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Summary

The important factors influencing the performance of treated wood are the
quality of the preservative and the quantity and distribution obtained during
treatment. These factors are discussed, and the service data from Forest
Products Laboratory tests and those of various railroads and highway
departments on treated posts, piles, and timbers are presented.

Introduction 

Highway engineers are naturally interested in wood structures, for many
wood items have demonstrated their value and economy for highway use.
Guardrail posts, fence posts, guide posts, signs and sign posts, foundation
piling, lighting poles, culverts, and bridges of wood have given excellent
service.

Since all of these uses are under conditions that favor decay and frequently
insect attack, the wood requires preservative treatment. Such treatment is
also needed in contact with salt water to protect causeway timbers, bridges,
and piling against marine borer attack. The low cost of wood structures has
a particular appeal to the highway engineer, but he wants to know what to
expect about the performance of treated wood in highway construction.

!Presented at the annual meeting of the Highway Research Board,
January 1962, in Washington, D. C.

3:-Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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One point the engineer should recognize immediately is that age alone does
not affect the strength properties of wood. When not subject to
deterioration by decay fungi or insects, wood structures have performed
satisfactorily for centuries. These forms of deterioration, when not
controlled, do cause a reduction in the strength properties. That such
control is possible, and variable in quality, is illustrated by the data on

3
breaking strength from tests at the General Motors Proving Ground (6).—
Posts that were pressure treated with a preservative and put in service for
5 years showed breaking strength values higher and less variable than
those obtained on pressure-treated posts in service for 4 years. Further-
more, strength values from the 5-year-old treated posts compared
favorably with those reported for new posts without preservative treatment.
The poorest results, and the greatest variation in breaking strength on
the wood posts, occurred with posts that had been treated superficially
by dipping in a preservative and then put in service for 6 years. In
this case the low quality of the treatment rather than the 1-year difference
in the age of the posts was unquestionably the important factor involved.

Performance of Treated Wood

The user of wood treated with preservatives usually expects and is entitled
to maximum protection. It is true that some highway structures, such as
guardrails and direction signs, have a limited life due to accidental
breakage. It is questionable, even in these cases, that less than maximum
protection of the treated wood should be expected, since on this basis the
accident survivors as well as the victims would give limited service.

Several factors are important from the standpoint of getting maximum service
from wood treated with preservatives. The quality of the wood preservative
and quantity and distribution of the preservative obtained during treatment
are most important. Factors relating to the wood and its preparation for
treatment, such as species, sapwood and heartwood content, seasoning or
conditioning, and machining, influence the quality of preservative treatment
and thereby influence performance. Inspection or quality control during
and after treatment and the proper care of the wood after treatment are
other factors that should not be overlooked.

3—Underlined numbers in parentheses refer to Literature Cited at the end of
the text.
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Wood Preservatives

Table 1 summarizes the wood preservatives and retentions recognized in
American Association of State Highway Officials, Federal, and American
Wood-Preservers' Association specifications.

Standard preservatives have been evaluated in laboratory tests. Their
comparative effectiveness from the standpoint of the highway engineer,
however, can be best shown from Forest Products Laboratory field studies
on stakes or posts. In these studies, the wood is southern pine and mostly
of sapwood, which can be well penetrated with the preservative, thus
helping to eliminate this highly important variable that influences preservative
performance. Figure 1 includes the results of a test on southern pine posts
at the Harrison Experimental Forest, Miss. , started in 1936 (4). One
hundred posts were installed for each preservative and the bar graphs
(fig. 1) show average life on the basis of post failures at the time of the
December 1960 inspection. Several of the standard preservatives will be
noted in figure 1, although retentions in the case of the waterborne preservatives
are slightly below the minimums for posts in Federal Specification TT-W-571g.
Data from a more recent post test, installed in Mississippi in 1949, are
shown in table 2 (4). These include various standard preservatives and,
except for two waterborne preservatives, with retentions approximating those
recommended in Federal Specification TT-W-571g. Table 3 shows the
results of 2- by 4-inch stake tests, also installed in Mississippi and including
standard preservatives with several retentions (1).

It will be noted that regular coal-tar creosote, with retentions as low as
6 pounds per cubic foot, has shown good protection under conditions highly
favorable to decay and termite attack. An average life of 33 years is
indicated in figure 1 for test posts treated with that preservative. Several
of the special types of coal-tar creosote, particularly English coke oven,
have not performed as well in stake tests with retentions of approximately
8 pounds per cubic foot as the same creosotes with retentions of 6 pounds
per cubic foot in the post test, but this is due to the nature of small stakes
as a test medium.

Pentachlorophenol (4.8 percent) in used crankcase oil has shown somewhat
better protection than coal-tar creosote in the 1936 post installation (fig. 1).
It will be noted, from the stake test results in table 3, that pentachlorophenol
in the lighter solvents and fuel oils, particularly with lower retentions, has
somewhat less preservative value than is obtained from solutions with oils
of a selected type. American Wood-Preservers' Association Standard P9
lists the properties of a heavy petroleum oil for pentachlorophenol solutions
to be used for the treatment of such items as posts, poles, piles, and
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structural timbers. The lighter petroleum solvents are used in
pentachlorophenol solutions principally where cleanliness is the important

requirement.

The preservative oils, such as creosote and pentachloropheno l solutions,

generally have high resistance to leaching and are therefore used for
outdoor exposures and for wood used in contact with the ground and water.
They help to protect the wood from weathering but may adversely influence
its cleanliness, odor, color, and paintability (15).

The waterborne preservatives are considered best suited to uses where the
woodwill not be in contact with the ground or under wet conditions where
it will be subject to leaching. Such waterborne preservatives as acid
copper chromate (Celcure), ammoniacal copper arsenite (Chemonite),
chromated copper arsenate (Erdalith), and chromated zinc arsenate
(Boliden salts), particularly with high retentions, have shown protection in
contact with the ground comparing favorably with that furnished by coal-
tar creosote and pentachlorophenol in selected oils.

The results of field tests, particularly with stakes treated with several
retentions of the same preservative, show the improvement in performance
when the preservative retention is increased.

Properties other than preservative effectiveness are important in treated
wood used in some highway construction. Paintability and cleanliness are
sometimes required for guardrail posts, sign posts, and lighting poles,
although the wide use of light-reflective materials now makes these
properties of less importance. Waterborne preservatives are generally
best suited for uses where paintability and cleanliness of the treated wood
are important. Waterborne preservatives also leave the wood free from
objectionable odor. The absorption of water by the wood during treatment
may involve problems of swelling, distortion, and grain raising of the wood.
These effects, however, can be minimized through careful handling and

seasoning after treatment.

Preservative Penetration and Distribution

Colley and Amad.on (7) of the Bell Telephone Laboratories, in referring to
causes of early failures in creosoted poles in the Bell System, call attention
to: "The evidence from the field data showed poor penetration to be by far
the most important cause of fungus infection and failure by decay. As a matter
of fact, the effect, if any, of geographical location or of the type of creosote
used was completely masked by the penetration factor."
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Poor penetration is the most frequent cause of early failures in treated wood
in field tests of the Forest Products Laboratory and also in the cases of
premature failure of treated poles, piles, posts, and timbers furnished to the
Laboratory for examination. Well-treated posts and poles should have a life
of at least 35 to 40 years (fig. 2).

In figure 3 are shown cross sections of 2- by 4-inch poorly penetrated test
stakes which failed in Panama through decay or termite attack in the unpene-
trated centers (9). The life of these poorly penetrated stakes varied from
3 to 6 years, while others better penetrated lasted from 9 to 26 years.
Stake No. 1 failed in 4 years, while another well-penetrated stake in the same
installation with the same preservative and retention lasted 26 years. Stake
No. 2 failed in 4 years, while one better penetrated with the same preserva-
tive and a lower retention lasted over 20 years and another with a slightly
higher retention lasted 24-1/2 years. Stake No. 4 failed after 6 years as
compared with a 25-year life from one better penetrated with the same
preservative.

Treating specifications generally require penetration of from 85 to
100 percent of the sapwood depth. Heartwood penetration requirements are
often overlooked in specifications. Most woods are difficult to penetrate in
the heartwood,while most are easily penetrated in the sapwood. Round posts
and piles with a higher proportion of sapwood are better penetrated and
thereby better protected with the preservative than square posts and piles.
For woods difficult to penetrate, impregnation under pressure provides
better penetration than nonpressure applications (3). In the case of some
woods, particularly the commonly used Pacific Coast-type Douglas -fir,
heartwood penetration can be substantially improved by incising (3). With
heartwood of very high resistance to penetration, such as that of Rocky
Mountain Douglas-fir (2) and white oak, incising does not significantly
improve penetration. For important wood structures that require maximum
penetration of the preservative, the user should be selective of the wood
species and form of the product,as well as the method of treatment. When-
ever incising is recommended or required in treatment specifications, the
performance of the treated product will be improved and the user should
follow the recommendations in placing his order. It is also important that
cutting and framing of the product be required before treatment rather
than be done after treatment.

The condition of the wood, particularly its moisture content at the time of
treatment, frequently has considerable influence on the penetration and
distribution of preservative. This was shown in a study made by the Forest
Products Laboratory on treating 4- by 6-inch seasoned and unseasoned
Douglas -fir and southern pine (3). With the southern pine, penetration
in both sapwood and heartwood was much better in seasoned material at a
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moisture content from 17 to 20 percent, than in unseasoned material at a
moisture content of 59 to 79 percent--particularly with a waterborne preserva
tive. In the case of Douglas-fir, however, the unseasoned lumber with a
moisture content between 33 and 37 percent showed better penetration than
that seasoned to a moisture content of 15 to 19 percent. Poor preservative
penetration in southern pine poles and posts and wide variation in preserva-
tive retention can be caused by excessive moisture in the wood. Lindgren
(12) has shown that mold infection during air seasoning substantially increases
the water absorptiveness of southern pine sapwood, and this again is a
factor that needs consideration in producing any quality treated product.

Checking after treatment and the exposure of unpenetrated wood to infection
can cause difficulties in both sawed timbers and in round poles, particularly
with poles of species with limited sapwood thickness such as lodgepole
pine and Douglas-fir. The corrective measure in such cases is to have the
wood adequately seasoned before treatment so that it will not lose appreciable
moisture and shrink and check open after it is treated and installed.
Checking in large timbers can be reduced by selection to avoid timbers with
boxed heartwood.

Inspection and Quality Control

Careful inspection of the wood is necessary both before treatment and
immediately after it. Some specifications now include requirements that
the adequacy of pole and piling treatment be determined from preservative
retention from borings taken after treatment. This would enable the purchaser
to check preservative retentions and penetrations at destination rather than at
the treating plant as the treatment is carried on. Retentions can also be
determined more accurately by this procedure than by the conventional
method of measuring preservative by tank gage readings. Requirements for
retention by boring analysis are still in the developmental stages for items
such as posts, lumber, and sawed timbers; numerous problems are involved
in sampling material, particularly that with both heartwood and sapwood faces.

Even though retention and penetration of preservative on some treated
products can be determined away from the treating plant, quality control for
treated wood should begin with the inspection and selection of fabrication of
the material at the plant before treatment. At this time, defects such as
decay, insect holes, stain, excessive knots, spiral grain, and compression
wood are more easily distinguished and culled out than after the preservative
has been applied.

Until preservative retentions can be determined from borings, the treating
plant is the only place where the quality and quantity of the preservative
specified can be determined. This means that the inspector, after checking

•
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the quality of the untreated wood, should be there to: (1) Take a sample
of the preservative for analysis, (2) observe the temperatures and pressures
used during treatment, (3) take preservative gage readings and determine the
total quantity of preservative used, (4) determine the volume of the material
treated and compute retentions on a volumetric basis, (5.) take borings for
penetration measurements, (6) examine the material for any defects that
might have been caused by the treatment, and (7) see that the material is
handled properly as it is unloaded from the treating cylinder trams and
loaded on cars or trucks for shipment. Piles and large timbers should not
be subjected to heavy stresses through dropping or rough handling, and no
treated product should be handled with sharp-pointed hooks or tongs that
will injure or break open the penetrated shell.

Users of large quantities of treated wood, such as the railroads, telephone,
and power companies, often have their own inspectors to carry on this
work. Commercial inspection service is available for those wishing to
use it. Some treating companies furnish their own inspection and provide
an affidavit that indicates conformance with specifications. A new assured
warranty service is also available for pole purchasers in which a bonding
company replaces poles that fail prematurely.

Service Experience

These have been some of the important factors influencing the performance
of treated wood, particularly preservative effectiveness and the penetration
of preservative obtained during treatment. It should be of interest to
relate the actual service experiences of users of treated wood where the
installations are either on highways or under other conditions related to
highway uses.

The Railroads

It would be much easier to talk on "What can be expected from treated wood
in railway construction" than on treated wood in highway construction. The
U.S. railroads have used treated wood for approximately 100 years and have
made somewhat closer observations on performance than have highway
engineers. There is, nevertheless, a similarity in many railroad and high-
way structures and uses of treated wood. A review of railroad experience
therefore should indicate what can be expected from highway structures.

•
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Although the railroads started to use treated ties around 1860, from that
year to 1899 only 1.38 percent were treated. Annual replacements have
dropped from 359 ties per mile in 1898 to an average of 56 per mile, during
the 5-year period of 1956 to 1960 when few ties were used without
treatment (8). The treated tie renewal cost per mile during this 5-year
period was $202 divided by 56,or $3.61 per tie. If the number of replacements
for 1899 and for 1956 to 1960 are compared on the basis of present-day
costs, these values for treated and untreated crossties result:

Untreated	 Treated

Annual replacements per mile (3, 000 ties) 	 	 359	 56

Average life (years) 	  	  .. 	 	 8	 54

Renewal cost 	 	 $1.98	 $3.61
Annual cost per tie at 5 percent interest 	 	 $0. 306	 $0. 195

Annual savings per tie 	 	 $0. 111
Annual savings on 955,275,352 ties in track 	  $106,036,000
Savings per day 	 	 $290, 000

Untreated posts of some woods have greater durability than others, but posts
of southern pine and hardwoods of limited decay resistance could be
expected to last only from 2 to 5 years throughout most of the United States
without treatment. It will be noted from the following examples that treated
posts, except those treated with chromated zinc chloride, can be expected
to give service from 35 years upward. In connection with railroad
experience, here are a few examples of service test records from various
areas on railway right-of-way fencing posts that were pressure treated
with more commonly used preservatives (11).

Chicago, Burlington, and Quincy Railroad near Galesburg, Ill. - -No
failures were reported in 26 years for 68 round pine posts treated with 8
pounds per cubic foot of coal-tar creosote, and no failures in 27 years for
69 half-round pine posts similarly treated.

Missouri Pacific Railroad near Poplar Bluff, Mo. - -There have been no
failures in 31 years for 50 round pine posts treated with 80-20 creosote-
coal tar solution (retention not reported).

New York Central Railroad near Rome, N.Y. --No failures have been
reported in 30 years for 50 round beech posts treated with 7.9 pounds of
coal-tar creosote per cubic foot. Only one failure was reported in 30 years
for 51 round maple posts treated with 6.5 pounds of coal-tar creosote per
cubic foot, and none reported in that time for 14 round oak posts treated with
5.1 pounds of coal-tar creosote per cubic foot.

•
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Atchison, Topeka, and Santa Fe Railroad at Cleveland, Tex. - -Bound
southern pine posts showed an average life of 12 years when treated with
1.01 pounds per cubic foot of chromated zinc chloride and 18 years for a
rate of 1.25 pounds per cubic foot. Similar posts showed an average life
of 35 years when treated with 5.3 pounds of coal-tar creosote per cubic foot,
or with 4. 9 pounds of creosote-coal tar (70-30) solution per cubic foot.
The average life of similar posts with 5.4 pounds of creosote-petroleum
(40-60) solution per cubic foot was 39 years.

No failures have been reported in 29 years for 15 southern pine posts
treated with 8.1 pounds of creosote-coal tar (70-30) solution per cubic
foot or for 15 posts treated with 5. 1 or 7.8 pounds of creosote-petroleum
(70-30) solution per cubic foot. In 20 years of service no failures have
been noted for 9 and 10 southern pine posts, respectively, treated with 5.0
and 8.3 pounds of 4. 9 percent pentachlorophenol in gas oil per cubic foot.

Missouri-Kansas -Texas Railroad at Denison, Tex. --In 38 years of service,
only 3 percent failures have been noted for 200 round southern pine posts
pressure treated with 6.0 pounds of coal-tar creosote per cubic foot.

Foundation piles. --Many of the railroads have used treated wood foundation
piles, but three experiences should be of special interest to highway
engineers. The Southern Pacific Railroad has successfully used such
piling for more than 65 years, the Illinois Central for 56 years, and the
Atchison, Topeka, and Santa Fe Railroad for 55 years. After installation
there is seldom an opportunity to inspect foundation piles, but F rank R. Judd,
Engineer of Buildings of the Illinois Central Railroad, in 1932 (10) reported
on an examination of piles in a 21-year-old installation supporting an 85-foot
balanced deck turntable. Mr. Judd reported in part: "...the general
condition was good, in fact, the piles looked as if they had just been driven.
Borings from these piles showed that both the untreated heart and the outer
treated portion were apparently as sound as new piles."

Highway Experience

Starting in 1934, the Forest Products Laboratory has made an effort to obtain
information on the performance of treated wood in highway structures.
Service records on treated wood in highway installations are less available than
those of the railroads, but a few cases to show highway experience have been
selected.

•
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U. S. Bureau of Public Roads guardrail posts. --The U. S. Bureau of Public
Roads selected a number of installations of guardrail posts and has since
supplied information periodically to the Forest Products Laboratory on the
condition of those posts. Many of these posts have now been removed because
of highway changes, and the preservatives used at that time are no longer
employed in commercial treatment. A comparison of the preservatives used
(zinc meta arsenite and zinc chloride) with those in commercial use will be
noted in figure 1, however. Douglas-fir guardrail posts, 8 by 8 inches or
9 by 9 inches and treated with approximately 0.25 pound of zinc meta arsenite
per cubic foot, have been in service in Montana for 21 to 29 years with very few
removals due to deterioration of the treated wood (table 4). Locally
available species such as balsam fir, jack pine, and northern white-cedar
have been used in North Dakota and Minnesota as round guardrail posts
and,when treated with approximately 0.5 pound of zinc chloride per cubic
foot,have given good service for 15 to 21 years.

Connecticut State Highway posts. --Henry W. Hicock of the Connecticut
Agricultural Experiment Station in 1940 started a service study on treated
posts in highway fences of the Connecticut State Highway Department.
A 1960 progress report on this study by A. R. Olson (14), covering 8,977
posts (mostly round), indicated that red pine and southern pine posts pressure
treated with 6 pounds of creosote per cubic foot were in excellent condition,
with over 95 percent serviceable after 20 years. Serviceability after 20 years
for round hardwood posts similarly treated was 82 percent for white oak,
73 percent for red oak, 55 percent for birch, and 34 percent for maple.
Olson suggests poorer preservative distribution as a reason for the less
impressive performance of the local hardwood posts. Posts of oak and
maple pressure treated with Tanalith (Wolman salts) compared favorably with
those of the same species treated with creosote when all were exposed for
15 years; after 20 years the Tanalith-treated posts deteriorated more rapidly.

Full-length, hot-and-cold-bath treatment with creosote provided somewhat
less protection than pressure treatment to oak posts. However, somewhat
greater protection was obtained in the hot-and-cold-bath treatment of maple
and birch, possibly due to a heavier retention of creosote than that of the
6 pounds per cubic foot for the pressure-treated posts.

Wisconsin State Hi .hwa Commission si n posts. --During the years 1954 and
1956, the Wisconsin State Highway Commission installed a large number of
4- by 4- and 6- by 6-inch sign posts treated with different preservatives.
These were of southern pine pressure treated with preservatives and
retentions as follows:
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Lb per cu. ft.

Coal-tar creosote 	
	

6.0
Chromated copper arsenate (Erdalith) 	 	 .5
Pentachlorophenol, 5 percent in petroleum 	

	
6. 0

Chromated zinc chloride 	
	

1. 05 to 1. 39

Also installed were posts of local woods--jack pine, eastern white pine,
and sugar maple--treated by the Osmose diffusion process with 0.19
to 0.33 pound of Osmosalts per cubic foot. A total of 181 of these posts,
including from 16 to 30 posts for each species and treatment, were
selected in the Madison area and identified by the Forest Products
Laboratory for test purposes. An inspection of the posts during October
1961, after 5 to 7 years of service, showed only one failure due to decay.
This was in a group of 25 sugar maple posts treated with Osmosalts. Of
particular interest, however, is the fact that of 181 posts selected for test,
99 have been removed, during the limited test period, for reasons other
than decay and eliminated from the test. More than half of these removals
were due to breakage by vehicles. Others have been removed for road
improvement or unknown causes.

Mississippi State Highway Department posts. --Service tests on treated posts
were started in 1931 by the Mississippi State Highway Department (13). At
that time 8- by 8-inch southern pine guardrail posts,pressure treated with
12 pounds of creosote per cubic foot or with 0.25 pound of Tanalith (Wolman
salts) per cubic foot, were installed. Five of 72 creosoted posts were
removed because of automobile wrecks, and the remaining 67 were reported
as serviceable in late 1959 after nearly 29 years of service. The estimated
average life of the Tanalith-treated posts was 14 years (5). Since 1931,
other preservatives and treatments were included for 8- by 8-inch guardrail
posts and for round guardrail posts 8 to 10 inches in diameter. In 1933 a
test garden was established in Jackson, Miss., to include 32 pressure and
nonpressure treatments with various wood preservatives. Of special
interest in these installations, in addition to the two 1931 installations
mentioned above, are the following:
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Percent serviceable

Guardrail Posts

Pine (8 by 8 inches) treated with
coal-tar creosote, 8 pounds per cubic foot 	 100 after 20 years

Pine (8 by 8 inches) treated with zinc meta
arsenite, 0.25 pound per cubic foot

Untreated eastern redcedar (round)

Untreated western redcedar (round)

Untreated black locust (round)

24 after 12 years

58 after 18 years

24 after 9 years

75 after 17 years

4- by 4-Inch Posts in Test Garden (Southern Pine)

Untreated	 0 after 5 years

Tanalith (Wolman salts) 0.32 pound
per cubic foot

Zinc meta arsenite, 0.26 pound per
cubic foot

Chromated zinc chloride, 0.96 pound
per cubic foot

Pentachlorophenol solution, 10.7 pound
per cubic foot

Creosote-coal tar solution (80-20),
16 pounds per cubic foot

Chemonite, 0.42 pound per cubic foot

12 after 15 years

15 after 15 years

20 after 17 years

98 after 17 years

100 after 22 years

92 after 21 years
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Marine Piles

Service data on treated wood marine piles show variable results depending
on marine borer activity, the severity of limnoria attack, and preservative
retentions (15). Only coal-tar creosote and creosote-coal tar solutions
are recommended for the treatment of marine piles and the highest
possible retentions of these preservatives are suggested, particularly for
installation on the southern California, Gulf of Mexico, and southeastern
coasts where limnoria attack is severe.

Well-treated wood piling has given service for 22 to 48 years in and around
the San Francisco Bay area and somewhat less service in the Los Angeles
area. In areas of severe marine borer activity in the South Atlantic and
Gulf of Mexico, creosoted piles have been estimated to have an average life
of 10 to 15 years, although they frequently last much longer. Along the North
Atlantic coast considerably longer life can be expected. Recently improved
Federal Specifications should greatly lengthen the service life to be expected
from treated marine piles.

U.S. Forest Service Highway Bridges

Wood pressure treated in accordance with Federal Specification TT-W-571 is
approved as a permanent construction material in bridges and culverts in
the National Forest road system of the U.S. Forest Service. Service records
on several bridges in Idaho, Wyoming, and Utah are shown in table 5, and
in Mississippi, Texas, Florida, and South Carolina in table 6, to indicate
the performance of piles and various bridge components in these areas
representative, respectively, of the less severe and the more severe
exposure conditions of the United States.

In this dry Rocky Mountain region, checking is common in bridge timbers
and could be reduced somewhat by avoiding boxed-heartwood timbers.
Decking replacement due to wear has been necessary, but no decay has been
noted after 18 to 22 years. In the southern region checking is accompanied
by decay and is therefore more serious than in drier areas. Decking
replacement has been due principally to wear, followed by some decay.
Treated wood, for the most part, has performed satisfactorily for 20 to
25 years in bridges under the severe climatic conditions in the southern
region.

•

•
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Conclusions

The performance of treated wood is determined by the quality and quantity
of the preservative used and, to a great extent, by the penetration and
distribution of the preservative in the treated wood. This distribution is
influenced by the species of wood itself, the proportion of sapwood and
heartwood, the moisture condition of the wood, and by the method of
treatment.

The results of field tests for the evaluation of wood preservatives, and those
of service tests representative of highway installations, can be summarized
somewhat as follows:

(1) Treated crossties used by class A railroads, on the basis of average
replacements from 1956 to 1960, have an average life of 54 years or 6-1/2
times the life of untreated ties. This added crosstie life through treatment
results in a daily saving of $290,000 to those railroads.

(2) Round southern pine posts and poles properly treated with recommended
retentions of such preservative oils as coal-tar creosote, creosote solutions,
and 5 percent pentachlorophenol in a selected petroleum oil, and of the
better waterborne preservatives, can be expected to give service for 30
to 35 years, even under severe exposure conditions. The service obtained
from sawed posts or from round posts of less easily treated species is
somewhat below these figures, particularly in severe exposure conditions
in the South or when treated with the less effective waterborne preservatives.

(3) Treated wood foundation piles have been widely used by the railroads with
good results for over 60 years. Apparently, failure of encased treated
foundation piles has been no particular problem, so that average life is
unknown.

(4) Treated wood bridge members, except where subject to severe mechanical
wear, have given good service for 20 to 25 years of severe exposure in the
Southeastern United States and have lasted much longer under more favorable
climatic conditions. Improvement in service can be expected from exposed
treated bridge timbers by avoiding boxed heartwood, by proper seasoning
prior to treatment and other measures to reduce checking, and by special
attention to the protection of cutoff ends of piles and posts.

(5) Properly treated wood, when used for guardrail posts, fencing, guide
posts, sign posts and signs, foundation piling, lighting poles, culverts, and
bridges, has proved to be economical and, on the basis of its long and satis-
factory performance, can help materially in the rapidly expanding highway
program.
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(3)

5
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• Table 1.--Wood •reservatives for hi hwa structures and minimum retentions
in ound s er cubic foot that are recommended in Federal
Specification TT-W 

Preservative : Lumber, plywood, :
and timber
for use

Piles : Poles : Posts

••

1: Not in : In con- :Founda-:MArine– :
:contact : tact with: tion

with :ground or:
: ground in fresh :
:or water: water

OILS

Coal-tar creosote	 : 6	 : 10	 12 : –17 : 410 : 6
2

Creosote-petroleum
solution (50-50)	 7	 :	 12	 14	 : . • • • • • • : • • • • • • • . 7

Creosote-coal-tar solution	 : 6	 : 10	 12	 : –17-20 : ........ 6
Pentachlorophenol, 5 percent	 ..	 .

in petroleum oil	 6	 : 10	 : 12 .• • • • . • . . • :	 8-10 : 6

•

Acid copper chromate (Celcure):
Ammoniacal copper arsenite

(Chemonite)
Chromated copper arsenate •

(Erdalith)
Chromated zinc arsenate

(Boliden salts)
Chromated zinc chloride
Copperized chromated copper •

arsenate (copperized
Boliden salt)

Copperized chromated zinc
chloride

Fluor chrome arsenate phenol:
Type A (Tanalith)
Type B (Osmosalts)

WATERBORNE

.50	
11
1.00 :4006 • • • : 1.00• • • • • • ••• ....e...:

• 30	 ±.50	 : • • • • • • • • • • • • • • • • a• • • • • • • • :	 .50

.35	 :	
4

.75	 : • • • • • • •*.: • • • • • • • •: • • • • • • •:	 .75

.50	 :	 -1.00	 : • • • • • • .: • 4 • • • • • 0: • • • • o • .: 1.00

.75	 –1.00	 : • • • • • • •: • • • • • • • ••• • • • • • •	 1.00

• •

.50	 –1.00	 • • • • • • •: • • • • • • n 0: • • • • • • •: 1.00

.75	 :	 –1.00	 • • • • 0 • •.	 • • • • • • : • . • • • •
	 1.00

.35	 :
	 50	 • • • . • • • : • • • • . • • : • • • n • •	 •50

.35	 • • • . • • • . • • • . • • • • : • • • • • • • 	 .50

Bound piles, lumber, and timbers for marine use are treated with minimum reten-
tions of either 14 pounds' creosote per cubic foot or 20 pounds of creosote-
coal-tar solution for Pacific Coast-type Douglas-fir and southern pine.

2Determined by extraction from boring: 17 pounds for Douglas-fir and 20 pounds
for southern pine. (20 and 25 pounds respectively for use where limnoria are
active 

•

-High retentions required for group B poles (over 37.5 inches in circumference,
6 feet from butt) and for severe service.

For conditions where leaching is moderate.
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Table 2.--Results, of Forest Products Laborator stud on southern pine
posts zresaure treated with standard==vatives and 
exposed at the Harrison Experimental  Forest, Miss.,

Preservative
	 Average :

	 Condition after
• retention :
	 11-1/2 years

•

Lb. per :
cu. ft. :

Ammoniacal copper arsenite (Chemonite) 	 •. 0.34	 : No failures

Chromated zinc arsenate (Boliden salts) 	 .	 .70	 : 4 percent failed

Chromated zinc chloride, copperized	 .98	 : 8 percent failed

Coal-tar creosote (various types) 	 : 5.6 to 6.3 : No failures

Coal-tar creosote, low in fraction 235° - 	 •
270° C., crystals removed	 •

	

6.1	 : 4 percent failed

Coal-tar creosote, high residue,	 •

	

6.0	 : No failurescrystals removed

Coal-tar creosote, low temperature

Coal-tar creosote, 70 percent, and coal tar, :
30 percent	 •

	

6.3	 Do.

	

6.1	 • Do.

Coal-tar creosote (medium residue, low in tar:
acids and naphthalene), 50 percent, and
petroleum oil, 50 percent	 6.9	 •

Pentachlorophenol, 5 percent in: 	 .. :
No. 2 fuel oil	 6.3
No. 4 aromatic residual oil5.9 •

Wyoming residual oil	 :	 6.0

Untreated control posts	 : ............: 2.3 years average life

Do.

Do.
Do.
Do.
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8.0
	

: 20 percent failed after 12 years

	

8.0
	

: No failures after 12 years

	

7.8
	

Do.

	

8.1
	

•
	

Do.

	

8.2
	

•
	

Do.

	

8.0
	

: 10 percent failed after 12 years

8.0

••
0• Do.

: No failures after 12 years
Do.

: 20 percent failed after 12 years
: 50 percent failed after 12 years

No failures after 12 years

: 20 percent failed after 12 years
: No failures after 8 years

Do.

; No failures after 12 years

8.2
5.3, 8.0, 10.1, and 15 .0
4.7
7.9
10.1 and 14.8

8.1
5.0, 10.2, and 15.4

5.0, 9.8, and 15.2

8.1

Table 3.--Results of Forest Products Laboratory study on stakes pressure treated with standard 
wood preservatives--stakes 2 b 4 b 18 inches of southern me sa wood
installed at Harrison E .erimental Forest Miss.

Preservative

Acid copper chromate (Celcure)

Ammoniacal copper arsenite (Chemonite)
Chromated copper arsenate (Erdalith)
Chromated zinc arsenate (Boliden salts)

Chromated zinc chloride

Coal-tar creosote (regular type)

Average retention

•
•

:
:

:
: 0.49
: 0.76
: 1.02
: 4.2
: 8.0, 11.8, and 16.5
: 4.6
: 10.0'and 14.5
: 4.1

Condition, December 1960

: 14.2 years average life
: 50 percent failed after 22 years

Do.
: 60 percent failed after 20 years
: No failures after 20 years
30 percent failed after 20 years

: No failures after 20 years
40 percent failed after 12-1/2 years

•Lb. per cu. ft.	 •

0.26 80 percent failed after 15 years
0.52 and 0.75 No failures after 15 years
0.28, 0.59, 1.12, and 1.45 No failures after 16 years
0.26, 0.50, and 0.78 No failures after 15 years
0.33,

and
0.44,
1.06

0.58, 0.78, No failures after 20 years

Coal-tar creosote (special types):
Low residue, straight run
Medium residue, straight run
High residue, straight run
Medium residue, low in tar acids
Medium residue, low in naphthalene
Medium residue, low in tar acids and

naphthalene
Low residue, low in tar acids and

naphthalene
High residue, low in tar acids and

naphthalene
English, vertical retort
English, coke-oven

English, vertical retort, 50 percent, and:
horizontal retort, 50 percent

Low temperature (tar acids not removed)
Low temperature (with high percentage of :

tar acids removed)

Coal-tar creosote (medium residue, low in
tar acids and naphthalene), 70 percents
and coal tar, 30 percent

Coal-tar creosote (medium residue, low in
tar acids and naphthalene), 70 percent,
and petroleum oil, 30 percent

Fluor chrome arsenate phenol (Tanalith)

10 percent failed after 12 years
: 10.2 years average life
: 70 percent failed after 22 years
: 30 percent failed after 22 years

•

: 8.1
: 0.2
: 0.3
: 0.61

Pentachlorophenol, 5 percent in various
oils:
Light fuel

Stoddard solvent
No. 2 fuel
Light aromatic solvent

No. 300 fuel
No. 400 fuel
Light gas
No. 200 Diesel
Heavy thermal side cut
Catalytic gas-base

Denver No. 3 blend
Heavy gas oil
Lube oil extract

Untreated control stakes

•

	4.7 	 : 10 percent failed

	

: 9.6,	 15.3, and 20.0	 : No failures after

	

: 4.0	 : 4o percent failed

	

4.0	 : 30 percent failed

	

4.2	 : 80 percent failed

: 12.1	 : 30 percent failed

	

: 4.0	 : 20 percent failed

	

: 4.2	 : 40 percent failed

	

: 4.0	 : 20 percent failed

	

: 4.1	 : 20 percent failed
30 percent failed

	

4.1	 : 10 percent failed

	

: 8.0	 and 12.0	 : No failures after

: 4.o
: 4.1, 7.9, and 12.0
: 4.2

• 1.8 to 3.2 years

after 20 years
20 years
after 12-1/2 years
after 12-1/2 years
after 12-1/2 years
after 17 years
after 12-1/2 years
after 12-1/2 years
after 12-1/2 years
after 12-1/2 years
after 12-1/2 years
after 12-1/2 years
12-1/2 years
Do.
Do.
Do.
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: 10,997 and
: 624 lineal

: 12 and
ft..piles: 16 (piles)

Table 6.--Records on U.S. Forest Service bridges of treated southern pine, in service in the South 

Bridge and location
	

Species

: 12 and
: 16 (piles)

•

•

•

	do	 • 13,155 and
: 32 piles	 : 16 (piles)

: 12 and

•

•

:Shortleaf pine

	

•
	

do 	 • 48,146	 : 10
: and	 : 12

piles	 : 16 

(handrails);

	

piles)	 :
timbers), :

10, 14French Quarter Creek, Francis :Longleaf and shortleaf pine: 4,140 and	 and
: piles	

:
	Marion National Forest, S.C.:	 : 16 (piles)

	
•

	Cromer Road, Sumter National • 	 	 do..... ........ : 3,773 and	 : 10, 14 and

	

.	 : 6 piles	 : 16 (piles)Forest, S.C.	 •
Flint Road, Sumter National	 • 	 do 	 • 3,696 and	 : 10, 14 and

	

.	 : 12 piles	 : 16 (piles)Forest, S.C.	 •
Piney Creek, Davy Crockett 	 :Shortleaf pine	 : 6,588 and	 : 10, 14 and

National Forest, Tex.	 :	 : 252 lineal ft. piles: 16 (piles)

	

.	 .	 .

Sandy Creek, Sabine National 	 do 	  8,787 and
Forest, Tex.	 •

	

.	 : 432 lineal

	

San Jacinto River (West Fork),: 	 do	 • 15,081 and

Tex.	 .
	  .. ...do. 	

!
Tex

	

San Houston National Forest,: 	 lineal768

Turkey Hen Creek, formerly 	 ' 5,462 and
Chochtawhatchee National	 : 15 piles

	

Forest, now Elgin Air Force :	 •
Base, Fla.	 .	 •

McHenry Road, No. 401, De Soto:Southern yellow pine	 : 13,409 and
National Forest, Miss. 	 :	 : 24 piles

•

•

•

No. 67 on Trenton Road, 	 	 do	 •▪ 17,941 and
Bienville National Forest,	 36 piles

Miss.	 •

▪

Homochitto River on Copaih	 : 	 do	 • 19,035 and	 : 14

Road, Homochitto National 	 : 33 piles	 .
Forest, Miss.	 :.

Wagner Creek on Chickasaw	 	 do	 • 5,242 and

	

Road, Holly Springs National:	 : 17 piles	 : 16 (piles)
: 12 and

Forest, Miss.	 :
••

••

. :

Toxaway Creek, Sumter	 :Shortleaf pine	 : 1,215 (38 stringers) : 14
National Forest, N.C.	 •

Panther Creek, Conecuh 	 :Longleaf pine	 : 10,000 and	 : 14 and

National Forest, Ala.	 : 15 piles	 : 16 (piles)

	

:	 .	 .
.	 •.

. 	 •. 	 -

. 	 :•

•
•

. 	 -

.

	

	
.
••

National Forest, Ala.	 : 36 piles	 : 14 
andWalden Creek, Talladega	 	 do	 • 19,270 and

.	 .

Last inspection date
and condition reported

1934	 :1961 - Untreated handrails and
: posts replaced with treated mate-
: rial in 1941. Thirty-one pieces
• of decking, 3 wheel guards, and
: 1 post replaced in 1954 and 17
: pieces of decking in 1956.

1934	 :1957 - Untreated handrails and
: posts replaced with treated
•• material in 1940. Deck replaced
•• in 1949. Some decay in piles,
•▪ stringers, and wheel guards,
• where nailed or bolted.
• (Creosote originally applied to
•• bolt holes.) No replacements of
: treated wood.

1935	 :1960 - Some decay in treated hand-
: rail and guardrail posts. No
: replacements.

1936	 :1961 - Considerable decay in decking
: and runways and some decay in
: stringers. Thirty-six treated
: pieces replaced in 1959.

1936	 :1961 - Some decay in treated hand-
: rail posts. No replacements.

1936	 :1961 - Good. No replacements.

1936	 :1957 - Good. No replacements.

1936	 :1960 - 25 percent of planks in head-
: wall replaced due to decay in 1945.
: Tops of guardrail posts show some

decay.
1936	 :1960 - Some decay in treated hand-

: rail posts. No replacements.
1936 :1957 - Some decay in treated hand-

: rail posts and 1 pile replaced
: due to decay.

1936	 :1953 - No replacements.

•

1936	 :1957 - Untreated handrails and
: posts replaced in . 1942 with
: treated material. All treated
: material in good condition and
: no replacements.

1936	 :1951 - Bridge rebuilt. Some decay
: in 10- by 12-inch cap sill noted
: in 1944. Six stringers replaced
: in 1945 due to damage by falling
: tree.

1937	 :1954 - Good condition except for
: wear and decay on decking, which
: needs replacement.

1937	 :1960 - All wheel guards and deck-
: ing replaced due to wear and
: checking, also 25 percent string-
: ers, 30 percent of posts, and 50
: percent handrails replaced in
: 1955 due to decay following
: checking.

1937	 :1961 - Stringers replaced in 1956
: due to decay.

1937	 :1960 - 24 pieces of 2- by 10-inch
: deck run planks replaced in 1941
: due to excessive wear. 1 cap sill
: replaced in 1954 and 4 wing piles
• replaced in 1957. Some decay in
•• decking, run planks, handrails,

posts, and guardrails but no
: replacements.

1938	 :1956 - Untreated white oak decking,
: wheel guards, and run planks
: replaced with treated material in
: 1949. Run planks again replaced
: in 1956 due to wear. No other

replacement of treated wood.

Volume of
treated material

Bd. ft.

Piney Woods Creek, De Soto 	 :Southern yellow pine	 : 12,774 and
National Forest, Miss.	 : 28 piles

Whiskey Creek, De Soto
National Forest, Miss.

Chalk Creek, Angelina
National Forest, Tex.

Bay Creek, Apalachicola
National Forest, Fla.

: 10, 14 and
ft. piles: 16 (piles)

: 10, 14 and
ft. piles: 16 (piles)

: 10, 14 and
: 16 (piles)

•

: 10, 14 and
: 16 (piles)

•

•

: 12 and
: 16 (piles)

• Retention
	 Date	 :

of creosote :installed:

:Lb. per cu. ft.:
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ACID COPPER CHROMATE ( CELCURE) 0.9 PC F

COPPER SULFATE —SOD/UM ARSENATE (DOUBLE DIFFUSION) 0.51 ACE!

CHROMATED ZINC CHLORIDE 0.9 PC.

COAL TAR CREOSOTE 60 PC F

CREOSOTE—PETROLEUM (50 — 50) 54 ACE

CREOSOTE — PETROLEUM (/0-90) 7/ ACE

F. 	 (TA/VALITH) 0.35 ACE

OSMOSAR (DIFFUSION) 03 P.C.F

PENTACHLOROPHENOL (4.8 % IN PETROLEUM) 6.7 P.C.F.

ZINC CHLORIDE 0.9 ACE

ZINC META ARSENITE 04 ACE-

UNTREATED

•

cz

/0
	

20	 30	 40

AVERAGE LIFE (YEARS)

Figure 1. --Average life of treated southern pine posts installed
at Harrison Experimental Forest, Saucier, Miss., as deter-
mined in December 1960. Posts were pressure treated except
for two preservatives, applied as indicated, by diffusion
methods.
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SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY

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

•

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

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

Partial list of publications
for Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications
for Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

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