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ABSTRACT

Oregon white oak, Quercus garryana Dougl., could have greater commercial use, but
information on its drying properties is lacking. All oaks are difficult to dry, and the initial kiln
conditions are important to prevent excessive surface checking and honeycombing. This study
illustrated that a maximum dry-bulb temperature of 110 F with a wet-bulb depression of 4 F is
required to reduce checking and must be maintained until the average moisture content is 40
percent or lower. The second stage of drying required a dry-bulb temperature of 110 F with a
depression of 6 F and is held until the average moisture content is 30 percent. The drying
conditions are set to promote drying until the equalization period, which is a dry-bulb
temperature of 180 F and a wet-bulb depression of 35 F. This is followed by a conditioning
period, which is a dry-bulb temperature of 180 F with a wet-bulb depression of 10 F. Drying
times ranged from 21 days for 4/4 (1-inch thick) lumber, to 32 days for 5/4 (1'44-inch thick)
lumber, and 43 days for 6/4 (1 V2-inch thick) lumber. Air drying to an average moisture content
of 15-20 percent will reduce kiln-drying time for 4/4 lumber from 4 to 5 days.
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DRYING OREGON WHITE OAK LUMBER

Leif D. Espenas
Charles J. Kozlik

INTRODUCTION

The stand of white oak, Quercus garryana Dougi., sawtimber' in Oregon has been
estimated to be 1,178 MM fbm (million feet, board measure) Scribner log scale (7). The timber
is located primarily in the Willamette Valley and Douglas County, which contain about 85
percent of the stand, and Jackson and Josephine Counties, which contain about 10 percent of
the stand.

In appearance, the wood looks Eke the eastern species of the white oak group, except the
color of the heartwood tends to have a greenish cast. Its bending strength is lower than that of
the eastern red and white oaks. In fact, except for the live oaks, its compressive strength,
horizontal shear, and hardness exceeds that of both the red and white oak groups (6).

Probably the most important use of Oregon white oak at present is for fuelwood. A small
amount is used in boat building and, occasionally, furniture plants use small amounts,
sometimes unsuccessfully. Sporadically, in the past, small amounts were used for many of the
products made from eastern oaks. In view of its properties, much greater use could be made of
this species. A deterrent, however, has been lack of success in drying the wood and lack of
information on its seasoning characteristics. The study described in this report was undertaken
to develop this information.

The oaks are notoriously difficult to dry because of their susceptibility to surface and end
checking and honeycombing. Recommended kiln schedules for green stock (8, 10) are,
therefore, mild through most of the drying period with a final step, which is severe when the
moisture content (MC) at midthickness is below the fiber saturation point. Because schedules
must be mild for good results, drying time is long and, for this reason, oak lumber is
commonly air dried before it is kiln dried.

McMillen has studied drying stresses in red oak (3, 4, 5). Although surface checks will
start to close at an MC of around 40 percent (10), which signals reversal of stress in the outer
portion of the wood, McMillan's work shows that average MC at the time of maximum tensile
stress in the surface of the lumber and at the time of reversal of stress is dependent on the
severity of the drying conditions. Both occur in the drying period with more severe drying
conditions than with mild conditions. He also showed that temperature had little effect on
tension set near the surface of lumber, but it had a pronounced effect on compression set at
midthickness, which influenced board shrinkage and increased the possibility of honeycombing
if temperatures are increased substantially before maximum compression occurs.

A fairly recent innovation in drying oak has been to surface the lumber before drying (1,
2, 9). This procedure has reduced substantially the extent of surface checking and, as
honeycombing commonly develops from surface checks, it should also be reduced.

PROCEDURE

About 1,500 board feet of rough, green 4/4 lumber was obtained for the first part of this
study. The lumber was divided into three lots with an attempt to have the same assortment of
widths in each lot. One lot was used to prepare kiln samples in the usual manner, and the

`At least one 12-foot log with a minimum diameter at breast height of 1 l inches and a minimum top diameter

of 8 inches.
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prepared kiln samples were divided into four groups of about 20 samples each, again with an
attempt to have the same assortment of widths in each group. These groups were used to
develop a kiln schedule for green material. One group was dried with an arbitrarily selected
schedule. Other groups were dried by modifying the schedule as deemed necessary from results
obtained.

Of the remaining two lots of lumber, one was surfaced green, and both were stacked for
air drying. Eight kiln samples were included in the stack so that a record could be made of
drying progress. The lumber was subsequently kiln dried, surfaced, and graded.

After establishing the kiln schedule, additional lots of 4/4, 5/4, and 6/4 lumber were
obtained and dried in full size to confirm the kiln schedule. The lumber was random width, 8
feet in length, and each charge contained from 650 to 800 board feet. Upon completion of
drying, the lumber was graded in accordance with the rules of the Northwest Hardwood
Association.

RESULTS AND DISCUSSION

Three kiln charges were dried at constant dry-bulb temperatures of 125, 115, and 110 F
with a wet-bulb depression of 4 F, until the surface checks had closed. With the charge dried at
125 F, 68 percent of the boards had surface checks and occasional honeycombing at an
average MC of 47.5 percent. With the charge dried at 115 F, 55 percent of the boards had
surface checks at an average MC of 52.4 percent. With the charge dried at 110 F, 24 percent of
the boards had hairline surface checks at an average MC of 47.9 percent.

After the initial drying conditions, the dry-bulb temperature was held constant, and the
wet-bulb depression was increased to 6 F for 50 hours. This change in the schedule did not
produce additional checking or open any old checks. After 250 hours of drying, the dry-bulb
temperature was raised or the wet-bulb depression increased to increase the severity of drying.
These drying conditions did not cause additional checking, and the average MC for the three
charges at the end of drying, or 250-400 hours, was about 20 percent.

Information collected from these three charges indicates maximum checking during
drying occurs at about 40-50 percent average MC. At about 32 percent average MC, the checks
have closed. Drying at 125 F, the checks closed after 185 hours of drying, and a l l-percent
increase in drying time was required when drying at 115 F. A 21-percent increase in drying
time was needed when drying at 1 10 F, as opposed to 125 F.

A final charge was dried to confirm the results from the first three charges and determine
the approximate time required to dry to a final average MC of 7-8 percent. Initial drying
conditions were a dry-bulb temperature of 110 F with a wet-bulb depression of 4 F, which was
held for 166 hours or until the surface checking had ceased to open at an average MC of 40.3
percent. Maintaining a constant dry-bulb temperature, the wet-bulb depression was increased
to 6 F and held for 100 hours, or until the surface checks had closed at an average MC of 29.5
percent. The severity of the drying conditions was increased to promote drying. Final drying
conditions were a dry-bulb temperature of 180 F with a wet-bulb depression of 35 F and held
for 49 hours. The final MC averaged 8 percent and ranged from 5 to 13.7 percent. This range
indicates that the final drying conditions were not sufficient to insure final uniformity of MC.
Total drying time was 481 hours.

Kiln Drying Rough and Blanked Unseasoned 4/4 Lumber
Thirty-five boards in this portion of the study were end-matched specimens, and the

boards were blanked or presurfaced to a uniform thickness to remove the sawed surface on the
bark side of each board. The initial drying conditions were a dry-bulb temperature of 110 F
with a wet-bulb depression of 4 F, which was held 189 hours, or until surface checking had
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ceased, at an average MC of 38.6 percent for the rough boards. The dry-bulb temperature was
held at 110 F, and the wet-bulb depression was increased to 6 F for the second stage of drying.
These conditions were held 96 hours, and the surface checks had closed at an average MC of
28.6 percent for the rough boards. The drying conditions were adjusted to promote drying,
and an equalizing period was held for 78 hours at a dry-bulb temperature of 180 F with a
wet-bulb depression of 35 F. A 24-hour conditioning period was maintained at a dry-bulb
temperature of 180 F with a wet-bulb depression of 10 F. Total drying time was 483 hours.

The initial MC and moisture contents during drying to the fiber saturation point varied by
one percentage point between the rough and blanked specimens. Below fiber saturation point,
the blanked specimens averaged three percentage points lower in MC until the end of the
equalization period. The final MC for the rough specimens averaged 8.2 percent and ranged
from 6.4 to 12.9 percent and had a coefficient of variation of 18 percent. The MC for the
blanked specimens averaged 7.5 and ranged from 5.3 to 10.1 and had a coefficient of variation
of 11 percent. In an analysis of variance, the difference in MC was significant at the 5-percent
level of probability. The conditioning cycle was not sufficient for complete removal of
casehardening stresses.

Verification of Kiln Schedule for 4/4 Lumber
As previously noted, the initial drying conditions are critical to minimize surface checking

or honeycombing. Prevention of additional checking and closing of small hairline checks is a
function of drying conditions and MC. Therefore, a time-kiln schedule is difficult to prescribe,
unless ample kiln capacity is available to the lumber producer.

Two kiln charges of boards with random widths, 8 feet in length, were dried in 21 days.
The lumber was graded, and Table I presents percentage of degrade based on percentage of
green grade. Forty-one percent of the boards were degraded in charge 1, but 94 percent of this
degrade was warp, and only 6 percent was end splits. Twelve percent of the boards were
degraded in charge 2, but 10 percent of this degrade was warp, and only 2 percent was end
splits. The final MC was determined by a resistance electric moisture meter and averaged 7.9
percent and ranged from 7 to 9 percent. The conditioning cycle was sufficient for removal of
casehardening stresses.

Table 1. Degrade in Kiln Drying Oregon White
Oak 4/4 Lumber.

Green Dry

Grade Volume Select 1 2 3 Cull
%I a2 ,2 $2 %2 %2

Select 41 50
CHARGE 1

42 12 0 0
1 43 -- 58 42 0 0
2 14 -- -- 49 29 22
3 2 -- -- -- 0 100

Select 72 89
CHARGE 2

7 3 1 0
1 23 -- 95 5 0 0
2 5 -- -- 100 0 0

'Based on all pieces.
2Based on pieces in grade before drying.
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Rough and Blanked 4/4 Lumber, Air and Kiln Dried
About 840 board feet of lumber of random widths, 8 feet in length, were divided into

two groups with an attempt to have the same assortment of widths in each group. One group
was blanked to a uniform thickness to remove the sawed surface on the bark side of each
board. Both groups were stacked for air drying in October, which was stopped in June for a
total of 230 days. The weather conditions during most of this period were characterized by

-temperatures from 35 to 50 F with relative humidities from 70 to 95 percent.
Eight sample boards were included in the stack to maintain a record of the drying

progress. Upon completion of air drying, the MC averaged 16.2 percent and ranged from 15.8
to 16.5. The lumber was kiln dried by the schedule given in Table 2. Final MC was determined
by a resistance electric moisture meter. The average MC for the blanked lumber was 7.4
percent and ranged from 7 to 8 percent. The average MC for the rough lumber was 8.1 and
ranged from 7.5 to 9 percent. The final conditioning removed all casehardening stresses. The
lumber was graded, and Table 3 presents the percentage of degrade based on percentage of
green grade for the rough and blanked lumber. Ten percent of the rough boards were degraded,
but all degrade was warp or wane. Five percent of the blanked boards were degraded, and all
degrade was checking.

Table 2. Recommended Kiln Schedule for
Oregon White Oak 4/4 Lumber, Air-Dried.

Time
Dry
bulb

Wet
bulb

HE F F

22 180 165
24 180 155

24 180 145
30 180 170'

'Conditioning.
Kiln Drying 5/4 Lumber

Two charges of 5/4 lumber at random widths, 8 feet in length, were dried in 32 days.
Charge 1 had a final average MC of 8 percent and ranged from 7 to 9 percent with sufficient
removal of casehardening stresses. Charge 2 had a final average MC of 8.7 percent and ranged
from 8 to 10 percent with sufficient removal of casehardening stresses. The lumber was graded,
and Table 4 presents the percentage of degrade based on percentage of green grade. In charge
1, 23 percent of the boards were degraded. Thirty-three percent of this degrade was surface
checks, and the 67 percent was warp. In charge 2, 14 percent of the boards were degraded, in
which 31 percent of this degrade was checking, and 69 percent was warp.

Kiln Drying 6/4 Lumber
One charge of 6/4 lumber of random widths, 8 feet in length, was dried in 43 days. The

final MC determined by a resistance electric moisture meter ranged from 7 to 9 percent, and
removal of casehardening stresses was sufficient. The lumber was graded, and Table 5 presents
the percentage degrade based on percentage of green grade. Ten percent of the boards were
degraded. Thirty percent of this degrade was surface checks, and 70 percent was warp.

SUMMARY AND RECOMMENDED SCHEDULES

Drying of 4/4, 5/4, and 6/4 oak requires initial kiln conditions to minimize surface
checking or honeycombing. Regardless of thickness, a maximum dry-bulb temperature of 110
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Table 3. Degrade in Rough and Blanked Oregon
White Oak 4/4 Lumber After Air and Kiln Drying.

Green Dry

Grade Volume Select 1 2 3 Cull

%1 %2 %2 %2 %2 %2

BLANKED
Select 30 95 5 0 0 0

1 29 -- 93 5 2 0

2 25 -- -- 100 0 0

3 16 -- -- -- 93 7

Select 18 100
ROUGH

0 0 0 0

1 52 -- 98 2 0 0

2 26 -- -- 100 0 0

3 4 -- -- -- 100 0

'Based on all pieces.
2Based on pieces in grade before drying.

F with a wet-bulb depression of 4 F must be maintained, until the average MC is 40 percent or
lower. These drying conditions and MC insure that checking has reached a maximum and a
change in the schedule may be made. The second step of the kiln schedule is maintained to
prevent additional checking and close the small checks that occurred at the initial kiln
conditions. The second setting has a dry-bulb temperature of 110 F with a wet-bulb depression
of 6 F and is held until the average MC is 30 percent or lower.

Table 4. Degrade in Kiln Drying Oregon White
Oak 5/4 Lumber.

Green Dry

Grade Volume Select 1 2 3 Cull

%1
2

%2 %Z %2 %2

CHARGE 1
Select 14 41 28 26 5 0

1 14 -- 52 37 11 0

2 31 -- -- 79 21 0

3 39 -- -- -- 98 2

Cull 2 -- -- -- -- 100

CHARGE 2
Select 6 45 55 0 0 0

1 8 -- 71 29 0 0

2 35 -- -- 75 25 0

3 39 -- -- -- 97 3

Cull 12 -- -- -- -- 100

'Based on all pieces.
2Based on pieces in grade before drying.
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Table S. Degrade in Kiln Drying Oregon White

Oak 6/4 Lumber.

Green Dry

Grade Volume Select 1 2 3 Cull

%1
%2. %2 %2 12 %2

Select 9 84 16 0 0 0

1 20 era 83 17 0 0

2 26 -- 88 12 0

3 30 -- 95 5

Cull .15 -- -- 100

'Based on all pieces.
2Based on pieces in grade before drying.

Table 6. Kiln Schedules Recommended for
Oregon White Oak by Time and Moisture
Content.

Dry Wet Average
Time bulb bulb MC

Jr F F %

4/4 'LUMBER
204 110 106 40 or less
90 110 104 30 or less
72 115 104 20
54 120 104 15
60 180 145 81
30 180 170 Conditioning

288 110
5/4 LUMBER

106 40 or less
72 110 104 30 or less
66 110 100 25
96 115 100 20
60 120 100 15

1S6 180 145 81

36 180 170 Conditioning

360 110
6/4 LUMBER

106 40 or less
144 / 110 104 30 or less

72 110 100 25
96 115 100 20

144 120 100 15
168 180 145 81
42 180 170 Conditioning

'Or until wettest board is 2 percent higher
than final desired MC.

--
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Because kiln residence is long and kiln capacity of most hardwood mills is inadequate, air
drying before kiln drying can reduce the demand on the kilns. Air-drying times will vary with
geographical location and the time of year when the lumber is stacked. Air drying the lumber
to an average of 15-20 percent MC may be followed by kiln drying for about 4-5 days, which
includes a conditioning period. Air drying material before kiln drying resulted in less degrade,
warp, and checking than did kiln drying unseasoned material in this study. This practice is
common in drying eastern oaks.

This study did not show a reduction of surface checking after kiln drying in blanked
lumber as compared to rough material, but the sample size was small.

Kiln schedules recommended for Oregon white oak by time and MC are given in Table 6.
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