest the bark.



long were then sawn from these strips. To reduce the inclusion of
knots, discolored wood, etc. , the location of the shrinkage sample was
varied within the 3' strip. A fine tooth, hollow ground blade was used
for cross cutting, thereby producing samples with smooth end-grain.

Figure 4 illustrates board layout within the bolt and the selection
of samples for the two runs. Samples for Run No. 1 came from the
east-west direction of the standing tree, with each sample coming from
a different board. The sequential set of samples for Run No. 2 came
from a single board from each bolt with its width oriented in the north-
south direction of the standing tree. Due to planing of the boards there
were fewer samples available along the east-west diameter. Hindsight
proved better than foresight, and in any future work we would probably
employ a different procedure for sawing boards from the bolts. It is
believed preferable to improvise a method that would saw from each
bolt only those boards that are required for the traverse of selected
diameters.

The series of equilibrations given in Table 7 were used to dry the
samples. Sample lengths were measured to the nearest 0.001" prior to
drying and following each equilibration. They were also weighed to the
nearest 0. 1 gram in both the wet and ovendry conditions. Swollen
volumes were obtained by water immersion.

Figure 5 summarizes longitudinal shrinkage at 12% e. m. c. and
at ovendry for trees 3 and 4 of Run No. 2. These trees were selected
for this detailed presentation because they represent the two extremes
in diameter. Run No. 2 was chosen because the larger number of se-
quential samples from each bolt offered the opportunity for a more
detailed presentation of shrinkage. The reader is informed that for
each bolt the central sample from Run No. 1 has been included in the
presentation of data from Run No. 2. (See Figure 4).

A concave shaped profile, most clearly evident in Tree No. 3,
is believed to generally represent the longitudinal shrinkage profile for
aspen. This is the pattern, with deviations present, that emerged from
the study of these 5 trees. Somewhat representative of the deviations
are the centrally located samples in the 2nd and 3rd ranges for Tree
No. 4. The reason for the high shrinkage of these two samples was
undoubtedly the pith wood present and identified in their cross sections.

Table 7. Equilibration conditions used for drying the longitudinal
shrinkage samples.

Drying Step
1
	

2	 3	 4

Drying Condition - °F
D. B. T W. B. T D. B. T W.B.T D„13. T W. B. T D. B. T W. B. T 

Run
No. 1 160	 157	 160	 151	 160	 131	 Ovendrying at

220

Run
No. 2
	

Replication of Run No. 1
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Table 8 summarizes shrinkage values at ovendry, along with
specific gravity data, for the remaining 3 trees of Run No. 2. Again
there is evidence of a concave shrinkage profile existing across most
of the tree diameters, plus exceptions occurring within these profiles
due to the presence of pith wood samples. In addition to pith wood, of
course, there is the possibility for samples to contain knots, discolored
wood and other shrinkage influencing factors. The presence of any or
all of these factors could induce a shrinkage behavior that would be
superimposed upon the general concave shrinkage profile that appears
to exist for the tree.

Figure 6 summarizes the shrinkage at ovendry for all five trees
from Run No. 1. The samples in this run came from east-west dia-
meters of the standing trees. The majority of the profiles are again of
a non-symmetrical but concave form. Therefore, as one might expect,
the pattern of shrinkage variation appears to be the same for the east-
west and north-south tree diameters that were examined.

Figure 7 is a plot of sample specific gravity as a function of loca-
tion along tree diameter. The similarity of these profiles and the longi-
tudinal shrinkage profiles of Figure 5 is readily apparent. This suggests
that the increases in specific gravity are responsible for the increases in
longitudinal shrinkage. This could be the case, but possibly its just a
correlation without a cause and effect relationship. Even though it is
difficult to visualize the mechanism, this close similarity of the profiles
for shrinkage and specific gravity leads the author to believe that specific
gravity is functionally related to longitudinal shrinkage.

A final comment should be made about Figure 5 regarding the
shrinkage profiles plotted for both the 12% and ovendry conditions. Note
that the general shape of the shrinkage profile is equivalent at the 2
different moisture content conditions and that the absolute amount of
shrinkage is inversely related and reasonably proportional to moisture
content. Consequently, the lower the moisture content to which aspen
lumber is dried, the greater should be the effect of the non-uniform
longitudinal shrinkage upon board warp.

The variability in longitudinal shrinkage of aspen is important in
relation to production practices. Certainly it is better to saw studs
from an aspen log in a way that the non-uniformity of shrinkage will
result in bow rather than crook. The need to minimize crook in aspen
studs by appropriate sawing methods has been pointed out by Thompson
(5). Also, in aspen plywood production it is possible that unequal
longitudinal shrinkage of the face veneers could lead to panel warp.
Segregation by density classes, or some other means, could be justified
in this instance.

Small log harvesting is becoming increasingly common. It is
interesting to speculate as to whether the longitudinal shrinkage pattern
observed in aspen is a species effect or a small-log effect. If the latter
then these results could be applicable to other species as well.
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a

1 3 5 9 11

Sh.-1/ S.G. Sh. S .G. Sh S .G. Sh. S.G. Sh. S.G. Sh. S G.

0.73 0.47 0.27 0.38 0.33 0.42 0.24 0.36 0.29 0.29 0.41 0.41
0.43 0.45 0.19 0.36 0.27 0.39 0.22 0.37 0.23 0.23 0.36 0.41
0.69 0.43 0.19 0.35 0.24 0.37 0.23 0.36 0.19 0.37 0.13	 0.37
0.57 0.42 0.18 0.34 0.21 0.36 0.27 0.36 0.14	 0.36 0.30P	 0.41
0.50P 0.42 0.18 0.33 0.23P 0.38 0.25 0.35 0.27	 0.38 0.34	 0.44
0.36 0.38 0.17 0.36 0.21 0.37 0.27 0.36 0.53	 0.42 0.46	 0.44
0.32 0.38 0.23 0.38 0.25 0.37 0.26	 0.37 0.55	 0.44
0.33 0.41 0.38 0.39 0.57 0.43 0.53	 0.41
0.47 0.44 0.46 0.43 0.39 0.41 0.43	 0.39
0.59 0.45

0.32 0.37 0.44 0.36 0.32 0.36 0.46 0.38 0.53 0.35 0.31 0.38
0.41 0.37 0.31 0.37 0.45 0.35 0.32 0.37 0.38 0.34 0.35 0.37
0.36 0.33 0.42 0.32 0.23 0.33 0.36 0.34 0.53P 0.35 0.38 0.35
0.58 0.32 0.31 0.24 0.33 0.67P 0.34 0.23 0.32 0.31P 0.34
0.69P 0.38 0.60P 0.34 0.68P 0.32 0.42 0.32 0.34 0.35 0.36 0.35
0.51 0.31 0.52 0.32 0.46 0.30 0.35 0.33 0.25 0.36 0.36 0.35
0.39 0.30 0.31 0.32 0.29 0.31 0.36 0.36 0.25 0.35 0.39 0.35
0.24 0.32 0.38 0.37 0.25 0.34 0.31 0.36
0.42 0.37 0.26 0.36 0.27 0.35 0.35 0.35
0.43 0.37 0.56 0.39

0.64 0.43 0.38 0.37 0.52 0.40 •0.53 0.39 0.52 0.39 0.69 0.43
0.49 0.43 0.34 0.39 0.52 0.42 0.47 0.39 0.63 0.42
0.45 0.43 0.39 0.39 0.57 0.36 0.53 0.38 0.60 0.40
0.42 0.39 0.36 0.37 0.35 0.35 0.29P 0.36 0.67P 0.38 0.56P 0.42
0.47 0.38 0.33 0.33 0.44 0.36 0.88 0.36 0.51 0.36 0.60 0.40
0.57 0.38 0.31 0.34 - P 0.42 0.35 0.62 0.38 0.72 0.39
0.68P 0.37 0.31 0.34 0.79 0.34 0.53 0.39 0.47 0.37
0.66 0.39 0.36 0.35 0.34 0.34 0.42 0.40 0.57 0.38 0.50 0.38
0.45 0.37 0.42 0.36
0.39 0.39 0.81 0.42 0.39 0.40
0.74 0.41 0.70 0.41
0.71 0.42

(.0

TABLE 8
Bolt Number

1/ Percent longitudinal shrinkage from green to ovendry.
2/ Specific gravity based on green volume and ovendry weight.

Indicates presence of pith wood in the sample.
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