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END CHECK PREVENTION IN REDWOOD AIR DRYING
By: DOUGLAS SHORE

Arcata Redwood Company, Arcata, California

As wood dries, the surface fibers reach fiber satura-
tion and begin shrinkage while the deeper layers are
still wet, resulting in a tension stress. If this tension
stress exceeds the strength of the wood fibers, a surface
check results. Similarly, since wood dries many times
faster from end grain than across, end checking occurs
as a few inches of the board and begins shrinkage
before the balance of the board reaches fiber saturation.
In most softwoods, lumber is kiln dried green from the
saw in order to minimize checking by controlled condi-
tions, since this defect is affected more by relative
humidity than by temperature. Redwood lumber differs
from most softwood species in that it has a very high
initial moisture content, a slow drying rate, and that it
is more subject to collapse and honeycomb than to
checking and warp. These characteristics require low
temperature—high humidity kiln schedules which, al-
though not its primary purpose, minimize checking. The
long kiln times, 24 to 38 days in the case of one-inch
heavy segregation, require extended periods of air dry-
ing in order to reduce costs. The lower humidities and
exposure to direct sunlight, however, favor the develop-
ment of surface and end checks. In the part, checking
has been controlled by the use of top and end covers.

Top covers are cheap and effective, but end covers,
due to their vertical, exposed position, are subject to
wind damage and must be placed in position by hand
labor. Accordingly, many mills in the Redwood Region
have shown increasing interest in the use of end sealers
as a cheaper and more convenient method of control.

In 1953, the California Redwood Association set up
a standard experimental procedure for the use of inter-
ested member companies. The results of individual re-
search by these mills were reported at the Seventh An-
nual Meeting of the Western Dry Kiln Clubs in 1955. A
summarization of this report follows:

Treatments (in order of decreasing effectiveness) 	 % Effective
1. End covers 	 28-65
2. Wax emulsion 	 26-63

3. Aluminum pigment in latex 	 26-41

4. Filled, hardened gloss oils 	 21-38

Other treatments were too low in effectiveness to
be further considered. Hot coatings were not tested
due to the higher costs of application and equipment.
Cost of application, material and labor, in order of de-
creasing total costs was found to be:

Treatments	 Cost per Mbf
1. Polyvinyl emulsion 	  $1.38
2. End covers 	  1.12
3. Drying oil 	  0.82
4. Filled, hardened gloss oil 	  0.69
5. Aluminum pigment in latex 	  0.65
6. Wax emulsions 	  0.53
The wax emulsion treatment, having the lowest cost

and the second highest effectiveness, appears to be
the most practical treatment tested.

In 1958, a series of tests were run in order to evalu-
ate cost factors and to further test wax emulsions. These
tests were run at six redwood mills in Humboldt and
Mendocino Counties of California. Since all end seal
application and recording of results were done by two
men, and the tests all run concurrently, much of the ex-
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perimental error of the first series was avoided. Ex-
tensive tests were made of three wax emulsions and one
co-polymer plastic. One polystyrene paste and one
varnish type were also given limited testing.

Test procedures outlined by the California Red-
wood Association in 1953 were followed throughout the
tests. Lumber used was Clear and Aye, flat sawn,
heavy segregation redwood. Two-inch lumber was re-
sawn to give 22 test units and their matching control
units. Most of the test lumber was 1 x 8 and wider.
After resawing, the lumber was examined for checks
which would have required trimming at that time and
they were recorded. End sealers were applied as soon
as possible, after resawing, to one end of the test unit
and to the exposed tops of overhanging boards. Test
units and control units were given the same exposure
in the air yards. The units were left in the yard until
below 40% moisture content. All boards were examined
for end checks and each required two-foot trim was re-
corded.	 The lumber was not examined after kiln dry-
ing.

End Sealer	 Type of Sealer	 Board Size	 Net 2' Trims*	 % Effective"
x 12	 13 52.0

1 x 10/12	 20 66.6
A Wax Emulsion 1 x 10	 18 81.8

1 x 10	 25 41.0
1 x 3/12	 38 56.8
I x 3/12	 93 78.2

AVERAGE 62.8
1 x 12	 8 30.7
1 x 10/12	 17 63.0

B Wax Emulsion 1 x 10/12	 23 53.5
1 x 8/10	 18 36.7
1 x 3/12	 15 19.0

AVERAGE 40.6
x 12	 5 19.2
x 10/12	 1 4.8

C Wax Emulsion 1 x 10	 21 55.3
1 x 10	 34 63.0
1 x 3/12	 51 47.2

AVERAGE 37.9
1 x 12	 8 23.5

D Co-Polymer Plastic 1 x 10/12	 4 11.5
1 x 10/12	 3 6.1
1 x 10	 -1 -4.0

AVERAGE 9.3
E Polystryrene Paste 1 x 10/12	 22 55.0

F Varnish 1 x 12	 14 34.1

*Net trims-difference between trims of control unit and trims of test
unit. Checks present before the treatment were not included.

net trims, test unit 
**% Effective	 1.00	 X 100

net trims, control unit

Treatment E, a paste type, must be applied with a
brush or blade. Although effective, problems of ap-
plication limit its use.

Treatments D and F may be sprayed, but require
the use of organic solvents to clean spray equipment.

Wax emulsions permit water to be used to clean
spray equipment if the emulsion is not permitted to set
up. Application may not, however, be made during
rain.

Cost of end sealer application, per unit*:	 Per Unit Cost
1. Equipment-depreciation, maintenance and power at

$0.50 per day 	 $0.005
2. Labor-one man, 25 units per hour at $2.00 per hour 	 0.080
3. End sealer-1.5 quarts per unit at $1.00 per gallon 	  0.375
4. Total cost of application 	 $0.460

'Calculations based on production of 100 units per day, end sealer
applied to one end only. Cost of spray equipment-$160.

Savings from end sealer application**:
1. Control unit, 100 boards, 35 two-foot trims 	 $10.50
2. Treated unit, 100 boards, 13 two-foot trims 	  3.90
3: Value of lumber saved 	  6.60
4. Cost of application 	  0.46
5. Net savings per 100 boards 	  6.14
6. Net savings per Mbf-

a. 6' to 8' lengths 	  9.44
b. 10' to 14' lengths 	  6.46
c. 16' to 20' lengths 	  4.23

"Calculation based on averages obtained from tests on brand A.
1 x 10 Clear and Aye flat grain at $180.06 per Mbf.

These tests indicate that the use of wax emulsions
is an effective, low cost method of reducing loss
through end checking during air seasoning.

Since the completion of the above study, several
mills have begun to use end sealers extensively. Three
of the mills, located in Mendocino County where air
yard conditions are the severest in the Redwood Region,
use a two-coat system. With this method, one coat of
wax emulsion is applied as the lumber leaves the green
chain (both to uppers and commons) and a second
coat is applied to upper grades only at the sticking
racks. Reported material costs vary from $0.28 to $0.50
per Mbf. Generally, lift truck spotters, tallymen, etc.
apply the sealer, so essentially no extra men are re-
quired. None of these mills have made detailed studies
on savings, but all report that there is a definite reduc-
tion in loss, especially with the use of the two-coat sys-
tem.

One of the larger mills in Humboldt Company has
their air yards located between Humboldt Bay and the
ocean; they probably have the mildest air yard condi-
tions in the Redwood Region. It has been their practice
to fill and empty entire blocks of lumber at the same
time rather than individual piles within blocks. For this
reason, all lumber within a block is protected from di-
rect sunlight except on the south end of the blocks. Even
under these mild conditions, it was found that, while
end checking within the blocks was almost negligible,
the south end of the blocks was severely checked. Ac-
cordingly, end sealer is applied only to the south end
of the south row of piles in a one-coat system.

Even though the lumber may be in the air yard as
much as two weeks before end sealing, the results have
been completely satisfactory. The spray rig is the most
elaborate in the Region, consisting of a long spray gun,
compressor and elevator mounted on a truck. The en-
tire outfit was fabricated in their own shop.

Two mills are now experimenting with various wax
emulsion end sealers on two-inch and thicker lumber.
Their adoption of end sealers is pending final results
of the tests, which will not be completed for several
months. A third mill is conducting a large scale test
(involving about 1800 Mbf of one-inch uppers) compar-
ing end covers with two different brands of wax emul-
sions. This test will be completed later this year.

An interesting alternative to the use of end sealers
in the control of end checking is being studied by an-
other company. This company's air yard is adjacent
to Humboldt Bay, and therefore drying conditions are
very mild. Under these conditions, end checks tend to
be quite short, often closing up after kiln drying and not
visible at the time of grading. The company was con-
sidering the installation of end trimmer saws at the dry
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sort chain so they made a survey of how much effect
the end trimming would have on end check elimination.
Twenty-two units, air dried to below 50% moisture con-
tent, were selected at random and the lengths of the
checks were recorded as follows:
Length of Checks

2"-4"

Total Checks
980
442

Percent	 Percent Cumulative
57.6	 57.6
26.0	 83.6

4"-6" 98 5.8 89.4
6"-8" 37 2.2 91.6
8"-10" 21 1.2 92.8

10"-12" 13 0.7 93.5
12" and up 112 6.5 100.0

Of the lumber from inside piles, 70% of the end
checks were from the south ends of the units. The piles
from exposed positions on the south end of the yard
showed 90% of the checks on the south end.

This indicates that, when the lumber is left in log
lengths, four inches trim from each end should eliminate

83.6% of the end checks, about equal with the best re-
sults obtainable from end sealing or end covers in the
coastal area of the Redwood Region.

An interesting approach used by one mill in pro-
tecting the ends of piles from exposure to direct sunlight
is the used of wide (1 x 4) stickers on the exposed ends.
The stickers are set so that they extend out somewhat
from the ends of the boards, thereby shading the layer
below. Box-piling must be used in this case. The use
of thinner ( 1/2") stickers on the lighter segregations of
one-inch lumber is another approach to controlling the
rate of drying also employed.

The use of predriers, already employed by one
company, is presently being investigated by several
others. The redwood producing mills are constantly
seeking developments which will enable them to handle
the peculiar problems of the species more efficiently
and produce a better product.
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