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Abstract

Test stakes of southern yellow pine sapwood 2 by 4 inches (nominal) by 18 in-
ches in size were treated by pressure and nonpressure processes and installed
by the Forest Products Laboratory and cooperators in decay and termite expo-
sure test at various times since 1938 at the Harrison Experimental Forest,
Saucier, Miss., Madison, Wis., Bogalusa , La., Jacksonville, Fla., and the
Canal Zone, Panama. Also included in the tests at Saucier, Miss., are smal-
ler pine stakes and those of treated and untreated plywood, modified woods,
laminated paper plastic, and pine infected with Trichoderma mold. Southern
yellow pine untreated control stakes have had an average life of about 1 year

in the Canal Zone, 2 to 3 years in Mississippi, Florida, and Louisiana, and
about 6 years in Wisconsin. Superficial treatments by dipping and brushing
with preservatives such as coal-tar creosote and petroleum oils containing
copper naphthenate, zinc naphthenate, phenyl mercury oleate, and pentachloro-
phenol have added a few months to 4 years to the life of the untreated stakes.
Some waterborne preservatives have provided less protection to the stakes
than the standard preservative oils, such as coal-tar creosote and pentachloro-
phenol solutions, when preservative retentions have corresponded to those in
commercial use. Other waterborne preservatives, during the time they have
been in test, have shown results that compare‘favorably with those from the
standard preservative oils.

1
—Maintained at Madison, Wis., in cooperation with the University of Wiscon-

sin.
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Introduction

The results of an international termite exposure test—z— have indicated that pine
sapwood stakes 2 by 4 by 18 inches provide an effective means for testing the
protection provided against decay and termite attack by various wood preserva-
tives. The Forest Products Laboratory during late 1938, in cooperation with
others, treated test stakes of southern pine sapwood with several preservatives
for installation at the Harrison Experimental Forest at Saucier, Miss. Repli-
cate sets were treated for installations at Madison, Wis., Bogalusa, La.,
Jacksonville, Fla., and the Canal Zone, Panama. Since 1938, additional pre-
servatives have been added to these tests, principally at the Saucier, Miss.,
test station. Also installed at that station, so that their decay and termite re-
sistance could be studied, were stakes of treated and untreated modified-wood
products, such as plywood, impreg, compreg, staypak, papreg, laminated
acetylated wood, cyanoethylated wood, that with thiamine destroyed, wood
infected with Trichoderma mold, and embedded fiberboard (western hemlock
strands in Portland cement).

Stake tests are useful for screening out ineffective materials. They can be

used to advantage as a means of further exploring the preservative properties

of materials that show promise in laboratory toxicity tests. The limitations

of these somewhat accelerated field tests must be recognized, however, by those
"who wish to make use of them. They should not be considered as a substitute

for actual service tests on full-size products such as ties, poles, or posts.
Furthermore, the results obtained in stake tests are applicable only under the
set of conditions existing in the particular test. Factors such as exposure condi-
tions, preservative retentions, preservative distribution, and size (surface

area in relation to total volume) all tend to influence the performance of treated
wood. With small stakes, these factors are much different from those when
treated products are used under nonexperimental or actual service conditions.

This publication is a progress report on the condition of modified-wood products
and stakes treated with various preservatives and oils. The inspections were
made during 1961. The tests at Panama were completed with the final inspec-
tion in January 1956. Progress reports showing the condition of the test stakes
in 1947, and during each of the years 1949 to 1960, inclusive, were prepared
previously.i
EHunt, G. M., and Snyder, T. E. An International Termite Exposure Test.
American Wood-Preservers' Association Proceedings, 1930, pp. 318-
334. Annual progress reports published in these Proceddings each year
from 1930 to 1949 and again in 1952, 1956, and 1957 (final report).

2B1ew, J. O. Comparison of Wood Preservatives in Stake Tests, American
Wood-Preservers' Association Proceedings, 1948, pp. 88-119, and Forest
Products Laboratory Report No. 1761, issued annually 1950 to date.
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f’reservatives and Modified-Wood Prgducts Tested

Table 1 lists preservatives and other products tested, and refers to existing
specifications in cases in which specifications had been issued. Table 1 also
refers to tables 2 through 42 in this report, in which test data on the various
materials appear. Formulations of treating solutions and descriptions of the
various test materials are generally given in these tables. More complete
information as to the source and composition of the various materials can, in
most cases, be furnished upon request to the Forest Products Laboratory.

Selection and Treatment of Stakes

The stakes of modified wood, with 1 or 2 exceptions were 4 by 18 inches with
variable thicknesses. The wood stakes were, for the most part, 2- by 4-inch
(nominal) by 18-inch southern yellow pine, uniformly seasoned, surfaced four
sides, and selected, as far as possible, for freedom from heartwood, wane,
objectionable knots, and other visible defects. Four installations included
stakes of smaller size for comparison (tables 6, 35, 37, and 42). The stakes
were identified by a number, either stamped on the ends or marked with lumber
crayon.

All preservative treatments were by pressure impregnation unless otherwise
indicated in the tables. Waterborne preservatives, unless otherwise noted in
the tables, were applied by the full-cell process, while preservative oils were
applied by either empty-cell or full-cell methods, depending upon the retentions
required. Complete penetration is desirable and is usually noted in the pressure
treatment used. For this reason heartwood material was avoided in the southern
pine stakes unless specially noted (table 5). Preservative retentions, in
practically all instances, were computed for individual stakesZ from the
difference in weight before and after treatment. Surplus preservative was
permitted to drain from the stakes before the final weights were taken. After
past experience or exploratory treatments had indicated the correct treating
schedule or the treating-solution concentration necessary to produce a desired
preservative retention, twenty 2- by 4-inch stakes were treated for each test
variable, from which 10 acceptable stakes were selected for installation. By
discarding those stakes with retentions higher or lower than that desired, the

10 stakes selected by this procedure were usually found to have preservative
retentions within 10 percent (plus or minus) of that sought. The stakes not
acceptable for the test provided material for checking preservative penetrations.
For stakes treated in liquified petroleum gas (table 42) it was impracticable to
follow this general procedure. These stakes were treated at a commercial plant
during the presence of a Laboratory representative and retentions were
determined from the analysis of extra matched stakes included for that purpose.

4 . . .
ZPreservative retentions on individual stakes have not been included in this
report because of the large amount of space that would be required.
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The 10 acceptable test stakes were usually identified by a numbered metal tag
nailed (riveted in the case of hard or thin modified-wood products) to the wide
face approximately 2 inches from the top of the stake.

Installation and Inspection of Stakes

The stakes at Madison, Wis., and Saucier, Miss., were installed in plots by
the randomized-block method. = The stakes were set in the ground in an up-
right position with about half of their length (9 in.) in the ground. The soil in
the plot at the Harrison Experimental Forest, Saucier, Miss., is Norfolk fine
sandy loam with a pH of 4.85. That area was cleared of trees, mostly scrub
oak and gallberry with a few longleaf and slash pine, before the stakes were
installed, and the ground cover is now mostly wire grass. The Madison, Wis.,
plot (fig. 1), until late 1956, was located in an area of clay loam soil partially
shaded by various hardwood trees and sumac. In October 1956, it was neces-
sary to move the stakes to a new test plot near Madison with similar soil but
without overstory of trees or shrubs. The soil at Bogalusa, La., is sandy
loam, and that at Jacksonville, Fla., is sandy. Both plots are partially shaded.

The last and final inspection of stakes installed at the Canal Zone was made dur-
ing January 1956 by representatives of the Forest Insect Laboratory, Gulfport,
Miss., and the Forest Products Laboratory. The last inspection of the stakes

at Bogalusa, La., and Jacksonville, Fla., was made in 1960 by representatives
of the Chapman Chemical Co. and the Forest Products Laboratory. The Madison,
Wis., and Saucier, Miss., installations were inspected by the Forest Products
Laboratory.

In these inspections, the stakes were removed individually, scraped off to facili-
tate inspection, examined, and then returned to their original place unless their
condition indicated removal. Following the examination, the stakes were given
a numerical and a letter rating according to decay and termite attack, as follows:

Decay Termite attack
1, no decay A, no attack
2, slightly soft or suspicious B, nibbles or trials
3, partial or limited decay C, limited attack (penetration)
4, bad decay 6 D, heavy attack 6
5, removed because of decay— E, removed because of termite attack—
5

Fisher, R. A., and Yates, F. Statistical Tables for Agricultural and Medical
Research. London. 90 pp. 1938.

6
—Fifty percent or more of cross section destroyed. .
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In tables 2 through 42, stakes listed as '""Good' had an inspection rating of one
of the following: 1A, 1B, 2A, or 2B. Stakes listed as '"Serviceable but show-
ing some decay' had one of the following inspection ratings: 3A, 3B, 4A, or
4B. Those listed as '"Serviceable but showing some termite attack' were so
classified on the basis of a field rating of: 1C, 2C, 1D, or 2D. Stakes listed
as ""Serviceable but showing some decay and termite attack' were given one

of the following ratings: 3C, 3D, 4C, or 4D. Under the foregoing system of
classification, stakes showing limited and heavy decay, termite attack, or

both are grouped together. Undue emphasis is often placed upon this classif-
ication, in which the stakes show some deterioration but are not necessarily

in serious condition. In making comparisons between preservatives, there-
fore, only the stakes actually destroyed should be considered. For stakes
classified as '"Destroyed by decay fungi and termites, "' both forms of deteriora-
tion must be rated at least with bad or heavy attack ("'4'" or "D'") in the inspec-
tion. In other words, a stake rated in the inspection as 3E would be considered
as destroyed by termites rather than by decay and termites, while one rated as
5C would be considered as destroyed by decay fungi. The system used in the
tables for classifying the destroyed stakes therefore emphasizes the major fac-
tor or factors responsible for damage, but it ignores those that may have been
noted but that have not seriously contributed to the destruction. In estimating
service life prior to 100 percent removal of stakes it has been noted that the
average life is approximately at the time when 60 percent of the stakes in a
group have been removed.

The foregoing system of classification is considered well suited to the require-
ments of tests rated on the basis of visual examination. Such methods of ex-
amination do not appear to warrant the use of elaborate or precise methods of
rating or classification.

Some persons who have used the system and prefer to have greater precision,
especially in the rating of the stakes with partial decay or limited termite at-
tack, have, however, used plus (+) or minus (-) ratings along with the numeri-
cal and letter ratings.

Tables 2 through 42 show the condition of the test stakes at the most recent in-
spection. Table 43 shows a summary of results obtained at the Canal Zone and
in Mississippi on 2- by 4-inch pine stakes treated with wood preservatives that
are in general use. Excluded from this table are stakes installed too recently

to show significant results.

Summary of Results

The results of the tests thus far can be summarized as follows:
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Southern Yellow Pine and Plywood Stakes

Untreated stakes. --The untreated 2- by 4-inch southern pine sapwood stakes
have had an average life of approximately 1 year in the Canal Zone, Panama,
2 to 3 years at Saucier, Miss., Bogalusa, La., and Jacksonville, Fla., and
5 to 6 years at Madison, Wis.

The untreated Douglas-fir plywood stakes installed at Saucier, Miss., have
had an average life of about 1 to 4 years. Those glued with phenolic and urea-
‘resin glues have lasted somewhat longer than those glued with casein glue,
which have had an average life of 1 year. The stakes cut from Douglas-fir
lumber and of thickness similar to that of the plywood have had an average
life of slightly more than 2 years. Untreated plywood stakes of yellow birch,
sweetgum and tangile have had an average life of less than 2 years.

Pressure-treated stakes. --Because of the limited number of stakes thus far
removed, the average life of stakes pressure-treated with various preserva-
tives cannot yet be determined, except for the Canal Zone tests and for the
materials of limited effectiveness. In the Canal Zone, stakes treated with
several retentions of chromated zinc arsenate (Boliden salt) have been de-
stroyed during the 15-1/3 years since the installation was made. Stakes

with 0.33 pound per cubic foot of the preservative have had an average life

of 9 years, while those with approximately 1.0 pound had an average life of 15.3
years. With chromated zinc arsenate retentions of 0.33 pound to 0.78 pound per
cubic foot, failures have occurred in Wisconsin while none have been noted
after 21 years in Mississippi. This is attributed to the presence of arsenic- -
tolerant fungi at the Wisconsin test area.

Stakes treated with retentions of from 0.5 to 1.0 pound of chromated zinc
chloride per cubic foot have lasted, on an average, about 5 to 7 years in
Panama. Those treated with 0.5, 0.75, and 1.0 pound of zinc chloride per
cubic foot have had an average life of about 3 to 4 years, and those treated
with 1.5 pounds of zinc chloride per cubic foot have lasted about 5to 7 years.
Also, in Panama, stakes treated with fluor chrome arsenate phenol (Tanalith)
with average retentions of 0.2 to 0.3 pound per cubic foot have had an average
life of about 3 and 6 years, respectively. With stakes treated with 0.6 pound
per cubic foot, the average life in Panama is 14 years. In Mississippi, stakes
treated with 0.2 pound fluor chrome arsenate phenol (Tanalith) per cubic foot
have had an average life of about 10 years.

Pentachlorophenol solutions with heavy gas oil, Denver No. 3 blend oil, and

lube oil extract and retentions as low as 4.0 pounds per cubic foot have furnished
better protection in Mississippi than solutions with various other oils,
particularly those of the lighter type. Stakes in Panama treated with
approximately 5 and 10 pounds per cubic foot of a solution of 5 percent of
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pentachlorophenol in light fuel oil have lasted 13 and 14 years on an average,
respectively. One installation of stakes treated with 4.3 pounds of coal-tar
creosote per cubic foot had an average life of 13 years in Panama. Other
installations with retentions of creosote varying from 8 to 16 pounds per cubic
foot are performing somewhat better in Panama. After 13 years in
Mississippi, retentions of 8 pounds per cubic foot of low-residue coal-tar
creosote are not performing as well as medium- and high-residue creosotes
and of English-produced creosotes, the vertical retort oil is showing better
results than coke oven oil. Stakes in Panama treated with sodium
pentachlorophenate, with retentions of from 0.25 pounds to 1.25 pounds per
cubic foot, show an average life of 6 to 14 years. In Wisconsin, an average life
of 12.5 to 17 years has been noted with retentions of 0.26 pound and 0.49
pound per cubic foot of sodium pentachlorophenate. The addition of borax

or sodium chromate showed no significant benefit. Under commercial
conditions, however, the addition of these compounds may be more beneficial.

Stakes pressure treated with the fire-retarding formulation containing ammoni-
um phosphate and ammonium sulfate lasted, on an average, only 2 to 3 years

in Mississippi. With these ammonium salts plus borax and boric acid, the
stakes installed in 1943 lasted on the average of about 4 years. The fire-
retarding formulation with borax and boric acid alone has provided protection
against decay and termites for an average of about 6 years. The addition of
zinc chloride and chromium compounds to combinations of boron and ammonium
salts in fire retardants, improves protection against decay fungi and termites.

Douglas-fir plywood stakes treated with 26.3 pounds per cubic foot of 1.1 percent
pentachlorophenol in Stoddard solvent have shown an average life of 11 years
in Mississippi.

The results of stake tests in Mississippi thus far show copper naphthenate is
furnishing greater protection than zinc naphthenate with similar retentions.

Stakes pressure treated with various concentrations of phenyl mercury oleate
in naphtha have lasted from 5 to 9 years in Mississippi. This chemical alone
did not perform quite so well as did a proprietary product containing a water
repellent.

Rosin amine D pentachlorophenate in Stoddard solvent is performing less
satisfactorily than is pentachlorophenol with that solvent and similar retentions.
With a heavy petroleum solvent, however, the difference in the two preservatives
is less apparent. Naval stores products such as rosin oil, oleo resin, and

drop liquor concentrate with petroleum solvents appear to have limited value

as preservatives but are improved by the addition of pentachlorophenol. Urea
resin has also shown limited protection. Stakes pressure treated with 5.8
pounds per cubic foot had an average life of 9.1 years in Mississippi. Other
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products showing limited preservative value in the retentions used are amyl
phenyl acetate, capric acid, diamyl phenol, DDT, dodecyl amine, and nickel
stearate.

Nonpressure-treated stakes. --Southern pine stakes and Douglas-fir plywood
stakes treated by superficial applications, such as brushing and brief dipping
in coal-tar cresote and solutions of pentachlorophenol, copper naphthenate,
zinc naphthenate, and phenyl mercury oleate, have, in general, lasted 1 to 4
years longer than the untreated control stakes. Stakes dipped for 15 minutes
in coal-tar creosote had a life of about 8 years in Mississippi, however. For
the plywood stakes in which the veneer was treated by dipping or long soaking
in the preservatives before gluing, the results have been more favorable

than for plywood similarly treated after gluing. Stakes soaked 18 hours

in solutions of pentachlorophenol or mixtures of chlorinated phenols have
lasted 5 to 10 years in the Canal Zone. In the United States, the stakes
soaked 18 hours in these solutions are lasting 8 to 13 years. Douglas-fir ply-
wood stakes treated by brushing, dipping, and 18-hour soaking and chloro-2-
phenylphenol solution, however, have lasted only a few months longer than
the untreated plywood control stakes. Douglas-ﬁf plywood stakes treated by
soaking 18 hours in pentachlorophenol solution had a life of 5 years. The re-
sults have been somewhat better in the 18-hour soaking treatments with coal-
tar creosote for Douglas-fir plywood.

Pine stakes treated by soaking in urea solution have lasted about 1 to 1-1/2
years longer than the control stakes in Mississippi, while those similarly
treated with urea-formaldehyde solution have lasted about 3 to 4 years longer
than the controls.

Pine stakes that had copper chromate and copper arsenate retentions of 1.25

pounds per cubic foot or higher after a double-diffusion treatment have con-
tinued in good condition after 20 years in Mississippi.

Modified-Wood Stakes

Plywood impregnated with phenolic resin (impreg) and impregnated and com-
pressed (compreg) has been considerably more resistant to decay and termite
attack than untreated plywood of the same species. Plywood stakes with a low
resin content had an average life of approximately 7 years and those with a
high resin content lasted 12 years. In Douglas-fir plywood stakes with
phenolic-resin-impregnated faces and untreated cores, an average life of
about 3.5 years has been obtained, and somewhat better results have been
noted when the edges of the plywood have been protected with a phenolic-resin
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coating. Southern yellow pine 2-by-4 inch stakes impregnated with a low
resin content had an average life of 12 years while those with a higher content
of phenolic resin are lasting somewhat longer.

Laminated paper plastic made with phenolic resin has shown limited resist-
ance to decay and termite attack, with the life of the stakes averaging about 6
to 8 years. Heat-stabilized birch and maple plywood (staypak) stakes have
lasted about 4 to 6 years. The staypak with veneer of 1/16-inch thickness has
performed better than that with 1/8-inch veneer, presumably since the thinner
veneer permits a better distribution of the phenolic~resin adhesive in the ply-
wood.

Acetylated birch (laminated veneer) has had reasonably good resistance to de-
cay and termite attack but after 17 years in test in Mississippi is showing
significant deterioration due principally to decay fungi.
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Table l.--Index to materlals tested

Materials

Chemicals:

Acid copper chromate (Celcure)

Acrylonitrile

Aldrin

Ammoniacal copper arsenite
(Chemonite)

Ammonium hydroxide

Ammonium sulfate-phosphate

Amyl phenyl acetate

Basic Zinc chloride
Basilit UA

Boliden salt 8-25
Borax-boric acid

Capric acid
Chloro-2-phenylphenol
Chromated copper arsenate
(Erdalith or Greensalt)
Chromated zinc arsenate
(Boliden salt)
Chromated zinc chloride

Chromated zinc chloride,
copperized

Chromated zinc chloride (FR)

Copper arsenate

Copper-arsenic-chromium salts
Copper chromate

Copper formate
Copper naphthenate

Copper-8-quinolinolate

Creosote, coal-tar

Creosote, coal-tar (English)
Creosote, coal-tar (low-
temperature)

Rept. No. 1761

: Existing specification

: or A.W.P.A. reference

:Fed. Spec. TT-W-546,
: A.WW.PJA. P5

:Fed. Spec. TT-W-549,
: A.W.P.A. PS5

:Navy Spec. 51C38

:Navy Spec. 51C38

:A.W.P.A. P5,

:Fed. Spec. TT-W-550
:Fed. Spec. TT-W-538,
: AJW.P.A. P5

:Fed. Spec. TT-W-551,
: ALW.P.A. P5

:Fed. Spec. TT-W-562,
: ALW,P.A. P5
tAW.P.A. P1O
:A.W.P.A. Proc. 1941
: pp. 23-31

tA.W.P.A. Proc. 1941
¢ Pp. 23-31

:AW.P.A. P8

AW, P.A. P1, Fed. Spec.
TT-W-556

2 Table No.

15, 16
: 36
: hi
14

36
13
1k

: 26
30
2L
13

1L
5, 8
15

h, 24

e aw =e @

“s W% B 2% ww A® S5 3% sa

2, 16, 25, 35
31

25
9

20
9

3k
7, 12, 16,17, 29

38

4, 5, 6, 8,
: 16, 17, 18,
19, 20, 31, 35
g 18, 19
g 28
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. Table l.--Index to materials tested {Continued)

Materials Existing specification : Table No.

: or A.W.P.A. reference

Creosote, coal-tar (Texas : : 32
lignite) - 4
Creosote, coal-tar solution :AW.P.A. P2, Fed. Spec. : 18
: TT-W-566 i
Creosote-petroleum solution :Fed. Spec. TT-W-568 : 18
Creosote-toluene e H 6
Diamyl phenol . : 1k
Dichloro-diphenyl-trichloro- : : 1k
ethane (DDT) : 0
Dieldrin : : 41
Dodecyl amine : : 1h
Drop liquor concentrate : 2 27
Fire retardantes :AJW.P.A. P10 : 25
Fluor chrome arsenate phenol :A.W.P.A. P5, Fed. Spec. : 2, 33, 37
(Tanalith, Wolman Salts) : TT-W-00535 :
Fluor chrome arsenate phenol :
(Tanalith, modified) : : 37
Fuel oils : . 5, 27
KP (copper oxide and chloro- : : 35
phenol) : :
Lignite-tar extracts : - 29
Mercuric chloride : - 12
Minalith :Aow.PnA- P]..O 2 25
| Nickel-chromium-arsenic salt - : v 15
Nickel stearate : : 1h
QOleo resin . : 27
Paraffin : i 32
Pentachlorophenol .A.W.P.A. P8, Fed. Spec. : 5, 8, 12, 16,
: TT-W-570 : 17, 22, 23,
p . 27) 29, 31)
: : 32, 33, b1, k2
Petroleum oils (various types) : : 17, 18, 21, 23
Phenyl mercury oleate : : 12
Pyresote tAJW.P,A. P1O : 25
. Rosin amine D copper acetate E : 27
complex : :
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Table l.--Index to materials tested (Continued)

Materials : Existing specification :

. or A.W.P.A. reference

e e e o et o P e i i | o e R e S T R
- - . m— —_— —

Rosin amine D pentachlorophenate:
Rosin oil e

Sodium pentachlorophenate
Sodium tetrachlorophenate

Toluene
Tributyltin oxide

Urea
7inc-arsenic~chromium salts :
Zinc chloride

7inc naphthenate

Modified woods, plywood, and
paper plastic:

Acetylated wood

Cyanoethylated wood

Embedded fiberboard

Heat-stabllized wood (staypak)
Laminated paper plastic (papreg)§
Impreg and compreg ;
Mold infected wood i

Plywood

=a =l a% oe

Wood with thiamine destroyed

Table No.

no
-
o
\

(0)

36, 41

10

20
2, 4, 20, 26
7, 8

s #4 w4 w8 wa w=

1k
36
4o

11

11

31
3, 8, 16, 33
36
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Preservative

Sodium penta-
chlorophenate

Sodium tetra.
chlorophenate

Fluor chrome
arsenate phenol
(Tanalith)
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Locatioi Condition of atakes late in 1961

Pestroyed by-

: Mini- : Maxi- : : Good :Jerviceable tut showing some-

H mum H mum H : H H W e - - ————— e
] g ¢ Decay Termite :Decay and: Decay :Termites : Lecay
B B B + attack : termite : fungl : :fungl and:
H ] g B g g termiten @

: attack

Percent

:Lb. per:Lb. per

: Percent : Percent : Nun
tcu, fh.icu. fb. B ar 3

: Canal : 0.2kt 0.28 : 10
: la. .k : 28 s 10
:Fla., .25 : .28 : 9
: Misa. 2h .28 . 9
sWis. ;. .2k 28 i 10
: g : B
: Cenal : .45 : .5k : 10
: la. r b5 2 53 : 10
: Fla. ;o W6t .55 8
: Mise. @ Wb 5B 5
s Wie- = Wb 5% ¢ . o 10
8 : H Total 5 43
: Cenal : .69 1 .81 ¢ 515 8 70.0 10
s la. 69 B85 75 90.0 10
:Fla. : .68 : .8 : .7h: 50.0 6
: Mies. @ .69 R 76 : .20.0 3
s Wis. : .67 : .81 : .76 : 8q 6
: B ] : Total : : .0 : U6.0
: Capal : .92 : 1.06 : .98 : T 90,0
: La. B 95 ¢ 1.09 ¢ .99 ¢ ER 1 A
: Fla. : W92 ¢ 1.08 : .98 : 30.0
: Miss., : 9% @ 1.09 : 97 10,0
: Wis, B 0 : 1.01 .90 §
8 H : Total If.'.-::
:Canal : .24 : .27 : .25 : .o 1
: La. B .23 ¢ .27 .25 = 0.0 @ 10
:Fla. : .23 : .28: .25 T ¥ 9
: Miss. : 25 = 27 ¢ 25 @ o0 = 1
: Wis, f - 27 1 .25 O . |
8 g H : Total @ 1 1)
: Canal ;i W47 @ .56 .51 80.0 : 10
: La. 1 U6 5 ) B .50 : 70.0 :+ 10
:Fla. = U7 i .55 = .51 = 100.0 : 10
:Miss. := .8 : 38 .52 100.0 : 10
: Wis. 3 AT 55500 50 ¢ 10 TR TS B ()
: : : : Totel : 50 7.0 : 50
Canal : .70 : .8 : .76 : 10 FI 3]
La. : Wl B3 : 77 : 10 HE U]

: Miss. .68 - .82 : .75 ¢ 10

Fla. : .68: .83: .16: 9

sWis. @ .67 BL: 75 : 9 g
H H H : Total : LB EE
: Cenal -+ .18 ¢ .22 : .20 10 10
: la. r .19 ¢ W22t .20 @ 10 10
:Fla. : .A8: .21: .20: 10 10
:Mes. : .8 21 : .20 : 10 1w
swWis., @ 1% ¢ .22 ¢ .20 & 10 38
: : : : Total : 50 5
: Cepal : 33 30 ¢ 10 1w
: la. : .32 1 .30 3 10 10
: Flar ¢ 32 1 .30 1 10 i
: Miss. 32 30 ¢ 10 ]
s Wis, @ 30 ¢ .28 10 0
B Total 50 48
: Cenal .60 : 10 10
: 1a. 10
: Fla. 10
: Miss. 3
1 Wis. 10
B 43

Total removed

: Averege
1ife

10C.0 6.9
100.0 9.2
100.0 : 1.2
90.0 cuinamm--s
100.0 : 12.5

2 96.0

: iooig @ Bl
: 100.G 8.1
: 1onic @ 1.3
@ 1000 10.7
r AB0.0. & 1L
I T - S
: 100.0 9.9
¢ 100.0 10.9
100.0 15.3
: 100.0 : 15.1
100.0 4.5
: L'0.0 ¢

o 160.0 @ 11.3
t 100.0 T

: 80,0 .

T 1opa8 1 16,7
s TN

3 100,00 3 2.8
+ Q.0 9.6

: AgR.0 @ 139
t 1000 10,2
. 00.0 1.8
100,00

T 10.U
100.0
100.0

T WY Teitasuin

+ 100.0

96.0

100.0
100.0
100.0

: 30.0
100,0
60.0
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labte .
G d, Tannl 7one, septemper 19385 F
Boguluca, Ia., December 1930; .acksonviile, ¢Ea., Taiary 1939; Tiarrigon Experimental Fore Coucler,
MI5 ., Decomber T35 @nd Madlon, Wic., November T939 {Continuedy T
- & 1 T
Freservative :livealion:  Retention of caltn Number: Conditlon of ntakec late in 1961 ° i Averaps
. e . 3 e e s e e M e e o 4 2 o mmcasssmt  Llife =
= MIni- : Manl- hverame: 1oed Aervlenabls hut P ing tuzpl eyl by- Patnl e movesd
3 romom ! foum o : : R SO e e :
Devay : Turmile therny and: ey (Termibee
tattack  : termite ! el fungl Brad s
3 t ntteck : iLarmited -

: Percent

Percent : Percent : Percent : Percent : Percent

3odium penta-
chlororbenate
and sodl
chlorideZ

Zinc chloride

Canal

La. .70 78 7k 10

Fla. o1k B2 .75 10

Miss. 0t W79 Tk 10

Wie. %51 87+ TS 9
B : Total L]

se e se seabies e ar e oo bp b

: 1.00 : 10 10 : 100.0 k.0
1.01 10 10 100,0 11.6
10 10 100.0 15.4
10 : 9 ¢ 90.0 -....--
: 10 .: )0 ¢ 100.0 19.0
: 50 : kg : 98,0 :
: 10 90.0 10 100.0
: : 10 60.0 10 100.0
H : 10 80.0 10 100,0
g : 10 0.0 8 80.0 ..
: : 10 =11 O] 1000 :
: g 50 %o : W8 : Tge.0 :

Chromated zinc : Canal : A9 : 10 00.0 10 : 1000 : L.9
chloride : Ia. G 49 3 10 50.0 10 : 100.0 : B.6
: Fla, 491 8 75.0 8 : 100.0 : 1k.3
: Miss. A9 = 10 60.0 10 : 100.0 1.2
P Wis, 9 0 taiiirraa
2 7+ 979 :
: Canal 10 : 100.0 7.2
: la. 10 : 100,0 : 1.0.6
: Fla. 9 : 100.0 @ 14.3
: Mies. 8 3 80.0 :i-iiinaan
t Wis. 10 : 100.0 ;4.7
8 7 : 95.9
: Canal 10
: La. 10
: Fla.
: Miss. ?
: Wis. a
: 45
Untreated : Canal 10 100.0 T .
controls : la. g 5 10 + 100.0 2.9
* Fla. ta0oaonf s : 10 @ 100.0 2.8
1 Mise. oo 2 10 : 100.0 2.9
: Wis. 100.0 19 100.9 5.7
8 25,0 50 100.0 = .
] : : —
“Final inspection &t Canal Zone February 1954 and a . Bomalusa tecewter Ly, Dara reported for last inspection in Jacksonviile in 1960
2
=Ten stakes were oripinally installed at ecoch tesi nletion. ‘fiis puwmber has since heon peduced eivher becanme o) 1afture te locate the atakes at the Lime

of the incpection or because ol damage hy 'ire.
3
“Retentlon values based on sodium pentachlorophenate only. Goilum chloride add d wag cqui) to 20 pereent of weiphi off sodlum pentachlorophenate in solut lon.
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nble Saw=pondilion of Lhe plywood sfal -

and resin=impregand ol ntaken

et

wnry 19h0 on the

Minn., after aboul 22 gears of cervice

Group : Gtake
number: numbers

Tr

rbment
nverarc
Increase
in welght @

In

sot,

Approx imate :Numbor @

Condition

fiood

¢ Gorviceable bul

uhowing oome-

ol &

Harrloon Fagar|mepbal

cimeno Becomber 1961

nrzuk, Jauclor,

begtroyed by

Tota !l removed

:Average
T:1ife

: Decay : Termitle :Termites Decay tiermlites :
H ! 1 i 1 attack s funpi  iand decay:
E : : g :ond decay: : fungi
v [ o ek i f S L ——— . B e
; : Lb. per : Porcent : Percent : Percent : Percent : Percent : Percent : Number : Percent : Yr,
:ocu gt : ; : : ' : : :
1
Plywood
i :1-1-40 to :Eech ply impregnated with & 50 percent 10 ER - e 33.3 1 55.6 8 : 100.0 : 12.4
:1-10-L0 :aqueous sclution of phenclic resin, ] = L L H 1 b
8 :elowly dried, and cured for 1 day at ] H H = H = ;
B :220° ¥. Bonded with phenolic-resin H H H B : t B 1 '
H 1im. : t L 3 : H : H :
2 2-1-40 to :Seme me group ! except that a 25 : F 10 ; iibecewei? BOUO o MOLD. ¢ 20z 100.0 - 6.8
2-10-k0 :percent solution was used. ) 1 -] ¥ 5 f
M 2 H : H b H 5 T
3 -1-4%0 to :Face plies impregnated es in greup 1 =10 1B fxasms o o A R i3 i T — e [ [ S o+ 343
-10-k0 :and bonded to an untreated core with H 4 H T H
B :phenolic-resin film, J o L H ] %
3 5 2 4 s i % : i 5
%  :b-1-40 to :Face plies impregnated as in group 2 -5 10 3 I : 100.0 £ 100.0 : 3.5
:4-10-40  :and bonded to an untreated core with & . 3 : 3 ! H
H :phenolic-reein film. ] 7 8 5 H 5 i B : T
2 :5-1-40 to :Same es group 3 except that =dges of - g10 1 SO e -z q0.e i TR '210 : 100.0 : 4.9
:5-10-k0 :specimene were given a protective e 3 ; - £ o) H 13
g treatment by dipping in a phenolic 5 Y : E o : *
:resin containing 15 percent alcohol. : o H 5 L H 5 H
H S 3 ) £ H H
6 :Seme as group 4 except that edges were : 25 9 BRI e o ks 22.2 : 333 = 29 r 100.0 : 9.3
:protected as in group 5. = H 1 B & H H
I :Untreated plies bonded with phenolic- :..,....... .t 1 " T Ty T0.0 foo..vimani 30.0 : 18 : 100.0 1:9
:resin film. : : : H H : 3 : 3 H
-] :Untreated plies bonded with hot-press t.....i.uc.aa: 1 Ry LR g LR : 0.0 te-e---...r 30,0 30 3 100.0 1.9
iurea resin. 3 H ! b : : H H :
2 ¥ X s ] £ 2 2 £ oy :
] :Untreated plies bonded with casein Terararieanai 10 R 5 o EaaTs P O0 SO =Ry 10.0 : -10 : 100.0 1.0
:glue (FPL formula 4B). 2 B i % i 3 g i g
: % £ 1 5 % H i z
in  :10-1-%0 to:Untreated plies (yellow birch) bonded ~r.-..yi---..:i 10 Pt A ..3 30,0 : 10,0 : 60.0 i 10 100.0 : 1.9
:10-10-40 :with phenolic-resin film. B : & % i g H H b o %
11 1-1-40 to:Untreated controls -- solid wood R O S e 80.0 tiraciiis 20,0 @ 10 : 100.0 : 2.4
1-10-40  :(1/4" x 4" x 18"). : z ] ] (] H
Stakes (mpreg)z
1z :12-1-40 to:Impregnated same es group l. 10 10 20,0 20,0 Gaaaaa-eeei 5000 10.0 3 : 60.0 taviiaes
2-10-40 : : B H g 2 R s
) :13-1-40 to:Impregnated same a@ group 2. 8 5 PRI 1o RO DTN e e T ¢ N ) 50.0 pio] ¢ 100.0 : 11.7
:13-10-40 ¢ B B 2 g B : : H
1% :14-1-40 to:Controls -- untreated. + 10 femiimeaaaiamaeaa=et 20000 2ol 80.0 : 10 : 100.0 : 2.7
:14-10-40 : : B : g 2 B g ]
C 6
Compreseed plywood (compreg)™
15 315-1-49 toPouglap-£ir -- atl pliso lmpregnotvd as: 10 3 L0 Pisamaareafeessnaas cwmmmalaanerpnendaneen (S.LLERT]
115-3-40 :in group 1, drled end assembled with- : H 3 : 3 ]
H tout the use of glue in a hot press at @ L ¥ H ) H H H T :
g :330” F. and 1,000 pounds pressure per : ' S i 3 - B T H H T
< :square inch, H H H : H T H a H
L i 3 H H H 1 : H 3
:15-4~50  :Yellow-poplar -- all plies impregnated : 10 2 ¥ Zemarmersrfassssmanai, s 9505 i 6eRT ER R L0 18.5
:15-6-40  :and compressed the eame as for Douglas-: : H : ; 1 :
2 :fir, B e 4 t H
r - —'—'-__: - £ - = - . -
~Specimens in groups 1 to 9 are three-ply Douglas-fir; in group 10, yellow birch. They are 1/% by b by 18 inches in size and made of 1/16-inch faces end a 1/8-
inch core. Specimens in group 11 are solid Douglae-fir, 1/% by 4 by 18 inches In size.

2

—Increase bascd on treated Taces.
zDeterioratlon principally in cores.

h

—Some separation of plies had aleo occurred.

Z-Specimens are coulhern yellow pine sapwood, 2 by b (nominal) by 18 inchesn in nize.

SSpecimens of both Douglas-Tir and yellow-poplar made of fifteen 1/10-4nen ;»l|(~|}, comprenged Lo a thickness of 3/8~inch. Size of specimens 3/8 by & by 1% inches.

Note: Stakes remaining after the 19952 inspection were taken up and rvenct in the oame peneral area.
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Table %.-=lobd £ Lot of tontherge pdpe shoken £ 5 b bn. ninband x 3R e 1wl ehlarkiaked pherolo sid cosl-loe treoosle sftor
Thout, 28 yentl OF dueyiii. ko pdaeed Tit et larre: S Triamd, il oon, Prbraary 1AL Heguiuln, 1.,
Virch 1017 daCimony i Lie, Pl , Molell ki il JiRerisin b L B, fonlery Mlow,, tebruwiry CAT
Preservative tLocationt Retention of, :Number : Condltion of stakes Llatc in 1961-1 Averege
H prageTyuk i v H soo o R life
e otroyed by- ;o Takal pemowed
t D Mind~ @ Maxi- thweregsd i i §
Domum o mEh H : i Deeny : Termite :Decay and: Dueny !
] ! 1 : & : nttack : termite : fungi s fump! vk
: H H : B . attack 2
3 11k, pertlb. gerib. por: : 1ereent ¢ Vercent ¢ Fopreont @ Purecoi @ ardrmt Mumbor ;o Peresnt
H e, 1w, PE,zcu. fE, 2 : T : . 3 A Fr
H S % E] H : H B H H 1 H B
#odlym pentachlormphenate : renal ¢ 0.83 ¢ L3T 3 0,85 3 10 I.accwescalicsscssaabinsnnannins pevassst 600 ¢ MO @ 200 JOOL0
HY 38 H 2% - T 25 1 Ao T 10 1000
! Fla. i 25 P ) 850 ]
r Mlaa. - - 250 10
T i : ; Total 33
ccamal : W31 & WMz A3 16
: 1A, PR S B R (TR . & 10
TFl. @ 32 LMz .33 8 p
: Mims, ¢ 51 ] L3k . g H
H X : : Total ¢ 38 : H
1 Csnat ;AT 0 55 ¢ D S T) L Pt At [= 7Y+ B ¢
: Ia. g slor  ashal 51 10 v 10,0 W
: Fln. e n W5b +50 o0l @ 1
1 MimEe, LY - P FL t
iy H 1 smeknl. %.5 Y 5% 3
t : g B H L3
: Canal - 8L B 4 3] 0 r 10 e
: 1a. ey e AT b ¢ &
: Fla. o TR B o R 0.0 + 2
tMies. @ W8 LB WTT S 0.0 @ 1 ¢
3 g 1 r Toatal LIy AR
] H B B 1 H b
: Canal = - B Ny - I N9 %©e.q H
: la, TR 109 9% 0.0
: Fla. 8 G 100 89
s Mies. : O L0 30
: i : : Total @
Sodium pentachlorophenate : Canal s T iy
and sodium chromate; xla, PR S BRFR '\ ST ¥
chemical ratio, 3.24:1 : Fla. PR T SR ' SR
: Mies. @ LM r WT o bk
: ; H : Total @ :
Sodium pentachlorophenate : Canal : 5ho: - RN 100.9 =
and borax; chemical : La. F— Y Ear 8B 85,9
ratio, 1:0.76 : Fla, T .53 1 LERA 5P 1000 :
: Mies. Sh:o Bl LeB ; 0.9
: B H z Tobal i TSl I
Sodium pentachlorophenate's Canal : .71 : .00 = .75 : 1060
and borax; chemical t La. PR & REPTR i B B 96.0
ratio, 1:2 :Fle, ¢ 72 : JHe: .76 : 100.0 B
i Miss., .71 : LBz .75 ¢ k3.0 B L
H B : Total : 871.3 50.0 3
H B b i H H 3
Sodium pentachlorcphenate : Canal : .78 : B8 : 83 : 50.0 ¢ 100.0 13.0
and borax; chemical : La. : il B8 L8 T0.0 ¢ 100.0 10.0
ratio, 1:1.52 :Fla. : .79 : B A2 100,0 100.0 16.7
1 Mise. ¢ 79 : WBT 2 U8 g 50.0 : _50.0 =.-- --
H H H ¢ Total - [T : 87:2
Sodium pentachlorophenate t Canal : .91 ¢ 1.66 @ o8 100,00 ¢ 100
end borax; chemical t la, s agnk ANgEaT SOk ! =72 2 M ' FE
vatio, 1:3 : Fla. PR - S W S S - | W o1 ¢
tMiss, @ LJER G L.06 s QM 0.0 4 . ¢
i g 4 + Potal ga.h ot 3
Sodium pentachlorophenate: Canal : 1,00 3 1.1 ¢ 1.0% oo, oo
and borax; chemical o ¢ Al ISy 1:09 8 8po 0 W
ratio, 1:2.27 = Fldi ERIE I i s T 100,90 : 10
: Mine. & L.0% ¢ : gon 8
: : H 9.0 : 3B
H : : T t
fodium pentachlorophenale: Capal @ 11T @ o [0 ¢ I ]
and harsx; chemical 1 L. e AT Mmoo 13
matio, 1:1.50 Fla, FA A L e S 7.7 1 :
s Miom, 1 1.7 t : 2 =
£ B > . ] : : LTI S
: ] : 1 H H : : ! : :
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Table 5.--Condition ot southern pine ulakes [

in. nomls

wi conl-tar creosole afler

about 21 years of gervice, filal

u placad in L

Mareh 1015 Jacksouv 0, vin., March U

2 2
ML and Harvisor slor . Mic: 8 I (ot o)

Pranevnt by slawcatihim? {urtentien ol sNumili 2 1 Average
' PRt & R T e life
. P el S TR e (L ATIS I BV
2 s Mint- @ Muxl- fAveragat

mum fllm

5 percent peritachloﬁo- H 5 T
phenol iu fuel oil” A 5.4 8
: 40 ¢ 5.6 1 k.8 ¢
: b2 o5k 2 BT e
H : 1 Total
: B 21005 1 4.6
s 84 109 & Q.48 @
1 ¥la, : 8.8 :10.5 : G.E
c#len, @ B.6 :10.5 : 9.8
H J T £ Putal :
Canal )
HR £ sAlsC =
#in . R 05 T
@ Mlaa. 3 1 P
H s Tatal'
: Canal 1°20.1
: la. 1 2.1«
: Fla. ¢ 20,1 =
: Mige. 20,0 ¢
i : Total :
3 percent pentachloro- : Canal b9
phenol + 2 percent : la. : b9
chloro-2-phenylphenol  : Fla. 4.9 :
in fuel oil} : Misa. 4.9
E : Total :
: Canal in.¢ 1
: lLa. n.Q 3
: Fla. 1.0 =
: Miss. 3 1w.0
i : total @
1 4 :
1 Canal + 16.3 159.4
: 1a. 1 165 §EImEY E
: Fla. 1 16.3 5 15.3
: Miss. : 16.1 (FAEEE
e H g : Tobsl :
Coml-tar creosote, :Canal : 3.5 : 6.7 : b7
grads 1 : la. g B 6.7 : .7 ¢
Fla 8 2D 6.5 oy =
: Miss. 3.5 6.5 4.6 @
I 8 : Total :
: Capal : 8.4 :11.6 :10.0 :
: La. : 8.6 :11.2 :10.0 =
:Fla, : B.6 : 1l :10.0 =
s Mies. @ 8.4 : 114 :10.0 =
- H H : Total :
: Canal ¢ 1%.5 : 15.4 o 1&.4
: la. :15.5 :15.9 1S5
: Fla. 1 13.5 :15.9 : 1.5
: Mies. : 13.3 : 16,1 : 1h.5
x s ) : Total
Fuel 0112 : Canal : 8.2 : 11.9 : 9.9 =
: La. : 8. AL, 7ROy Bl
: Fla. ;o B2 AL o 9.8
: Miss. : 8.2 11.7 : 9.8
s 3 : Total :
: Canal 18.2 21.0 : 19.k :
: La. : 18.2 214 : 190
: Fla. : 18,2 1.0 2 194
: Miss. : 18.0 : 21,9 :19.4
B i : Total :
5 percent pentachloro- : Canal .5 1.b Jdi 8
phenol in fuel o1l and : la. 0%) A2 8
naphtha; 3-minute dip : Fla. ) 1.2 B8
Mias. ! .Y 1.2 8
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: k.2

B 22. 7.8« 7 ¢ 778 feeei--...

1o . a 8 .0 aogh . P : 2 Toirraans

10 10,0 @ 1@ 100.0 (01
10 ’ roIm ¢ 100.0 k.2

8 : A ¢ 100.0 : 5.0
10 W ¢ 100.0 3.2
38 W o WeC :
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Table S.esCrmdifiog of aouthern pine ovakee (2 x 4 lo, nominel x 1f it} treosbod witl shlprinnted phepole und conl-tur crvpsots afier
About eobll o Bulvies, kv (dtagml 10 toel ot larT lurndo Tolonl, s Yons, Yebrary TR e lanm, td.,
Warell 1| Tackennvitie, Tia., MArch 1011; and faceionn faperimntnl Torcoh, Gaeeier, Winw., february TAT CTCimi faed
Preservative Retention o!‘l :Number: Condition of stakec late in l‘.lisl:i : Average
preservativ in 4 I life

Total removed

Rer—ocr e L=t Destroyed by-
: Mini~ : Mexi- :Average:
:omum : omum 3

: atteck

Percent : Yr,

Percent : Percent

5 percent pentachloro- 1 2.6 : 2. Do0.oH00D0 500000000 29040000 + 10 100.0 : 9.1
phenol in fuel oil” and 2.8 2.4 : : : 9 200.0 : 8.k
naphtha; 1B-hour soaking: 3.0 2.4 s 10 100.0 : 1.9
5.0 @ 2.4 10 1000 ¢ 12.9
B 8 Total : 39 100.0
S percent pentachloro- 8 oft 8 dod g .9 i 10 g
phenol in soybean nil!‘ 6" 5 0 1.2 .9 ¢ 10
naphtha, and fuel 0il»2: o3 1.6 + .9 3 T
3-minute dip : 7 et 8 .9 : 10
f : : Total : 37
1 B
18-hour soaking g 2.3 3.7 2.8 10
H 2.1 3.9 2.8 : 10
H s 23 3.2 ¢ 2.7 : 10
: Miss. : 2.3 : 3.5 : 2.8 £ 9
: ] 5 : Total 39
18-hour aoakingl : Canal 3 1.1 3.0 : 2.3 : 10 8 .0
: la. : 1.8 + 2.6 @ 2.3 + 10 B 3
:Fla. : 1.8 : 2.8 : 23 : 8 g .8
:Mies. : 1.1 : 2.8 : 2.2 ;10 ¢ 1000 : 1.9
2 g : Total 1 38 ¢ 1000 ¢
3 percent pentachloro- : Canal ¢ 9 ¢ 1.6 : 1.2 . L] 100.0 : 2.3
phenol. + 2 percent : la. r .9 : 1.6 : 1.2 60.0 100,0 ¢ k1
chloro-2-phenylpheno} in : Fla. ] 7o 1.6 1.2 80.0 :+ 100.0 : 5.0
naphtha and fuel oil*; : Miss. : .5 1.8 : 1.2 60.0 1 100.0 : 5.3
3-minute dip B i Total 0.0 : WY
18-hour soaking : Canal 2.5 : 4o : 3.1 : 10 0.0 : 100.0 : 9.0
: Ia. s 2.5 ¢ 4.0 & 3.1 10 90.0 : 100.0 : 7.2
:Fla. 3z 2.3 : 3.9 : 3.1 8 87.5 : 100.0 : 10.8
: Miss. 2.6 : kLl : 31 10 100.0 : 100.0 : 13.8
: : : : Total : 3B 92,1 : WEo
3 percent pentachloro- :canel : .5 ¢ -9 : .8 : 10 1 90.0 : 10.0 : 100.0 1.6
phenol + 2 percent : La. 5 .5 9 : .7 : 10 Coonopeoond (00 100.0 : 3.9
chloro-2-phenylphenol in: Fla. 1.5 9 : .8 : 10 : 10.0 : T70.0 : 1000 : 2.8
solvent of 80 percent : Migs., t .5 s 9 1 B8 : 10 ;30,0 @ 50.0 @ 100.0 3.6
mineral spirits and 20 H : Total : 40 : 3.5 : 50.0 : T100.0
percent moisture re- o 3 5 : " 3 ]
peliept; 3-minute dip £ F H '3 5
18-hour soaking spPaual @ 201 ¢ 5.8 @ 3.4 2 10 ; 10.0 1 10 t 100.0
: 1la. 2.5 1 k6 -: 3.4 10 : 100.0 : 10 ; 100.0
: Fla : 2.% ¢t b9 : 3k & 10 + 8.0 : 10 : 100.0
T Mlea, : 2.3 : 5.1 1 3h 1 10 70.0 : 10 i 100.0
1 : s : Total Lo t 5o+ W T000
Untreated controls i Canal 10 Teeaeaeas +: 10 ¢ 100.0
1 L 10 30,0 : 10 : 100.0
Fin. 10 : 70.0 : 10 + 100.0
Mieo, 10 R 30.0 : 10 ¢ 100.0
t Total : BO : 335 : B0+ 100.0
}'Based upon welght of dry chemical for sodium pentachlorophenate alone or mixed with other: chemicals and on weight of solution for other treatmenta. Values for .

p stakes originally installed. i

=Ten stakes were orlginally inetalled in test. This number has since becn reduced either because of fallure to locate the stakes at the time of the inspection or
because of damage by fire.

1Final inspection at Canal Zone January 19%6. Data reported for Jacksonville and Bogalusa are for last inspection in 1960.

—liPurchused and reported carlier ap No. 2 fuel oil but haa since been found to have a distillation range lower than thet for typical No. 2 fuel oils.

2Est:l_ma{:e based upon percentage stakee remalning after final inspection.

—Solvent contained 1 part soybean oil and 9 parts each of fuel ofl and napbtha by volume.

13pecimens contained some hiartwood.
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Table Lk, -=CapdlbEor of gowlhesn s lbow | snpswond oroken £2 ot to. ormingd x A8 Sneg trested wlth verlous chemicala, ard_cf
bamthatod aeelylnied yellow bireh pupwood pholos Bl w2 /0 & 15=%370 in.} afber (7 yohes o rn, Gtakep

Placcil in Leah Deeember 1980 6t bhe lnerloon bepecimentod Foreat, Sageier, Miop,

PreaervutiveL ¢ Avernge tHumbor: Cepnld klcul of stokea Dece i fysrags
sretention: In & - e i _— = X, Iy
' . ¥ of 3 tent 1 Good”: Seyvineshle tub ghowdng: : DNeatroyed by iTotol removed
TPTEBCIT VA= H H B [T = H H H
o bive o 3 H e ¥ -=cd <
+ dry salts : 1 Deomy & Decny (Termiton:  Dhcay
H : H H : ¢ otermite @ ofung! @ rangd and;
& i : t ] 1 toutinck : t beyaniten?
| e 4 : T b b - fmmm—— —— e - ————
i Lb. per : :fercent:Furcent: iPercent :Percent ! Peresnt :ffupber:Fopesnt:
ERE P T H : & H H : : :
Pine Stakes
Ammoniacal copper arsenite L,
(Chemonite) (percentage® in B :
I solution): L : 5 :
0.612 s2es 10 @ 30.0 ¢
1.29 1 A .53 : 10 : 100.0 °
2.57 :%um + 10 : 100.0 i
3.21 ¢ =1.29 : 10 : 200.0 °
| . 5 . B 3
Amyl phenyl acetate (percentage in: 3 3 i
Stoddard solvent): H . :
0.37 $° 10 = 10 B 6.7
' .93 .25 @ 10 s 8.5
1.85 i .50 : 10 60.0 ¢ 10 1 100.0 i 10.0
| Capric acid (percentage in g : : 3 :
Stoddard solvent): i -} : B :
0.37 r .10 : 10 ¢ 10.0 @ 30,0 : 60.0 ¢ 10 1L 5.0
| .93 H 25 @ 10 5 10.0 : .0 : 70,0 : 10 : 100.0 t 5.3
1.84 H .50 : 10 vasaraet 10,00 2 90,0 : 10 = 100D * 5.5
T J S H : H S B H :
Diamyl phenol (percentage in : 3 2 H S g p H H 3
Stoddard solvent): i : £ t § : 3 : g t ¥ H
0.37 f .10 1 10 Gasswens g : 19,80 = 90.0 : 10 : 100.0: 5.8
.90 ] 25 1 10 iasues t 106.0 ! 90.0 : 10 31 100.0 :  8.bh
1.76 5L 1 10 Faaammas ; 1%.0 90.0 * 10 % i00.0 * 1l.4
DDT (Dichloro~diphenyl-trichloro~ : g 3 : H H
ethane) (percentage in Stodderd : : : H § :
solvent): H ) H : 3t 3
1.25 H «35 :l 10 : 10 : 10.0 : 1.1
2.7 : .7h 1 10 10 ¢ 100.0 1+ 9.0
s H 1 : i ]
Dodecyl amine (percentage in 4 H - H H H
Stoddard solvent): H 1 H H H
0.37 oo 3 10 ¢ 10 :100.0 : 5.k
<93 1.2 ¢ 10 : 10 :100.0 ¢ 5.7
1.85 © .50 1 10 : 10 : 100.0 : 6.8
Nickel stearate (percentege in A £ B H ]
coal-tar naphtha): i ] 2 H H
0.33 i | & 10 90.0 : 10 : 100.0 : 5.6
.93 .8 ¢ 10 70.0 : 10 : 100,0 ¢ k.9
1.85 .58 3010 : 80,0 : 10 :100.0 @ 5.5
Untreated tensaneanat 10 : 60,0 ¢ 10 : 100.0 : 2.1
Yellow Birch (Laminated)d
Acetylated 10 inssaraais @OSTLCY 100 50.0 far-t-m.cFimimrarant 5 I 500 Fesssnanas
Untreated 10 , 10,0 @ 20.0 : T70.0 110 = l00.G % 2:7

—LAll stakes except laminated yellow birch were pressure-tireated.
gFigul‘es baged on CuO plus As 203 and should be increased approximately 12 percent on basis of Ccu(0H)p plus A9203 as required in AWPA
Standard P5-5h,

3~Prepared from six-ply, perallel-laminated, acetylated 1/16-inch veneer glued with hot-nress nhenoclie resin. Average acetyl content 19.2
percent based upon ovendry weight of wood. Untreated controls nrepered from untremted veneer.

Note--The stakes remaining in test after the 1952 imspection were reset in the same general area.
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Table 41.--Condition of southern pine stakes (2- by &4-inch nominal by 18 inch) treated with tributyltin

oxide and pentachlorophenol solutions with heavy and 1ight petroleum solvents and with

and without the addition of Dieldrin and Aldrin after ] yeay of service. Stakes placed

in test at the Harrison Experimental Forest, Saucier, Miss., December 1960

Preservative

Solutions with Stoddard solvent:

Tributyltin oxide, 0.3 percent; and Dieldrin,
0.3 percent

Tributyltin oxide, 0.6 percent; and Dieldrin,
0.3 percent

Tributyltin oxide, 0.3 percent; and Aldrin 0.3
percent

Tributyltin oxide, 0.3 percent

Tributyltin oxide, 0.6 percent

Tributyltin oxide, 0.3 percent; Dieldrin, 0.3
percent,and water repellant, 4.7 percent

Tributyltin oxide, 0.3 percent; Aldrin, 0.3
percent, and water repellant, 4.7 percent

Dieldrin, 0.6 percent

Pentachlorophenol, 5 percent; pine oil, 5
percent; and water repellant, 4.7 percent

Pentachlorophenol, 5 percent; pine oil, 5
percent; Dieldrin, 0.3 percent; and water
repellant, 4.7 percent

Water repellant, 4.7 percent

Pentachlorophenol, 5 percent; pine oil, 5

: Average :Number:Condition of stakes December 1961
:retention:

: Lh. per :

18, fE,

[e e ]
oo

8.0

-
o«
o0

percent; Dieldrin, 0.3 percent; stabilizer wax,:

2 percent; and water repellant, 4.7 percent

Solutions with heavy petroleum solvent (AWPA-P9):

Tributyltin oxide, 0.3 percent; and Dieldrin,
0.3 percent

Tributyltin oxide, 0.6 percent; and Dieldrin,
0.3 percent

Tributyltin oxide, 0.3 percent

Tributyltin oxide, 0.6 percent

Pentachlorophenol, 5 percent

Pentachlorophenol, 5 percent; and stabilizer wax,:

2 percent
Petroleum solvent controls
Untreated controls

in

: Serviceable but showing

test :

10

10
10

10

Good

: Decay

some -~
:Termite:Decay and
¢ attack: termite
: attack

+Peycent:Percent:Percent: Percent

60.0 + 40.0
60.0 40,0
50.0 50.0
50.0 50.0
60.0 40.0
60.0 : 40.0
70.0 : 30.0
40.0 50.0
100.0 Faiwneu--
; 100.0 :esenn
: 50.0 : 40.0
100.0 euuusrn
100.0 teciasen
100.0 fwenna-
100.0 :es-.--- N
100.0 :essaus
100,00 paciaains
100.0 ssas f
100.0 wmaanas
50.0 : 30.0

*r ba om
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Table 43.--Swmmary of results obtained with wood preservatives in gencral uue

Preservative H Averepe s Test : Data from : Averuge : Remarks .
3 retention™ : station : table No. : life
¢ Lb. per cu. ft. : B : Yrs.
Chromated zinc arsenate : 0.%3 :Canal 4 9.2
(Boliden salts) (AWPA P5) B R R T T b 11.6
: .58 RPN T R I8 14 .6
: .78 ERR [ S L 15.1
T 1.05 te..dooauat L : 15.3 :
: .35 to 1,06 :Miss. 4 tewv--..vs:no foilures after 21 years
Acid copper chromate H .26 Bood®hooal 15 t . .ui.....:00 percent failed after 16 years
(Celcure) (AWPA P5) : .52, .75 to..doo, ot 15 ! wiuau-.a:n0 Tailures after 16 years
Ammoniacal copper sarsenite ;o .28, .59 H 3 8 :
(Chemonite) (AWPA P5) : 1,12, 1.45 Boodi®anans 1h fve.-v.1e.:mno failures after 17 years
Chromated zinc chloride : 49 :Canal 2 L,9
(AWPA P5) : .76 FRRPY [ P 2 : 7.2
¢ 1.02 Boodiagans 2 6.6
R) :Miss. 2 1k,
.76 Boodi®ao003 2 t .. iuva.s.:80 percent failed after 23 years
21.02 Sondi®sooal 2 Y i asnsee.:80 percent failed after 23 years
Copper naphthenate : = o5} Boot@papal T 3.7 3
(2 percent copper solution) : 2 ol So6di®pa pd 8 7 5.2
Copper naphthenate (0.11 2 g i e g
percent copper solution) 2 10.3 te.dolala T tueer-.e.-:80 percent failed after 20 years
Copper naphthenate (0.29 ] 3 4 8 g
percent copper solution) o 10.2 Bo0di®pn oo i T tiiavenes«i20 percent failed after 20 years
Copper naphthenate (0.5 3 : g : :
percent copper in naphtha) @ S5 Boodt®anoa 12 fuiasnr e eino fallures after 18 years
Copper naphthenate (0.57 2 : £ ) :
percent copper solution) 1 10.6 Bt0dU®ac o 8 T far-1a:r--:10 percent failed after 20 years
Copper naphthenate (0.86 % 3 o : R
percent copper solution) o 9.6 Boodc®nooak T t.-a-u.ar.nio Tailures after 20 years
Creosote, coal tar (AWPA P1) % .76 800 d®uonak I k2o
4 SRR, FPPIN T YR L 7.7 :
(for results on various types : L2 Boodsie)e ool L tieveiear- .60 percent failed after 21 years
of coal-ter creosote see :8.0, 11.8, 16.5 :...d0....: 4 fa e na 000 .:no Tailures after 21 years
aleo table 18) ¥ 2 .76 :Canal : i : 2.5
H I8 Sooceloh an =g I L8
: 4.3 FRR T P b I 2%
i 8.0 FRRPN - TR L 1 219 :30 percent failed after 15 years
: 11.8 S0k aaad 4 . 218 :40 percent failed after 15 years
. 16.5 e dOrars I fiiiaesar.ino failures after 15 years
g b7 HES: (o I 5 : J1e 190 percent failed after 15 years
3 10.0 HPIN (o FUFIRR 5 1 220 :20 percent failed after 15 years
: 144 PR, - T 5 f.1..e..ino Tailures after 15 years
: 4.6 :Miss. : 5 Cuveinies 340 percent failed after 21 years
r 10,0, 14.5 PN 1< TR 5 Suieie.e.-in0 failures after 21 years
: b1 tev.do.o ..t 17 “vueeoaa..:50 percent failed after 13-1/2 years
Chromated copper arsenate . .26, 800di®ac anl 15 evea--a--:10 perceat failed after 16 years
(Greensalt or Erdalith) : .50 and .78 ceeedOua 15 i aiuaeena:no failures after 16 years
- H i . . [}
Pentachlorophenol, S percent : 4.7 :Canal 5] 15.0
in light fuel oil ' 9.6 tees00uancl 5 E U
: 15.3 PSP, e T 5 . 215 :60 percent failed after 15 years
' 20.1 teeedOuanrt 5 tviieae-s-:no failures after 15 years i
f k7 :Miss. 5 tuaie--sus'10 percent failed in 21 years
s 9:6y 153535 8000 s ot 5 Rosooos ,..:in0 failures after 21 years
Pentachlorophenol, 5 percent : .o LT | T 17 fuavsinsn. 40 percent failed after 13 -1/2 years

in No. 2 fuel oil
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Table 43, ~-Summary of resulte obtained with wood preservatives in general use {Continued)

reservative 2 Averame : Teat v Deita fram @ Average Remarks
rotention= 1 stntian @ tabhle He. : ILife

Lb. per cu. ft. Yrs.
. Pentachlorophenol, 5 percent : 4.2 :Miss. 3 17 {.v-.-.2.e1..90 percent failed after 13 —1/2 years
in light aromatic solvent 4 12.1 8 8 12 3 :30 percent failed after 18 years
Pentachlorophenol, 5 percent : 4.0 H Vo TP 17 t...usuessi30 percent failed after 13-1/2 years
in 300 fuel oil e g B 3 8
Pentachlorophenol, 5 percent : b2 B0 o de®oocof 17 tiuieae-as:30 percent failled after 13-1/2 years
in 400 fuel oil g : g g 2
Pentachlorophenol, 5 percent :: k.o Soodel®nnenf 17 reeerea--:20 percent failed after 13 -1/2 years
in light gas oil B B 8 3 g
Pentachlorophenol, 5 percent : b1 FFUN e JR 17 fra--1a-42:20 percent falled after 13-1/2 years
in 200 Diesel oil 8 8 5 : : .
Pentachlorophenol, 5 percent : k.o teesdOuunnt 17 fuissniesai80 percent failed after 13-1/2 years
in heavy thermal side cut q g 8 g 8
oil 5 8 8 8 B
Pentachlorophenol, 5 percent : k.0 FRN 1o R 17 i iis....:40 percent failed after 13-1/2 years
in Stodderd solvent 3 i y 3 g
Pentachlorophenol, 5 percent : b1 [LPRREY s 1 ) 17 fivivaeeesi10 percent failed after 13-1/2 years
in catalytic gas-base oil : 8.0 and 12.0 ARy [ G 17 tiarsr-vesino failures after 13-1/2 years
Pentachlorophenol, 5 percent : 4.0 and 4.2 PP, [ e a7 fiusnieara:;no fallures after 13-1/2 years
in Denver No. 3 blend oil, : [} 3 : :
and lube oil extract 8 H = ) H
Pentachlorophenol, 5 percent : 4.1, 7.9, and f : 8
in heavy gas oil g 12 . | . 17 tuveveses.:n0 failures after 13-1/2 years
Fluor chrome arsenate phenol e :Canrl 3 2 3 2.9 8
(Tenalith) (AWPA P5) : 3 £ o0 el 2 : 6.
: B R R 2 : 12
r e (Mies. & 2 10.2 5
: ] LI [ e 2 iuusuaraes:80 pPercent failed after 23 years
; 61 COTRY: |- PRy 2 iwra-s-.24:30 percent failed after 23 years
Zinc chloride % A7 :Crnal i 2 : 3.9
: 49 &on sdoaals I 3.0
H 6 Vel bea i 2 : 3.9 ot
: 1.01 aii B b 5L 6 R
: 1.00 83 it 2 ho
: 1.49 S TP 2 : 7.3 :
3 14 SRR, 1 TR 4 : b5 o
- .50 ‘Mlaa. 2 D oue-vavas:90 percent failed after 23 years
: <7h PRI I, P 2 16.7
J 1.00 FERTE [ THEP 2 thieanare:190 percent failed after 23 years
: 1.52 P I Fpe 2 o ueiue...:80 percent failed after 23 years
Untreated stakes A wnwa e gas e sCATA] * 2 d off g
CRR, [ PRty i g Al
o e U i 5 3 1.2
:Mlos. g 2 8 2.9 B
e b : 2.2
R £ TP 5 B 2.5 B
I T T 1.8

L}‘rtafaervatives applied by pressure impregnation except where noted otherwise.

gBru.E!h coating.

3

“Dipped 3 minutes.
~Dipped 15 minutes.

2Est:j.ma.t.e based upon percentage of stakes remaining after final inspectiom.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following are obtainable free on request from the Director, Forest Products
Laboratory, Madison 5, Wisconsin:

List of publications on List of publications on
Box and Crate Construction Fire Protection '
and Packaging Data
List of publications on

List of publications on Logging, Milling, and
Chemistry of Wood and Utilization of Timber
Derived Products Products

List of publications on List of publications on
Fungus Defects in Forest Pulp and Paper

Products and Decay in Trees
List of publications on

List of publications on Seasoning of Wood
Glue, Glued Products,
and Veneer List of publications on

Structural Sandwich,

List of publications on Plastic Laminates, and
Growth, Structure, and Wood-Base Aircraft
Identification of Wood Components

List of publications on List of publications on
Mechanical Properties and Wood Finishing
Structural Uses of Wood
and Wood Products List of publications on

Wood Preservation
Partial list of publications for

.Architects, Builders, Partial list of publications
Engineers, and Retail for Furniture Manufac-
Lumbermen turers, Woodworkers

and Teachers of Wood-
shop Practice

Note: Since Forest Products Laboratory publications are so varied in sub- b
ject, no single list is issued. Instead a list is made up for each
Laboratory division. Twice a year, December 31 and June 30, a
list is made up showing new reports for the previous six months.
This is the only item sent regularly to the Laboratory's mailing list.
Anyone who has asked for and received the proper subject lists and
who has had his name placed on the mailing list can keep up to date
on Forest Products Laboratory publications. Each subject list
carries descriptions of all other subject lists.
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