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THE OREGON FOREST PRODUCTS LABORATORY was 
established by legislative action in 1941 as a result 

of active interest of the lumber industry and forestry - 
minded citizens. It is associated with the State Board 
of Forestry and the School of Forestry at Oregon 
State College. 

An Advisory Committee composed of men from 
representative interests guides the research program 
that is directly pointed toward the fuller utilization of 
Oregon's forest resources. The following men con- 
stitute the present membership of the Advisory Com- 
mittee: 

ROBERT B. HOLMES, Governor Chairman 

ROBERT W. COWLIN Pacific Northwest Forest and 
Range Experiment Station 

CHARLES W. Fox . . Oregon Plywood Interests 

NILS HULT . . Willamette Valley Lumbermen's 
Association 

CARL A. RASMUSSEN Western Pine Association 

WILLIAM SWINDELLS . West Coast Lumbermen's 
Association 

WILLIAM I. WEST . School of Forestry 

DWIGHT L. PHIPPS, State Forester . . . Secretary 
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St:..Z?.A ftY 

Tanoak lumber might supplement the supply of white oak for boat construc- 
tion, as the tree has extremely thick sapwood that can be pressure- treated read- 
ily with preservatives. 

One -inch tanoak lumber was kiln -dried to 3 different moisture content 
ranges, then pressure -treated with water -borne preservatives. Some unseasoned 
lumber was steamed prior to treatment. After treatment, lumber was air -dried, 
then kiln- dried. 

Tanoak sapwood was penetrated readily with water -borne preservatives over 
a wide moisture content range, but drying to a moisture content of less than 40 
per cent was necessary to obtain retentions of 20 pounds or more per cubic foot. 

Dark- colored heartwood was very resistant to treatment; penetration was 
not improved by increasing either pressure or pressing time. Heartwood also was 
more prone to check and collapse during drying than was sapwood. 

A high percentage of the treated sapwood lumber did not develop surface 
checks during drying, but much of the lumber did develop some form of warp. 

Selection of freshly cut tanoak sapwood would be desirable both for treat- 
ing and for drying. Such separation appears possible because of the exceptionally 
high percentage of sapwood in this species. Since contrast between sapwood and 
heartwood decreases as the wood dries, early separation is necessary. 
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SEASONING AND PRESERVATIVE TREATMENT OF TANCAK LUMBER 

D. J. Miller 
R. D. Graham 

INTRODUCTION 

Heartwood of white oak long has been a favored material for boat construc- 
tion because of its great strength and durability under wet conditions. Increas- 
ing quantities of red oak are treated under Eili tare- Specification MIL -W -77445 B 
(SHIPS) to supplement the supply of white oak. Both species, whose supply is 
limited, must be transported for long, distances to be used in Nest Coast ship- 
building yards. 

Tanoak 

Tanoak, Lithocarpus densiflorus, (Hook & Arn) Rehd., should be suitable for 
ship construction, because it is similar to white oak in strength (5, 8, 9, 10)''` 
and has extremely thick sapwood that can be pressure- treated readily with preser- 
vative solutions (3). Tanoak grows in mixed stands with redwood in northwestern 
California and with Douglas fir in southwestern Oregon to diameters up to 4 feet with clear bole lengths up to 50 feet. Sawtimber volume is estimated at 3.7 
billion board feet (12). 

Lumber from these trees, that often are stripped of their tannin -rich bark 
and left to decay on the forest floor, could stimulate wood boat building on the 
West Coast by lessening the need for high -cost materials now imported from eastern 
states. 

The primary objective of the study here reported was to determine the mois- 
ture content to which tanoak must be seasoned to obtain adequate penetration of 
water -borne preservatives with solution retentions of 20 pounds per cubic foot of 
wood. Additional data also were sought on drying of green and treated tanoak. 

Previous work 

The first comprehensive study on use of tanoak (5) emphasized the tannin 
content of the bark, but also included data on its strength and drying character- 
istics. Recent tests (8, 10) have verified the early study in which strength val- 
ues of tanoak were found similar to those of white oak. 

Tanoak sapwood is quite susceptible to decay during storage (3) and in con- 
tact with the ground (4), while the heartwood is only slightly less susceptible to attack under conditions favoring decay (1). Heartwood is very resistant to treat- 
ment, but sapwood is penetrated readily with oil preservatives when seasoned to a 
moisture content below 30 per cent on a dry weight basis (3); some all- sapwood, 7- by 9 -inch by 8 -foot crossties were penetrated completely. 

*Numbers in parentheses refer to literature cited in the Bibliography. 
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The first investigation (5) concluded "the seasoning of tanbark oak seems 
to offer little, if any, more difficulty than is experienced with eastern oaks." 
Adore recent reports (2, 11, 13) recommended that 1 -inch tanoak lumber be air -dried 
prior to kiln drying. 

Gluing of tanoak presented no unusual problems when moderate control of 
gluing conditions was exercised (7). 

EXPERIMENTAL PROCEDURE 

Ha.terial 

Tancak lumber 

Tanoak logs obtained from the Sixes River drainage area in southwestern 
Oregon were cut into 6/4- by either L- or 6 -inch wide lumber at a Douglas fir 
mill. Sixes River is near the northern limits for tanoak sawtimber. 

Fourteen logs were cut from 13 trees that were considered representative 
of tanoak in the area. Log diameters at the small ends ranged from 12 to 32 in- 
ches. Sapwood thickness of the 1i -to -2O -foot logs ranged from 4 to 8 inches. 
Three hundred board feet of lumber were shipped to the Oregon Forest Products 
Laboratory, and the remainder was shipped to the Puget Sound Naval Shipyard, 
Bremerton, ashi.ngton. 

The lumber was generally light -colored, varying from nearly white to light 
pink or light brown. A few pieces were partly dark reddish -brown in color. 

A second shipment of 500 board feet of 6/4 by 6 -inch by 10 -foot lumber was 
cut and shipped to the Laboratory, but no information was obtained on logs from 
which this material was cut. The lumber contained a high proportion of boards 
with mineral streak and dark reddish -brown color that was believed to indicate 
heartwood. 

Green tanoak logs, with an estimated density of 67 pounds per cubic foot, 
were supported by 55- gallon drums to prevent their sinking when placed in the log 
pond. The specific gravity (oven -dry weight and green volume basis) and moisture 
content of the lumber were: 

Sample ,oisture Specific 
Shipment specimens content gravity 

Per cent 

1 16 92 0.56 
2 32 67 0.59 
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Preservative 

Solutions of 5 per cent Tanalith and 10 per cent Celcure were used. Con- 
centrations were verified with a hydrometer. 

Preparation of Specimens 

Tanoak lumber was cut to lengths of 3, 6, and 10 feet. Three -foot pieces 
were planed to 1 -inch thickness, and other lengths were planed to 1 1/8 -inch 
thickness. Three- and 6 -foot specimens were end -coated twice at 24 -hour inter- 
vals with a urea -formaldehyde resin to limit end -checking and end - penetration of 
the preservative. Three -foot specimens were segregated by color of wood into 14 
charges for treating (Table 1). Dark -colored areas on the 6- and 10 -foot speci- 
mens were outlined with lumber crayon. 

Preliminary drying, 

Tanoak lumber to be air -dried was stickered indoors, weighted, and dried 
at about 75 F and equilibrium moisture content (EEC) conditions of 9 per cent to 
a final moisture content of 40 per cent. 

Lumber in series Kl, K2, K3, and K4 was stickered in an experimental kiln 
and dried under conditions shown in Table 2. Individual series were removed after 
varying intervals. Drying times to 60 and 30 per cent moisture content were 26 
and 104 hours, respectively. 

Steaming and vacuum 

Series 51 and S2 were subjected to four 1 -hour steaming periods at 259 F 
(20 psi) with alternating half -hour vacuum periods at 26 inches of mercury. Av- 
erage moisture content was reduced from 93 to 58 per cent, but the material be- 
came dark brown, warped, and contained considerable collapse. These specimens 
eventually were air -dried to a moisture content of 10 per cent before they were 
treated. 

A 
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Pressure Treatment 

Schedules 

Three -foot specimens were treated by the Lowry process at pressures of 115 
psi for 18 hours and 125 psi for 3 -4 1/2 hours (Table 3). To expedite treatment, 
6- and 10 -foot specimens were treated overnight (about 15 hours) at 125 psi, or 
at 140 psi for 2 -4 hours during the day. The 6- and 10 -foot pieces were treated 
by both Lorry and full -cell treatments. A final vacuum of 26 inches mercury was 
applied to all charges for from 1/2 to 3/4 hour. 

Nine 10 -foot heartwood boards were cut in half and re- treated twice. Dur- 
ing the first re- treatment a pressure of 200 psi was applied for 3 hours. The 
same pieces then were steamed at atmospheric pressure for 3 hours, followed by 
treating at 125 psi for 45 hours. 

Measurement of retention and penetration 

Solution retention was determined by measuring volume of specimens and 
weighing them before and after treating. 

Penetration was determined by visual estimate of area colored by preserva- 
tive on cross sections cut a foot from one end of unplaned dry specimens. An es- 
timate also was made of percentage of colored area on faces of dried 6- and 10- 
foot boards after they had been planed equally on both wide faces to 13/16 -inch 
thickness. 

Drying Treated Lumber 

Treated 6 -foot tanoak specimens at 55 per cent average moisture content 
were end -coated and kiln -dried to 9 per cent average moisture content in 19 days 
with the following schedule: 

Average Equilibrium 
moisture Dry -bulb moisture Drying 
content temperature content time 
Per cent F Per cent Hours 

55 -35 105 16 140 
35 -16 105 12 168 
16 -9 130 6 146 
at 9 140 17 2 

it 
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Ten -foot treated lumber, that had dried during indoor storage to 33 per 
cent moisture content, was dried in a kiln under simulated air -drying conditions 
(83 F and EiVIC conditions of 9 per cent) to 17 per cent average moisture content 
in 15 days. The material then ras kiln -dried to a final average moisture content 
of 8 per cent with the following schedule: 

Average Equilibrium 
moisture Dry -bulb moisture Drying 
content temperature content time 
Per cent F Per cent Hours 

17 -14 

14 -9 
at 9 

120 
0 140 

140 

8 

6 

10 

48 
168 

24 

RESULTS 

Differentiation of Sapwood and Heartwood 

Freshly sawed tanoak lumber contained a wide range of colors from white 
through light pink, grey, and brown, to dark reddish - brown. White and pink wood 
was penetrated readily and undoubtedly was sapwood. Dark- colored wood was diffi- 
cult to treat. As the lumber dried, its color changed to a fairly even tan color 
so that differentiation between heartwood and sapwood was difficult. 

Preservative Treatment 

Three -foot specimens 

Retentions and penetrations obtained in the 3 -foot tanoak lumber are sum- 
marized in Table 3. Highest retentions (26 -27 lb per cu ft) were obtained in 
lumber with the lowest moisture content (10 per cent) while the lowest retention 
(10 lb per cu ft) was obtained in unseasoned tanoak. Solution retentions of 114 - 
18 lb per cu ft were obtained in tanoak at moisture contents of 30-57 per cent. 

t. 
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Half the specimens in charge G, which was treated without drying, were 
penetrated completely; L pieces had less than 85 per cent of the cross section 
penetrated. 

Of the partially dried material, charge A3 had the largest number of pieces 
with less than 85 per cent of the cross section penetrated. Apparently this charge 
contained a high percentage of heartwood pieces in which penetration was erratic 
(Figure 1). 

In steamed charges, kiln -dried charges, and air -dried charges other than 
A3, 73 per cent of the specimens were penetrated completely, while only 3 pieces 
(4 per cent) were less than 85 per cent penetrated. Typical penetrations are 
shown in Figure 2. Apparently the 3 -foot specimens were mostly sapwood, so seg- 
regation on the basis of color had no significance for this group of materials. 

Six- and ten -foot specimens 

Data on results of treating 6- and 10 -foot specimens have been grouped by 
retention levels in Table At retentions of 20 lb per cu ft and higher, aver- 
age cross sectional penetration exceeded 90 per cent, and average surface pene- 
tration on the best face exceeded 95 per cent. In some pieces, however, cross 
sectional penetrations were as low as 45 per cent, and the poorest face was only 
60 per cent penetrated. 

At retention levels below 20 lb per cu ft, both cross sectional penetration 
and surface penetration were progressively less. Shallow penetration and low re- 
tention were associated with dark -colored wood (heartwood). Typical cross sec- 
tional penetrations are illustrated by Figure 3. Surface penetration is illus- 
trated by Figure 4. 

Retreating predominantly heartwood lumber at 200 psi for 3 hours and steam- 
ing and pressing at 125 psi for 45 hours increased retentions slightly but did not 
extend penetration; the steaming period, however, appeared to reduce warp that was 
originally present in the lumber (Figure 5). 

Seasoning 

Preliminary drying 

Surface checks developed in most tanoak specimens during air drying. Checking was concentrated in dark- colored areas and on the bark face of some sap- wood areas. Most collapse and warping were in dark -colored pieces, but many pieces 
contained cup and crook. Surface checks began to close as average moisture content approached 40 per cent. 

A 
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Drying treated lumber 

Surface checking and warping of dried, surfaced, treated tanoak lumber are 
summarized in Table 5. Of 33 kiln -dried 6 -foot pieces, 73 per cent had little or 
no checking; most checking occurred in heartwood pieces. Nearly half the speci- 
mens developed some form of warp. 

Twenty per cent of the 10 -foot pieces, which were air -dried then kiln -dried, 
were severely surface -checked; 30 per cent contained crook. 

CONCLUSIONS 

Tanoak sapwood, which is nearly white when freshly cut, was penetrated 
readily by water -borne preservatives. Iletentions of 20 lb per cu ft or higher 
were obtained in sapwood when tanoak was dried to average moisture contents be- 
low 40 per cent. 

Dark -colored heartwood was resistant to treatment. Re- treatment at pres- 
sures higher than normal and with long pressing periods, with or without prelim- 
inary steaming, did not improve penetration in heartwood. 

After drying, color contrasts were not reliable for separating heartwood 
and sapwood. When tanoak lumber is to be treated, selection of freshly -cut ma- 
terial will be required to eliminate heartwood. Sapwood of freshly sawed materi- 
al can be identified by its white color in contrast to dark -colored heartwood. 

Sapwood lumber dried with little checking, but with warp in some pieces; 
heartwood lumber checked severely in drying and warped somewhat. 
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Table 1. Description of Experimental Series of 
Tanoak Lumber. 

Ship- 

ment Series Number Length 
wood 
color 

Ft 

1 G 10 3 mixed 
Al 10 3 light 
A2 10 3 mixed 
A3 14 3 mixed 
K1 10 3 light 
K2 10 3 mixed 
K3 10 3 light 
K4 10 3 mixed 
S1 10 3 light 
S2 9 3 mixed 

1 10 10 dark 
2 61 10 mixed 
3 9 6 mixed 
4 25 6 dark 

Processing prior 
to treating 

none 
air -dried 
air -dried 
air -dried 

kiln -dried 
kiln -dried 
kiln -dried 
kiln -dried 
steam and vacuum 
steam and vacuum 

air -dried 
air -dried 
air -dried 
air -dried 

Shipment 2 had much greater contrast in color of the wood 
than that of shipment 1. 

Table 2. Kiln Schedule for Drying Lumber Studied. 
Four Charges Started Drying Together, but were 

Removed Separately. 

Series 
removed 

Number of 
pieces 

Final average 
moisture content 

Dry -bulb 
temperature 

Equilibrium 
moisture content 

Cumulative 
drying time 

Per cent F Per cent Hours 

96 10.5 start 
107 14.0 20 

K4 10 60 107 14.0 26 
K3 10 40 107 14.0 56 

89 
' 11.4 81 K2, Kl 10, 10 28, 30 89 11.4 104 

i 
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Table 3. Results of Pressure Treating 3 -foot Tanoak Lumber with 
Water -Borne Preservative. 

Charge 

Moisture 
content Wood 

color 

Pressing 
period 

i Solution 
' retention 

Retention 
of dry 
chemical 

Pieces 
penetrated 

Average Range ! Pressure 
I Duration 

3 
Average ¡Range 10Ó 85 -95* (below 

Per Per Lb per Lb per Lb per 
cent cent Psi Hr cu ft cu ft cu ft 

G 95 -- mixed 125 4 10 - -- 0.52 5 1 4 

Al 37 31-44 light 120 4 17 16 -21 0.87 7 3 0 

A2 41 30-60 mixed 120 4 18 14-21 0.91 6 3 1 

A3 40 21-66 mixed 125 4.5 14 5-22 0.72 6 2 6 

K1 30 24-35 light 125 3 18 12 -22 0.90 7 3 0 

K2 30 22 -38 mixed 125 3 17 13 -21 0.87 7 2 1 

K3 37 32-45 light 125 3 18 14-20 0.89 8 2 C 

K4 57 48-68 mixed 125 4 15 13 -18 0.77 9 1 0 

si 10 8-13 light 115 18 27 22 -29 1.35 8 2 0 

S2 10 6 -17 mixed 115 18 26 21 -31 1.28 6 2 1 

*Area of cross section penetrated, in per cent. 

f 

85* 

.or 
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Table 4. Results of Pressure Treating 6- and 10 -foot Tanoak Lumber with 
later -Borne Preservative. 

Solution ( Specimens 
retention Length 

Cross section 
penetrated 

Penetration after surfacing 

Poorest face 
Best 
face 

Original 
color 
of wood Number Average' Range Average 'Range average 

Lb per Per Per Per Per Per 
cu ft Ft cent cent cent cent cent 

20 and over 6 21 91 45 -100 95 70 -100 98 largely 
10 26 914 70 -100 88 60 -100 96 white 

15 through 19 6 5 62 50 -85 64 50 -80 8) mixed 
10 11 65 20-100 65 30 -85 85 white & dark 

under 15 6 8 28 0 -75 38 20 58 largely 
10 23 66 0 -100 59 10--95 73 dark 

Table 5. Surface Checking and Warping of Dried, Treated, Tanoak Lumber 

Length 
Drying 
method 

Final 
moisture 
content 

Heartwood 
or 

sapwood 

Number 
of 
specimens 

Pieces checked Pieces 
warped Few or 

none Moderate Severe Bow Cup [Crook 
Ft Per cent 

6 kiln 9 heartwood 9 4 3 2 0 2 3 
mixed 24 21 0 4 3 0 8 

10 air and 17 
kiln 8 mixed 61 36 12 13 0 0 20 

Warping was rated before planing; checking was rated after planing. 
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Figure 1. Penetrations in tanoak charge A3 at aver- 

age moisture content of 40 per cent. Completely pen- 

etrated (left), 85 -85 per cent penetrated (center), 

and less than 85 per cent penetrated (right). 

INN 

ism NM agog aimi 
UMW 

1111W7 INN UNI 
Mill 11111111 

Figure 2. Dark areas show penetrations in tanoak 
charges Kl, K2, K3, and K4. Average moisture con- 
tents at time of treating were 30, 30, 37, and 57 
per cent, respectively. 
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Figure 3. Penetration in 6 -foot tanoak boards. H 
indicates suspected heartwood. One light -colored 
piece containing pith was penetrated completely. 
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Figure 4. Faces of eight treated boards 
after surfacing to 13/16 inch. Two boards 
on right show shallow penetration typical 
of heartwood. 

Figure 5. Penetrations in ten refractory 
boards after two retreatments. Note recovery 
of steamed material. Average moisture con- 
tent was 10 per cent. 
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