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Introduction 
Lodgepole pine is one of the more widely distributed softwood

species of western United States and Canada. During the past twenty-
five years its utilization has increased greatly, and this species is now
being used principally for construction, interior paneling, exterior trim,
posts, poles, and railroad ties. Lodgepole pine is the second most im-
portant species in Colorado and represents one-fourth of the timber
volume cut in Colorado.

Crews and Brown (2,8)
1 

at Colorado State University did a study
on high-temperature drying of lodgepole pine studs. The major empha-
sis was on air circulation through the drying package. The present study
was designed as a comparative study to show how air-drying, kiln-drying,
and high-temperature drying affects the strength and physical properties
of lodgepole pine studs.

The raw material came from the Roosevelt National Forest, west
of Fort Collins. The logs were relatively small in diameter and the
material was of the type previously left in the woods as residue. Pres-
ently the use of small logs for studs is an effort to reduce logging resi-
dues by producing a saleable product. The logs were milled in a skrag
mill at Cook Lumber Company in Fort Collins. The studs for the study
were obtained green from the saw and hauled to the Wood Science Labora-
tory for drying in lots of 300 pieces.

The physical properties studied were color, warpage, specific
gravity, and moisture content. The strength properties considered were
shear parallel to the grain and static bending.

Literature Review 
Since water has to be removed from wood before most useful end

products can be manufactured, seasoned lumber has distinct advantages
for both the producer and consumer. Some of the advantages of dried
wood are reduced weight which directly affects handling and shipping
costs; shrinkage takes place during drying and the wood reaches an equi-
librium moisture content before it is used as a product; strength proper-
ties are affected which enhances bending, compression and shear
strengths; dry wood is easier to glue, treat with preservatives and fire
retardants, paint, and varnish; drying also reduces the susceptibility
to mold, stain, and decay, and finally, drying increased the electrical
resistance and improves the insulating properties (28, 29). Basically
drying is achieved by three primary drying methods used today; namely,
air-drying, kiln-drying and high-temperature drying.
Air-Drying 

Man has used air-dried wood since he found that wood performs
better and is more dimensionally stable when it is partially dried and
in equilibrium with the surrounding atmospheric conditions. The prin-
ciples of air-drying have not changed too much over the centuries. To-
day, however, with a greater knowledge of wood, more care is exer-
cised in air-drying lumber.

Some of the controllable conditions that can be manipulated in air-
drying are the drying yard layout, the alleys between the drying packages,
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spacing between the drying packages, kinds of foundations for the drying
packages, foundation heights, sanitation of the drying yard, slope of the
drying packages, height of the drying packages, stickering between layers
of the drying package, stacking of the green wood, and ventilation be-
tween the layers of the drying lumber.

Manipulation of the above conditions varies drying to a limited ex-
tent. In effect the drying factors of temperature, relative humidity, air
circulation, and ventilation are partially controlled. Actual control can-
not be maintained, but the drying packages can be positioned in such a
way as to obtain maximum benefits from the sun and air currents (9, 29).
Kiln-Drying 

When the use of steam and hot air furnaces became popular, their
principles were applied to the drying of wood. Lumber was placed in
large rooms where steam coils were used for heating. Vents or chim-
neys were employed to exhaust the wet air obtained from the lumber and
fresh air ducts were installed to bring in dry air. Later it was dis-
covered that by circulating the air, the drying time could be shortened.
Large fans were used circulating the warm dry air through the lumber
packages. But this combination of uncontrolled warm dry air and air
circulation was found to cause a great deal of degrade in the lumber (14).

Around 1920, the use of more humid air helped alleviate this prob-
lem of excessive degrade. Higher temperatures were introduced which
resulted in faster and better results. Also following World War I the
adoption of forced-air circulation fans and further perfections in the
drying systems resulted in more efficient lumber drying (14).

As stated in air-drying, there are four major drying factors which
are important, namely, temperature, humidity, air circulation, and
ventilation. In kiln-drying these can be controlled more effectively than
in air-drying.
High-Temperature Drying

High-temperature drying is a method where the dry-bulb temper-
ature is above 212°F. In 1867, United States Patent Number 64,398
"Apparatus for Drying and Seasoning Lumber by Superheated Steam"
was granted to C. F. Allen and L. W. Campbell. Later in 1918, H. D.
Tiemann was granted a patent for a superheated-steam dry kiln in which
circulation was induced by four pairs of steam spray lines which were
arranged in such a manner that circulation could be reversed periodi-
cally (12, 37).

In the late 1940's and early 1950's a great deal of attention was
given to a German high-temperature kiln which was a vapor-tight con-
struction in order to reduce heat loss and deterioration of the structure.
This kiln was small and held only 2000-3000 board feet of lumber. Air
circulation in the kiln was achieved with a centrifugal type blower (23,
25).

It should be noted that there is a distinction between the terms
high-temperature drying and superheated steam drying. Superheated
steam drying involves continuous addition of superheated steam to the
kiln. The kiln is completely sealed except usually for one exhaust vent.
In this case the superheated steam is used as the heating agent as well
as the drying agent. The only controlling factor in this method is mani-
pulation of the dry-bulb temperature (3).

In contrast, high-temperature drying employs a steam-air mix-
ture. Fresh air enters the kiln through the vents, but the steam present
is either from the steam lines used for controlling the wet-bulb temper-
ature or from the moisture removed from the lumber. In the latter
case, the steam is the result of drying and not a prerequisite to drying
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as is the case when drying with superheated steam. The control of the
drying process is obtained by manipulation of dry-bulb and wet-bulb con-
ditions. This has the advantage of being the control method used in a
conventional compartment type kiln (3).
High-Temperature Drying Methods

There has been quite a bit of experimentation to find improved
methods of high-temperature drying lumber. Calvert (3), in eastern
Canada showed that high-temperature drying of certain softwoods could
be done successfully, but with hardwoods a great deal more care has to
be taken to avoid collapse and honeycombing. Ladell (24), also in eas-
tern Canada has some success in drying one-inch yellow birch with little
degrade, but he used a modified schedule to prevent honeycombing, col-
lapse, and warping. He concluded that high-temperature drying could
only be used for certain hardwoods.

Cech (4) used a method which he called a dynamic transverse com-
pression treatment in order to improve the drying behavior of yellow
birch. The treatment caused splitting in the vessels which improved
the moisture loss of the wood. This treatment reduced collapse and
honeycombing. In a later study (5), the dynamic transverse compres-
sion treatment was compared to conventionally kiln-dried and high-
temperature dried material. Very little difference in warpage between
the dynamic treatment and the high-temperature treatment was noted.
In that study the conventional kiln-dried specimens had the highest mod-
ulus of rupture and modulus of elasticity and were followed in descend-
ing order by high-temperature dried and dynamic transverse compres-
sion treatment material, respectively.

Considerable experimentation has been done with combination low
and high temperature drying schedules. Salamon (31, 33, 35) in western
Canada has been one of the principal contributors. The combination
schedules employ a high air velocity and conventional kiln temperatures
above the fiber saturation point and a low air velocity and high tempera-
tures below the fiber saturation point. This low-high combination sched-
ule showed good results with western hemlock in reducing degrade but
took longer than a sustained high-temperature schedule.
Strength Properties 

Research done on the effect of high-temperature drying on strength
properties shows no real trends between species.

Salamon (30) showed that there was a significant decrease in the
strength properties of Douglas-fir when temperatures above 212°F were
used and results were compared to conventional kiln-dried material.
Graham (1 1 ) found when high-temperature drying Douglas-fir at 225°F
in organic vapors that a reduction in strength properties resulted. Cech
and Huffman (5) showed a decrease in the strength properties of spruce
joists dried at high-temperatures, but when compared to a conventional
kiln-dried charge the difference in strength properties was not signifi-
cant.

Salamon (32, 34) in other studies with western hemlock found that
when using high temperatures the strength properties compared favor-
ably to the control material. Ladell (24) found that when high-tempera-
ture drying yellow birch the strength properties in static bending were
higher than values obtained for air-dried yellow birch. Comben (7)
found similar results when high-temperature drying tropical hardwoods.
Physical Properties 

High-temperature drying has an effect on the equilibrium moisture
content, shrinking and swelling, color, and warpage of wood. Espenas
(10) and Salamon (33) have reported that the equilibrium moisture

30



content of wood that has been high-temperature dried is lower than wood
conventionally kiln-dried. Salamon (30) believes that high temperature
drying lowers the hygroscopicity of the wood.

Espenas (10) also in reporting on Douglas-fir, western hemlock,
and red alder stated shrinkage was greater as the drying temperatures
increased, and shrinkage was less when six or nine percent equilibrium
moisture content were maintained than when a twelve percent equilibrium
moisture content was used.

The color of the wood as affected by high temperature drying is
noted by Cech and Huffman (5) and Salamon (31). They state that the
surface fibers appear darker but after surfacing the appearance is simi-
lar to that of conventionally kiln-dried material.

Another important factor is warpage. Kimball and Lowery (15,
16) reported for lodgepole pine and western larch that degrade due to
kiln-drying and high-temperature drying were about the same, but sur-
face checking was found to be greater with high-temperature drying.

Salamon (31) stated that for western hemlock the least amount of 	 "
degrade was from his low-high combination schedule, followed by high
temperature drying, and then conventional kiln-drying, respectively.
Cech and Huffman (5) found in spruce that the average degrade loss by
conventional kiln-dried, high-temperature dried, and dynamic trans-
verse compression was $2. 61, $1.88, and $1.28 per MBF. This again
shows that there is less degrade in high-temperature dried material.

Koch (18, 19) reported for southern pine a reduction in the degrade
of high-temperature dried studs. He stated that the drying schedule
simultaneously dries and steam-straightens studs. By this method the
average crook and twist is reduced by fifty percent. The method is still
in the experimental stage, but with modifications could be used in indus-
try.

Materials and Methods
Selection of Material 

The lodgepole pine studs were supplied by Cook Lumber Company
of Fort Collins, Colorado. The 2 x 4 studs were cut in a skrag mill
from green logs, eight to ten feet in length, and six to twelve inches in
diameter. Not more than five studs were cut from any one log thus as-
suring a variety of log sources.

A total of 2100 lodgepole pine studs (nominally 11,200 feet bm),
representing packages of three hundred studs each, were dried. The
seven packages had averaged initial moisture contents between 50-53
percent which consisted of one air-dried charge, three conventionally
kiln-dried charges, and three high temperature dried charges. Thirty
test studs were selected randomly from the air-dried charge and ten
from each of the other six charges; thus, thirty studs from each of the
three different drying treatments were chosen for testing purposes.
Each one of the ninety randomly selected test studs was cut into samples
for the static bending and the block shear tests. Sections from the static
bending samples were then used to determine specific gravity and mois-
ture content. Before testing all samples were equalized at conditions
for twelve percent moisture content.
Kiln Type 

The Colorado State University's Wood Science Laboratory dry kiln
was used for this study. The kiln was designed for both conventional
and high-temperature drying. It is a track-loaded, compartment-type
kiln, constructed of an expanded shale aggregate concrete.

The kiln is heated and humidified through the use of steam and two
internal, forced-air, reversible, cross-circulation fans. Each fan is

31



36-inch diameter, B-23° TOR type and located directly above the charge.
The fans reversal is regulated by a Paragon automatic time controller
which provides the alternating cross circulation.

A Foxboro, off-on type, controller is used to regulate the condi-
tions inside the kiln. This controller has a temperature range between
50°F and 300°F and automatically regulates the heat, spray, and venti-
lation. Two 12-inch ventilation ducts are located in the top of the kiln.

In addition, the kiln is equipped with a Fairbanks Morse scale and
a Delmhorst Kil-Mo-Trol. The scale permits the operator to weigh the
drying package and the Kil-Mo-Trol allows the operator to obtain ten
shell and ten core moisture content readings for each package periodi-
cally. Both of these operations can be completed without entering the
kiln.

Drying Methods
Air Drying. From the three hundred lodgepole pine studs for the

air-drying charge, ten studs were selected randomly to be moisture
samples. These studs were used throughout the drying period to deter-
mine the average moisture content. All sample studs were initially
weighed and the initial moisture content determined at depths of one-
fourth inch and one-half inch. The three hundred studs were stacked
into twenty courses of fifteen studs each with nominal one-inch stickers
between the lumber courses. Moisture sample studs were selected ran-
domly in every other course.

After stacking was completed, the studs were end-coated to pre-
vent excessive checking and to ensure consistency with the other drying
methods. The air-drying package was left outdoors for twenty-seven
days, during which time periodic moisture content readings were taken
to ascertain the drying rate when the average shell (outer one-quarter
inch) moisture content reached approximately twelve percent moisture
content, the package was broken down and the thirty studs were then cho-
sen for test purposes and placed in the twelve percent conditioning room.

Kiln-Drying. For each one of the three conventionally kiln-dried
charges, three hundred lodgepole pine studs were obtained from the
mill for a drying package. As with the air-drying charge, ten moisture
sample studs were selected, weighed, and the initial moisture content
determined. The charge was stacked into twenty courses of fifteen
studs each, with a moisture sample stud in every other course. A con-
ventional FPL kiln schedule (28) was used and the studs were dried to
twelve percent moisture content.

The periodic moisture content readings were taken along with
thermocouple temperature readings of the lumber. The temperature
readings provided a correction factor for the Kil-Mo-Trol which more
accurately represented the actual average moisture content of the charge.

The periodic water weight-loss readings were taken also with the
previously mentioned Fairbanks Morse built-in scale. These weight
measurements were valuable to determine when the drying conditions of
the charge should be modified and when the studs reached the twelve
percent moisture content.

After the conditioning, the moisture sample studs were weighed
and the final moisture content established. In addition to the moisture
sample studs, ten studs were chosen for test purposes and placed in the
twelve percent conditioning room. The drying period for the three
charges ranged from 89-96 hours.

High-Temperature Drying. The selection of studs and the loading
of the kiln procedure used for each of the three high temperature dried
packages was the same as that used for the conventionally kiln-dried
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packages except that the thermocouples were not used and the drying
period was 48 hours. The kiln conditions were controlled with the
Foxboro dry kiln controller. A dry-bulb temperature of 220°F and a
wet-bulb temperature of 205°F were maintained. The dry-bulb and wet-
bulb temperatures allowed for a depression of fifteen degrees, and a
relative humidity of approximately 75 percent. A fan speed of five hun
dred feet per minute was maintained.

The moisture content of the ten moisture sample studs reached
approximately twelve percent moisture content in 48 hours and the kiln
was secured. Conditioning was found not to be necessary. As before
ten test studs were selected for test purposes and placed in the twelve
percent conditioning room.
Test Methods 

From the ninety studs for testing, specimens 1 x 1 x 3 inches in
size were prepared to determine moisture content and specific gravity
(6, 13) of material used for mechanical testing. The static bending
specimens were the alternate size of 1 x 1 x 16 inches and at least three
were cut from each stud. At least four block shear specimens were cut
1.5 x 1.5 x 2 inches in size from each stud and one-half were notched
to produce a shearing plane in the tangential direction and the other half
in radial plane. Test procedures followed the ASTM standards (1) ex-
cept the block shear test deviated as noted under results and discussion.

The strength properties determined from the static bending test
were modulus of rupture, modulus of elasticity, and stress at the pro-
portional limit. All strength values were adjusted to twelve percent
moisture content and 0.38 specific gravity. In addition, the high-tem-
perature values were adjusted to 10.8 percent moisture content to reflect
the lower equilibration point and 0.38 specific gravity. Figures 1 and 2
illustrate the test apparatus used for static bending.

Results and Discussion
The drying method employed can result in definite effects upon the

physical and strength properties of wood. These effects specifically
have been observed in the moisture content, shear strength, static bend-
ing strength, color, drying times and the warpage of lodgepole pine studs.

The average equilibrium moisture content was examined of the
ninety test pieces for the three drying treatments (see Tables 1, 2).

Table 1. Statistical summary of the moisture content for the ninety test
studs by the three drying method groups at the time tested for
mechanical properties.*

Moisture Content

Drying Method Mean Variance Standard Dev.

Air-dry 12.1 0.099 0.319

High-temperature-dry 10.9 0.448 0.669
Kiln-dry 12.1 1.499 1. 224

All material was exposed to conditions for 12 percent equilibrium
moisture content for testing.
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Figure 1. Static bending specimen under constant
rate of loading in the Instron testing
machine.

Figure 2. Static bending specimen after failure.
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Table 2. Summary of "t" values of moisture content for three drying
methods.

Source of Variation	 Moisture Content Percent

Air-dry vs.
High-temperature dry

Kiln-dry vs.
Air-dry

Kiln-dry vs.
High-temperature-dry

14.77**

0.04 N. S.

7.78**

N. S. = Not significant at .05 level
= Significant at .01 level

The air-dried and kiln-dried specimens reached the same average equi-
librium moisture content of 12.1 percent, while the high-temperature
dried material equilibrated to a lower averaged equilibrium moisture
content of 10.9 percent when conditioned to twelve percent moisture con-
tent. The temperatures used for high-temperature drying appear to have
an effect upon the wood which affected the hygroscopicity of the wood
substance and concomitantly lowered the equilibrium moisture content.
The lower in-service equilibrium obviously improves the wood-water
behavior and makes the wood less subject to moisture changes.

A variation in specific gravity of the three groups of studs was
observed. The kiln-dried group had the highest specific gravity of 0.39.
The high-temperature dried group, 0.37, and the air-dried material was
the lowest, 0.36. The published values (6, 36) show the average spe-
cific gravity of lodgepole pine to be 0.38. In order to compare the
strength values for the, three drying methods, all strength values were
adjusted to 0.38 specific gravity by the usual procedure (36).

In comparing the shear strength for the three drying treatments
it was observed that air-drying had the highest shear strength followed
by kiln-drying and high-temperature drying, respectively. The strength
values obtained were substantially higher than the Wood Handbook (36).
Further study of these data differences revealed that they resulted from
the type of testing apparatus used. The apparatus used did not allow
for the one-eighth inch offset prescribed by the ASTM standard (1) for
small clear specimens. Instead, the shear block had the glue-line shear
block support with no offset.

A comparative study by Nearn and Murphey (26) pointed out the
values obtained with the non-offset shear tool would be approximately
twenty percent higher than when the offset device is used. For compar-
ison, therefore, the Wood Handbook datum was adjusted upward
(see Table 3). Consequently, the data appear logical and cer-
tain valid comparisons can be made. No significant difference (see
Tables 3 and 4) existed when comparing the kiln-dried and high temper-
ature dried materials. But significant differences exist when comparing
kiln-dried and air-dried or high-temperature dried and air-dried mater-
ials. In this case, these results are explained at least in part by the
presence of some micro-checks which became apparent when the shears
blocks were notched for testing. Table 5 also supports the presence
of some micro-checking because the average block shear parallel to
grain radially is lower than the tangential. This, however, is not fully
substantiated by Table 6. If micro-checking were completely related

35



to the drying methods then the comparisons for radial shear should be
significantly different for the specimens. The results presented in Table
6 do show that the kiln-dry and high-temperature-dry are highly different
than the air-dry material in tangential shear. This leads to speculation
that perhaps drying by elevated temperatures weakens the wood in the
direction parallel to the growth increments.

Table 3. Statistical summary of the averaged block shear including
both tangential and radial shear orientation for three drying
methods.

Block Shear Parallel to Grain

Drying Method Mean Variance Standard Dev.

Air-dry 1086 187'76 137.0

High-temper atur e-dry 998 31623 177.8

Kiln-dry 1031 26959 164.0

Published data (38) 1056*

Wood Handbook value adjusted upward by 20 percent to adjust for the
type of testing apparatus used (26).

Table 4. Summary of n t" values for total block shear for three drying
methods.

Source of Variation	 Shear Strength (PSI)

Kiln-dry vs.
High-temperature-dry	 1.506 N. S.

Kiln-dry vs.
air -dry	 2.72**

High-temperature,dry vs.
Air-dry	 4. 20**

N. S. = Not significant at .05 level
= Significant at .01 level

Table 5.	 Statistical summary of the block shear parallel to grain test
showing tangential and radial shear orientation for three
drying methods.

Block Shear (tangential)
Drying Method Mean Variance	 Standard Dev.

Air-dry 1117 13783 117.4
High-temp er atur e-dry 1013 23093 152.0
Kiln-dry 1023 10151 138.3

Block Shear (radial)

Air-dry 1056 21929 148.4
High-temperature-dry 980 40155 200.4
Kiln-dry 1039 34329 185.3
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Table 6. Summary of "t" values showing tangential and radial shear
orientation for three drying methods.

Source of Variation	 Tangential	 Radial

Kiln-dry vs.
High-temper atur e-dry	 3.78 N. S.	 1.24 N. S.

Kiln-dry vs.
Air-dry	 3.81**

	 0.543 N. S.

Air-dry vs.
High- temper atur e -dry 	 4. 00**	 1.695 N. S.

N. S. = Not significant at .05 level
= Significant at .01 level

The static bending results are summarized in Tables 7 and 8.
Examination of these data is helpful to establish the differences that exist
among the three drying methods. The comparisons of greatest interest
appear to be the high-temperature-dried specimens at the equilibrated
moisture content of 10.8 percent since this is the equilibrium moisture
content attained under 12 percent moisture content conditions.

Table 7.	 Statistical summary for static bending showing modulus of
rupture, modulus of elasticity, and stress at proportional
limit for the three drying methods.

Property
Drying Method Mean Variance Standard Dev.

MOR (x10 3 psi)
Air-dry 10.411 .843 .918
Kiln-dry 9.842 1.856 1.362
High-temperature-dry* 10.057 1.622 1.273
High-temperatur e-dry** 9.338 3.155 1.776
Published data (36) 9.400 - -

MOE (x10 6 psi)
Air-dry 1.176 .0175 .132
Kiln-dry 1.119 .0256 .160
High-temper atur e-dry* 1.164 .174
High-temperature-dry ** 1.142

:00230593
.161

Published data (36) 1.340 - -

,-, PL (x10 3 psi)
Air-dry 6.040 .473 .688
Kiln-dry 5.602 1.095 1.046
High-temperature-dry = 5.882 .558 .747
High-temperature-dry** 5.461 .467 .683
Published data (36) 6.700 -

Adjusted to 10.8 percent moisture content

Adjusted to 12.0 percent moisture content

37



Table 8. Summary of "t" values showing modulus of rupture, modulus
of elasticity, and stress at proportional limit for the three
drying methods.'

Source of Variation MOR MOE CPL

Kiln-dry vs. 1.03 N. S. 1.68 N. S. 1 .93 N.S.
High-temperature-dry (1. 99)* (0.877) N. S. (1.13) N. S.

Kiln-dry vs.
Air-dry 3. 09** 2. 85** 3.09**

High-temperature-dry vs. 2.02* .894 N. S. 1.35 N.S.
Air-dry (4. 77)** (1.86) N. S. (4. 66)**

1,
't" values for high-temperature drying adjusted to 12.0 percent mois-

ture content are shown in parentheses. All other high-temperature
drying data have been adjusted to 10.8 percent moisture content.

N. S. = Not significant at .05 level
= Significant at .05 level

**	 = Significant at .01 level

In considering the modulus of rupture, no difference occurs be-
tween the kiln-dried and high-temperature-dried studs. The differences
between the high-temperature-dried and air-dried ones are just barely
significant at the .05 level. Comparison of the kiln-drying and the air-
drying, however, shows that the modulus of rupture differences are
highly significant. In discussion, it is reasonable to assume that drying
does affect the ultimate strength of wood. The extent to which the drying
conditions alters the strength is quite variable. In this study, therefore,
it has been shown that the modulus of rupture of the high temperature
drying compares favorably to either conventional kiln drying or air-
drying for lodgepole pine. The greatest differences are found between
kiln-drying and air-drying.

In analysis of the modulus of elasticity and stress at proportional
limit, the information collected for the test studs showed similar rela-
tionships as for the modulus of rupture. Discussion of these results
needs to emphasize that differences in the equilibrium moisture content
for 12 percent conditions are caused by a change in hygroscopicity of the
high-temperature dried wood. This anomaly is very much in evidence
and has not been observed in either air-drying or kiln-drying. The air-
dried bending strength properties presented here for lodgepole pine are
similar to those given by Piirto (27).

The color phenomenon observed was extremely interesting. Dis-
tinct color characteristics were noted in all the test wood regardless of
position from the log or in the stud. Cech and Huffman (5) reported this
as a surface appearance, but this study showed consistent color charac-
teristics throughout all the test material. The air-dried specimens had
the commonly recognized white appearance. The kiln-dried material
showed a light yellow color and the high-temperature wood was a distinc-
tive and recognizable darker yellow color. The primary reason for
these color differences in over two thousand pieces is attributed to pyro-
chemical change of the extractives. The higher the temperature the
deeper the yellow tones of the wood become.
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The observed warpage of the air-dried studs was found to be mini-
mal and confined to the upper two courses of the packages. Previously
collected information (2) at Colorado State University found the high-tem-
perature dried studs had seven percent more degrade than air-dried
material. In this study, warpage in the kiln-dried lumber was greater
than in either the air-dried or the high-temperature dried material (see
Figure 3). This latter fact corroborates published data (5, 15, 16, 31),
and material presented at the 23rd Annual Meeting of the Western Dry
Kiln Clubs, 1972, in Redding, California (38).

Figure 3. End view of a package of lumber showing very little warpage
in the studs dried at high temperature.

Summary
The method of drying lumber has noticeable effect on the strength

and physical properties of wood. Many investigators have reported on
the factors which effect drying times, wood quality and wood properties.
The major findings of this study stress the affect of high-temperature
drying on certain strength and physical properties of lodgepole pine studs.
The principal points presented in summary are:

1. A significant change takes place in the equilibrium moisture
content as a result of high temperature drying. The equilibrium mois-
ture content of high-temperature dried wood is significantly lower than
that found for either conventional kiln-dried or air-dried wood.

2. The overall shear strength of high-temperature dried studs is
not statistically different than kiln-dried ones.

3. High-temperature dried studs compared favorably in modulus
of rupture to kiln-dried material.

4. For modulus of elasticity the high-temperature dried material
compared favorably with either the air-dried or conventional kiln-dried
material.

5. The results for stress at proportional limit showed similar
relationships as did the data for modulus of elasticity.

6. Elevated temperatures produce color changes throughout the
studs with the high-temperature dried wood becoming a uniform deep
yellow color.
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7. The observed warpage in studs from high-temperature drying was
found to be minimal when compared to either kiln-drying or air-drying.

8. For high temperature drying the drying time was reduced 45
to 50 percent as compared to conventional kiln-drying.

Our results assuredly indicate that high-temperature drying has a
place in the drying field. Refinements in equipment, and the behavior of
various species when subjected to high-temperatures remain topics for
much more research in order to better understand the drying parameters
and their effects on wood quality and strength properties.
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