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Introduction

The art of lumber seasoning is becoming more and more of a science. This transition has been occurring
gradually for decades and is the result of periodical improvements in equipment and knowledge of wood-and-water
relationships. Some of these improvements have become milestones to the industry; for example:

* A special note of appreciation is due the Simpson Timber Company for providing the redwood used in this
project. Gus Arneson of Simpson, Dr. M. D. Strickler and John Talbott of Washington State University and Dr.
John Howe of the University of Idaho are also recognized for their comments and conversations.
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1) Understanding the need for proper stickering and alignment;
2) Development of natural draft kilns;
3) Development of forced air kilns with controlled temperature;
4) Automatic control of temperature, humidity, and venting;
5) Development of high temperature drying techniques;
6) Use of air speeds above 500 feet/minute

Each of these has been an attempt to reduce both drying time and seasoning oriented degrade. However, for
some species of wood there appears to be an upper limit in drying rates - irregardless of the equipment potential.
For example, collapse and honeycombing occur in redwood, cedar, oak and blackwalnut if dried too rapidly.

The results of research indicate that a simple freezing pre-treatment will condition certain woods such that
they can generally withstand severe drying conditions without excessive collapse and honeycomb. The technique
of prefreeze seasoning may prove to be another milestone to the lumber industry. Many chemical pretreatments
have been tried in the past, but have not found wide usage due to application costs, alteration of physical properties
of the wood, and excessive wear on machinery. The technique of prefreeze seasoning does not appear to have these
drawbacks.

The dry kiln in the Wood Utilization Laboratory at the University of Idaho was used to study and evaluate the
effects of accelerated seasoning on redwood quality after it had been pre-frozen.

Recent work at the University of Minnesota by R. W. Erickson (3, 4) has shown that frozen redwood can
withstand severe drying conditions without excessive collapse and honeycomb. Our experiments confirmed
Erickson's work and provided several additional observations on the effects of prefreezing.

This drying procedure is termed "prefreeze seasoning" throughout this report.

Equipment 

The 200-board foot experimental kiln at the University of Idaho has the characteristics of a conventional
low-temperature kiln (Fi gure 1). (5) The temperature, humidity and venting are controlled by electronic re-
corder-controller systems. The air velocity is about 550 feet/minute through the load and the direction of the air
flow is reversible. Furthermore, this kiln has several additional features. The entire kiln charge lies on a table
which in turn rests on a weighing scale. Thus, the weight loss of the load can be continuously monitored during
drying. Another recorder system monitors additional temperatures, such as those within individual boards, by the
use of thermocouples (not shown in Figure 1). This additional data was used effectively in developing and
evaluating schedules.

Procedure

The redwood used in these tests was classified at the mill as "Clear, Heart, Flat Grain, Rough." Each run
consisted of 24 matched pairs of 1 x 5" boards 8 feet long which had been obtained from boards 1 x 10" 16 feet
long (Figure 2). After resawing, all the boards were given an identifying number, end sealed, and stored in a
refrigerator at 38F and 78 percent relative humidity. Prior to each kiln run, one piece from each pair was stored
in a commercial food freezer for 7 to 9 hours at -15 F. The remaining half of each pair was the unfrozen control.
The frozen material was removed from the freezer and allowed to thaw to ambient temperatures before kiln drying.
The unfrozen controls were also allowed to warm up prior to drying.

The matched pair of boards was placed side-by-side in the kiln, thus assuring an equal treatment to the set.
The moisture content (MC) of the boards in each kiln run ranged from 50 to 200 percent and the matched pairs
were randomly located in the kiln. During freezing, thawing, and drying, the boards were separated by 3/4 inch
stickers.

Based on moisture content samples from each board in each run, three matched pairs were selected and cut
to 24 inches in length for use as kiln samples. These samples were in the upper range of moisture contents and
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Figure 1. Experimental dry kiln and weight-loss recorder in the Wood
Utilization Laboratory at the University of Idaho.

Figure 2. Location and matching of test samples.



varied by intervals of 10 to 20 percent. All the kiln samples were end sealed.

Kiln Schedules and Results 

Three kiln schedules were employed in this preliminary research to evaluate the technique of prefreeze
seasoning and to determine the influence of prefreezing on redwood. Each successive schedule was more severe
than the previous one ao shown in Table 1. The first and mildest schedule started with wet and dry bulb tempera-
tures of 122 F. and 102 F. respectively. Although the initial conditions of Schedule 1 were relatively mild, they
were progressively changed toward those proposed by Erickson, (4) which were generally more severe than are
commonly used for redwood. All the lumber was dried from the moisture content range of 50 to 200 percent to 5
to 7 percent in six days. No degrade (collapse or honeycombing) was observed in the pre-frozen material;, and
only two of the control boards displayed seasoning degrade. One control board had a corrugated surface, an indica-
tion of collapse; the other control had a short split along a pin knot (Figure 6).

The second schedule started by following that proposed by Erickson. (4) Due to the high dry bulb tempera-
tures (160 F.) and wide wet bulb depression (25 F.), the drying conditions of schedule 2 ( Table 1) were more
severe than in schedule 1. Erickson's schedule, however, was designed to dry 4/4 redwood to 7 percent moisture
content with almost no conditioning program at the end. Therefore, we deviated from his schedule after 124 hours
and established an equalizing and conditioning program to develop a final MC of 7 percent. The lumber was dried
with this schedule to 5 - 7 percent MC in 6 1/2 days. Evidence of collapse occurred in five of the control boards,
but there was no visible collapse in any of the prefrozen boards (Figure 3.), However, two prefrozen boards did show
internal checking while their controls did not. These are shown in Figures 6, 8.. These prefrozen boards had
initial moisture content of 164 and 195 percent, which would have made them susceptible to freezing damage, as
evidence by surface checking in several other prefrozen boards that were high in moisture content. As pointed out
by Erickson, freezing damage is frequently encountered in boards containing more than 150 percent moisture.

The third schedule started with the initial settings of 170 F. dry bulb and 145 F. wet bulb ( Table 1). Due to
the high dry bulb temperature and 25 0 wet bulb depression, the schedule is much more severe than the second
schedule. Furthermore, a steep drying gradient was maintained during the first half of schedule 3. The last half
of this kiln schedule was used for equalizing and conditioning. External evidence of collapse was noted in some
unfrozen control boards within the first 24 hours. At that time, the calculated moisture content of these boards was
below the fiber saturation point. However, collapse can occur above fiber saturation as a result of high tempera-
tures during the early stages of drying, according to Kollman and Cote. (6) Thus, the conditions for collapse may
have been established during the early hours of drying but not observed until later in the run. Collapse was also
observed in several prefrozen boards, but not until later in the run.

In eight matched pairs, the control boards displayed conspicuous collapse and/or honeycombing while there
was no evidence of degrade in their prefrozen counterparts (Figure 3'). A graphic comparison was made by cutting
a matched pair to display the internal features of the pair (Figure 4').

Collapse occurring in several of the prefrozen boards indicate that the beneficial effects of prefreezing on
allowable drying rates of redwood were more than offset by the severe conditions of schedule 3 (Figure 5).
However, a dramatic comparison can be made as to the severity of degrade that occurred in prefrozen boards and
their matched controls which also failed in run 3. Collapse and/or honeycombing occurred in both pieces of four
matched pairs, but tended to be worse in the controls than in the prefrozen pieces.

In brief summary, the influence of schedule severity was displayed in both amount and type of degrade as
the drying temperatures and gradients increased progressively from charge 1 to charge 3 (Figure 6). Cross sections
of all boards were examined with a magnifying lens for evidence of internal checking. Although the influence of
prefreezing can be observed in charges 1 and 2, the most dramatic results came from charge 3. The seasoning
degrade of unfrozen controls progressed from surface corrugation and internal checking in charge 1 to surface
corrugation and honeycombing in charge 2 to severe surface deformation and severe honeycombing in charge 3.
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Figure 3. Examples of cross sections from kiln charges 2 and 3 showing collapse in
unfrozen controls but not in prefrozen boards.

Figure 4. Comparison of internal features in a matched pair from charge 3. The
prefrozen board is on the left, the unfrozen control is on the right.
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Figure 5, Collapse and honeycombing occurred in both pieces of several matchings
subjected to the most severe schedule (schedule 3).

CORM	 ,zern r
REMINIMMEM. MtMagliMn
1111211111	 DM".

METYMP:
	  MIMI:7MM

:= :1
I :

zsumweit

monamammuis
swim

Figure 6. Influence of schedule severity was displayed in both the amount and type of degrade resulting
from schedules 1,2, and 3. The degrade of unfrozen controls progressed from surface corruga-
tions and internal checking in charge 1, to mild surface corrugations and honeycombing in
charge 2, to severe surface corrugations and severe honeycombing in charge 3. Degrade of
frozen boards occurred as internal checking in charge 2, and some surface corrugations with
internal checking in charge 3.
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Figure 7. Severe degrade was most frequently observed in fast-growth boards
(right), while less severe degrade was observed in the slow-growth

boards (left).
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Figure 8. Honeycombing characteristics in controls and prefrozen boards. Note the
diamond-shaped checks that occurred in the summer wood zones of the controls
(A) but the split-shaped continuous checks in the prefrozen boards (B).



Observations 

There was a difference in the type of failure found in fast-growth and slow-growth boards. Severe degrade
most frequently occurred in fast-growth boards, while less degrade was found in the slow-growth boards (Figure 7 ).

Another interesting observation concerned the difference in appearance and shape of honeycombing checks
in unfrozen and frozen boards. The internal checks of unfrozen boards displayed distinct diamond-shaped enlarge-
menw in the high density summer wood bands (Figure 8 A), while the internal checks of prefrozen boards tended to
split with tgru fibers along the sides and tapering to a point at each end (Figure 8.B). This distinct and consistent
difference in appearance of checking might indicate cause-and-effect relationships. Most of the prefrozen boards
which failed by internal checking were high in initial moisture content (generally above 150 percent), which would
make the boards susceptible to freezing damage due to the expansion of ice in the cell lumens and between fiber
bundles. The diamond-shaped splits in unfrozen boards might imply an uneven distribution of drying stresses causing
the splits.

The influence of prefreezing on casehardening stresses has not been previously reported, but was observed by
Erickson. Although no major effort was put into relieving stresses by equalizing and conditioning at the end of any
run, all three runs had some type of equalization and conditioning period. Samples were cut during and at the end
of charge 2 to test for casehardening. Casehardening stresses were present prior to the conditioning period (Figure
9 A), but they were substantially relieved after conditioning (Figure 9 B). Based on a relative measure of
"pinching" about 70 percent of the prefrozen boards displayed less casehardening than their matched controls after
conditioning. Many matched sets displayed a distinct difference in casehardening stresses (Figure 10). This shows
that stresses can be relieved in spite of the severe drying conditions used and that prefreezing has an influence on
stress relief.

Drying curves of Percent MC vs. Time (Figure 11) revealed no clear relationship between drying rate and
pretreatment. However, the curve cross-overs such as those in Figure 11A suggest some improvement in drying
rates due to prefreezing. The limited testing and data on this aspect of prefreeze seasoning does not afford any
firm conclusions.

Summary and Conclusions 

1. The seasoning characteristics of one-inch thick clear California redwood are favorable altered when the lumber
is subjected to a pretreatment of freezing.

2. The benefits of pre-freezing for the purpose of accelerated seasoning can be nullified if the schedule is
extremely severe.

3. Differences in the appearance of honeycombing indicated that freezing damage may occur internally in high
moisture content boards and not be detected on the surface. As suggested by Erickson, the moisture content of
lumber should be reduced to or below 150 percent by air drying before freezing.

4. Casehardening finger samples showed that drying stresses did exist prior to conditioning, but that they could be
relieved. The pre-frozen boards responded better to the conditioning schedule than did the controls.

5. Drying rates may be influenced by the freezing pre-treatment.

Recommendations 

Substantial experimental evidence exists to demonstrate that pre-freezing of redwood allows significantly
reduced drying time without degrade. However, insufficient knowledge for commercial usage is available as to
the "hows" and "whys" of this seasoning technique. To quote Gus Arneson of Simpson Timber Company (1):
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Figure 9. Casehardening samples cut from the same board before conditioning (A)
and after conditioning (B) showing that casehardening stresses can be

relieved.

Figure 10. Casehardening samples cut at the end of the run. Based on the relative
measure of "pinching" about 70 percent of the prefrozen boards displayed
less casehardening than did their matched controls.
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Figure 11. Drying curves typical of Schedules 2 and 3.
Schedule 1 had a combination of these forms.



Table 1. Experimental kiln schedules used on prefrozen redwood and unfrozen controls. "F" is for prefrozen samples,
"C" is for controls. The number following F or C was the identifying number for that matching.

Charge
No.

Hours
(Total)

Dry Bulb
of

Wet Bulb
° F

E. M. C .
%

PERCENT MOISTURE CONTENT
(Calculated)

Light	 Medium	 Heavy

F13 C13 F31 C31 F54 C54

1 0.00 122 102 8.7 62 68 81 109 19'2 :st.b
11.00 140 120 8.0 42 52 58 80 155 166
12.75 142 120 7.6 40 48 56 73 149 156
21.75 160 135 6.8 29 33 42 46 120 106
29.75 160 130 5.8 21 24 33 31 99 79
33.00 160 135 6.8 17 20 29 24 86 67
59.50 160 130 5.8 4 9 12 7 41 29
79.00 160 125 5.1 2 6 6 4 24 17
93.75 160 120 4.3 - - 16 11

107.75 170 146 6.9 - - 10 7
120.00 170 157 9.9 8 6
1 43. 00 170 157 9.9 - - 7 6

end

F52 C52 F54 C54 F55 C55

0.00 160 135 6.8 165 158 198 179 207 150
24.00 160 130 5.8 95 87 87 101 78 48
49.50 160 125 5.1 57 64 33 65 23 19
74.50 160 120 4.3 33 43 13 40 8 8

124.00 170 146 6.9 7 15 3 14 3 3
134.00 170 157 9.9 5 12 4 11 3 3
156.00 170 157 9.9 5 7 5 7 5 S

end

F 41 C 41 F 49 C 49

3 0.00 175 150 6.6 153 96 142 107
12.00 175 148 6.3 113 60 95 64
18.00 175 145 5.7 94 49 68 48
23.00 175 142 5.3 82 42 53 38
35.00 175 140 5.0 59 29 29 21
45.00 175 135 4.4 44 20 18 13
50.00 175 148 6.3 38 17 14 10
62.00 180 157 7.0 26 11 8 6
76.00 180 168 10.1 15 6 5 4
97.00 180 168 10.1 6 4 4 4

end



"There is, of course, much more work to be done in this field. We need to develop suitable kiln
schedules for frozen redwood; determine the moisture content at which boards are too wet for freezing;
establish schedules for freezing lumber packages of various size and arrangement at various refrigerator
temperatures--to name only a few practical considerations. We ought, also, to try to figure out why
frozen wood acts the way it does."

As to "why frozen wood acts the way it does" there are many theoretical considerations that should be ex-
plored, a few of which are presented here. At what temperature does the free water of redwood freeze? What is
the freezing temperature of the water in the cell wills? What influence does low temperature (freezing) have on
extractives and cell structure? What are the effects of freezing which are reversed by steaming, as noted by
Haygreen and Erickson at the University of Minnesota? (2)
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