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ABSTRACT

\

\

\/Reports results on test stakes of southern pine sapwood 2 by 4 by
18 inches in size, treated by pressure and nonpressure procesces and
installed by the Forest Products Laboratory and cooperators in decay

and termite exposure sites at various times since 1938 at Saucier, !iss.,
Madison, Wis., Bogalusa, La., Lake Charles, La., Jacksonville, Fla.,

and the Canal Zone, Panama. Also included in the tests at Saucier, !liss.
are smaller pine stales and those of treated and untreated plywood,
modifi?d woods, laminated paper plastic, and pine infected with Trichoderma
mold. /|

’

Southern pine untreated control stales have had an average life of about

1 vear in the Canal Zone, 1.8 to 3.6 years in Mississippi, Florida,

and Louisiana, and about 6 years in Wisconsin. Superficial treatments

by 3-minute dipping and brushing with preservatives such as coal-tar
creosote and petroleum oils containing copper naphthenate, zinc naphthenate,
phenyl mercury oleate, and pentacinlorophenol have added a few montis

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 pentachlorophenol solutions, when
preservative retentions have corresponded to those in commercial use.

Other waterborne preservatives have shown excellent results in the exposure
tests.
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COMPARISON OF WOOD PRESERVATIVES

IN STAKE TESTS'
(1977 PROGRESS REPORT)

By ‘
H. L. DAVIDSON, Physical Science Technician

Forest Products Laboratory,2 Forest Service
U.S. Department of Agriculture

INTRODUCTION

The results of an international termite exposure test3 have indicated

that pine sapwood stakes 2 by 4 by 18 inches furnish an effective means

for testing the protection provided against decay and termite attack by
various wood preservatives. 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. Replicate sets were treated for installations

at Madison, Wis., Bogalusa, La., Jacksonville, Fla., and the Canal Zone,
Panama. Since 1938, additional preservatives have been added to these

tests, principally at the Saucier, Miss,, station. Also installed at

that station, so their decay and termite resistance 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,
embedded fiberboard (western hemlock strands in portland cement), and
particleboard.

In 1967 an installation including 11 standard wood preservatives was

made in cooperation with the Wood Products Insect Laboratory,

Gulfport, Miss.,, at Lake Charles, La., in an area infested by the destructive
Formosan termite (Coptotermes formosanus), and for comparison at the

Harrison Experimental Forest,

T Ihis note is a continuation of progress reports by the same title
issued periodically from 1950 to 1962 as Forest Products Laboratory
Report No, l761 and as USDA Forest Service Research Note FPL-02 since
1963.

. Maintained at Madison, Wis., in cooperation with the University
of Wisconsin,

3 Hunt, G. M., and Snyder, T. E. An Intermational Termite Exposure
Test. Proceedings of the American Wood-Preservers' Association, 1930,
pp. 318-334. Annual progress reports published in these Proceedings
each year from 1930 to 1949,again in 1952, 1956, and 1957 (final report).
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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 conditions, preservative retentions,
preservative distribution, heartwood volume, 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 actual service conditions.

This publication is a progress report on the condition of the modified

wood products and stakes, treated with the various preservatives and

oils, at the time of the 1976 inspections. The tests at Panama were
completed with the final inspection in January 1956. Those at Jacksonville
were terminated in December 1960 and those at Bogalusa in December 1962,
Progress reports showing the condition of the test stakes in 1947, and
during each_of the years 1949 to 1969, 1971, 1973, and 1975 were prepared
previously,“»

PRESERVATIVES AND MODIFIED-WOOD PRODUCTS 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 53 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 one or two 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 pine, uniformly seasoned,
surfaced four sides, and selected, as far as possible, for freedom from
heartwood, wane, objectionable knots, and other visible defects. Five
installations included stakes of smaller size for comparison (tables 6,

35, 37, 42, and 45). The stakes, before treatment, were identified by

a number, either stamped on the ends or marked with lumber crayon.

4 . . Ve Rkl
Blew, J. 0. Comparison of Wood Preservatives in Stake Tests.
Proceedings of the American Wood-Preservers' Association, 1948, pp. 88-119.
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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), With few exceptions, preservative retentions were computed

for individual stakes® 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 liquefied petroleum gas (tables 42 and 45) it was
impracticable to follow this general procedure., The stakes installed

were treated at a commercial plant during the presence of a Laboratory
representative and retentions were determined from the analysis of either
sections of test stakes or from extra matched stakes included for that
purpose.

The 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 upright 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, 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 necessary 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
plot at Lake Charles, La., is located on an open area partially covered

¢ Preservative retentions on individual etakes have not been included
in this report because of the large amount of space that would be required.

¥ Figher, R. A., and Yates, F. Statistical Tables for Agricultural and
Medical Research. London. 99 pp. 1938,
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with broom sedge and marsh grass. The top 10 inches of soil is sandy
with some streaks of clay, below which is a heavy muck and the water
table.

The 1970 and 1974 inspection at Lake Charles, La., and the final inspec~
tion of stakes installed at the Canal Zone during January 1956 were made
by representatives of the Wood Products Insect Laboratory, Gulfport, Miss.,
and the Forest Products Laboratory. The final inspections of the stakes

at Jacksonville and Bogalusa were made in 1960 and 1962, respectively,

by representatives of the Chapman Chemical Co. and the Forest Products
Laboratory. The Madison and Saucier installations were inspected by

the Forest Products Laboratory.

In these inspections, the stakes were removed individually, scraped off

to facilitate 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

no attack

nibbles or trials

limited attack (penetration)
heavy attack

removed because of termite attack

1, no decay

2, slightly soft or suspicious
3, partial or limited decay
4,
35,

bad decay

removed because of decay7

7

Mmoo QW
v v w

-

In tables 2 through 53, stakes listed as '"Good" had an inspection rating

of one of the following: 1A, 1B, 2A, or 2B. Stakes listed as "Serviceable
but showing 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,

iD, 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 classification, in which the
stakes show some deterioration but are not necessarily in serious condition.
In making comparisons between preservatives, therefore, only the stakes
actually destroyed should be considered.

For stakes classified as ''Destroyed by decay fungi and termites,'" both

forms of deterioration must be rated at least wi’ 1d decay or heavy attack
("4" or "D") in the inspection., In other words, take 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

7 >
50 pet or more of cross section destroyed.




as destroyed by decay fungi. The system used in the tables for classifying
the destroyed stakes therefore emphasizes the major factor 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
requirements of tests rated on the basis of visual examination. Such
methods of examination do not appear to warrant the use of elaborate

or precise methods of rating or classification.

Tables 2 through 53 show the condition of the test stakes at the most

recent inspection. Table 54 is a summary of results obtained in Mississippi
on 2- by 4-inch pine stakes treated with wood preservatives that are

in general use.

SUMMARY OF RESULTS

The results of the tests thus far can be summarized as follows:

Southern 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,
1.8 to 3.6 years at Saucier, Miss., Bogalusa, La., and Jacksonville, Fla.,
and 4 to 6 years at Madison, Wis, At Lake Charles, La., 60 percent of

the untreated control stakes were destroyed by Formosan termites during
the first year. Untreated 3/4~inch pine sapwood stakes in Mississippi
have had an average life of 1.4 to 2.1 vears,

The untreated Douglas-fir plywood stakes installed at Saucier, Miss.,

have had an average life of about i 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.--In the newer installations and in those with

the more effective preservatives only a limited number of stakes has

thus far been removed, and the average life of stakes pressure-treated
with various preservatives cannot yet be determined. Estimates on average
life were made for preservatives with significant failures at the time

of the termination of several installations (see tables 2, 3, 4, 5, 8,

12, 18, and 38). 1In the Canal Zone, stakes treated with several retentions
of chromated zinc arsenate have been destroyed during the 15-1/3 years

-5«
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of exposure. Stakes with 0.33 (0.22 oxide basis) pound per cubic foot

of the preservative had an average life of 9 years, while those with
approximately 1.05 (0.69 oxide basis) pounds had an average life of

15.3 years. With chromated zinc arsenate retentions of 0.33 (0.22 oxide
basis) pound to 1.06 (0.70 oxide basis) pounds per cubic foot, failures

have occurred in Wisconsin, while after 36 years in Mississippi failures
have been noted only with the low retention (table 4; see similar comparison
in table 20). This is attributed to the presence of arsenic~tolerant

fungi at the Wisconsin test area.

Stakes treated with retentions of from 0.5 (0.30 oxide basis) to 1.0

(0.61 oxide basis) pound of chromated zinc chloride per cubic foot lasted,
on an average, about 5 to 7 years in Panama, 14 to 20 years in Mississippi,
and 15 to 18 years in Wisconsin., In Panama, stakes treated with fluor
chrome arsenate phenol with average retentions of 0.2 (0.16 oxide basis)

to 0.3 (0.24 oxide basis) pound per cubic foot had an average life of
about 3 and 6 years, respectively., With stakes treated with 0.6 (0.48
oxide basis) pound per cubic foot, the average life in Panama was 14 years.
In Mississippi, stakes treated with 0.2 (0.16 oxide basis), 0.3 (0.24
oxide basis), and 0.6 (0.48 oxide basis) pound of fluor chrome arsenate
phenol per cubic foot had an average life of about 10, 18, and 24 years,
respectively. Stakes in Wisconsin treated with similar retentions of

that preservative had an average life of 14 to 16 years.

Of the waterborne preservatives in test (25 to 31 yrs or longer in Mississippi),
the formulations containing either copper and arsenic (ammoniacal copper
arsenate, table 14) or copper, chromium, and arsenic (chromated copper

arsenate, tables 15 and 20) are the better performers with no failures

with retentions of 0.5 (0.29 oxide basis) per cubic foot or higher.

Results thus far on installations of pentachlorophenol with similar reten-
tions (approximately 0.2 lb/ft3) and with different hydrocarbon solvents
(tables 17, 42, and 45), show better performance with solutions containing
the heavy solvents such as heavy gas oil, lube oil extract (table 17),

No. 4 aromatic oil (table 22), and AWPA P9 (heavy petroleum solvent)
(tables 42 and 45), than with volatile (LPG) or light oils such as Stoddard
solvent (mineral spirits) (tables 17 and 42). Preservatives such as

rosin amine-D-pentachlorophenate (tables 22 and 23), tributyltin oxide
(tables 36 and 41), and copper-8-quinolinolate (tables 38 and 43) also
show better performance with the heavy petroleum solvent than with the
light Stoddard solvent (mineral spirits). The above-mentioned heavy
petroleum solvents have the following properties:




Vis- Penta Distillation

APT Flash  cosity solvency -~
gravity point SUS at at IBP 50 EP
Petroleum oils 60° F (PMCC) 100° F 75° F percent
(°F) (Pct) LEY - TE) (°F)

Heavy gas oil,

No. 101 8.3 345 167.4 20-22 600 700 734
Lube o0il extract 5.1 295 196 .4 28-30 440 696 736
AWPA P9 (heavy) 23.8 225 38.4 15 480 538 647
No. 4 aromatic 6.8 230 72,6 10+ 458 592 Cracked,

(85 pct)

Coal-tar creosotes installed in Mississippi during 1940 and 1941 (tables 4,
5, and 6) have shown better performance than those installed in 1948
(tables 18 and 19). In the latter installation, 10 coal-tar creosotes
with a retention of approximately 8 pounds per cubic foot showed only

a few serviceable stakes after 20 years and the average life was determined
or estimated at 14 to 21 years. Creosotes installed earlier showed only

20 to 60 percent failures in 35 to 36-1/2 years.

Stakes pressure treated with the fire-retarding formulation containing
ammonium 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 6 and 12 pounds per cubic foot

of coal-tar creosote have performed somewhat better in Mississippi than

those treated with 26 pounds of 1,1 percent or 2.25 percent pentachlorophenol
in light solvent per cubic foot (Table 8).

The results of stake tests in Mississippi 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, 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 (table 10) has also shown limited protection. Stakes pressure treated
with 5.8 pounds per cubic foot had an average life of 9.1 years in

o,




Mississippi. Other products showing limited preservative value in the
retentions used are acrylonitrile (cyanoethylation), ammonium hydroxide
(thiamine destruction), amyl phenyl acetate, capric acid, copper-8-quinolinolate
(in Stoddard solvent), diamyl phenol, DDT, dodecyl amine, nickel stearate,

and tributyltin oxide (in Stoddard solvent).

An indication of the influence of size of test stakes can be noted in

table 6 where, with a coal-tar creosote retention of 8 pounds per cubic
foot, 1/2-inch square stakes show an average life of 17 years with

100 percent removed in 21-1/2 years. After 33-1/2 years, 1-1/2-inch
square stakes show 100 percent failures with an average life of 26.6 years,
while 2- by 4-inch stakes show 30 percent failures. Also of interest

in table 6 is the performance of 2 by 4 stakes treated with 3.3 pounds

of coal-tar creosote per cubic foot which show an average life of 24.9 years.
With a similar retention of creosote, but with the preservative applied

in dilution (11.25 pct) with toluene, the stakes show an average life

of 19.1 years.

Nonpressure-treated stakes.--Southern pine stakes and Douglas~fir plywood
stakes treated by superficial applications, such as brushing and brief
dipping in coal-~tar creosote and solutions of pentachlorophf o0l, 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 generally been more favorable than for plywood similarly
treated after gluing. Stakes soaked 18 hours in solutions of pentachloro-
phenol 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 lasted 8 to 16 years. Douglas-fir plywood stakes treated
by brushing, dipping, and 18-hour soaking in chloro-2-phenylphenol solution,
however, have lasted only a few months longer than the untreated plywood
control stakes. Douglas-fir plywood stakes treated by soaking 18 hours

in pentachlorophenol solution had a life of 5 years, while those similarly
treated with coal-tar creosote have an estimated average of 24 years.

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 ureaformaldehyde solution have lasted about 3
to 4 years longer than the controls.

Pine stakes with higher retentions of copper chromate and with copper
arsenate applied by double-diffusion have continued to perform well after
35 years in Mississippi, Failures thus far, however, are attributed

to poor penetration of the preservative.

e——— e




Modified-Wood Stakes

Plywood impregnated with phenolic resin (impreg) and impregnated and
compressed (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 scmewhat better
results have been noted when the edges of the plywood have been protected
with a phenolic-resin coating. Southern 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 have lasted somewhat longer.

Laminated paper plastic made with phenolic resin has shown limited resistance
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 plywood.

Acetylated birch (laminated veneer) has had reasonably good resistance
to decay and termite attack with an average life of 17.5 years in Mississippi.
Deterioration is due principally to decay fungi.

Untreated stakes of aspen particleboard installed in 1973 are now destroyed
with an average life of 2.5 years. It is interesting to note that this
material treated with chromated copper arsenate and fluor chrome arsenate
phenol is showing less degradation than that treated with pentachlorophenol
(Table 49).

The nontoxic preservatives propylene oxide, butylene oxide, and
epichlorohydrin in combination with propylene oxide are all showing
various degrees of degradation by termites and decay after 2 years service
(Table 50).




NOTE

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable plants,
and fish or other wildlife--if they are not handled or applied properly. Use all
pesticides selectively and carefully. Follow recommended practices for the disposal of
surplus pesticides and pesticide containers.

Mention of a chemical in this report does not constitute a recommendation; only those
chemicals registered by the U.S. Environmental Protection Agency may be recommended, and
then only for uses as prescribed in the registration--and in the manner and at the con-
centration prescribed. The list of registered chemicals varies from time to time;
prospective users, therefore, should get current information on registration status from
Environmental Protection Agency, Washington, D.C.

Crankcase oils may contain chlorinated naphthalenes, which have been reported to con-

tribute to "X-disease" (hyperkeratosis) in cattle. These oils are therefore not
recommended for preservative treatment of wood with which cattle may come in contact.

-10-




Table l.--lndex to materfals tested

M

Materials

Existing specification
or AWPA reference

Table No.

Chemicals

Acid copper chromate
Acrylonitrile

Aldrin

Ammoniacal copper arsenate
Ammoniacal copper borate
Ammonium hydroxide
Ammonium sulfate-phosphate
Amyl phenyl acetate

Basic zinc chloride
Basilit UA

Boliden salt $-25
Borax-boric acid

Butylene oxide

Capric acid
Chloro-2-phenylphenol
Chromated copper arsenate

Chromated copper arsenate

Chromated copper arsenate
Chromated zinc arsenate

Chiromated zinc chloride
Chromated zinc chloride, copperized

Chromated zinc chloride (FR)

Copper arsenate

Copper chromate
Copper-chrome boron (CB)
Copper-chrome-phosphorus
Copper formate

Copper naphthenate
Copper-8-~quinolinolate

Creosote, coal-tar

Creosote, coal-tar (English)
Creosote, coal-tar (low temperature)
Creosote, coal-tar (Texas lignite)
Creosote~coal tar solution
Creosote~petroleum solution
Creosote toluene

Diamyl phenol
Dichloro~diphenyl-trichloroethane (DDT)
Dieldrin

Dodecyl amine

Drop-liquor concentrate

Epichlorohydrin

H

:Fed. Spec. TT-W-546; AWPA P5

:Fed. Spec. TT-W~549; AWPA P5

:Navy Spec. 51C38

H —-—
N

:Navy Spec. 51C28
‘U.S, Patent No. 3,985,721

:AWPA P5, Type A; Fed. Spec.

¢ TT~W-550 Type 1

:AWPA P5, Type B; Fed. Spec.

: TT-W-550 Type II

:Fed. Spec, TT-W-550 Type III
:Formerly in Fed. Spec. TT~W-538;
i AWPA P5

:Fed. Spec. TT-W-551; AWPA P5

: 15, 16, 46, 47
: 36
: 41
i 14, 47, 51, 52
: 52

¢ 14

z 26

: 30

: 24

: 13

: 50

: 14

: 5 8

t 15, 47

v 20, 47

: 48, 49, 51

: 2, 16, 25, 35, 47

:Formerly in Fed. Spec. TT-W-562; :

: AWPA PS5
:AWPA P10, Type B

.
H

:AWPA Proc. 1941; pp. 23-31
:AWPA Proc. 1941; pp. 23-31
:U.S. Patent No. 3,007,844

AWPA P8
AWPA P8

AWPA Pl; Fed. Spec. TT-C-645

:AWPA P2; Fed. Spec. TT-C~650
:Fed. Spec. TT-W-568

‘U.S, Patent No. 3,985,921

-11-

: 25

9

T 32

: 18, 47
t 18, 47
: 6

t 14
: 14
Y
: 14

T 30U

36
13

4, 2

31

9

46

48

34

7, 12, 16, 17, 29
38, 43

4, 5, 6, 8
16, 17, 18, 19, 20,
31, 35, 47

18, \9

28

27
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Table 1.--Index to

materials tested--continued

Materials

& Existing specification
: or AWPA reference

Chemicals--continued
Fire retardants
Fire retardants
Fluor chrome arsenate phenol

Fluor chrome arsenate phenol
Fuel oils

Heptadecyltrimethyltetra~-hydropyrimidine (HTP)
KP (copper oxide and chlorophenol)
Lignite-tar extracts

Mercuric chloride

Minalith
Nickel-chromium-arsenic salt
Nickel-stearate

Oleo resin

Paraffin
Pentachlorophenol

Petroleum oils (various types)
Phenyl mercury oleate
Propylene oxide
Pyresote
Rosin amine D copper acetate complex
Rosin amine D pentachlorophenate
Rosin oil

>
Sodium pentachlorophenate
Sodium tetrachlorophenate
Toluene
Tributyltin oxide

Urea

Zinc-arsenate-chromium salts
2inc caloride

Zinc naohthenate

Modi fied woods, plywood, and paper plastic

Acetylated wood
Cyanoethylated wood

Embedded fiberboard
Heat-stabilized wood (staypak)

Laminated paper plastic (paprep)
Impreg and compreg

Mold-infected wood
Particleboard

Plywood

Wood with thiamine destroyed

:AWPA P10

:AWPA P5; Fed. Spec. TT-W-535

: Type A

:AWPA PS; Fed. Spec., TT-W=535
Type B

B

:AWPA P10, Type C

e ee e

:AWPA P8; Fed. Spec. TT-W-570

:U,S, Patent No. 3,985,921
:AWPA P1C, Type D

o5 ss s es

e o0 es oo

e ve ee ae

2, 33, 37, 47, 49

3 5407, 27

32

5. B, 12, 16, 17, 22,
23, 27, 29, 31, 32,
33, 41, 42, 43, 45,
47, 49

17, 18, 21, 23, 45

12

50
25

3, 8, 16, 31, 51

«]l2e
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Table 2.--Condition of soutiern pine stakes (2 x &4 in. rominal x 18 in.) treated it chlorinated piencls and ~itn ‘luor chrome arsenate

ohenol--Tvoe A, zinc chloride, and chronated zinc chloride, after 15 to 05 vears of service. Srakes placed in test at Barrc

Colorado Island, Canal Zone, Septerber 1938; Bogpalusa, 'a., Decerber 1939; 'acksonville, tla., January 1939; darrison

——— 2

Experimental Forest, Saucier, ‘tiss., December 1939; and Madison, Wis., lloverber 1939

Preservatfive iLoca-: Retention of salls-l “ondition of stases late in l9c)3 Total iAverage
e T 1 e e i removed life
3 Minimum 1 Maximun i Averaype Serviceadle Sut ! Destroved by--
% H g H 8 i H showing some-- S S T o
H : : e Decav:Termite: Decav
H 2 N H :fermite: Decav :fungi:attaces : tungl
: : : H H :attack : and : and
s g 3 s iterwite: 3 itermite:
g : :attack @ rattack :
Pcf g Pef ¥ Ref Pcr  :Num- @ Pet e
iy H : : : : i ber :
Sodium-penta- :Canal: 0.24 : 0.28 : 0.26 10 3 -— el =0 -- : 100 : 10 : 100 : .
chloroohenate iLa. @ .24 1 .28 1 .26 : 10 H - == 3+ 1= — g 9 : 10 : 100 : =
iFla, ¢ .25 : 28 1 .26 S 3 - & == 1 11: - 3 8 = 9 : 100

Miss.: .24 s .28 3 .26 : 10 : == == -~ ¢ == 1 1: 200 3 7
Wis. @ .24 : .28 26 g A0 3 ==y emn = 3 -- 100 : - -

:Canal: .45 3 JS4 t 50 : 10 - -— oy == 20 80
: : = 2 -- 1 30 : - 2 70

:Fla. : .46 :

Miss.: 44

iWis. @ .44

.55 T i 10
.49 o Loa e
.53 T .49 s 10 s

%
ry
'
i
~
S
'
i
'
\

.69 1 .81 s 7S £ (R
.69 1 .85 2 .I5 :
.68 s 282 T .74
.69 i .84 T 16
.67 E ) | i .76

=
o

.98 £ g
.99 ) L
.98 s 20 2
97 : 10
.01 : .90 : 10

.93 :

]
1
o
=]
—
=
1
'
w
=]

o
1
1
g

.86

Sodium tetra- 24 s 27 ¥ 25 2 10 7 == e == 3 == g =5 G0 ;40
chloroohenate W23 3 w21 : .25 s 10 ¢ s - @ == g W3 = 3 80
223 1 .28 3 .25 ¢ 9 A UE et S SRS ==y 78

s 37 $ W25 SRR A0S - 1 - 7 == 10 90

¢ &1 t .25 : 10§ —= g5 v 3 == 3 - 100 : == : ==

1 .56 ERES ) | 10) & == -3 == 3 - i == 20 : 80
: 55 ¢ .50 2 10 : = ; ==z -— & == 3 W3 == 14 70
LA - L) § ¢ 10 ¥ == =0 G m= g ey -- : 100
CRR 8 W52 0 & o== . - -— == -- i 100
3 455 .50 g 20 & ==t - == : 100 : =t -

g 83 i W76 3 M0 B e= g ==y s - r == -~ : 100
: .83 ¢ 77 t 10 1 == : s -— -- : 30 : -— 70
: .83 g (/6 g ¥ & ==g = w= 3 = 0 89
: .82 R ) SN0 == -~ - = 3 -- : 100
: 82 & IS DU SR == g == 31003 == 3 ==

Fluor chrome t .22 (0.14): .20 (0,12): 10 3 == : ==
arsenate ohenol--: «32Y5 <22 ( J1&)s 200 C X2y 10

Type A ( <21 € .13z .20 ( .B2): 10 oIS - - 50 : - 50
¢ «1B)2 21 € «13): <20 € .12): 10 @ == i ¥ == g == 3z 0T SO ¥ AU

tWis. ¢ 13 ( J08): .22 ( J14): G200 C G02): X0 ¥ - ¢ t e= 3 == 31100 : == : =

:Canal: .28 ( .17): .33 ( .20): .30 ( .19): 10 BRSNS Sy = |z == 30 10

b8 & .28 € JE¥Y: 32 ¢ 20): 30 € J19): 10 ¢ =— = % w= 2 202 -— 80

tPlag & .29 ( J18): 32 ( J20): .30 ( 19): 10 & == ¢ - == 1 100 : == --

:Miss.: .29 ( .18): 32 ¢ J20): 30 ( .19): 10 ¥ == ;7 ~= ¢ - - : 10 : - i 90

ts, ¢ H27 € SIMy: 30 € X9 C28C AN M0 3 ==z as iy me @ e @ W0 == 3 ==

sCanat: .53 ( 33): .66 ( J41): .60 C 3T): 19 3 == ¢ &= g | g = ¥ &3 -~ ¢ 80

sha. ¢ 56 ( JI5): .64 ( ,60): .60 ( I7): 1D ¢ == t - == ¥ 30z -~ 1 50

tFla, @ .57 ( .35): .65 ( .49) 61 ¢ .38): 10 : == : § == ) == 3 M) s } @=

: € 38): 65 ( 40): 6F ( 3B): 10 & == : = 3 - LU -3 &0

Wis, : .59 ¢ .36): .6R ( .42): .65 ( 40): )0 : = : ~-: = -s 3 130 : -t --

Sodtum oenta- :Canal: .52 £ 39 1 ¥ W es 3y &g - - a1y o 9

chloroohenare and:la, : 46 : W9 £ .49 ¢t 10 4 S= 3 e= g e & == F WA e L
:Fla, @ L4R § o6 t 39

5 $ 13 1 e i aa i == ¢ %0 : W == 3 &0
sodfur chfori{de= WEag.s A6 A . .49 O P SR Sl e ke = 4 98
(Wis. 1 .46 ;.9 s .90 i IO ¥ oew oy = § we i e= ;100 ss 4. ==

: 10 :

s 10

10
1 20
3 10

: 100

10 :

10 :

10 :
10 :
10 :

10

10 :

10 :
10 =
10 :
10 :
10 :

10 :
1o :

1)
19

100
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Table 2.,--Londition of southern pine stakes (2 x 4 in. nominal x 16 in.), treated with chlorinated phenols and with fluor chrome arsenate

ohenol-~Tvpe A, zinc chloride, and chromated zinc chloride, after 15 to 25 years of service. Stakes placed in test at Barro

colorado Island, Canal Zone

L
Exgerl“tal Forest, S

aucler, Miss., December 1939; and ‘adison, Wis., November 1939--continued

-

September 1938; Bogalusa, La,, December 1939; Jacksonville, Fla., January 1939; Harrison

=

Preservative iLoca-: Retencion of sausl 2 Condition of stakes late in 19(:)2 : Total iAverage
ition : $ removed : life
s Minimum : Maximum :  Average : Serviceable but % Destroyed by— :

: : H H H showing some-- S ——— s e : :
: : : : ==~ eeemece—meeeee.--~:Decay:Termite: Decay : %
3 : : : 3 :Termite: Decay :fungf:attack : fungi : H
3 : : : 3 :attack : and : :  and H
i : < : : : itermite: H itermite:
: i : : sattack @ : :attack :
Pef H Pcf : Bcf : Pet : Pct :Num- : Pct : ¥Yr
: : : £ @ H ber :
Zinc chloride :Canal: 0.44 (0.26): 0.53 (0.32): 0.47 (0.28): 10 e T B R 30 70 : 10 : 100 3.9
W45 (.27): .55 ( .33): .50 ( .30): 10 S - 8 -~ : 30: - 7 : 10 100 : 8.1
W45 (.27): .53 (.32): .49 (..29): 10 — § =3 == 3 == : 20: -- : 80 : 10 : 100 12.9
W45 (.27): W54 ( .32): .50 ( .39): 10 =~ 3 =3 -3 - : 40 : = 60 10 : 100 15.4
4S5 (.27): .53 (.32): .49 (.29): 10 i -~ i — @ - - : 100 : - - 10 100 18.2
WSO (.62): .82 (.49): .76 ( .45): 10 - -3 o= 3 == 3 -- : 100 : 10 : 100 : 3.9
W70 (462): .78 (.47): LT4 ( L44): 10 = 3 w3 -3 -3 - 3 60 : 10 : 100 : 12.1
L1 ( .42): .82 (.49): .75 ( .45): 10 : -= == -_— 3 -z 40 : -— 3 60 10 : 100 : 13.5
L0 ( .42): L79 (W47): 74 ( L46): 10z e~ i e - 3 - 20 : 10 : 70 : 10 : 100 : 16.7
( .39): .87 ( .52): .75 ( .45): 9 : =~ : = == : == :100: == : == : 9 :100: 189
( .56): 1,08 ( .64): 1.00 ( .60): 10 HE R -3 - == 40 60 : 10 100 : 4.0
( .56): 1.08 ( .64): 1.1 ( .60): 10 § -=2 S=N - 3 0 : - % 30 : 10 : 100 : 1L.6
( .57): 1.08 ( .64): 1.02 ( .61): 10 3 ey = 5 == 3 W == 3 80 : 10:100: 15.6
( .56): 1.07 ( .64): 1.00 ( .60): 10 t == % == 3 == 3 10: == : 90 : 10 : 100 : 17.3
( .56): 1.13 ( .68): 1.02 ( .61): 10 § ==t == : == :1100: == : == : 10:100: 19.0
( .84): 1,62 ( .97): 1.49 ( .89): 19 : == -2 -1 == 10 : 90 : 10 : 100 : 1.3
( .86): 1,63 ( .97): 1.52 ( .91): 10 P == i == i1 == 3 40 : -- : &0 10 : 100 : 11.1
( .84): 1.62 ( .97): 1.49 ( .89): 10 $ — 1 == 3 == 3 20: -- : 80 : 10: 100 : 15.7
( .85): 1.63 ( .97): 1.52 ( .91): 10 P ==t == 1 == : 60 : == : 40 : 10 : 100 : 17.9
( .81): 1,74 (1.04): 1.59 ( .94): 10 ] -2 -- : 100 : LT -~ ¢ 10 : 100 : 18.7
Chromated zinc € .28): .55 ( .34): .49 ( .30): 10 § == == : == 3 e~ = ; 100 ; 10:100: 4.9
chloride ( .28): .55 ( .34): .49 ( .30): 10 to== i == 1 == : 40': 10 : 50 : 10 : 100 : 8.6
( .28): .53 ( .33): .49 ( .30): 8 § =3 == 3 = t 25t == : 75 : 8:100: 14.3
( .28): .55 ( .34): .49 ( .30): 10 T = - 3 - : 3 : 10 : 60 : 10 : 100 : 14.2
(€ .26): .53 ( .33): .47 ( .29): 10 P == i == 1 == :100: == : == : 10: 100 : 16.9
270 ( .43): .81 ( .50): .76 ( .47): 10 t o= f o= o= § ~=3 = : I : 10 : 100 2 7.2
W70 ( 43): .80 ( .49): .76 ( .47): 10 poe= == ;== : &0 : == : 60 : 10 : 100 : 10.6
W23 (.45): .81 ( .50): 77 ( .47): 9 $ == == 3 == 3 1ll: — 1 8 : 9:100: 16
W22 ( 44): .B) ( .50): .76 ( .47): 10 i == 1 == 3 == 1 &0 : =— : 60 : 10 : 100 : 20.2
W70 (.43): .86 ( .53): .80 ( .49): 10 Poe=t ==t == :1100: == 1 == : 10 : 100 : 14.7
J95 ( .58): 1.11 ( .68): 1,02 ( .63): 10 =i == i == 3 == : 0: == : 90 : 10:100: 6.6
.93 ( .57t 1,07 ( .66): 1.00 ( .62): 10 - s=p e g e § M = 3 W0 4 WMWY
96 ( .59): 1.09 ( .67): 1,02 ¢ .63): 10 - e - 3 10 : 20 : - 0 : 9: 90 : =17.0
96 ( .59): 1.09 ( .67): 1.02 ( .63): 10 : =— : == == : == 3 S0 : — : S0 : 10 : 100 : 20.1
.89 ( .55): L.13 ( .70): 1.02 ( .63): 10 : ~-- -3 - == 1 100 : LA | == : 10 : 100 : 18.2
Untrested controls -— 3 -_ H - i 10 - =i =~ i == : == 100 -= : 10 : 100 : .7
- t -— H - i 10 -— - - g = 20 @ 60 : 10 : 100 : 2.9
-— 3 - : -— 0 3 == == - F == 3 10 : 9 : 10 :1100: 2.8
- | -— : — 10 - == e~ == 3 60 : 40 : 10 : 100 : 2.9
-— H - : -_ ¢ 10 “s § W= 2 s 3 = g -t == : 10:100: 35

—

~Retention values in parentheses are based on preservative oxides,

310 stakes were originally installed at each test station.
at the time of the inspection or because of damage bv fire,

This number has since been reduced

l’lnal insoection at Canal Zone Februarv 1954; at Louisfana December 1958; at T"lorida December

Mississipni December 196).

A!‘nl-n based on percentace of stakes remaining after final inspection.

2ﬂaunt|on values based on sodium pentachlorophenate onlv,

in solution.

Sodfum chloride added vas equal to

=14~

either because of failure to locate the stakes

1960; at Wisconsin October 196); and at

20 pct of weight of sodius pentachlorophenate

(Page 2 ot 2)




A

Table J.--tondition of the plvwood stakes and resin-fmoregnated stakes set January 1940 on the Harrison Experfmental Forest,

Saucler, Miss., after about '/ years of service

“roun: Stake E Treatment tAvproxi- i Num-: Condition of stakes January 196/ g Total

No. : No. H : mate ber
: raverage @ in :Good : Serviceable
: itest: ¢ but showing

Destrayed by-

:AV'I.‘.
vemoved : 1

ite

- Pce Yr
: - = =
: : : r H
Pl.Y\dIl)l)-l'
1 : 1-1-40 to :Each ply {morepnated with s 50 pct aqueous : 10 : 8 =e i == - 38 - 62 8 100 : 12,4
: 1-10-40 : solution of phenolic resin, slowly dried, H : : 3
: : and cured for ) day sr 220° F. Bonded 3 3 5 : : H :
3 : with phenolfc-resfn fiim, 2 £ £ < ) H 3 : 3 z
2 : 2-1-40 to :Same as grouo | except that a 25 pct g & £ k0§ =3 == 7 -~ 1 60 : - 40 : 10 : 100 : 6.8
i 2-10-40 : solution was used. : : g : H H : H : : 3
3 : 3-1-40 to ace plies imoregnated as in group 1 and 3 le T 19 == =23 ~ == 100 : -3 3l() 100 : 3.3
1 3-10-40 bonded to an untreated core with : : 5 : i : H : s
3 : phenolic-resin film. H e < L B s : | H &
& : 4-1-40 to :Face plies impregnated as in group 2 and £ 35 2 A & == ==3 - : == : 100 : = 100 : 3.5
1 4-10-40 : bonded to an untreated core with : : : : : : H 3 H
1 : ohenolic-restin film. : = s : : : H , :
S : 5-1-40 to ame as group 2 except that edges of speci- : lm 0 : = 3 em - 30 : 70 : - lm 100 : 4.9
: 5-10-40 mens were given a protective treatment by : ¢ H 3 : H : -
9 dipoing in a phenolic resin containing g R 3 8 H : s
3 : 15 pct alcohol. 2 & : g : 3
6 : 6-1-40 to :Same 88 group 4 except that edges were e «I-S P9 ==t == - 22 : 45 33 24) 100 : 9.3
: 6-10-49 : protected as in group 5. 3 : 3 8 2 3 : 3
7 : 7-1-40 to :Untreated plies bonded with phenolfc~resin : -- 10 A = g =3 70 30 : 10 : 100 : 1.9
7-10-40 1 file, s B (S : : H :
8 : 8~1~40 to :Untreated plies bonded with hot-press urea : - ;Y0 =3 =108 e 70 36 @+ 10 : 100 : 1.9
: 8~10-40 :  resin. : : 3 ¢ : s 3 3 : s
9 : 9~1-40 to :Untreated plies bonded with casein glue ¢ - 3 30 5 e= oy ey -_—: == 90 190 = il() : 100 3 1.0
: 9~10-40 : (FPL formula 4B) : ¢ z : H H : 2 : :
10 : 10-1-40 to :Untreated plies (yellow birch) bonded with : - 3 1005 == 3 == - : 10 : 30 60 : 10 : 100 : 1.9
: 10-10-40 : ohenolic-resin *{lm. ( : 3 C 3 3 : 3 :

11 : 11-1-40 to :Untreated controls--soltd wood S - 520 ws ¥ A= R C BO 20 : 10 : 100 : 2.4
11-10-40 : (1/4 by & by 18 tn.). 3 & ] S g ] H 3 s % ¥
STAKES (IN?RE(Z)2
12 @ 12-1-49 to :lavregnated same as wroup 1. : 10 L Y0 e s g KOS 10« 30 : - @ jo 8 : BO : 219.5
12-10-40 H : : : H : H : H :

13 @ 13-1-40 to :lmoregnated same as group 2. s S OB (- I - & 50 -— O ¢ 10 : 100 ¢ 11.7
13-10-40 ¢ H H g t : 3 : i
14 : 14=1-40 to :Controls--untreated. £ - O (I e 20 = 80 : 10 : 100 : 2.2

14=11-40 : H H : H : : :
COMPRESSED PLYWOOD fl'ﬂnﬂu‘.(‘-)l
15 ¢ 15-1-4D to :Douglas-fir--all plies {moreynated as In § 10 T3 s MO0 s e -y == 3 - 3 -y emoy eme § -
15- 340 : mroun |, dried and assembhled without the : : : : E i : :
use o glue on a hot oress at 130" F and
1,000 pounds pressure per sauare inch,
15-4-40 to :Yellm-vonlar--all plies fmpregnated and : 10 ¥ i s - e ¢ 332 - 87 : 3 @ 100 19.%
15-6-40 i comoressed the same as for Douglas-fir, g 3
l4mc- imens in grouos | to 9 are J-ol uzlas-f1r. in grouo 10, vellow birch, They are 1/4 x & x 18 (n. In size and made ot 1/16-1n.
taces and a V/B-dn. core,  ‘neclmeas in proun 1l oare solid Douglas-tir, 1/4 x 4 x 18 in. in size.

2
ZIncrease based on treated ‘faces,

-‘()nnluv.ul--n principalliv in (ores,

ﬁ-ﬁm- separation of plies had alse irred,

dioecimens are southemn pine sapwood, ! % & (nominal) x I8 fa. tn size,

20..04 on estimated [(fe of | remalntog stakes

—I'-M<|-ru af hoth Douglas-tr and vellow-ponlar made of 15-1/1h<tn. plies, compressed to a thickness of VK in Stre of spacimens

VB w b ox & In

NOTE- -Stahes rematning a'tey the 145 Inspe tion were taken up and resel in the same general area

=15«

—



Table o ‘_southern pine stakes (2 x 4 in. no-
Tts), »inc chloride, and coal-tar (reosote
Tadisen, Wis vrember 1940: Harrison Exnerd
Island, Canal Seprember 1949
Preservative stoca=;
ttion
3 0il in :lood Serviceable but
itest stowing some--

Decav:Termite:

stunpl:attack
attack :

itermite:
sattack

"inc chloride iWis, = (0.30): 10 @ == : == - 3 - 100 : m
tMiss.: ( .30): 10 - : - 3 -~ % 60N ==
:Canal: (¢ .29): 10 -y = -y == -
Wis. == & 103 ( .61): 10 : - 3 - ; - == 100 : =
Miss : 1.02 &l 10 e = -— - : 60 : 19
Canal - . € 60)2 1O & - 5 == g - - = e
Wis .8k € 90 10 o =y 58 e 100 : ==
Miss.: L.5) ¢ 90): 10 == Zm oy == o B0 s

:Canal: -_ .89): 10 ; -~ ; = Y - § == ==
W22): 10 1 ~~ ¢ -= . —= ¢ ==
.22):
W22): 10 @ = e= p e-

Chromated zinc arsenate:Wis. : —— 100 : -

(Boliden salts)1

a9y M0 B S s o =3
29) 9 e 3 8 C
229): 10 ¢ ~= ;== == - ¥ 0% 10

Canal - L4 (
Wis. == : .60 ( .40): 10 <= o — 90 —
Miss 58 ¢ ,38): 10 2 ~ - 90 - —-—

<38): 10 ¢ ~—= 1 == e - & 60z 40

:Canal - J58

Wis, 78 € 5S2)Y 10 ~— 3 0 — ¢ -~ : 80 -
Miss, J78 ( .52): 10 : e L L I
Canal - 718 ¢ 52): 19 - - - - 100 : -

1.06 (
1.06 (
1.05 (

JJO): 10 2 — ; 40 - < 60 ; -
J70): ¥ 2 c s
By 10 E ey = d = 7 -

Coal-tar creosote - 1 - 40 - . 60 o
== 10 - - - -~ 60 --
- 10 == - <= = 4“0 -
S 10 - 100 -- -~ -_— -
—— 11 -- 69 10 -
-~ 10 - 6 -- 10 50 ==
Wis. 11.8 .- * 10 ¢ 200 8O @ e -~ - -
Miss.: 11.8 -— 10 - 3 = 4 80 M e -
Canal: 11.8 ~- t 10 ; - : 60 : - -~ 1 &0 : .
.= 10 1 40 ;0 60 < 2 e ¢ s
-- 10 10 t = 7 W = =
— $ 101 == : 90 : == 10 ¢ -- -
e 10 : - - - - 100
- 19 - - - - 1 0
- 0 == - - - "
- £ R e we g = - 100
- 10 -— - - - - 5
-~ 10 - - =a -~ D
I'ntreated controls Wis == - 1" - -~ - 1
‘
1 inal tosoection at Canal Panuary 1956
“Fetention tlues i parentiieses are hased on oreservative oxldes
‘quvnrv n Nased goen retal oanhvdrous saltes InSi e Iyts . [IRIRTN ¢ Nae
2ESOAF ite Mot gnon ne tikes remvining a‘ter ina et
Hherin, M oarov TeEne e
"y PRI "

~16-

tdecavilermite:

Jecav
fungi
and
itermite:

30
100

4«0
100

50
100

: 10

Total

recoved

10

10 ¢

6 ;
10
19
N

109

100 :

100

100

100 :
100 :

100 :
100 :
100 :

100

80 :

100

100 :

90 :
10 :
100 :

100 :

60

60

100

100 :

tAvetage
lite

x

19.
14,4

—ro
s mN
[V R

: 19.6

26.5

11.6

100 : 172.8
100 13.4
LU --
W o e
20 . =
0 =18
L i -
P
LI




Table S.-~Condition o southern otoe stakes (2 x 4 in, nominal x I8 fn.) treated with chlorinated phenols and coal-tar

creosote, sfter

15 to 36 vears of service.

Stakes placed in test

at

Barro Colorado Island, €

“anal Zone, February 1941; |

March 1941; Jacksonville

Fla.

L S TN

e ey

Bogalusa, la.
March 1961; and Hareison Pxperimental Forest, Saucler, Miss., February 1941

Freservative

tLoca-:
itton

Retention ot

preservative—

Sodfum pentachlorophenate

Sodium pentachlorophenate and

sodium chromate; chemical ratio :

3.24:1

Sodiums pentachlorophenate and
borax; chemical ratio
1:0.76

1:2

1:1.52

1:2.27

1:1.50

71

N

.78 :

27
.79
.19

91
90
92
92

1.00 :

1.01
1.01
1.01

117
1,17

1.17 ¢

1,17

L34

25
25

I3

.83 :

.98

1.09 :

1.09
1.09
1.09

1.2%
1.25

) % & B

1.2%

10
10

10

10
10

10
14
10 =
100
10
10

10
10

10

10

10
10

o :

10
10
10
10

10
10

10

10
10

1a

10
10
10
10

10
10
10
10

«l7 =

tond

Condition of

Serviceable but

showing some--

thecay

iTermite:
attack

Decay

20

Jestroyed by

70

30

20

{4

L 1

1

stakes December \\Nl:2

sfungl:attack :

Decay
fungt
and

Total

iAverage
resoved : life

[y

100
100

S0
70
100
100

100
90
100
90

100

L
o
oo

Yo
100

‘Num-: Pct Yr

ber H
10 100 : 6.4
10 100 : 10.0
9 100 : 14.5
10 : 100 16.9
10 100 : 10.%9
10 00 @ 10.4
8 100 : 16.3
10 3 100 ¢ 19:5
10 100 : 12.9
10 100 : 15.5

GO 50 : -_—
10 100 ¢ 21.3
10 100 : 14.3
“ 50 : as
2 20 : —
10 : 100 : 26.2
10 100 @ 14.2
3 43 g

60 : -

10 : 100 : 11.1
10 : 100 : 15.6
$ s 86 ¢ =
10 : 100 : 23.0
10 : 100 : 12.8
9 100 : 11.4
L 100 : 17.9
10 : 100 : 21.0
10 : 100 : 12.2
10 100 : 9.9
10 : 100 : 12.9
10 : 100 : 18.8
10 : 100 : 13.0
10 : 100 10.0
9 : 100 16.7
10 100 : 18.9
10 : 100 @ 1L.5
10 @ 100 9.0
10 100 @ 13.2
10 100 16.1
10 : 100 ¢ 12.7
10 100 9.9
10 : 100 : 15.6
0o 100 : 18,6
10 100 : 12.8
10 100 : )IE.O
8 : 8 . =20.0

10

100 : 209
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Table 5 Condition ot southern pine stakes (1 x & 1n. nomioal x 08 10.), treated with o
15 to W years ot service
March 1941; Jacksonville, Fla., March 1961, and Harrison Experimental Forest, Saucier, Miss., Febr,

Preservat tve

Stakes placed in

Ketention ot
presecvat ive

9 pet pentachlorophenol in
fuel on1*

3} pct pentachlorophenol + 2 pet
chloro-2-phenylpiienol fn fuel

olli

Coal-tar creosote, grade |

Fuel o112

Mintoum: Max tmum: Ave

21,9

L

— - —
o (=1 PR v PR
O NN~ P coco e<ew<e C e e ccoco ~ T ®

<
ccoco

at Barro

Shumbyr

in

0
10
10
10

10

1
10

10
10

10

10

10

1o
10

10

10
10

10

-18-

Colorado [sland,

v and

'
Condition ol stakes December 14/o

showing some - - ———mm

Decay lermites

Decay  Termite: Decay tungtiattack

sttack and
termite:
fattack
Pt Pot Pt Pet @ Per Pot
“l
w0 -
-3 - : : jo -
~- 57 -
~—t == 3 6l - i =
- 3 : 10 30 -
== % -3 3 “0 10 =
= s - g == 3 100 : ==
=1 == -- 1 0 : --
~e 3 =3 == % 0 ¢ 20 :
w— i -3 = 3 100 @ ==
CO T = 3 R0 Y Se i -
-——iF 223 == 3 18 : -~ -
S R T
o =S - 20 -
- - - 22 -~ -
— i == g -= - 3 %0 =
-3 ==} e 67 : --
-- 1 == -— 2 I w=
i e -- 10 ¢ -
-y w3 -— 10 : 10 : -
T R 100 -~
5 =i “= 3 100 : ~-: --
== =3 - g I : ¥ --
< — — 10 90 : =
= —— - %) w2 -
-- - -- 33 33 ==
= i - - «0 -
- 60 - 20 10 s
e . = 75 - S
- - 90 10 -
-- -- -- 4«0 «0 &
10 ¢ 90 : -~ - = g -

50 : 16 : 17 k) 5 e= 3 --
2Ty 56 3 .= 22 3 s= g --

105 o= 2 -] Y 9 : ==: e
-——1 == = 3 -~ i e= 60
-3 ==l gt =~ : &0 : =
g e 3 - “« z 1213 -~
L - -~ : 20: 10
vl f med mw ¥ owe g == 30
g = -— -~ 3 M -
=t . -- -- 0 010

wiod Serviceable but Destroved by -

s, February 1941, Bogalusae, La.,

toal-tar creosote, atter ,
uary l‘ln‘l cont i nued
-
lotal Average p
— removed lite
Decay )
tungi ¥
and
Slermite
attack
Pot Num- . Fct Yt
ber
b0 10 v 13.0
oo 1o 100 Jie.t
bl (3 (2 U0
oo 1 100 1.0
70 10 : 100 14 .«
43 ’ “
33 i i
B0 9: %0
50 3 o0 s
10 3 0
10 1 10 : -
80 10 100 : 12.6
100 10 100 Sl i
78 7 8 : =20.0
100 10 5 100z 19.2
50 10 : 100 : 13.7
33 2 33 -
25 2 25 2 -
90 10 : 100 @ 26.4
S
80 2 Wi =12
40 7 10 -
-2 9 9022
6! 4 67 : ;II
A 1% 6 : 67 : =19
60 10 : 100 : 21.3
10 2 2 ,-20
25 Bz 282 e
-- 1 10 = -~
20 6 60 : =
“0 10 0 100 3.9
60 10 : 100 8.4
88 8 100 9.7
0 10 100 6.3
70 10 100 1.8
50 o e 1.9
160 9 10 12.4
60 10 100 9.1
(Page ! ot 1)




5 pet pentachlorophenal in tuel 0.5 1.4 u.8 1
oil= and naphtha: <D "‘_ =8 ¥
j~minute dip 2 Yas -8 2
"3 1:2 AR ]
18-Your soaking 2% 2.6 1
2.1 2.8 ]
2.) A 1
1.9 3.0 2.8 "
5 pct ventachlorophenol in 7 ) d 9 10
sovhean oll, naohtha and tuel 5 1.2 P 1
30 L6 3
j-minute dip i S :
18-hour soaking :Canal: V.2 AN 1
La. 3.9 2.8 10
la. 3.2 2.7 10
Miss. 3.5 2.8 10
1B-hour soa¥ ll\vl Yok 3.0 2.3 10
1.8 2.6 2.3 [
1.8 2.8 2.3 L}
! 2,8 2.2 10
} pct pentachlorophenol + 2 pct :Canal: +9 1.6 1.2 10
chloro-2-phenylphenol in naphtha:la. o 1.6 ) oA 10
. ) )
and fuel o1l:t - S
J-minute dip ) " * = te s
18-hour soaking :Canal: 2.5 4.0 s 18 10
La. 2.5 4.0 2 | 10
Fla 2. 1.9 3.1 L
:Miss.: 2.6 L4 3.1 10
3 pct pentachlorophenol + 2 pct ;Canal: o 9 .8 10
chloro-2-phenviphenol in solvent:La. T - 9 ) 10
of 80 pct minera) soirits and S5 ¢ 9 8 : 10
20 pct moisture repellent: 3 & a9 «8 3 0
J-minute dip
18-hour soaking :Canal: 2.1 5.4 .6 & 1O
e = 243 4.6 ¥4 : 10
:Fla, 2.3 4.9 .4 10
Miss,: 2.3 Sl 4 : 10
Unt reated controls iCanal: == § == § == ¥
Nl & == 3 = § == A D
tFlka. @ == Lo 3 - PR (.
Lo U LU e § v= § e O

ae 3 - -— : 30
— i = oy = 3 20

SSE I S

i
“pased upon weight ot drv chemical for sodium oentachlorophenate alone or mixed with other chemicals and on weight ot solution tor

treatments. Values *or stakes originallv fnstalled.

90
10
30

90

10

109
20
20
19

19 [N
0 1
8 3 8
0 : 10
109 : 10
&1 = 9
109 : 19
190 : 10
-~ 1 10
-
86 ¢ 7
W 10
199 : X0
0 : 10
100 : 19
100 : 10
0 10
80 : 10
B8 : 8
80 : 10
)
60 : 10
80 : 10
60 : 10
90
90
88
190 : 10
10 : 16
0 : 10
70 10
50 : 10
9 710
100 : 10
BO 10
0 : 10
-- W
0 : 10
10 10
0 10

109
100
139
100

10
100

o

100
100
100
100

190
100
100
100

100
100
100
100

1aa
100
100
100

100
100
100
100

tou
100
100
100

100
1og
100
100

100
100
100
100

a1_sressote, atter
g Bopalusa, La.
1331~~ tinued
iforal Iaverage
------- reroved Llite

3T
el
5.0
3.2

~e=xe
C e r -

T
©rC -

10.4

1.6
12.2
6.1

Ceo
cxLo

TRV
w0 - w

“ O~
=@

R
o®»o

€ <
~e e

~

[y =
- E N~

“10 stakes were oripinallv installed in test, This number has since been reduced either because of tatlure to locate the stakes at

time of the inspection or hHecause of Jdamage hv fire.

’ f
Final inspection at Canal Zone lanuary 1956, at lacksonville lecember 1967, and at Bogalusa Decemher 1960,

A urcnased and reported esriier as No, P fuel o1l but has since heen found to Yave

No, 2 fuel vils,
A stimate v s upon tercentave stakes recaining alter Tinal instection,

Jvent coataine’ | part sovhean cif oand T narts e oragel orl o and b

P 30 el wome eartood,

4 distillation range lover

than that

tor ty

other
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Table 10.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with urea, after about
11 to 16-1/2 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucier, Miss., February 1942 and December 1946, and at Madison, Wis., April 1942

Treatment :Loca~: Total : Average :Num-: Condition of stakes late in 1958 : Total iAverage
:tion :retention:retention:ber : : removed : life
: : of urea : of urea : in :Good :Serviceable: Destroyed by-- : :
: ¢ or ,: or itest: :but showing: : :
: : solids— : solids— : : :some decay :Decay:Termite: Decay : :
g : : : : : :fungi:attack : fungi :
: : : : : : : : : and :
: : : : : : : : itermite: :
: : : : : : : : sattack :
g ¢ b ¢ Pef : s Pet Pct : Pet ¢ Pet : Pct :iNum—: Pet @ Yr
: : : : : : : : ber :
- INSTALLED 1942
2 days' soalung3 :Miss,: 4,7 : 3.4 : 10 ¢ — -— T =3 100 = 90/ : X0 ¥ 100 ¥ 3.4
Wis, ¢ 4.7 ¢ 3.4 :10: —: o= 3100 35 <~ ¢ — ;10: 100 : 8.1
4 days' sonklng-z- :Miss,: 6.9 : 5.0 t 10 : = : —_ R 20 3 80 20 % 2G 3 3.3
:Wis. @ 6.9 : 5.0 :10: —: - $100: —~— : - ;10 ; 100 ;: 8.0
6 days' u:mkingl sMiss,: 10,2 : 7.4 10 : — : - ¢ —= 3 20 80 @ XQ i 100 = 2.9
Wis. ¢ 10,2 : 7.4 :10: — : — $100 8 — : ~-— :10: 100 : 6.0
512 (thermosetting) :Miss.: 9.9 : Tl 10 @ --: —_ HEEE U 20 80 : 10 : 100 : 4.5
iWis, . s 74 210 : - - : B, e hae - : 12,
2 days' sosking ‘"1° 23 0 : 10 10 : 100 : 12.5
51-3- (thermosetting):Miss.: 11.2 : 8.1 :10 : — : — t =~ 3 == 3 100 : 10 ; 100 : 5.1
& days' sosking Wis, ¢ 11,2 : 8.1 :10 ¢ == : _— $ 100 3 =— 3 ~-= :10 % 100 : 13.1
Bl2 (thermosetting) :Miss.: 11.7 2 8.4 $ 100 = s - P == 10 96 © 10 3 100 ¢ S.6
: : : : § =3 s : T e s, B : 100 : .
6 days' soaking tWis., ¢ 11,7 : 8.4 :10: : 100 10 : 10 15.2
Untreated controls :Miss.: — : R o) (0 RERC_B - ¢ ~2: 20 : 8 :10: 100 : 1.8
Wis, @ — : - 310 : ==: - $:100: — : - :10: 100 : 4.8
INSTALLED 1946
Urea resin, s s : S : 3 5 s : : : H
pnnurr‘- :Miss.: _ H 5.8 : 10 ¢ -~ - R - 90 : 10 : 160 ¢ 9.1

-ICnlcuhced total retention of urea or solids for 22 stakes.
Z‘Treltlng solution made up to 1.15 parts of urea to 1.00 part of water by weight.

-]-Golutlon made up of 380 parts urea, 344 parts of 37 pct formaldehyde solution, 231 parts of water, 6 parts
of sodium hydroxide, and 39 parts of borax by weight.

i‘l'l'elted with buffered urea-formalin mix (2 to 1 formaldehyde-urea ratio) at a resin solids content of
30 pct.

Q4=




Table 11.,~-Condition of high-strength laminated paper plastic (papreg) stakes (1/8 x 4 x 14 in.) and
heat-stabilized plywood (staypak) stakes (4 x 18 in.) of several thicknesses after 7 to
8 years of service. Stakes placed in test on the Harrison Experimental Forest,
Saucler, Miss,

e LA LR
Stake No.: Composition :Num-: Condition of stakes December 1950 :Average
: :ber : - -: life
: in : Destroyed by-- :
: test —— e m e~ ———
: s : Decay : Termite : Decay fungl :
: ¢ 3 fungi : attack : and termite :
: s H : 3 attack
: < :Number: Pct :Number: Pct :Number: Pct : Yr

LAMINATED PAPER PLASTIC (PAPREG)—INSTALLED DECEMBER 2, 1942

1 to 10 : 37.0 pct phenolic resin—l- + 2 pct hardener, & 200 ¢ 7 : 0 : -——= : =~ 3 2 30 oz TG
H 4.7 pct volatile matter s s 8 A : : : 3
11 to 20 : 31.6 pct phenolic resinl + 2 pct hardener, : 10 : 3 & 30 = E 319 i 6 2 60 = 5.6
H 4.4 pct volatile matter - : : 3 2 H : $
21 to 30 : 41.0 pct phenolic m»ixrl + 2 pct hardener, : 10 : 7 & 10 : ~— % == = 3§ 2 36 :: 8.0
H 4.6 pct volatile matter 3 £ 3 3 s : i :
31 to 40 : 37.0 pct phenolic reoln—-l- + 2 pct hardener, : 10 3 T 3 M 3 = : =~ @ 3 3 ¥ : 1.2
2 4.7 pct volatile matter with surface s g g H : : : s
5 sheets using 42.6 pct phenolic resin,— S s % 2 s : :
$ 4.6 pct volatile utux& i : : 5 . : 3 ¥
41 to 50 : 37.0 oct phenolic reslnl + 0.5 oct oletic : 10 : 4 : 40 SRR B 5 3 35 2.6
: acid, 4.7 pct volatile matter & : 3 £ : s : :
HEAT-STABILIZED PLYWOOD (STAYPAK)--INSTALLED JUNE 4, 1943
19-1 and : 20 plies 1/16-in. birch bonded with phenolic : 2 : == 1 — 1 z S0 : 1 & S 3 A5
19-2 2 resin and compressed to thickness of H s s § A : 2 g
$ 1/2 in,; specific gravity 1.37 H : : . 3 H 5 :
HEAT-STABILIZED PLYWOOD (STAYPAK)—INSTALLED DECEMBER 6, 1943
S-1 to : 32 plies 1/16-in. birch bonded with ohenolfc : 5 : 2 : 40 ; == : == -13 : 60 : 6.0
s$=5 H resin and compressed to thickneas of £ H 5 i 2 $ :
$ 1 in., specific gravity 1.33 : : 3 H : s H :
21-1 to : 10 plies 1/8-in. maple bonded with phenolic : 5 : - : == -~ i == S 100 : 4.3
21-5 H resin and compressed co thickness of : H $ 3 : 8 :
s 5/8 in.; specific gravity 1,36 g : s 3 3 $
-L\lcohol--oluhle.
-z-slngle surface aheet on each side, coated side out.

glhnvy swelling at edges due to mofsture absorption.
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Table 12.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with phenyl mercury vlieate, pentachlorophenol,
copper naphthenate, and mercuric chloride,at final inspection atter 20 years of service. >takes placed in test
December 1943 on the Harrison Experimental Forest, Saucier, Miss.

Preservative : Treatment : Average :Num-: Condition of stakes December 1963 Total iAverage

H iretention iber f~-—mmo-—mmm e e removed 1ite
L of i in Serviceable but Destroyed by-- i

: : solution :test: showing some-- smet=ene il s : .

3 5 : H X -:Decay:iermite: Decay

: H H H :Decay:Termite: Decay :fungi:attack tungl

5 : iattack and and

H : : itermite: itermite:

: : : H : : rattack :attack

: g cf s Pt o PCE & ct. ¢  Pot & Pct Pee = Bet Num-:

3 : : :ber

Phenyl mercury oleate
(percentage in naphtha
solvent):

- 0.4 : 3-min. dip G 1.40 ¢ X0 == - - - - 20 80 10 100 3.8
4 : 18-hr. soaking: 3.20 + 10 - - - - 10 30 60 10 100 5.0

W4 : Pressure 5.90 10 -- -- -- -= -~ 10 90 10 : 100 6.7

Wb SeveeasdOonenes.s 12,10 : 10 - -— == 3 -~ 30 - 70 10 100 8.8

2 : 18-hr. soaking: 3.10 ¢ 10 - - = g - 10 30 @ 60 10 100 4.4

.2 : Pressure : 6.00 : 10 - - - - - 5 70 : 10 : 100 5.6

.2 SeeeseedOicesseat 11,80 i 10 2 -- - - = & =2 30 70 10 : 100 : 6.2

o1 : 18-hr. soaking: 3.60 : 10 - - - - == 40 60 10 100 4.5

o1 : Pressure 5 5.90 : 10 - -3 -— = = 30 70 10 100 : 4.7

] .1 feeseesdoiiaiiae: 11,60 10 - == -2 - =~ 40 60 10 100 5.2
l.h : 3-min. dip 3 1.20 : 10 - - -— - - 60 40 10 100 4.0

l.l : 18-hr. soaking: 6.00 : 10 - -- - -— 1 =~ 200 80 : 10 : 100 S.5

l.l : Pressure 3 6.10 2 W0y == - -— - : 10 : 40 50 : 10 : 100 6.2

l.l fessvesdOsosecces 12,00 110 - - -— .= 3 == 10 : 90 : 10 : 100 8.4

Pentachlorophenol (5.0 pct fn :e.....do..... E2N0 E MOy e= o ey = @ 40 ® 002 == b &0 3 @r . G0y 30
plne-otl naphtha (1:12) ] E $ 3 : : 2 $ $
solvent) 3 3 g 3 - 8 3 -1 :

Copper naphthenate (0.5 pct fsneuen@Bissvenet 1310 : 10 ~-- -- 1 e ® 0 ¢ 21 -- 10 ¢ 3: 30 : lzs
copper metal in naphtha s : : % ¢ H : : 3 c %
solvent) s H : 3 $ $

Mercuric chloride (1.0 pct : J-min. dip 014 10 - - - - - 3 50 : 50 10 100 “.8
in water) H :(dry salt): ¢ : : 2

: 18-hr. soaktng: 072 10 -- - - - = 3 20 80 10 : 100 7.5
: t(dry salt): : : : 3 : : : 3 $ H

Untreated controls : e : o~ 10 3 == 3 ==3 - 3 -— 3 == 3 60 W : 10 100 : 2.0

lfmlullon contained 16 pct solids as a water repellent.

lll(lll!! based on percentage stakes remaining after final inspection.

NOTE-~The stakes remaining fn test after the [957 (nspection were taken up and resct fo the same general area.
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Table 14.—Condition of southern pine sa d stakes (2 x 4 in. nominal x 18 in.), treated with various
chemicals, and of lamin
after 32 years .o_f__.-e_r_v_
Saucler, Miss., December 1944

l’relervntl\veL : Average 3 Condition of stakes December 1976 : Togal :Average
: retention iber : —— —-—: removed : life
of preser- : in :Good: Serviceable but 3 Destroyed by— :
: vative or :test: 3 showing some-- e s
dry salt : H o= s Decay :Termite: Decay :
3 :Decay:Termite: Decay :fungi:attack : fungi '
s attlck : and 5 :  and
itermite: : itermite: !
:attack : 5 :attack : ‘:
Pef i :PoriPer: Pet : Per :Pet : Pt : Pt iNume: Pet :  Yr
) : : : H : 2 : cber : :
PINE STAKES
Ammoniacal copper arsenate
(Ped. Spec. TT-W-549)
(percentage in solution) {
|
0.612 g(0.59) :0.25 (.24) :10: —: 10 : - 60 : 30 : -—- - 3 33 302 - |
1.29 (1.24) : .53 (.51) :10 : --: 100 : -~ 3 -— = == 1 e= i e= i == - |
2.57 (2.48) : 1.00 (.97) : 10 : 100: -- : =e 8 S S s e LS e e e |
3.21 (3.10) :1.29 (1.25) : 10 : 100: — : -- —_ f == = i == = == = :
Amyl phenyl acetate i
(percentage in Stoddard |
solvent) 1
0.37 : .10 210 ¢ == — -z - = == ¢ 100 : 10 : 100 : 6.7
93 : .25 210 5 ——g — 3 = 3 - 1 = — : 100 : 10 : 100 : 8.5
1.85 : .50 210 ¢ == -=: - - U == 40 60 : 10 : 100 : 10.0
Capric acid (percentage fo
Stoddard solvent)
0.37 @ .10 110 2 —: --: == == : 10 30 : 60 :10 : 100 : 5.0
.93 1 .28 t10: —: i == - : 10 : 20 : 70 : 10 : 100 : 5.3
1.84 : .50 : 10 2 ——: a=lhp  m= g ==y 10 : 90 : 10 : 100 : 5.5
Diamyl phenol (percentage
in Stoddard solvent)
0.3 : .10 3 10 2 ssp —=3 - - i -= 10 : 90 : 10 : 100 : 5.8
.90 s .25 : 10 @ --: == ¥ —_— 1 == 10 : 90 : 10 : 100 : 8.4
1.76 + 51 210 ¢ == sl == 3 == 10 : 90 : 10 : 100 : 11.4
DDT (Dichloro-diphenyl-
trichloroethane)
(percentage in Stoddard
solvent)
1.25 s .35 $ 20 ¢ ==3 e -~ - 1100 : - : - 10 100 = 7.1
2.7 E— : 10 8 —: == - == & 70 ¢ - 30 : 10 : 100 : 9.0
Dodecyl amine (percentage
in Stoddard solvent) )
0.37 i .10 : 10 ¢ --: -1 == 20 80 : 10 : 100 : 5.4
.93 i .25 : 10 ¢ - ~— -— f =3 - 100 : 10 : 100 : 5.7
1.85 1 .50 :10 ¢ — - F == 10 : 90 : 10 : 100 : 6.8
Nickel stearate (percentage
in coal-tar naphtha)
0.33 i .10 10 7 —: —: -~ - ¢ 10 : -~ 9 : 10 : 100 : 5.6
.93 ¢ W27 : 10 ¢ == -3 -- 3 30 : -- 1 70 : 10 : 100 : 4.9
1.85 : .52 110 ¢ ==z =1 - 3 = & 10 2 10 : 80 : 10 : 100 : 5.5
Untreated controls : — t 10 ¢ == == e 2 - = 40 60 : 10 : 100 : 2.1
YELLOW BIRCH (LAMINATED)-
Acetylated ¥ - t 10 = == - - i 90 : -8 10 : 10 : 100 : 17.3 .
Untreated controls 3 -— t 10§ =mp ==} -~ -- : 10 : 20 = 0 :10: 100 : 2.7
lAll stakes except laminated yellow hlrch were pressure treated. -
lﬁ-onhul copper arsenate sojution and retention figures 1n parentheses are oxides (Cu0 and “‘"s)'
3

Prepared from 6-ply, parallel-laminated, acetylated 1/16-in. veneer glued with hot press phenolic resin.
Average acetyl content 19.2 pct based upon ovendry welght of wood. Untreated controls prepared from
untreated veneer.

NOTE--The stakes remaining in test after the 1952 (nspection were reset (n the same general area
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Table 16.--Condition of stakes of Douglas-tir plywood,treated with several wood preser o1
31 years ot service. Stakes placed in test December 1945 on srrison Experimental Forest,

ives, elther e or
Saucler, Miss

Preservative H Treatment Average
: retention
: of preser- : in :Guod :  Serviceable but  :  Destroyea by
sthick=- ¢ ““wg.g itest: = showing some-- -
: ness : 3 fmemmmmmmmeeemmmee oo Decay lermite: Decay
: :Decav:Termite: Decav fungl attack tuagl
g cattack and and
£ itermite termite
attack attack
1 Bet : Pt ¢ Pet Pet Poc Pce
PLYWOOD FROM VENEER TREATED BEFURE GLUING
Coal-tar creosote :Pressure : 13 s 1/16 : 40.9 1 10 : 200 5 -~ : = I -- 1 == -~ -
B arcas e siee s L L : 7: 1/8 : 30.9 + 10y 90/ 2 A0/ = -— - i == -- -
‘Meating® and l-hr. cold bath: 7 : 1/8 : 12.6 HOIS e 8, s | a2 bo 10 20 70
:Cold soaking, 24 hr. : 13 : 1/16 : ¥2.9 10 2 == -- 100 it == =
RS TN 40, . iiiiinnnaat 7': Y8 2 8.6 Qs == fe=n -= : 100 - = =
:Dipping, 10 sec. i (D V) U [ RO == al ==0% == : 100 = =- —~=
: : 72 X8 5 4.6 3 9 sy W= ~= 3 106 z —=z =
Copper naphthenate, :Pressure s I3 @ L6 5 X5 3 9 2 1005 ===z = 3 - - -
(2 pct copper R T Oy A T @0 50y s s wioeis cat 7: X8 : 10.2 : 10 : 40 : 30 : -- 30 - -— -
wetal) in coal-ter “
naphthas :Heating~ and l-hr. cold bath: 72 e ; 6.3 40z 20 RO 10 = S0 : 10 - --
:Cold soaking, 24 hr. + 13 : 1/16 : 10.1 G (RN R -— o E == = -
Tecsaasavanons d0. . cccinrnncns 3 Ti 8 : 62 : 10 ¢ 30 : 20 : - 3 30 ¢ 20 -- --
13 : 1/16 ¢ 4.2 330 X0 : 10 -~ 80 : - = -
7: 1/8 : 2.8 Y20 == 10 - 50 30 - 20
Pentachlorophenol, 13 ¢ 1/16 : 21.4 dNeld ==& 107 = 90 - - --
5 pct in No. 2 7 1/8 : 18.2 T R R R R 10
fuel ofl ‘
:Heating— and I-hr. cold bach: 7o 1/8 0.3 £z ==z = i 10 -- - 30
:Cold soaking, 24 hr. :o13: 1/16 ¢ 1.4 /1) -- 80 10 -- 10
Sesssesnsannee do.iiiniinnnn H 7: 1/8 : 4.8 10 ¢ -— 10 10 10 10
13 ¢ 1/16 : 4.9 L [ - -- -- 50 20 -- 10
7 1/8 @ 1.0 v 202 - -- -- 10 - w0
Chromated zinc :Pressure i 13 1/16 %LU.‘ (0.62): 8 : =--: =-: -- 100 - - -
chloride ialve € P e L 7: )8 :=1.06( .65): 10 : ~-: -- : - -- - 3 40 60
:Meating® and 1-hr. cold bath: 986 6y 100 w=d == =t — sa 50
:Steeping, 24 hr. 3 107 ( .65): 8 : ~= -- | > S N8 -- --
Seees ..do. 1.84 (1.1): 9 N E - 100
.do .59 ( .36): 10 : ot PR - -~ 10 90
..do. 0 U <IN 10 ~~ 3 == - Y 20 o
+6L ¢ 37): X0 -3 == - 20 50 10 0
.66 ( .40): 10 ~e i == .- - 10 S0
35 ¢ <282 10 = <= -= -- - 20 L
Acid copper chromate 1) = 1/16 ¢ 16 ¢ 238): 9 2 = 67 L
7: 1/8 19 C 39 10 | [UNFRE o 2 1
: uun;‘— and l-hr. cold bath: T 18 : 107 ¢ -53): 10 - 10 60 ( 1w
teeping, 24 hr. s 1/16 88 ( <) 10 toa -
Loeedo. bl/lb 1.89 € .9¢): 10 0 M (3
.. .do. T: =u/8 ¢ %0 20y 9 a5 as
+ad0ui 7 /8 1.32 ¢ .65 10 100
:Dipping, 10 sec. 13 : 9[/!6 87 ( .4y 10 20
ves.do, 13 : bl/lb LIS L ) 10 w '
.do ! /8 21 ¢ 1)) 10 s
.do. 1 1/8 (1910 v

-30-

Total
removed
Num-: Pot
ber
10 100
1 10
< 20
5 50
2 20
3 0
2 20
9 90
5 S0
10 100
10 (R
10 wo
10 0o
w10
L] L
10 100
10 100
1 10
' W
1 1
' "
\ W
100
. w0
(Page

a‘ter gluing of the veneer, after

Average
lite




Lable 1o -=Condition ot stakes oL Douglas-tir piywocd,treated with several woud prescridtives,
3 years n_test Devember 1945

eltuer defope 0 after IUiag OF the Venser, Alter
ret, Sausier, Mias.oc.od

Presvrvative lreatment werage lotal Aerage

- reaoved ite

: retention
:\um- :Vencer of preser-
iber thick- £

Serviceatle cut
shiow

of i ness - Dev ay
‘Termite: Decav -fungi-attack fungi -
rack ind : and
i termite B Jlermite:
cattack : attack -
Pt Pot Pot (453
PLYWOOD TREATED AFTER CLUING
Coal-tar creosote :Pressure H 5: 1/8 : 19.6 $ 10 90 ¢ 10 - = i =at -~ s Ziwe & =a g --
:Hot bath, 1 hr., and cold t S: /8 : 2.0 310 @ == -— e IS RO N = — —— 3 w= 3 == -
bath, 1 hr. i : : E : : : : : 2 : H :
:Cold soaking, 24 hr. H S LI& 3 53 t g2 == == -—- i -— 3 202 30 S0 : 10 : 100 : I1.3
:Dipping, 10 sec. 4 %o 130 g e ey hE b e & mm L 500 4 B0 & 8006 54
Cupper naphthenate, :Pressure E: 5E M8 = LY 1 3@ sm 3 w==13 - 20 : 40 ¢ 10 ¢ Jo : 8: 80 -
(2 pct copper
metal) in coal-tar :Hot bath, 1 hr., and cold B 5: M8 : .2 T W s= Y == -— -- & 60 : -— 40 : 10 : 100 : 12.8
naphtha : bath, 1 hr. : 3 s % 3 s % 5 2 3 : 3
:Cold soaking, 24 hr. : 5: 18 : 1A 2 A =- s e= 0 -— == : 50: - S0 : 10 : 100 : 13.8
:Dipping, 10 sec. : 5: Y& : Rl 70 == == - i -- i 60 : -— 40 : 10 : 100 : 10.5
Pentachlorophenol, :Pressure 2 S+ A : 12.% 102 == == -= T 60 : 20 : -— 20 = & 2 493 -
5 pet in No. 2
fuel oil :Hot bath, 1 hr., and cold 5: 8 : 2.1 3 =t == - - 3 == 40 : 60 : 10 : 100 : 8.3
bath, 1 hr. s 3 : 5 2 : 3 z 3 1 2 3 % $
:Cold soaking, 24 hr. : S: 1/8 : 2.0 s W ==y ==¢ - -= 1 20: 10 = 70 : 10 : 100 : 8.3
:Dipping, 10 sec. & S: L8 o t 03 ==f ==1 - - 3 10: 20 : 70 : 10 : 160 : 7.8
Chromated zinc :Preasure : S L8 2‘02 ¢ o38): 100 ==& =1 = p s~ § BOE ==z @0 310 :300;: VLD
chloride
:Steeping, 24 hr. : 5: 1/8 : 235 € <&y KO E ==y ey -- -~ : 10 : 30 60 : 10 : 100 : 8.2
:Dipping, 10 sec. 3 5: /8 03 ¢ 02): 10z -=: ==1 - -— o == 40 : 60 : 10 : 100 : 4.0
Acld copper chromate :Pressure : 5t 18 : &8 € v23)3 10 5 =~ E == 2 0 3 30 20 : - 30 & %¢ W -
:Steeping, 24 hr. ] $: Y8 : 28 ( 14): 10 : == == - - 3 303 40 S0 : 10 : 100 : 5.3
:Dipping, 10 sec. $ S$: L8 = 06 C Q3): 10 ¢ ==t ==t - -~ : 10 : 60 30 : 10 : 100 : 8.2
None tUntreated ¢ ¥3r 116 = Iy =3 == - - - 50 50 10 : 100 : 3.7
Yowvasa vesnean do. : 7 YI8 : - : ¢ == 50 S0 : 10 : 100 3.6

lﬂy\:ood glued with hot-press phenol ic-

lous or dry salt absorbed by 21- x 38-1n. plywood panel. Stakes vere cut from plywood panels after treatment, and all edges exposed durlng cutting
were dipped in the preservative before installation of the stakes.

in adhesive.

!ﬂrlenllun values in parentheses based on preservative oxides.

bwﬂuu heated in dryer and then submerged for 1 hr. in unheated preservative.
s«i\‘wrnuuue values.
Veneer treated prior to drying.

L specimens delaminated and were el iminated from test.
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Table 17.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with varjous petroleum oils, pentachlorophenol
solutfon copper naphthenate solutions, coal~tar creosote, and mixtures of these preservatives,after about
20-1;2 years of service. Stakes placed in test on the Harrison Experimental Forest, Saucier, Miss., and at

Bogalusa, la., April 1948

011 or preservative :Loca-: Average :Number: Condition of stakes December 19762 : Total :Average
:tion :retention: inl = - d : life
: : :test— :Good :  Serviceable but : Destroyed by-- g
: : : showing some-—- § e ———————— e :

3 :Termite: Decay :
:Decay:Termite: Decay :fungi:attack : fungi :

: :attack : and and

& : H : itermite: % itermite:

: : : H :attack : : sattack :
S 4 :Pet : Pcr : Pet : Pot Pet : Pcr :Num-: Pet o Yr

: : : 3 : : : : : : iber :
Unfortified petroleum oil:

Commercial aromatic solvent iMige.: 4.1 10 @ -~ --: - -~ 3 10 : -~ 2 90 : 10 : 100 : 2.4
(Mid-United States) :La. 4.1 10 ¢ -~: == == : == : -=: 20 : 80 : 10 : 100 2.9
Stoddard solvent (Mid-United States) :Migs.: 4.0 : 10 : -~: --: - 3 ~~ 3 10 2 = 70 : 10 : 100 : 2.2
ila. 4.0 : 10 3§ -~ =3 -— i -~ 7 103 20 : 70 : 10 : 100 : 2.8
No. 2 fuel oil (Mid-United States) iMiss.: 4.1 HEED U - 3 -~ 3 10 : 10 : 80 : 10 : 100 : 4.4
iLa. 4.0 P 10 : ~e 3 e - -~ : 70 : -2 30 : 10 : 100 : 6.1
Heavy thermal side cut iMies.: 4.2 : 10 ¢ -~ - - -~ == je 3 90 10 : 100 : 3.5
(Mid-United States) :La. @ 4.2 10 : --: -=: == : =~ : 30: ~-- % 70 :10:100: 4.6
No. 200 Diesel oil (West Coast) : 10 @ --: == == ¢ =~ : 20: 20 : 60 : 10 : 100 : 4.8
: 10 @ == == - -~ : 80 : -- 20 : 10 : 100 : 4.6
Catalytic gas-base oil (West Coast) 100 ¢ == ==3 -~ i =~ i 40 : -- : 60 : 10 : 100 : 7.6
10 ¢ --: -=: -— 1 ~~ : 60 : -— 1 40 : 10 : 100 : 1.7
10 @ --=: --: -—- 3 ~~ : 30: -— 3 70 : 10 : 100 : 14.6
: 10 ¢ --: 10: - 3 S0 ¢ 20 : -—- 2 20 : 4 : 40 : -
10 ¢ --: --: - ~~ 1 40 : -— 1 60 : 10 : 100 : 17.1
8 : --: 25: =~ 63 : 12 -— ~~ ¢ 1 12 : -
No. 300 fuel oil (West Coast) 2 10 1 e=: -=: == @ == : 90 : - 0 : 10 : 100 : 37.1
L ( -— 1 20 : 80 : -- 1 -— & @& 80T S6.S
No. 400 fuel oil (West Coast) $t 10 ¢ == e == ~- i B0 : -— 20 : 10 : 100 : 5.8
$ 10 3 =3 ==3 == 1 == : 90 - 10 : 10 : 100 : 5.5
Light gas o1l (Mid-United States) 10 ¢ == : == -~ 1 ~- 1 50 : - 3 S0 : 10 : 100 : 6.7
10 ¢ == == -- ~~ : 60 : -2 40 : 10 : 100 : 6.0
Denver No. 3 blend (50-50 tcpped crude :Miss.: 4.0 : 10 : =--: --: - ~- 1 60 : - 1 40 10 : 100 : 6.5
residual and recycled overhead gas oil):la. : 4.0 : 10 : --: --: -~ 1 -~ : 80: s 3 W 310 : X00 = 5.9
Heavy gas oil (Mid-United States) iMigs.: 4.0 : 10 : == -=: == ~- : 100 : - -~ : 10 : 100 : 12.9
ila. @ 4.0 : 10 =i .- -~ 60 : 40 : -- 2 -- 1 4 : &0 : -
:Miss.: 7.9 : 10 : =~-: == -~ i 30 : 70 : - -~ 3 23 203 -
:La. 7.9 :: 9 : ~=: 3P: s 3 G v == - “= ;== 3 == -
iMies.: 12.1 3 10 ¢ =--1 10 -~ 3 80 : 10 : -2 “ 3 22 W -
La. ¢ 12.1 5 : 60 : 40 : -~ i “w 3 we3 -- 3 - == i == -
lube oil extract (Texas) iMise.: 4.1 : 10 3 e= i == -- 1 ~= 1100 : - -- : 10 : 100 : 12.0
La. @ 4.2 : 8 : <=3 == - 1 63 ¢ 25: -— 12 3 33z W3 --

(Page 1 of 1)
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Table 17.~-Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with various petroleum oils, pentachlorophenol

solution co, r naphthenate solutions, coal-tar creosote, and mixtures of these preservatives after about
!3:122 years of service.

Stakes placed in test on the Harrison Experimental Forest, Saucier, Miss., and at

Bogalusa, La., April 1948--continued

01l or preservative

:Loca~: Average :Number:
ition :retentfon:

itest=

(l\l 3

Portified petroleum oils and mixtures:
Commercial aromatic solvent (Mid-United
States) with 5 pct pentachlorophenol

Stoddard solvent (Mid-United States)
wvith 5 pct pentachlorophenol

No. 2 fuel oil (Mid-United States) with
5 pct pentachlorophencl

Heavy thermal aide cut (Mid-United
States) with 5 pct pentachlorophenol

No. 200 Diesel o1l (West Coast) with
5 pct pentachlorophenol

Catalytic gas-base oil (West Coast)
with 5 pct pentachlorophenol

No. 300 fuel oil (West Coast) with
5 pct pentachlorophenol

No. 400 fuel oil (West Coast) with
5 pct pentachlorophencl

Light gas oil (Mid-United States) with
5 pct pentachlorophenol

Denver No. 3 blend (50-50 topped crude
residual and recycled overhead gas
o0il) with 5 pct pentachlorophenol

Heavy gas oil (Mid-United States) with
5 pct pentachlorophenol

N e
iMiss.: 4.2
:la. 4.2
iMiss.: 4.0
:La. ¢ 4.0
iMigs.: 4.0
:La. 3.8
iMiss.: 4.0
:La. : 4.0
:Mies.: 4.1
iLa. @ 4.1
:Miss.: 4.1
tLa. 4.1
iMiss.: 8.0
ila. @ 7.9
iMiss.: 12.0
:La. : 12.0
iMiss.: 4.0
la. ¢ 4.1
iMiss.: 4.2
iLa. @ 4.2
iMiss.: 4.0
:la. 4.2
iMiss 4.0
ilLa. 4,0
:Miss.: 4.1
iLa. 4.1
Mies.: 7.9
ila. 7.9
iMias. 12.0
iLa. : 12.0

o

10 :
10
10 :
10
10
10
10
10
10
10 :
10 :
8
10 ¢
8 :
10 :
% o
10 :
8 :
10
9
10 :
10
10 :
7 .
§ 3
8 :
10 :
6 :
10
L

«33.

Condition of stakes December 19763 Total :Average
- g d : life
Good : Serviceable but Destroyed by-- :
showing some-- e e e e e -
(v e e :Decay:Termite: Decay :
:Decay:Termite: Decay :fungi:attack : fungi :
: :attack : and : and
s : :termite itermite: :
:attack : :

: Pet : Pet :
== -t == 3 103
- -1 .- = 10 :
s ==t fes =% 20 :
.- - == 10 :
-— == -— 20 -—
- -— -~ : 20:
-~ -3 = & 10
~—1 == -— 3 -~ ¢ 10:
=1 == == i 50 i ==
-1 -- 88 : 12 :
- - =5 e 205
-3 - 88 : ~-:
- e -— 3 4 : 20 :
--: 56 : -- L
-—1 ~=1 - -- : 80 :
-1 12 - S1 : 12:
- =R = = 40 :
-3 == -3 22 : 22:
-— == - 50 --
-- “= g - 10 : 70
= -- -- 3 86 : 14 :
- Cieall - 67 : --
--: 12 : - : 88 : --:
-—: == - 90 10 :
=3 33: == : 67 : --
10: 30: - : S0 : 10 :
60 : --: == : H : -

Pct : Pct :Num-: Pct : Yr
: iber : :

~- : 100 : 10 : 100 : 10.9
~= : 90 : 10 : 100 : 8.5

- 2 90 : 10 : 100 : 13,7
- s 80 : 10 : 100 : 8.8

10 : 80 : 10 : 100 :
-3 80 : 8 : 80 : H2.5

10 : 100 : 14.0
10 : 100 : 10.6

1

)
b3
o

-— 2 90 : 10: 100 : 17.0
-— 3 SO ¢+ $: S0: -~

-- ¢ 100 : 10 : 100 : 16.3

: 1 12 -
: 90 : 10 100 : 21.3

- 20 : 10 : 100 : 14.6

-— 25 ¢ Jx& W -
-- : 60 : 10 : 100 : 111.9
- 3 56 : 73 783128

= : 100 : 10 : 100 : 15.6
== 3 30 : 5: 50: -

- M T BB WY =
e i 33 ¢ ¥ | =
- 3 = 3 F: 103 --

“a 3 == o2 Fr MO -

(Page 2 of 3)




Table 17.--Condition of southern pine stakes (! x 4 in. nominal x 18 in.), tredted with various petroleam otls, pentachlorophencl
pper naphthenate solutions, coal-tar creosote, and mixtures of these preservatives after about

: 53}3 of service. Stakes placed in test on the Harrison Experimental Forest, Saucier, » _and at
Bogalusa, L. April 1948--continued
: t : 3 5
0il or preservative :Loca-: Average :Number: Condition of stakes December 1976 : Total CAverage
ition :retention: in removed  : lite
2 4 rtest- Good Serviceable but 3 Destroyed by--
3 : : showing some— 3 o e i e e e e e :
H % S e e Ll T S :Decay:Termite: Decay
rmite: Decay :fungi:attack : fungi
: : ¥ : : tattack @ and : and
H : : : : : itermite: A itermite:
tattack

Pet = ¥r

Portifted petroleum oils and mixtures:
--cont inued 3 5 % : H :

Lube o1l extract (Texas) with tMiss.: 4.2 RO RaE =S e = &0 : 50 : -— 10 : 6 .: 60 : --
5 pct pentachlorophenol shas = 4.2 8 -- = = e : -- 3 N Sal B A 30 == --

Catalytic gas-base oi1l (West Coast) with :Miss.: 4.2 & RO g oS-l = LI == & 70 % 10 = 20 ¢ X0 = 100 1 316.3
copper naphthenate (0.5 pct copper iLa. 4.2 : K0 2 == Wz == = of » 19': == = 20 » 3z 30 s --
metal) 3 s g g 3

Catalytic gas-base oil (West Coast) with :Miss.: 4.4 8 =iy == 3 == i = 5 T == g 25 : 8 : 100 : 17.&
copper naphthenate (0.75 pct copper 3 1+ 4.2 t { S & 13 -- 62 : 123 == g = g 32 -
metal) & : C : 3 s :

Coal-tar creosote : : 4.1 10 ¢ ==t ==232 -— 3 - ¢ 70 == ¥ 30 : 30 2 100 : 14.2

3 : 4.1 s 0 5 == ¢ =—= == 50 : 40 : -— 3 0 3 5 50 --

Coal-tar creosote, 50 pct, and catalytic :Miss.: 4.1 10 -~ = - 10 e 80 ¢ -~ 3 4 : 9z 99
gas-base oil (West Coast) with 5 pct :La. 4.1 8 -- .- -- 62 : == 3 .- 3 & ¢ 3¢ 38 -
pentachlorophenol, 50 pct by volume 3 $ c

Coal-tar creosote, 50 pct, and catalytic :Miss.: 4.2 K 3 == 8 == & o 1 SIS ¢ IR == s <= & B9 90
gas-base oil (West Coast) with copper :lLa. : 4.3 SRS Ss = CiR s i == 90 :: 10:: - 2 == g e
naphthenate (0.5 pct copper metal) 3 3 g 2 5 : 5 3 s s > £
50 pct by volume : i : :

Coal-tar creosote, 25 pct, and catalytic :Miss. 4.1 s 0 8 == : == 2 S=S ez == 5 == B 10 : 10 : 100 : l&.b
gas-base oll (West Coast) with copper :la. 4.2 ¥ 8 & == =i - 3 50 : 383 == 3 $2 g %= 50 i ==
naphthenate (0.75 pct copper metal), 3 3 3 3 z : - s t :

75 pct by volume ( & 4 : 3 - 3 % 2

Catalytic gas-base oil (West Coast) with :Miss.: 4.2 10 - - 30 : 20 ; 100 ;. 4 . 7. 2
5 pct pentachlorophenol, 50 pct, and :la. 4.2 : LA = g *E 8 e x  MW : ==, == e = A
catalytic gas-base oil (West Coast) % H 3 : H 3 g 4 :
with copper naphthenate (0.5 pct s
copper metal), 50 pct by volume 3

Untreated controls iMiss. - : 0 & ==t == == - : 20 : 28 3 60 : 10 : 100 : y -
iLa. ¢ -— : 10 -1 - -— 1 =1 -- % O : 10 : 100 : 2.8

i . -

=10 stakes were originally installed at each test station. This number has since been reduced because of tatlure to locate the stakes
at the time of inspection.

{fhul inspection at Bogalusa November 1962.

zfsll-ate based on percentage of stakes remaining after tinal 1nspection.

(Page } of 1)
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[able 18.--Condition ot southern pine stakes (2 x 4 fn. nominal x 18 in.), treated with varfous cosl-tar creosotes and
at Madison, Wis., October 1945,

creosote solutions, atter about 28 years of service. Stakes placed o tes

and on the Harrison Experimental Forest, Saucler, Miss., December 1948
T e T e — I S = = - e e
3 5 2 s 1 g i
Preservative :Loca-: Average :Num-: Condition of stakes Uctober 1976 : Total tAverage |
ition :retentioniber -———-—mmmmmmm o o : removed |
e 3 in :Good : Serviceable but : Destroyed by--
itest: : showing some-- e e : b ]
: : & Decay :
ifungi:attack : tungl :
:attack : and : and
: : : itermite: & itermite:
: :attack
Pet  :Num-: Pct Yr
: : ber

Coal-tar creosote
Low residue, straight run iMiss.:
Wie,

0 G ¢ == : =~ -2 36 = 60 : -~ 3 0 = 7= 20 £17.6

0 10 ¢ ~-: 100 : ==y SRR T =y = ==y == -

.0 $10: --: 1l0: == 0 & 80 ¢ - - : 8: 80 : £18.u
tWis. 0 210 ==23 90 -— == & 10 -~ == 2 k& 10: -—
8 10 2 ==3 203 - 3 20 & 66 -~ - ¢ &= 60 : g20.3
8 10 : 10: 90 : - - == -~ - m= == -

8

8

Medium residue, straight run iMigs.: 8
8

High residue, straight run 7
7

iWis.

Medium residue "
A0y ==z 105 == 2z 26 ¢ @z = 3 == z Tz 0z =294

Low in tar acids iMiss.: 8.1
iWis, 8.1 10 : 10 : 90 -— -~ i == - e e -
Low in naphthalene :Miss.: 8.2 :10: --: 10 - 3 50 : 40 : -— -~ 3 4 & 221.)
iWis. 8.2 10 : ==3: 90 = -— == x YO @ -— <= & ke e -
Low in tar acids and iMiss.: 8.0 $ 10 8 == ==} - 3 30 ¢ 60 : - 3 10 3 73 38 i18.9
naphthalene :Wis. 8.0 : 10 3 --: 100 : - - % == - -— == == -
Low residue, low in tar acids :Miss.: 8.0 £ 10 : == 10 -3 2 2 50 : - 28 1 Tz 710 : £l9.2
and naphthalene iWis. : 8.0 :10: =--: 100 : -— - = - 2 -— i == == --
High residue, low in tar acids :Miss.: 8.2 $10: --3 10 : -— 0 ¥ 20 ¢ Y W : & 8 : £20.0
and naphthalene iWie. 8.1 210: 10 : 90 : - -— 1 == -— -— 1 =1 == -
English vertical retort iMiss.: 8.0 10 2 -=: --: -— 3 30 &+ 60 : - 0 ¢ ¥ Wi £18.9
‘Wis. ¢ 8.0 =: 10 --: 100 : == 3 - Ry - = § =t =i -
English coke oven iMiss.: 19 10 : =--: --; -— 2 - 3 0 : -—- 38 ; 20 z 300 : 123.6
iWis. 1.9 10 : --: 90: -— - 3 10 : -— - 3 13 3 —
English coke oven, 50 pct, and 8.1 ) s SR AT -- 2 10 ¢ 40 : - 50 : 9: 90: 316.9
English vertical retort, 8.1 ¢ 10 5 2003 9@ - 1 . & %= -- sm 2 e S Cww R s
50 pct by volume : s H £ s % : : : : :
Medium residue, low in tar acids 8.1 10 3 ==z 20'% - i ¥ & 10 : e 15 SRR U R 320_4
and naphthalene, 70 pct, and 8.1 10 ¢ -- 100 : -— sw (¢ ‘e & -— Y W ¥ e R P
coal tar, 30 pct by volume H § H
Medium residue, low in tar acids :Miss.: 8.1 10 : --: 10: -- 20 * 70 : RN = & T e 219.6
and naphthalene, 70 pct, and ‘Wis, ¢ 8.1 10 ¢ -- & 100 : = ¥ S = w0 w3 e % wm - es
petroleum o1l (Wyoming residual): : : : : : : : : : H :
30 pct by volume : : : g : H 3 S
Petroleum oil (Wyoming residual) :Miss.: 8.1 t 10 == = -— 3 == & 90} - i 10 & 103 100 : 3.4
iWia. 8.1 t10: -=: 20: - 3 -~ : 80 : -— 2 -~ § &% 8G: -

Untreated controls M4 : - P10 e-d -= - == : 10 : 10 : 80 : 10 100 : 1
iWie, ¢ - 1210 ¢ ==3 -=3 - ~= : 100 : -- 1 -- ¢ 10 ¢ 200 : 3

lflnnl inspection in Misaissippi November 1968.

]
“£gtimate based on percentage of stakes remaining after final tnspection.
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Table 20.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with zinc-arsenic chromium and

chromated copper arsenate salts, after about 27 years of service.

Stakes placed in test at

Madison, Wis., November 1949, and on the Harrison Experimental Forest, Saucier, Miss., December 1949

Preservative

:Loca-: Average :Num-:
:tion :retention:ber :

Condition of stakes December 1976 : Total :Average

e eeemmcec—em-=-~: removed : life

: in :Good : Serviceable but Destroyed by-~
itest: showing some-- st e s :
3 0 s mm e :Decay:Termite: Decay :
H :Decay:Termite: Decay :fungi:attack : fungl :
: tattack : and : and
: termite itermite:
:attack :
; Pef : et
Zinc-arsenic-chromium salt (S 32)l iWis. : (0.96) : 10 : --: 90 : -- ~- 10 == -- 1 10 @ -~
iMiss €.96) : 10: 80 : 20 : ~- ~ - - - - - -
iWis, (.24) : 10: =--: 80: - -— : 20 : - - 2 20 -
:Miss (.72) : 10: 30 : 30: —-— 40 - == oo i — —
(.50) ¢ 102 ==: 20 : - ~- 1 80 : - - 8 80 —
(30) & 10 5 =~-: 20 - 80 -~ : o - = - e
:Wis. (.35) : 10 : -- 10 - - 90 : - - 90 : -—
:Miss. (.35) + 10 : ~-- - - 100 : --: - -- - -— 1 =
iWis. (.22) : 10 : ==~ 10 - - 90 - - 9 : 90 —-—
:Miss.: (.22) : 10 : -- - - 90 - - 10 r: 10 -
Chromated copper arsenate, type II : ¢ l(l.():\) 110 : 90 : 10 : - o - -- — == — —
(Fed. Spec. TT-W~550) :Miss.: (1.04) : 10 : 100 : -- : - - - - i - -- i
Wis. (.78) : 10 : 100 : --: - - - - - - - -
iMiss.: (.79) : 9 :100 : --: -- == - = = A = s
Wis. (.52) : 10 : 30 : 70 : -- - e == == — — -
:Miss.: (.52) : 10 : 100 : -- : - - - - - —— i~ -
iWis. (.37) : 10 : ~- : 100 : - - - -~ - - - ~—
:Mias.: (.37) : 10 : 100 : -~ : - - - - - - - -
iWis. @ (.26) 10 : --: 100 : -- - - - - - - -—
iMias.: (.26) 10:¢ 30': 40 : - 30 - -~ - - g s
Zinc chloride :Wis. :1.03¢.61): 10 : --: --: - -- : 100 : - -- : 10 : 100 : 12.8
:Miss.:1.04(.62): 10 : -- : -- - - i 20 : -~ 80 : 10 : 100 : 16.9
Coal-tar creosote Wis. 8.4 Mg Tes g G0 8 . =< == 3 M3 -~ - 3 1 10 =
iMigs.: 8.3 : 10 @ =7 - -- 90 : W0 : -~ =~ 5 3 03 ==
Untreated controls iWis. S 10 : -- -- -- -= : 100 : -~ == :10:100: 7.0
iMiss.: -~ 10 ¢ -- -- - == 2 10 : 30 60 = 10 100 : 2.8

-‘-Zno. 97 parts; c:o). 170 parts; and A'ZOS' 213 parts.

lee:enuon figures in parentheses are based on preservative oxides.
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Table 29.--Londition, atter about

Stake No.

vl -v10
V11-v20

v21-v30

V31-v40

V41-v50

V51-ve0
V61-v70

V71-v80

v81-v90

V91-v100

V101~
vilo

vill-
V120

vizi-
V130

V131~
V140

Vil
V150

vi51-
V160

Viel-
vio

vizi
viso

VIKi
VI

1

In coupe
“Frior o
)

Sulution
“

I hre, st

5
| BT
periods

oils and conditioned by vapor cleaning and steaming to remove residual solvents .

Experimental Forest, Saucier, Miss., April 195}

cCondiciontng: Number: Average preservallve

H Preservative
: after 3 in retention

treatment test SO R S W g e o
From weights @ By
before and ranalysis:
aftrer 2 months:
treatment- atrer
------------- treat-
Solu- :Penta- meng ;
H tion :chloro-: penta-
: 3 :phenol :chloro-
3 H 5 i or phenol
: tcopper or
: metal copper
= ¢ metal
Bef © Bof o ot
:Pentachlorophencl, : None o 10 ¥ G2 0.105 : 0.u82
2.5 pct in :Steaming - ? 100 ¥ 4.2 L105 ¢ 091
light aromatic B 3 B
: sulvem.l H : . B :
:Pentachlorophenol, : Vapor 5 100 ¢ &0 @ 102 .069
¢ 2.5 pet in cleaning™ S 2
Iight aromatic
solvent : 4 : : H s
:Pentachlorophencl,:Steaming— 20 @ 44 @ G200 ¢ G139
4.5 pcr in : ) = E
light aromatic :
solvenr.! : H
:Pentachlorophenol,:Vapor 5 ¢ 10 4.5 225 136
5 pct ta Mght : cleaning™ :
i daromatic solvent: : g
:Pentachlorophenol, : None 10 4.6 .230 : .186
5 pct in light :Steaming : 10 : 4.8 240 @ 222
aromat {c H : : :
3
:  solvent= 3
:Pentachlorophenol, :Vapor g ¢ 10 6.0 . 300 173
: S pet in light : cleaning
aromatic solvent: 4 : : :
:Pentachlorophenol, :Steaming~ P10 b L4000 L9
9.1 pet in H : : H
light aromatic
-olvent—’ : : ¢
:Pentachlorophenol, :Vapor 5 : 10 : 6.0 600 : 397
10 pct in light : cleaning™
aromatic solvent:
:Pentachlorophenol, : None ¢ 10 : 6.2 310 : 121
5 pet in No. : 4 H : : 3
fuel ofl :Steaming™ : 19 : 6.6 : 330 : (146
:Vapor P10 7,2 ¢ 360 ¢ (111
: cleaning= : 3 H
:Copper naphthenate:None ¢t KO 3 4.6 023 ¢ 020
0.9 pet copper “ H g g :
in light iSteaming™ ¢ 0 T &S5 3 022 L020
aromat {¢ solvent: : S !
:Vapor 5 10 4.6 023 018
cleaning
Lopper n.-phuu-nulv:hu-n-um'b 10 0 el 026 0Ly
0.5Y9 pet copper :
.0 light §
aromat (¢ solvent:
Copper naphthenate:Vapor « [ L.2 0y ol
0.7 pet copper Cleantng’
in Light
arvmatic solvent:
Untreated controls: v
tation with the Bareau of Ships, Department of the Navy

condie tua toy

contained 5 pot ester v bloom preventat pve

gum (by weight) as
caming with maximum (emperature 9 F.oand | hr. vacuuam,

AUINE A0 vapor of aromatic solvent with maximum temperatune ot

were tepeated

S

Hi

Condition ot stakes November 1976

*

Tlowing whit

Serviceable but

showing some—

tDecay:lermite:
: tattack

Destroyed by -~

-==:Decay:Termite: Uecay

lotal

Decay :tungi:attack tungi
and : and
‘termite: ctermite:

fdttack

10

10

30 :

10 :
10 :

«0

w0

10

caltack

10 80

e . 80

r e 90
= 90

-3 10

50

0

10

io

10 =

10

10

10

10

10

10

1o

10

10

-1 removed

100G

100

10 =

100

100

100

100 :
90 :

100 ¢

100

100

o

100

23-1/2 years of service, of southern pine stakes (/ x < in. nominal x 18 in.) treated with preservative
Stakes placed to test on the Harcison

‘Average
lite

ey
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rreated with co ar creosote, pentachlorophenol solution, and copperized
chromated zinc chloride,after about 22 years of service. Stakes placed in test on the
Harrison Experimental Forest, Saucier, Miss., December 1954

mold-tufected wood, treated with coal-tar creosote, pentachlorophenol solution, and copper]

Preservative . Average :Number : Condition of stakes November 1976 : Total :Average
: retention : in - : removed : life
: test :Good: Serviceable but : Destroyed by-— :
£ - : showing some-- : :
: jm——ee— e —m~ = e m——— i Decay : Termite: Decay @ :
:Decay:Termite: Decay :fungi:attack : fungi : s
: :attack : and ¢ : : and @ :
3 s : itermite: : :termite:
: & b :attack ¢ s :attack :
Pcf g :Pet : Pet @ Pet ¢ Pct : Pet : Pet : Pet :Num-: Pet :  Yr
: - : : . 5 £ = Her 5

Coal-tar crecsote s 3.9 10 ¢ ~- 1 == -— 70 : 30 : - F =e ¥ 30 -
(high residue, v 7.8 10 : ~-: 10 : - 90 : -- : -— 1 e e T -
straight-run) : 12,2 10 : 20 : 10 : -— 70 : - - - == 1 == 3 -

Coal-tar creosote (low 4.0 10 s== == 3§ == 3 5@ ¢ 10E —~ = 40 : 5 : S0 —
residue, low fn tar : 8.0 10 : -—- : --=: - 90 : --: -— 10" = 1 10 =5
acids and naphthalenes): 12.4 10 :50: --: - 50 : —: -— —_— 1 == - -

Pentachlorophenol 4.2 10 : -——-: - -_ -- : 10 : 20, @ 70 : 10 : 100 : 16.7
(4.7 pet in No. 2 : 8.1 2 10 == i == == 30 : 10 : -— 66 ¢ T = 70 : -~
fuel oil) s 121 10 == ==t == 3 90 : - : -— 0 ¥ ¥: 16 —

Copperized chromated 2 w34 !'(O. 20): 10 :--: == : == 3 == 3 =—3: 20 : 80 :10 : 100 : 16.6
zinc chloride s w723 (.48) & 10 = 3 == % 20 : 60 : 20 : —_ s’ e 2 200 -

22715 (C71) ¢ 10 == s 108 80 3 30 & ==n3 mal B mss e el =

Untreated controls — & QO cne=ra =iy - 3 .= 3 == 60" : 40 : 10 : 100 : 2.1

STAKES FROM WOOD INFECTED WITH TRICHODERMA MOLD

Coal-tar creosc’e : 4.0 10 ¢ == : == - 50 : 30 : -~ 3 PR CAREL T SR R -
(high reaid i : 8.0 10 : ——: —--: = : 8 : 20: - : == : 1 10 : -
straight rum) : 12.0 10 : — ¢ == : = ¢ 100 ¢ —: - 3 -~ 3 - — -

Coal-tar creosot: 4.1 3 10 5 e= 3 == 3 - 20 : 60 : - 20 : 8 : 80 : -
(low residue, low in 8.0 : 10 == i -~ - 80 : 10 : -— W ¢ 25 20 : —
tar acids and : 12.0 s 10 = = 3 -= : 100 : --: - - g = == -~
naphthalenes) : s : : : $

Pentachlorophenol : 4.2 : 100 3 ==y ==t - 20 : 20 : 20 w0 : 8 80 : —
(4.7 pct in No. 2 s 7.8 ¢ 30 g = wmly == 5 39 ¢ WE: = % 70 : 8 80 : -
fuel oil) : I1.9 : 10 {e=t e= 3 == ¢ 80 : 10: -- : 10 & 20 -

Copperized chromated ¢ .3 (.20) : 10 ==z -~ ¢ -— 30 = ww g 30 s S 1 1= 703 —
zinc chloride : W4 (L45) ¢ 10 =~ == 40 S0 : — : —_ I ¢ 1 o=z -

$1,07 (.71) ¢ 10 : -~ : —: 80 : 20 : = == 1 == 1 — 1 ==V —

Untreated controls : - t 10 ¢ e~ == - e= 2 10 30 : 60 : 10 : 100 : 2.5

QIS YoMy

l1l¢u-.ntt¢:m values in parentheses based on preservative oxides.
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Table 33.—Condition of Douglas-fir, sweetgum, and tangile plywood stakes, t reated with pentachlorophenol and wich fluor chrope arsenate phenol

1
1 Forest, Saucier, Miss., January 1956

type Ayaftec about 21 years of service. Stakes placed in test on
ltem: Species ¢ Preservative ¢ Treatment H Average “Num— Condition of stakes November 1976 : Tocal Averdge
No.: : 3 : retention iber i-mmm—re—mmem et et e s e e e e ¢ removed itfe
: in :Good: Serviceable but
: showing some-~-
% s : :Decay:Termite: Decay :fungi:attack : fungi
: § : : tattack @ and 3 and
3 H ctermite: : itermite:

:ateack 2 cattack

ct ‘Numr-: Pct Yr
H H H] H 23 H 3 iber
PLYWOOD FROM VENEER TREATED BEFORE GLUING
1 :Douulu-Hr:l’entachlcrophenolg :Hot and cold—:' : 10.0 530 8 - & == -— 30 i 20:: - 58 = 7s 76 -
2 @ TemssarsndOoeenee . osiCold sonked 6.3 " i 10 § ==t = @ == & B\ == = 70 : 10 : 100 8.2
F s :Fluor chrome :Rot and cold- : 52 =€0.32): 10 ¢ == : = ¢ - == T 507 -— SO 30 5300 2 k2.3
: arsenate phenol H 3 : 3 : H s : ¢ : = z
: type A 2 H : H : % ] 5 B -
4 :Sweetgum :Pentachlorophenol” I 2 == & ==a S A3 -= : 30 : = 70 = 10 : IOO 7.4
5l 2 :Fluor chrome H €393 & 103 = 3 e=d -— 1 == i 60 = 40 : 10 : 100 B.S
arsenate phenol 5 5 8 3 s g & 3 5 : :
H type A 2 i : 2 3 : 3 < H s 2 : 2
6 :Tangile :Pentachlorophenol™ 9.4 RN -— = = 60 - 40 : 10 : 100 : 6.8
7 :Fluor chrome S €3N 10 E =i == -— -- : 100 : -— -- 10 : 100 : 10.4
arsenate phenol : : N 2 G : i s 5 i g <
type A O & H 2 H
PLYWOOD TREATED AFTER GLUING
8 :l)mu;l-s-ih':Pentm:hlol'opherm].z :Pressure 2 9.6 10 ; == ¢ -=-: — 260 = 200 : S 4T 6 = B : 80 -
L Te. 0.........:Cold soaked <9 O (s UF i : - 3 —— 10/ : 70 : 10 : 100 3
10 : Buivsisisi 3 [ (. R S R doc et Y& B O = e 20 80 : 10 : 100 : FoE
3 @ :Fluor chrome :Pressure 6L C-38) = 9 == == -— 33 22 % 33t 6¢ 62z -
arsenate phenol 2 3 2 : 3 3 5 E
: type A 2 : s 3 z s 5 % :
12 :Sweetgum :Pentachlorophenol™ 2 10 3 = -— - S70 : == & 300 : 10 : 100 : 6.3
13 = :Fluor chrome €36y & A0 === - 3 == 50 10 40 10 100 : 7.6
arsenate phenol 2 3
B type A 2} : g g 3 3 : - t 3 :
14 :Tangile :Pentachlorophenol™ : P SR s (15 : 10 : - -- 16 =z 70 : - 200 5 9 90 : --
15 = :Fluor chrome ST [ D 60 (.37) = 10 5 — -— 10 : 80 : - 3O 2 Hz 9@ s --
arsenate phenol & H 3 : H : : : :
type A
UNTREATED CONTROL
16 :Douglas-fir: = G = 2 - Fl 10 SRR ' - 5 == 1 - : 100 10 100 3.6
17 :Sweetgum H == s - : - i o - - e 10 10 80 10 100 1.4
18 :Tangtle H = : == 7 - 10 3 -y = -— 3 -~ : 40 : s ? 60 : 10 : 100 : 1.9

1lrn cooperatfon with the Bureau of Ships, Department of the Na

'2‘7'\'! percent solution conforming to MIL-W-18142 (SHIPS) specificatfon 27 August 1954.

l(‘.m\uued of heating in a veneer dryer and {mmersion in unheated preservative solution until desired retentionm was obtailned.

"Relenthm values {n parentheses are based on preservative oxides.

Sﬁn_ stake by soft-rot fungus.

NOTE--The stakes were of S-ply veneer, 5/B x 4 x 1B fn., and cut from panels 24 x 48 fn. For ftem 10 the stakes were cut from the panels and

then treated. For other treated {tems the stakes were cut after treatment and the edges exposed In saving were brush costed with the
preservative,
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Table 35.--Conditton of southern pine stakes (2 x 4 in. and 3/4 x 3/4 {n. nomfnal x 18 fu.), treated wich

we! preservacive,after about 18-1/2 to 19 years of service. Stakes placed fn test ar Madison,

Wis., May 1958, and on the Harrison Experimental Forest, Saucler, Miss., December 1957
Preservative ;Locn-: Average :Num-: Condition of stakes November 1976 ¢ Total :Average
:tion :retention L T e e e e e e e e T e : removed :  life
3 5 in :Good: Serviceable but : :
itest: C showing some-- i~ .
2 3 e ———————— -—=—-——:Decay:Termite: Decay :
5 3 % :Decay:Termite: Decay :fungi:attack : fungi
s : : : :attack : and 3 ¢ and
: : :termite: 5 itermite:
s : :attack : : :attack :
: Pcr: Pet : Per : Per : Pet : Per : Per
STAKES 3/4 by 3/4 by 18 INCHES
KPl preservative :Miss.: 0.09 E: %9 HIRE IR SR - -~ 56 : i 75 3% = 9 0100 = B
2id0vat 18 £ =B == == g - 3 38 : 50 : - 2 12 2 5 62 —
:.do..: .28 2290533 2 == 33 & WD 5 B = & = 3 T Wy =
s.dossd <37 2102 70 @ = = 10 ~= 1 20 : == g -~ 2 20 —
Chromated zinc chloride :.do..:1.20 3(0.71): EQ I == X = 11 & 67 11 : 8: 89 : --
Coal-tar creosote i.do..: 11.6 2 3003 2008 == @ 40 200 = X0 - 9 = 2w 200 =
Untreated controls todo. - : 10 §-—=3 - : - ~~ : 40 : -— 60 - 10 & 100 = 2.2
STAKES 2 BY 4 BY 18 INCHES
KPl preservarive tudo..: .09 0 (R RE S —= s 200 & 500 ¢ = £ 30 8 : 80 ; -~
Wis. : .09 : 10 ¢ -- ¢ 40 : === g I -— 3 - 6 : 60 : -~
:Mies.: .19 s 19w 10: @ 200 s 10 40 : 30 : -— - 3 2 30y e
Wis. @ .18 £ (1 BCS R Iy {7 S = - 1 30 : — 3 - 3: 30 s ==
Mies.: .27 : 10 : 60 : -~ : 10 10 @ 20 - = & 2 2002 ==
Wis. @ .26 ¢t 10 ¥ 30 : 60 : - - % 10 - s As RO s
:Miss.: .37 :210 : 80 : -~ -— 2 IO (1 i - -~ 3 2 205 ==
Wis. : .35 (=9 : 67 : 33: - -— 3 == -— —— 0 = ==y ==
Chromated zinc iMiss.: 1,16 (.71) :210 5 == 3 == g 20 301 r =g - 1 0t S Sh) -
chloride Wies. : 1,21 (.74) := 8 : 63 : =~ : - Y - & 37 -3 R R ¢ RO
Coal-tar creosote :Miss.: 10.2 $ 10 £ 30 ¢ 20 : 10 40 : -— g e 3wy e
iWis. : 10.2 :10 ¢ 50 : S0 : -— 3 e - L A
Untreated controls :Mies.: -- 110 ¢ = == - ¢ ==yt 20 -— 80 : 10 : 100 : 2.5
Wis. : -~ t 10 ¢ == ¢ =~ -— - ! 100 : -— = 5 10 ¢ 100 ¢ 3.6

lCopper oxide and chlorophenols.
ZSpectnena found broken and eliminated from test.

}Re(entton values {i parentheses are based on preservative oxides.
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~
Table 3/.--vondition ot uthia LD LR it i i watt
tluor chrome arsejate pienol t AW A= \ t
b Lns
service., “takes place test on the Harrison
December 1959
—_—
Preservative @ Average | Num tondftion ot stukes November 1970 3 Total tAverage
retentfon— :her e e e e m— . removed 1 Ifte
in :Good: Serviceal l¢ but Destroyed by-- : :
: tLest: showirg some-- e —— e —————
H : H = -=-=:Decay:lermite: Decay
B g : Decay:Termite: Decay :tungl:attack : fungi

tattack :  and
: H itermite:
tattack

STAKES 2 BY 4 NOMINAL BY 18 IN

y
Fluor chrome arsenate : 0.35 (0.22): =8 : == : -= : = g 63 =3

phenol (Federal Spec.: .50 ( .31): 10 : -- : --: == 2 SO =
TT=-W=-535) (Type A) T G250 Ae KOs e oy T == s NLOON ¢

Fluor chrome arsenate : .35 ( .22): £H Pe- == -— 44

phenol (lType A) e DI 3 0 I8 (ARG e ==a 60
(Modltled)l s 16 € <ET)E 1y —= n == S e 80 :
Untreated controls T $E0NS =ty L -

STAKES 3/4 BY 3/4 BY 18 INCHES
Fluor chrome arsenate : .36 ( .22): £9 gi= ==y = -— 3
phenol (Federal Spec.: .51 ( .32): 10 : == : -- : - 3 i

TT-W-535) (Type A) s W17 ( .48): 38 == - 8 =< 37 ¢

Fluor chrome arsenate : .37 ( .23): 10 : == : == : - -—

phenol (lype A) § 52 € «32): 10z >~ 3 == ¢ - -—
(Mudl“ed)-1 s J80 C J38): 39 $oes § == 3 -- 1 44
Untreated controls § == : 10 == § = o -

and

itermite:

CHES

38 = s e e Baal e
40 -— 10 ¢+ § 3 5 -
L

22 12 = 22 2 5 = 56 2
40 = == 28T RDLG ==
20 : - - 1 2: 20 : ~-

34 3 o 33 = % 2 00 2 (6T
50 30 3 16 < % : 90 : ==
) s 13 = 37 & 53 &3 & =

20 3 0 S SO : 10 : 300 = 8.2

30 : 20 50 = 0 : 100 = 1.&

1
—Retention values {n parentheses are based on preservative oxides,

gﬁzubvs damaged mechanically and eliminated from test,
)
“Sodium pentachlorophenate substituted tor dinftrophenol.
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lable wi.-=Conditioa ot out e piae Lakes (&X 4 tu. nominal x 18 iu.
pentachloropienol solutions with neavy and Light petroleu

Dieldrin and Aldri, after about 16 years of service. 5t aced 1u test on
tal Forest, Sauc i emoer 1960

1 oXiue ard

ut the
wddition ot
Harrison E

Preservative cAverage:Nuw-: Condttion of stakes December 1976 ¢ Total tAverage
B T T S e e e e ¢ oremoved o lite
tion : in :Good : Serviceable but % Destroyed by~- :
irest: : Showing Some-— = ir———ss—co—c=——==—s=
3 g {m~—mmmm————~—mee—————:Decay:Termite: Decay
3 : :Decay: Termite: Decay :fungi:attack : tungi
g $ : : :attack @ and @ 3 ¢ and
: : H g : itermite: : stermite:
H : : H : rattack : : rattack

SOLUTLUNS WITH STODDARD SOLVENT

Tributyltin oxide, 0.3 pct; o BRI 2 R0 E e e s == % == o 90 = == .z 10 : 10 100 : 4.9
and Dieldrin, 0.3 pct : s : S : : : x : H - z

Tributyltin oxide, 0.6 pct; g el z X0 B e 2 == g ool == 90 -- 10 : 10: 100 : 6.9
and Dieldrin, 0.3 pct : 3 H 3 2 : s 3 - : 3 :

Tributyltin oxide, 0.3 pct; & 80 s d0 2 ==l s e g == 3 90 : = 100 @ 10 00 : 4.6
and Aldrin, 0.3 pct : 3 2 s g : 2 : : : : s

Tributyltin oxide 5 c 5 s $ £ 3 C 5 = 2 3
0.3 pet R i SR ¢ R TR - -- : 80 : == 3 20 1 10 : 100 : 4.
0.6 pct 29 w0 =~ 5 = - 1 == = 50 ¢ -— S8 : 10 2 100 : 7

Tributylein oxide, 0.3 pet; - - 0 RN R (0 IRF I B = == = FOO ; - 2 ~~ : 10 : 100 : 6.9
Dieldrin, 0.3 pct; and water : H : 3 : B . H : A : :
repellent, 4.7 pct C 3 e 3 H : = ‘- E - 2 :

Tributyltin oxide, 0.3 pct; 2o B0 RGOS = o S B ==l 30 ; 10; 100 ; 5.3
Aldrin, 0.3 pct; and water 2 s 5 3 A ¢ : 3 3 .
repellent, 4.7 pct : § : g : H H $ : 4 &

Dieldrin, 0.6 pct § 8.0 ¥ XO t == == -— 1 -- : 90 : -— 10 : 10 : 100 = 4.0

Pentachlorophenol, 5 pcr; pine : 8.0 : 10 : =--: -~ : <= & O & ==t -- 3 — % = == lea
oil, 5 pct; and water g 3 E 3 ‘) s % 5 8 3 - 5
repellent, 4.7 pct : : : - : ? : : 3 : 2 3

Pentachlorophenol, 5 pct; pine : 8.0 : 10 : == : == -— 1 100 == —r it} N2 N n gt Rio

ofl, 5 pct; Dteldrin, : & s 3 5

0.3 pet; and water : H 3 :

repellent, 4.7 pct s b ¢ & 3 $
Water repellent, 4.7 pct 3 8500 @ RO 3 ==oE = == -— 1 80 : -~ 20 ¢ 10 @ 100 : &3
Pentachlorophenol, 5 pct; pine : 8.0 : 10 : -- 1 =-- 1 ~= 3 100 : --: .- om ¥ wm X =& g mw

oil, 5 pct; Dieldrin, : {2 : 2 g ¢ s : ¥ 3 : -

0.3 pct; stabilizer wax, : :: 3 : : X - 3 3 5 :

2 pct; and water repellent, : g H : $ 5 : :

4.7 pet $ & 3 ¢ = s : X

SOLUTIONS WITH HEAVY PETROLEUM SOLVENT (AWPA P9)

Iributylein oxide, 0.3 pet; ¢ 8.0 2 JO T == 35 == .- 90 ¢ Kz == % U3 RIRCIR t0 ¢ --

and Dieldrin, U.3 pct : : g : : : : 3 s . 2
Iributyltin oxide, 0.6 pct; ¢ B0 2 10T ss o set == ¢ JOO & w3 ew, 3 s b e 5w 3 m

and Dieldrin, 0.3 pct : : : : :

Tributyltin oxide

0.3 pet ¢ 80 7 19 & == Gl 90 : 10 : = 3 -l Wy ==
8.0

U.6 pct : ) 10 S TR TR == F 300 ¢ ==} - - I == 1 ==
Pentactilorophensl, 5 pet 3 30 309 10 10 ¢ - 80 : -~ : : T
Pentachlorophenol, 5 pet, and f 27 ¢ 10 Iy W0 - oy e = 4 =

stabilizer wax, ! pct H H : H :

Petroleum solvent cuntrols $ B0 £ 30 m= i e= g - 80 : == : IR W ¢ 2, W

UNTKEATED CONTROLS

None P - v R0 (3 owa g e § -— - ¥, 9 - - o

100 ). }




lable &), --Condition of southern pine stakes ()
in ligquetied petroleur pas and in |1
at_Vallev View Test Plot, “adison, Wis,,

Preservatve iboca=: Averaype retention Dl Condition of stakes December 1976 wtal Average
TEAON femm e I T B e -~ temoved lite
: welght By :oin iGood @ Serviceable hut T destroved .

s===: ansly-stest

:Penta- :  sis,

woving sone-- b e it
vaviiermite: Jeca
tungl atlack : tungl
and

ttermite:

ichloro-: penta-:
iphenol :chloro-:
H phenol:

Pof i fef b Pt ;o Xr
STAKLS 2 18 LiChes
2
Pentachlorophenol in liquetied :Miss.: = 3 - Teld 3 10 & - -— 3 80 : == : -~ 200 5 2w 20 s =
1 $ - = & =09 : 10 : z 40 @ 10 5 : 6: bV ==
petroleum gas— % s = = 4 2.5 10 150 3 == SR e
: H = - l S8« 20 s -2 = & 10 3 -—=: == = —— = -y
Solutions with AWPA-PY (heavy
petroleum solvent)
Pentachlorophenol
3.5 pct (by weight) 3 30 1 FRCIT 1) JEG o B0 N mes = g -— 100 = == -— = ) g e -
WS w9 @ 22 ¥ 10 g == E == A == 100 = =5 = —— ——
4.2 pct (by weight) 3 L 29 32 v X0 10 80 : - : -— -— i == == -
H 0 (R0 67 : 69 + 10 : = S Lo =S =W S AR ==
Solutfons with Stoddard solvent: H 3 : 3
Pentachlorophenol, 4.0 pct; 360 = B e & B0 -- - 16 = 10 - g 80 : 9 : 90
paraftin, 2 pct; and ¥ * e = S 18 = 10 & - 3 - S8 = = & i § U 2 S: S0
Pentalyn-H, 10 pct (by 2 3 z - - 3 : :
weight) : 2 H : B H
Pentachlorophenol, 5 pct; a8 = .38 ¢ .39 10 .- i -- 100 - ~
paratfin, 2 pct and a 138 <67 3 S {1 B ¢ - .. - 60 = -= 2
Pentalyn-#, 10 pct (by g H 3 3 % & % <
weight) 2 3 3 g 3 3 s 3
Untreated controls : S = H == == A& 0 E == == - 3 - 1 30 § VI LIV A U 2.1

STAKES 3/4 BY 3/4 BY 17 INCHLS

Pentachlorophenol in liquefied :Miss.: -- 3 - -’.IS CO | R -— <= G 3 -z 60 : 10 : 100 : 5.5

petroleum |‘,l Wis, ¢ — : -3 —].l's = R o~ L - : 100 : -3 -~ 3 15 : 100 : 10.0
Miss.: -- : == —‘.l‘) S=Rgalesn g == - 1 50 : E 50 : 8: 100 : 4.6
i)

sWis., : == 2 == 5 =19 L i == : 100 : - -~ I J& : 100 ¥ 12.&

tMiss.: - : - —,. 3 =i (= e S 23 = & 1 & 3 T : 1 -

Wis, == H = —‘. Jl -3 21 = ==. g 7Y s - o R TR -

iMiss.: -- : - 248 - g == — i 8 : 25 ¢ 7 S W ¢ S5t 62 —_

e == 2,48 T 19 — = 2 = - 1 21 --

Solutions with AWPA-P9 (heavy :Miss ¥ 2 ) f (8 - -- 3 -3 2.y 11 -8 68 ? 8 : -
petroleum solvent) iWis L) =) - 82 : -< < 18 & o St R R =

Pentachlorophenol, 4.2 pct sHisn. 3.8 Jb - o ¢ : 10 : 10 2 0 = 9 90 : ==
(by weight) iWis, 3.9 16 -~ £ 7903 -— 1 -~ 1 30 -~ 1 - t 3 30 & o

5.7 24 : - -— 1 == a3 2o plt ceeay L | 25 1 25 =
3 23 - - b 233 - e 1 &t : - -~ i) 27 -
16.7 0 - 90 10 - 3 - 3 == -— - ) - -
17.2 e -— “l S? - - - -- - e 8 - --
Soluttions in Stoddard solvent Miss . 3.5 =z IS L - : ‘—“‘l g - - : = : .- 3 &Y 3 10 as 9 . 100 5.6

Pentachlorophenol, 4.0 pet; Wis, J.o : o0 I At == 3 =]l - i - - T 93 2 - 3 ss : 10 9l -
parattin, 2 pct, and Miss, 1.9 6 - 10 -— == - -z 30 - H 10 10 ¢ 100 “.9
Pentalyn-H, 10 pct (bv Wis, &0 5 LIy = =13 ;.- -- - - i 100 : -—- 1 == 3 Y3 : 100 : 108

welght) #

Pentachlorophenol, 5.0 pct; :Miss.: 6.4 3 -- “a -- - i 1 -- 6 " o --
paraffin, 7.0 pee, and Wis. b6 i - z‘» - 20 - s - 12 L1 =
Feantalvo-il, 10 pog (b Miss . l4.4 9 1 "9 - 3 - - -

weight) Wis., © la.t6 Ty <13 23 " L) - 1 8 -
tntreated controls Mies ., -- " . «0 w W 1 o 1
wis = - I 10 - 1 10 “

llv s been reported (hat the formulation of treating solution in Ligquetied ot gAS has NSeen change U tabes wete treated b

o Walvsin of Composite SAmple Of (FOSS-ReCtion waters Taben at midpeint rros DT U [ U QT telien e thy 1) stukes i

treated ror anstallatior Ince retentions were not determined tor andicicual test st eatta . e t o ' 1de a

select L oweorhine to o retentions, for the test installation

et O ell iele e OO ke ' ‘ toad .
t ke ' e . Wi abl wil el wed g
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Luble &5 -=tuncition ot southern pine stakes (4 X 4 in. nominal x 15 in. and 38 x 3/
with pentacnlorophenol in liguetfed petroleum pas and in teavy petroleun 50
about 13 years ot service. S kes place n test on the rison Experimental Forest,

Saucter, Miss., December 1963
Preservat tve : Average :Num-: Condition of stakes bDecember 1970 : Total iAverage
retent foa Y s : removed : life
e ————— e : dn :Good : Serviceable but 7 Destroyed by--

Solu- : Penta- :test: : showing some-- e e e e e %

tion :chloro- : : = e e e e :Decay: Termite: Decay

phenol : : :Decay:Termite: Decay :fungi:attack : fungt

s & > :attack : and : and
H itermite: : itermite:
sattack : 5 cattack :

Pct

Pc

STAKES 2 BY 4 INCHES

Pentachlorophenol - %.34 : 10 ¢ == 1 == - 80 s d0s -— T 5 2n 2008 -~
in liquefied : T.lo‘l G Ho B s a0 CEQOL . = -— 3 —_— ) == ==y ==
petroleum gae— Ga 3.65 VI -- : 100 E o -— £ ==

Dt a9 1) ¢ == 3 == == = RO R e e == e @ el e

Peatachlorophenol, : 10.6 2,53 10 : 80 : 20: -= 18 e e — ol - sl 2 Ca e

5 pct in heavy 5 3 z 2 ;: : $ : :

petroleum ofl
Heavy petroleum oil: 8.0 : - (0 [0 RS (RS 2 100 = 80 : --: -— $0 & 1 E jglE -

Untreated controls : -— - 3 10 3 == ==t -— 1 == & 20 : - 80 : 10z 100z 2.5

Pentachlorophienol . -= l—.)l; 0 R A R 100 ¢ 60 5 == = Jo : 9 90 ¢ ==
Sl dquetited t s l.l.o 1 —S-d g =i e g -- 120 = 76 2 -3 1 ST 88 1 --
e e 59 : ’5-6 DAL R R -3 38 : 38 : - 24 2 62 2 ==

: v =20 2‘) 5 == e 33 78 = dd e e 12 2 22 ; ==

Pentachlorophenol, : 10.8 : ‘1‘54 : 2‘5 : 38 5 I 50 ¢ 12 . : - . .

5 pct {n heavy : : : : : :

petroleum oil :
Heavy petroleum oil: 8.3 - : 26 3 = n =l -— -~ T 53 s -~ 5 &35 100: 6.6
Untreated controls : == 3 -- § 208 w=E =<t -~ 3 == ¢ 50 : 0 40 : 10 : 100 : 1.4

-1-8y x-ray analysis of samples from pleces from which stakes were cut.
éﬂuh cosolvent of isopropyl ether.

g'rru:ed in commercial charge with poles and crossarms.

ﬁCompu:ed.

‘SSIIKG mechanically damaged and eliminated from test.
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:Average
life

Total

Stakes placed in
removed

Condition of stakes December 1976

:Num-
ber

retention

Location: Average

test on the Harrison Experimental Forest, Saucier, Miss., December 1971, and Madison, Wis., May 1972

and chromated copper arsenate Type III preservatives, after about 5 years of service.

Table 48.--Condition of southern pine stakes (2 x 4 in. nominal x 18 in.), treated with copper-chrome-phosphorus
Preservative
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Stakes placed in test at Madison, Wis., May 1970, and on the Harrison Experfmental
Forest, Saucier, Miss., Dec. 1975

: H :attack : £ :attack :

SOUTHERN PINE-]“Z- 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Chromated copper

arsenate type ITI :Migs.: 0.23 : 10 : 100: =-- : - - - — s — _—
Wis. ¢ .14 : 10 : --: - : —_ —_ s i o el
iMiss.: .28 : 10 : 100: -- : — e == e
Nis, @ (19 = 10 ¢ =t = -— — — - s =
:Migs.: .47 : 10 100 -1 _— s o e - =
Wis. ¢ .30 : 10 : —: --: —_ —_— - o o = -
None :Migs.: - : 10 : 50: 30: 20 : - == -— — == s
Wie. : - 20 : - -= - —_ == — e w — e

SOUTHERN PINBl'— 2- BY 4-INCH NOMINAL BY 18-INCH INCISED

Chromated copper

arsenate type III :Misgs.: .27 : 10 : 100: -- : - -— 3 == — - -1 -
Wis. ¢ 19 : 10 ¢ e=i o=y e= = 2 == - - 3 e=f ==
:Mies.: .47 : 10 : 100: -- : — -— - - - — -
Wis. ¢ .30 : 10 : --: -= 3 == - - - - —- -_
:Mfgs.: .61 : 10 : 100: -- . o S — = = = i
Wis. ¢ .37 : 10 : == — ; -- -— - s e - - s

SOUTHERN I’INEl 3/4- BY 3-1/2~ BY 18-INCH PLYWOOD

Do=iiictasanssion Miss.: .39 : 10 : 100: -- ; - - == -— 1 - -—r -

:Wis. @ .38
:Migs.: .80

10 ¢ =% ==t == % <a= ¢ e= 3 a= 3 -_— - -

NG 7 107 f O H0 T ewg sl cew e h e e e § e p e

Nene :
‘Wis. == 1 10 : == == - e -— 1 -t - g e

Chromated copper
arsenate type [11- :Migs.:
Wis .

E ‘Mies.:

fwinin]an
oW
L
-
(=]
[
1
1
i
!
i
1
’
|
1
'
|
'
'

‘Wis. 5 W74 10 @ —=: == : -— - == C - -— o ==
:)uu.:;l.bZ : 10 : 100: -- ;= e i - -~ ==
‘Wis. 1.62 : 10 : --: -= - —_ 1 == - - -— ==

DRFs o000 soomin ‘Mies.:
‘Wis.
Miss.:
iWis.
‘Miss.:
‘Wise.

t 10 : 100: —~ @  -- S
ER T R -
10 : 100: -- : .- - i e~ -— - -— i =
i 10 & ==y == - e
;10 : 100: -~ - e
¢ 10 1 eag «= g - e

foion &

- lalanlanin
PP NN

EERN R - N
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Preservative :Loca-:Average :Number: Condition of stakes December 1976 : Total
ition : reten-: in :~ —e——ee e e ce———-! TemOvVed
: : tion : test :Good: Serviceable but : Destroyed by-- &
3 3 c showing some-- e e
: : : :Decay:Termite: Decay :
= % :Decay:Termite: Decay :fungf:attack : fungi :
$ g 3 5 : tattack : and : £ :  and
H tl s : : 1 itermite: s itermite:

10 : 100; -— 1 — —— o = -— -— — -
Wis. : .78 : 10 : --: -= : —= - & ey -— -t —_—t -
iM{gs.: 1.21 : 10 : 100: - : - —_— 1 == - —_— —_ ==

== & 10 : 20¢ == 60 100 & ==is 100 2 == 3 l:l();

1 Ave
i

rage
fe

4

I
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Table 51.--Condition of southern pine,Douglas-fir and Engelmann spruce heartwood stakes, treated with
amnonlncnl copper arsenate and chromated copper arsenate,after about 1 year of service.
itakea ‘placed in test at Madison, Wis., May 1976, and on the Harrison Experimental

l’orest Saucier, Miss., Dec. 1975-—contlnued

Preservative :Loca-:Average:Number: Condition of stakes December 1976 : Total : Average

:tion : reten-: {in : removed :  life
: tion : test :Good: Serviceable but 2 Destroyed by-- 5
s : : : showing some-- Irrmm s e ma e mcme——————
: H : i=meme——ece——cceec—w—-:Decay:Termite: Decay :

C = 5 :Decay:Termite: Decay fungi attack : fungi : s :
: : : : :attack : and : and : 3 i

H : : : : itermite: : termite: : 4
H : : : H : ‘attack ¢ : :attack : : 4
H s Pof : : Pet: Pet @ Pct : Pect : Pct : Pct : Pct :Number: Pct : Yr

SOUTHERN l’l’NEl'g 2~ BY 4-INCH NOMINAL BY 18-INCH UNINCISED :

Ammoniacal copper

arsenate iMiss : 0.11 : 10 : 100: - : - 3 - 3 == -3 -1 -—1 o~ - b
Wle. : 07 : 10 : —: -2 - -3 == -— 3 -3 - N i
:Mles.: .30 : 10 : 100: --: -— - == - 3 -3 -_ -
Wie, ¢ 16 : 10 : == == i ~-= Y e - == _ - —
:Miss.: .42 : 10 : 100 - @ == —_ i == - - - —_ -
Wa., ¢ .26 : 10 : e=: -=: -- -_f = N N —_— == ==

SOUTHERN PINEL*Z 2. BY 4-INCH ROMINAL BY 18-INCH INCISED

DOcoos s asisvosese Migs.: 14 ¢ 10 ¢ 1008 = 3 == & == & = ¢ - -— — == =
Wis. ¢ 07 : 10 : == == -~—- -_ 0 -- -— -— -— ~= i -
:Mias.: .36 : 10 : 100: --: ~- ¢ -—F == -_— == — : -
tWia., @ .15 ¢ 10 : e=: — ¢ w0 - g ey - -— 2 — -
: .65 : 10 :100: — : ~= —_— i == - -3 - % =
239 : 10 ¢ ==t =t = § e= ] e= i == ] == 3 == == —

SOUTHERN I’INBl 3/4- BY 3-1/2- BY 18-INCH PLYWOOD
e s 0 iMigs.: .39 : 10 : 100: o Y e § Gy e 3§ we ] == —
L (/8 S ] S SN £ R R SRR e —
: 10 : 100: it i ) et -
SEORSE ==t CI T N e S = R = S = R SR = -
: 10 : 100: -- : C N R R R - -2 -
: 10 ¢ == == w— LR - 3 — ¢ e == —_

4

DO=ccocovconaes 38 : 10 : 100. g e g e -_ 3 == —_ == =
38 : 10 : - - — 1 == - w= E - = ==
A AR (0 L 100' -— == -— 1 == - - = == -
5 7 : 10 : -— -y ~— == -3 - - e= 1 ==
:uu-.:gl.oo ¢ 10 E 100- - e Y em ) e me == —_— = -
:Wis. =1.08 : 10 : - - -_ == —_ i == _—1 =~ -
Dtr(é vovrvrre :Mies :%.]8 t 10 : 100 -- @ g - == - -t -_— —
Wis. :3.38 t 10 5 -=: 3 -— 3 - = — - - -
‘Migse.: 3.77 ¢ 10 : 100: i W= 5 we g ws - = 3 - —
Wie. :5—.77 t 10 ¢ ==t == - 3 Y - - - —_ - —
:nu-.:;l.oa ¢ 10 : 100: == @ -3 - 1 == - 3 - 3 - - -
iWis. :~1.08 : 10 : --: == - 3 - e~ 3 -t -3 -_— == -
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Table 51.--Condition of southern pine,Douglas-fir and Engelmann spruce heartwood stakes, treated with

ammoniacal copper arsenate and chromated copper arsenate,after about 1 year of service.
Stakes placed in test at Madison, Wis., May 1976, and on the Harrison Experimental

Forest, Saucier, Miss., Dec. 1975--continued
Preservative :Loca-:Average:Number: Condition of stakes December 1976 : Total i Average
:tion : reten-: in : —==-=-=: removed life
) : tion : test :Good: Serviceable but : Destroyed by--
H 5 ] 2 showing some-- R it 3
] $ < E 3 :Decay:Termite: Decay :
H E F : :Decay:Termite: Decay :fungi:attack : fungi :
: 3 H : : :attack : and : : : and
: : : : H < itermite: itermite:
: : : : : : :attack : sattack :
: : Pef t Pct: Pet ¢ Pet : Pct : Pct : Pct : Pct :Number: Pct : Yr
DOUGLAS-FIR 2~ BY 4-INCH NOMINAL BY 18-INCH UNINCISED
Chromated copper
arsenate type ITI :Miss.: 0.66 : 10 : 100: =-- : ~ : == 1 == 1 == R - -
Wie. 2 55 : 10 : -~ —= i o~ § == § = == -— = - -
:tMiss.: 1.24 : 10 : 1008 -~ : =~ ! —  -—: — - - - —
Wis, : .82 : 10 : -=: == ~— : == : == == i == 1 == - —_
:Miss.: 1.62 : 10 : 100: — : ~- - == o SR = - S —_
Wis. : 1.41 : 20 : -=: --: ~— == = - - - - -
None :Mies.: -~ : 10 : : 10 : 50 10 - -- — - -— -
Wis., : =~ : 10 : ==: == : -~ —_ i - - -- — - —
DOUGLAS-FIR 2~ BY 4-INCH NOMINAL BY 18-INCH INCISED
Chromated copper
arsenate type III :Miss.: .66 : 10 : 100: =-- : ~= : — -—3 - == 3 - - -
Wis. @ .56 : 10 -t = - 3 == == - == g - - —
:Miss.: 1.28 : 10 : 100: == : — : -= : — i1 == - == — --
e, ¢ 96 : 10 ¢ ==f == == § o= [ = == 7 = == - -
:Mise.: 1.88 : 10 : 100: -- : ~=  — 1 — i @ -- - - -~ -
Wis., :1.28 : 10 ¢ —: == = § == § == == -— == _ -
DOUGLAS-FIR 3/4- BY 3-1/2- BY 18-INCH PLYWOOD
Dol iMiss.: .62 : 10 : 100: -- : ~-- - - - - == —_ -
Wis., ¢ .62 : 10 : --: === : — -— i - == - -- - -
:1.25 ¢ 10 : 100: ~- : .- -1 == - - & - - —_
tWie, : 1.22 : 10 : =i -=: - -— 1 == - - - - -
:Mles.: 1.88 : 10 : 100: ~- : -- <= § == == 7 e= 3 -— -~ -
:Wie. : 1.83 : 10 : --: ~- - - - - - - - -
None -~ : 10 : : 10 ¢ 10 : 30 - " -— - - -
Wie. : - ¢ 10 ! =t == - -— i == - -— 2 —_ - —
Chromated copper 4 5
arsenate type III—= :Mise.: ;.60 : 10 : 100: ~- : - -— i == -— 3 - -—- —— -
BT :5—.60 t 10 3 s=t == -- - - - - - e
:nx...:;l.zz 10 : 100: ~- : - -- -- - - - - -
iWie. :;1.22 : 10 ¢ == - - - -- -3 - -~ e
:Hi-o.:;l.oz 3 10 :100: ~=: = i == i == == § e= i  a= i == ==
tWie, =1.82 : 10 ¢ <-=: ~=: -— - 3 == -— - - =- -
6 5
Do—... . ‘Mies.: ;.60 ¢ 10 : 100: ~- : - - -— -= - ~ ~ -
‘Wis. :5—.60 ¢ 10 : =3 = - - - -— - ~- - -~
:Hh-.:-;l.n : 10 : 100: -~ : .- - - - - -~ - -
Wie, :31.22 t 10 ¢t o=t =} - - - -- -~ ~~ - -~
:mn.:;x.az : 10 : 100: --: -- -- - — -- - -- -~
Wie. :=1.82 : 10 : -1 ~=: - - - -- - ~- - -~
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Table 51.--Condftion of southern pine, Douglas-fir and Engelmann spruce heartwood stakes, treated with
ammoniacal copper arsenate and chromated copper arsenate, after about 1 year of service.
Stakes placed in test at Madison, Wis., May 1976, and on the Harrfson Experimental
Forest, Saucier, Mise., Dec. 1975--continued

Total : Average
removed 1 life

Preservative *Loca-:Average:Number: Condition of stakes December 1976
ition : reten- in -~

ST

H
: : tion ! test :Good: Serviceable but : Destroyed by-- H s
3 £ : = showing some-- : 3 g
e 3 £ s :Decay:Termite: Decay :
: H £ :Decay:Termite: Decay :fungi:attack : fungl :
3 : 2 :attack : and : : and @
H : : itermite: : itermite:
: 3 B :attack : : cattack :
- o S mewe $ H i S : o i e Y o= b e S -
Pl ¢ : Pct: Pct : Pct ¢ Pct : Pct : Pct : Pct :Number: Pct : Yr

DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Ammoniacal copper

arsenate :Migs.: 0.70 : 10 : 100: -—- : = i -— 3 -— -1 - e —
Wis. ¢ .61 : 20 : --=: -—: == - —_ i == 1 —_ == -
:Miss.: 1.42 : 10 : 100: -- : - 1 - —f e} = e —_
Wis. : 1,29 : 10 : ==: == : SO -3 -~ - 3 -— -
:Miges.: 2.14 : 10 : 100: -- : — e - -~ -3 -—1 - -
Wis. ¢ 195 : 10 : ==f =12 == 1§ == - == § == = -
DOUGLAS-FIR 2- BY 4-INCH NOMINAL BY 18-INCH INCISED
DO sosacuans .70 : 10 : 100: ~-- : - = } ==} e= ] ==} == == -
t 62 ¢ 10 ==y == e § e § ee ) ww Y em ff == e @ ==
:Mies.: 1.41 : 10 : 100: --: -~ ; == : = - == 3 -_3 == -
Wis. : 1.26 : 10 : -~: --: = == e § = e f es Y em =
iMiss.: 2.17 : 10 : 100: --: -= -— 5 == —_ == ] == == -
We. £ 2.00 5 10 =<t ==fp —~ ¢ == § == -t - e} == -
DOUGLAS-FIR 3/4~ BY 3-1/2- BY 18-INCH PLYWOOD
Do:-'. O .63 : 10 : 100: -- : ==y - == -2 - -_1 =] -
62 : 10 : -=: == == s - == - - — 2 ms ] ==
1.30 : 10 : 100: -- : - == 3 == ] e~ 3 —_— 1 == - —_
¢ 1.27 2 10 ¢ —=pg == - 2 -— i == -3 -~ 1 _1 - -
:1.97 : 10 : 100: --: Gt =-—f == -3 -t - - -—
: 193 ¢ 10 § ==f == == § == § ==} - § @= § e= ] == -
4

Do~..... ceen : 10 : 100: -- @ ~ -—f == - -~ 3 - —_—1 -
t 10 ¥ sy s= g Ee § s § sm ) W g wm e — e
s G B0 B S B R R
5 G 0 e e LS E e R L B L e A O
: .;l 98 : 10 : 100: — : -- - 1 ~=y == = 3 —_—1 =~ -
Wis. :=1.98 : 10 : ==: == — ==l m= ] e~ ] e= ] ==l = ==

pod - S tion - ; ; ; - )
05 evevsesass : 10 : 100: -~ : aa g o LIRS - 3 -3 I
: 10 3 e=: -= @ -~ 3 -— 1 ~= 1 -~ 3 == — & -
10 : 100: == : =~ § == == == ] - - -—i ==
¢t 10 t ==t == g = F = g = - 1 -— 3 == - -
10 : 100: -~ R T I e S R I LR S F R S — -
: 10 3 ~=r e~ -~ 3 - ] == - 1 -~ 3 -— - -—
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Table 51.--Condition of souchern pine,Douglas-
amnonfacal copper arsenate aud

fir and Engelmann spruce hearrwood stakes, treated with

chro;nate'd_ copper arienste,after abour ) year of service.

Stakes gl.cg_tl}g__:_e_s_t_iiagis—;n, Wis., May 1976, and on the Harrison Experimental
Forest, Saucfer, Miss., Dec. 1975--continued

Preservative

:Loca-iAverage:Number:

reten~: in

ition
: tion

: test :Good:

Chromated copper
arsenate type III

None

Chromated copper
arsenate type ITI

None

Chromated copper

arsenate type I[IT- :

i Pef

ENGELMANN SPRUCE 2- BY 4~INCH NOMINAL BY

:Miss.:
:Wis.
Miss.
:Wis .
:Mips.:
Wis.
:Miss.:
Wis.

0.31 =
I
.50
.40
.64
.48

:Miss.:
Wis. ¢
iMiss.:
Wis. @

.86

iWis.

ENGELMANN

+ 71
.70
1.38
1.3
2.03 :
1.82

10
10
10
10
10
10
10
10

iMigs.:
:Wis.

:Miss.:
Wis. ¢
:Miss.:
iWis.
iMiss.: s
Wis. "

¢ 10
: 10
: 10
¢ 10
¢ 10
¢ 10

10
10
10
10
10
10

Condition of stak=s December 1976 Total

removed

i Average
1ife
Destroyed by—-
g :Decay:Termite: Decay : 3
:Decay:Termite: Decay :fungi:attack : fungi : :
: :attack : and H : and :
: itermite: itermite: H
S : :attack : :attack :

Serviceable but
: showing some--

Pct :Number: Pct 1

Pctt Pet * Per : Pgt ¢ Pet

18-INCH UNINCISED

100: -- - - == - -~ - -— --
100: - : - e - e
: 0 ~=t - - DL S - - = s
e 3¢z 0 o 3 ¢ ==y == - - - -
SPRUCE 2- BY 4~INCH NOMINAL BY 18-INCH INCISED
: 1008 -- ¢ -- - - — e -
8 3008 == T == 3 A — - - - — -
: 100: - -1 == -~ - - - - -
SPRUCE 3/4- BY 3-1/2- BY 18-INCH PLYWOOD
¢ 100: ~- -—f m= ] = - - - - o
§ ==t ~- o= § @= 3 sy == -- - -- --
: 100: ~-- - g - s - - -
: 1003 ~= 3 == - -3 - -- - - —
40: 10 : 20 10 :+ 10: 10 - 2: 20 : --
: 100: -- = - - - -~ - -
$ 1008 ~=: =~ == - = - - - -
P *=wl em ] e ] e= e - - ~- - --
1 100 - : - - -~ - - - -- —
: 100: -- - - -- -- - - - -
: 100: -- -- - - -- -- -- -- -
: 100:  -= - - - - - - - -

(Page 5 of 6)

74~




Table 51.--Condition of southern pfne, Douglas-fir and Engelmann spruce heartwood stakes, treated with
ammoniacal copper arsenate and chromated copper arsenate, afrer about 1 year of service.
Stakes placed in teat ar Madison, Wis., May 1976, and on the Harrison Experimental
Forest, Saucier, Miss,, Dec. 1975-~continued

Preservative :Loca-:Average:Number: Condition of stakes December 1976 : Total : Average
:tion : reten-: {in : : removed : life
: tion : test :Good: Serviceable but 2 Destroyed by-- 3
: : 3 H : showing some-- : :
3 $ 2 ] s :Decay:Termite: Decay :
s G : : :Decay:Termite: Decay :fungi:attack : fungi :
: : s : (| :attack : and : s : and :
: ¢ : : itermite: : itermite:
:attack : : :attack :
1 & Pef : : Pee: Pet : Pet : Pet :Pet : Pet : Pot :Number: Pct : Yr

ENGELMANN SPRUCE 2- BY 4-INCH NOMINAL BY 18-INCH UNINCISED

Ammoniacal copper

arsenate :Miss.: 0.26 : 10 : 100: == : - —_ == - 3 - - . e
Wis, ¢ .20 : 10 : =i = -~ -l =1 == 1 == - - =
Miss.: .63 : 10 : 100: -~ : - -— 1 m= s g P - e
Wis, ¢ .50 : 10 : =i -= : -~ — 1 == - - - - -
:Miss.: 1,03 : 10 : 100: == : -= _— 1 == —_ == — — ==
Wis, : .75 : 10 : e=: o= -— - == - — — — i =-

ENGELMANN SPRUCE 2- BY 4-INCH NOMINAL BY 18-INCH INCISED

BOiecs v oiaivine das iMigs.: .42 : 10 : 100: -~ : -~ - i - o - -— — ——
Wis. ¢ 30 : 10 : ~=3 -~ - Eel sflotee Sy e 1 - - _— -
iMiss.: .97 : 10 : 100 — : = == } == 3 -— 1 == - - ==

81 : 10 ;.- == & - -~ 1 == el - — e
:Mias.: 1,41 : 10 : 100: -~ : ~= -— = - - - — e
Wie., : 1,16 : 10 : --: == : -— — - e e -~ -

ENGELMANN SPRUCF 3/4- BY 3-1/2- BY 18-INCH PLYWQOD

Dol. e e A . : 10 : 100: -= ¢ -— - - - - _—
¢ 10 ¢ s=3 == - -—3 — -t - -— -
10 : 100: -- : -— 2 - -1 — - - —_1 ==
10 @ == -=: -— = e § - = 3 -~ -1 ==
10 ¢ 100 == = & == & =31 == sy s GO
$ 10 & s=3 ==y CE L | - 2 - — 1 w= ] ==
PO o imwnisie uiss o %.65 : 10 : 1008 --: —- co = == - )
. 'S—.bi t 10 ¢ ==t - : —_ - 3 == - L = G -
v :31.29 : 10 : 1003 == : - - 1 -- - - - -~ -
s :;1.29 t 10 ¢ —: == - - == -~ L e -
.:;2.02 10 : 100: == : == - - - - - - -
=2.02 10 ¢ =i == - i — = -~ 1 -— 1 e
0 e s Miss.: -:».65 ¢ 10 ¢ 1007 == == § = } == g = § == § e= y =a o
=63 ¢ 10 ; ==t o= -— -1 == -t - 3 —_— == —_
.:—5—1.29 : 10 : 1002 «= i == -~ -- - - -— = -
:-51.29 EE (I i e e R T S S — —
.:22,02 : 10 : 100: ~= : -- ~ - = e - —_ -
=202 : 10 § ==t =3 -- - - - —_ - - -
—lSnn southern pine contained a small amount of sapwood, and the southerm pine plywood vas sixed heartwood
and sap.

—Zicnn content of the southern pine ranged from 0.87 to 27.4 percent.
Irreated as 3/4- x 3-1/2- x 18- {nch stakes.

‘Guku cut from treated 2- x 4- foor panel,.

f’lcumIon-l'ay«ul;m of panels from which stakes were cut.

9‘5tnheo cut from treated 2- x 4- foot panel, all cut surfaces given a liberal brush coat of a 4.5 percent
solution of the preservative the panels were treated with.
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*SIPTX0 9ATIBAI891d UO PISEq UOTIUIIN—

T
~—— 16 ! T ¥ == I == 316G I Gy t O == 0T ¢ OT ¢ - : 87013U00 paivdIluUN
— le= ! e= 1 .= i == 1 -= € P == 1 == I /6 P GE S9T° :
= == ! == ] == i == ! == ! == 1 == == 00T GE °: 9z7° :
= == ! == ] e= i == ! == ! == ! == i == 00T : GE ° ([ X :
- == ! ==} == ! m= ] == ! == 1 == == 00T GE ¢ 69%° :
- e= ! == ] @a= } == } e= ! == § == 3 == 00T GE ° 659° :
- == 1 e= ] == ] e= ] == ] e= ] == ! == ! Q0T ‘¢ GE ¢ GE'T  :93jvuasiw 13ddod TedEjUOWY
= 1 E § T 3 == i == 1 f ! e= 3 == $a= I /6 : GE S9T° :
-~ == ! == 1 == i ==l == I == } == == 00T GE T4 A :
—— == ! e= } == ! == ! == ! == 3} == i == 00T *: GE 4 :
= I e= ! == ] == ! e= ] == ! == ] == I == 00T GE ¢ GsH* : 2
-l e= 1 == ] == ! == == ] == I == I == 00T GE ¢ 6s9°* : ~
== ==l == ! e= ! == ! == ! == ! == ! == !00T: GE ° €E°T ¢ @23®10q 19ddod Tedejucmmy '
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Table 54.--Summary of 2- by 4-inch stake test results obtained in Mississippi with wood preservatives in general use

:Data :Average:

Remarks

Preservative s Average retention
: :from : life
H :table:
: : No.
: Fef r 5 EE
Acid copper chromate (Fed. Spec. : 0.26 X0.13) 215 & 116
TT-W-546) S .30 (.14) i 46 1 --
3 .51 (.25) 147 1 —
3 e (.26) 2 18 ¢ --
: .60 (.29) : 46 : 4.6
s 75 (.30 s 15 ¢ =
: 1.01 (.50) 147 o --
s 1.54  (.76) 147 --
Ammoniacal copper arsenate (Fed. 2 .25 (.24) ED A
Spec. TT-W-549) ¢ .53  (.51), 1.00 (0.97), 1.29 (1.25) : 14 : --
Chromated copper arsenate 2 .26 (.15) : 15 -
Type I (Fed. Spec. TT-W-550) : .50 (.29), .78 (.44) 115 @ —
Type II (Fed. Spec. TT-W-550) : (.26), .37, (.52) : 30 : --
f .79, (1.04) £ :
Chromated zinc arsenate (former Fed. : .28 (.11) t 2 =
Spec. TT-W-538) 2 .42 (.22) 4 3 --
: 4460 (229 : 4 i --
: .48 (.20), .97 (.40), 1.27 (.53) : 24 : --
s .55 (.29) R
g .73 (.38) R
i .98 (.52) to 1.3 (.70) = 4 : —
Chromated zinc chloride (Ped. Spec. 2 .49 (.30) £ 2 = 182
TT-W-551) H .76 (.47 : 2 & 20.2
f .76 (.46) 247 2 --
: 1.02  (.63) : 2 3 20.1
: 1.02  (.62) : 47 -
: 1.50 (.92) sy & ==
¢ 1,57 (96 P47 -
;2,91 (1.78) $25 : ==
¢ 6.0 (3.67) $25 ¢ -
Copper naphthenate H : 3
0.11 pct copper in No. 2 fuel oil : 10.3 : 7 1 15.9
.29 pct copper in No. 2 fuel oil : 10.2 g 7 & 21.8
.57 pct copper in No. 2 fuel oil : 10.6 AR
.86 pct copper in No. 2 fuel ofl : 9.6 7 ¢ -
Creosote, coal-tar ;4.1 : 17 @ 14.2
1 4.2 T 4 ot 17.8
1 4.6 t 5§ = 21.3
: 8.0 & 2 ==
: 8.3 20 -
: 10.0 S -
: 11.8 HE" -
@ 14.5 35 3 =
: 16.5 t 4 3 -
Low reaidue, straight run 8.0 18 : 17.8
Medium residue, straight run : 8.0 18 : 18.8
High resfdue, strafght run 7.8 : 18 : 20.3
Medium residue ?
Low in tar acids 8.1 : 18 : 19.4
Low in naphthalene 8.2 18 @ 21.3
Low in tar acids and naphthalene 8.0 18 18.9
Low residue, low {n tar acids and
naphthalene 8.0 18 19.2
High residue, low in tar acide and
naphthalene 8.2 18 : 20,0
-78-

590
: 40

20

30
20
20

30
No

70

No
No

80

: 80

56
No
56
10
No

30

: 30

10
20

: No

80

: 60

40
10
60
20
No

: No

pct failed after 10 yr
pct fatiled after 9 yr
pct failed after 31 yr

pct fafled after 31 yr
pct fafled after 9 yr
pct failed after 9 yr

pct failed after 32 yr
failures after 32 yr

pct fafled after 31 yr
failures after 31 yr
failures after 27 yr

pet failed after 25 yr

pct failed after 36-1/2 yr
pet failed after 36-1/2 yr
failures after 25 yr

pet failed in 36-1/2 yr
pct failed in 36-1/2 yr
failures after 36-1/2 yr

pct failed after 9 yr

pct failed after 9 yr
pct failed after 25 yr
pct failed after 9 yr
pct failed after 25 yr
failures after 25 yr

pct failed after 35 yr
pct failed after 15 yr

pct fafled after 36-1/2 yr
pet fatled after 27 vr

pct failed after 36 yr

pcet fafled after 36-1/2 vr
failures after it yr
failures after 36-1/2 vr
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Table 54.--Summary of 2- by 4-inch stake test results obtained in Mississippi with wood preservatives in general use--continued

Preservative : Average retention :Data :Average: Remarks
3 :from : life
3 :table: z
: : No. @ 2
- Pef 2 ¥
Creosote, coal-tar--continued s . S 3
English vertical retort 3 3.3 : 19 ¢ -- 1 60 pct failed after 28 yr
¥ 8.0 2R EEINN ] OGN -
Con (Ut : 19 @ - : 30 pct failed after 28 yr
: 15.0 : 19 ¢ -- : No failures after 28 yr b
} English coke oven 4.7 19 o 1623 ¢ - :T
f : 7.9 $ 18 w1306 - i
| : 10,1 : 19 : -- : 70 pct failed after 28 yr L
; £ : 14.8 £ 19 i == : 70 pct failed after 28 yr
[’ Fluor chrome arsenate phenol type A : V@ (0.12) EZ OS2 -
i (Fed. Spec. TT-W-535) 0 .3 (.19) &2 3 180 - -
' 8 35 (.22) : 37 : ~- 138 pct failed after 17 yr
g 50 (.31) : 37 : ~--= iS50 pct falled after 17 yr
3 .61 (.38) ETRRLY IR cR. P (. -
75 (.4 : 37 ¢ == i No failures after 17 yr
Pentachlorophenol (various .olveucs)-z- H : c L
Liquefied petroleum gas HES U1 : 42 ¢~ :20 pct failed after 15-1/2 yr
s 19 : 42 ¢ -~  :60 pct failed after 15-1/2 yr
s 3k : 42 : ~- i No failures after 15-1/2 yr
£ .34 1 45 1 ~= 120 pct failled after 13 yr
: .49 1 45 1~ : No failures after 13 yr
£ .58 t 42 @ ~- : No failures after 15-1/2 yr
: .65 i 45 : ~-  : No failures after 13 yr
Stoddard solvent (mineral spirits) : 14 : 42 @ ~- 190 pct failed after 15-1/2 yr
H .18 1 42 1 ~- 150 pct falled after 15-1/2 yr
s @ 222 : 9.5 : -
H e A R O e 1y /R -
: .38 P42 ~- : No failures after 15-~1/2 yr
g 4 y22 ¢ A5y ¢ -
2 .67 : 42 ¢ ~- : No failures after 15-1/2 yr
Heavy gas oil (Mid-United States) H 2 ¢ 17 : ~= : 33 pct failed after 28-1/2 yr
H N 17 ¢ == i 10 pct failed after 28-1/2 yr
: .6 G 7 R : 10 pct falled after 28-1/2 yr
No. 4 aromatic oil (West Coast) { i) :22 2 - : 80 pct failed after 27 yr
3 4 322 ¢ == : 20 pct failed after 27 yr
AWPA-P9 (heavy petroleum) «11 H'Y == i No failures after 15-1/2 yr

.19 : 42 : No failures after 15~1/2 yr

t «29 1 42 - : No failures after 15-1/2 yr

$ .53 : 45 @ -- : No failures after 13 yr

L .67 1 42 2 - : No fatilures\after 15-1/2 yr
Untreated stakes H - iMlec.: 1.8 -

3 : ¢t %6 3

: : t 3.6 :

Lileum:ion values in parentheses are based on preservative oxides.

35“ tables 5 and 17 for pentachlorophenol in other solvents.
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