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Introduction
The purchase of treated wood under specifications calling for a
determination of retention of preservative in a sample of designated
size has become the standard practice of a number of users of treated
poles.
The use of results-type specifications for piling has lagged behind
their use for poles. This is surprising, in view of the generally
high cost of replacing piling and the need for high retentions in
piling to be used in coastal waters. A number of users of piling have
developed a keen interest in this system of purchasing piling. At
least one large order has been placed, with the requirement that
retentions be checked by the assay of borings. A more extensive use
of results-type specifications for marine piling appears likely to
develop within the next few years. It seems appropriate at this time
to review data that have been published on the assay of borings from
treated piling and to attempt to assess the status of this method of
checking the quality of piling treatment.
Determination of Oil in Sample
Of the two steps involved, namely, sampling the charge and determining
the amount of oil in the sample, sampling involves more complex
problems. The method used to determine the amount of oil in the sample
is quite simple and is generally considered to be of satisfactory
-Presented at the Third Pacific Area National Meeting of ASTM, San
Francisco, Calif., October 11-16, 1959.
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accuracy when applied to samples of ample size. Due regard must,
however, be given to several sources of error.
To describe the method briefly, weighed borings are placed in a
syphon-type extraction cup held in the neck of a flask in which
toluene is boiled (fig. 1). The vapors of toluene and water pass into
an offset condenser that is fitted at the bottom with a calibrated
water trap. The condensed water settles to the bottom of the trap,
and the lighter toluene forms a layer above it. The condensed toluene
flows back over the borings in the flask and gradually extracts the
oil. Extraction is continued for some time after the solvent is colorless and no more water drops into the trap. The volume of water is
read, and the borings are removed and placed in an oven to evaporate
the toluene. The borings are then weighed. The difference between
the initial and final weights of the borings is corrected for the water
collected, to determine the amount of oil removed. It is assumed that
1 milliliter of water weighs 1 gram, no correction for temperature
being made.
The following data are taken:
(1)
(2)
(3)
(4)

Initial weight of sample.
Final weight of sample.
Volume of water collected.
Initial volume of sample.

Items (1) and (2) may be determined with extreme precision if desired.
Because of the size of sample used (roughly 10 to 30 grams), weighings
need not be carried beyond the second decimal place. This makes it
feasible to use a rapid balance, such as a torsion-type balance.
The volume of water removed from the sample may also be determined with
little expenditure of time; this step, however, is less accurate than
the weighings. Droplets of water tend to cling to the inner surfaces
of the condenser and, while they may be removed by rubbing with a rod
made of some material, such as Teflon, to which water does not adhere,
a film of moisture remaining on the inner walls may be visualized. In
very humid weather, some condensation of moisture from the atmosphere
may take place. This may be avoided by attaching a drying tube to the
top of the condenser. The temperature of the water is not controlled,
and no effort is made to convert volume to weight with high accuracy.
The experimental error in determining moisture removed from the sample
may be accepted as a serious one when only a very small sample is
available, as when a single boring is taken from a piling primarily
to check penetration and the extraction is included as an afterthought.
When a charge of piling is assayed, however, a representative sample
will be of such size that a small error in the determination of water
should have no serious effect on final results.
The determination of sample volume involves an error of variable
magnitude, depending largely upon the symmetry of the borings. This,
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in turn, depends upon the skill of the operator and the kind of wood
being bored. The diameter of borings is generally taken as an average
of 10 to 20 readings with a dial gage. When borings tend toward a
spiral shape, readings tend to be in error on the high side. Borings
are generally cut to some arbitrary length by means of a jig. The
total length obtained by multiplying the standard length by the number
of borings may be in error because of the loss of particles from the
outer end. This is especially prone to happen in the boring of
Douglas-fir, and the effect of this error on the results is magnified
by the fact that the outer portions have higher than average retentions
of preservative.
Errors of variable magnitude are involved in the assumption that the
difference between the initial and final weights represents all of
the preservative plus the water that has been removed. Even though
a sample of pine contains no heartwood, it still contains a small
amount of resin which is soluble in toluene and is therefore
counted as oil injected during treatment. Any fine particles that pass'
through the screen likewise add to the apparent preservative content.
Of opposite sign is a small error due to the retention of a small
amount of adsorbed toluene by wood, even after the wood has been dried
to constant weight in an oven held well above the boiling point of
toluene. The assumption that all of the oil preservative may be
removed by hot toluene in a practical period of time is essentially
correct when the preservative is a distillate creosote. Only a small
amount of creosote is insoluble in toluene. Known amounts of creosote
added to weighed borings may be recovered with a high degree of
accuracy.
The foregoing statement does not hold for creosote-coal tar solutions,
which contain appreciable amounts of material insoluble in toluene,
depending upon the nature and amount of tar present in the solution.
For a 70-30 solution, this error may amount to 5 percent or more.
Allowance for it should be made either by applying a correction factor
to the final result or by adjusting the amount of solution specified,
as shown by assay.
Creosote slowly undergoes chemical changes in wood, forming compounds
that are insoluble in hot toluene. Furthermore, creosoted wood held
in stock tends to lose creosote by evaporation and other causes.
Precise data are lacking on the rate of this decrease. The subject
merits study because of its practical bearing on the application of
boring assay to piling that are sampled a considerable time after
treatment. It is obvious that the amount of creosote that may be
extracted from treated wood decreases with time.
To summarize the foregoing, while there are numerous sources of error
in the method, they tend to be small and are not of the same sign, so
that a careful operator may expect to obtain a reasonably accurate
value for the amount of oil in a given sample of wood that is freshly

treated with creosote. The results on wood treated with creosote-tar
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solutions tend to be somewhat low, and some allowance for this error
should be made.

Assay of Pine Piling

Only meager data have been published on the variability in retentions
of individual piles in the same charge; the extent to which this
variability affects sampling error has likewise received limited
attention.
3
The author in a previous paper – published data on the gain in weight
of individual pine piles in three charges treated with creosote-tar
solutions. One of the charges (A, table 1) had been air seasoned for
4 to 5 months during excellent drying weather. It was believed,
therefore, that moisture changes during treatment were small and had
little effect on the retentions as calculated from gains in weight.
The other two charges were not quite so well seasoned. The data on
variability in retentions by individual pieces were used to calculate
the probable sampling error due to differences in individual retention.
The results are given in table 1.
The, amount of oil extracted from samples of borings varied somewhat
with the length of boring taken. For example, in 3 sets of 20 borings
each taken from charge A, borings comprising the entire treated sapwood showed 25.18 pounds per cubic foot; the outer 3-1/2 inches of
a second set of borings from the same pieces showed 26.34 pounds
per cubic foot. The latter figure agreed closely with the average
retention for the charge calculated from initial and final weights.
In charges B and C, which were treated with 50-50 solutions that
are subject to less complete extraction than a 70-30 solution, such
as was used to treat charge A, samples consisting of the outer
3-1/2 inches of borings gave values approximately 1 pound per cubic
foot below the average for the charge. Better agreement between
assay values and gain-in-weight retention for the charge was obtained
when the outer 3 inches of borings were taken for the sample.
Increasing the length of a boring, of course, increases the percentage
of the radius that is represented in the sample. As the length is
increased, however, the probability of error due to resins from heartwood increases. The 3-inch boring appears to be a good compromise in
the case of southern pine piles. Further experience may indicate the
desirability of some modification. From the standpoint of the user,
the agreement between assay values and average retention values is
of minor importance. The best length of boring is the one that yields
the most reliable measure of the degree of protection imparted to the
piling.
3
--Baechler, R. H. AWPA Proceedings 54: 34-43. 1958.
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It is difficult to make any simple, accurate statement regarding
the reproducibility of the results that may be expected when two
20-boring samples are taken from different sets of pieces in the same
charge. Information on the subject is being accumulated, but not
much has been published. Assuming absence of bias in sampling and
careful work in the laboratory, the difference in results on two sets
of samples will be dependent largely on the variability in the
material selected for treatment.
Recently the Forest Service purchased 86 southern pine piles treated
under specifications for marine piling. Four samples of twenty
3-inch borings were taken from different piles and extracted at the
Forest Products Laboratory, with results as follows:
Sample
No.

1
2
3
4

Lb. per
cu. ft.
• •• • • • • • • • • • • • • • • • • • •
• •• • • • • • • • • • • • • • • • • • •
• • • • • • • di • • • 10 . 0 •
•

• • • • • • • •

• • • • • •

• • • • • • • • • •

Mean

21.42
22.45
22.66
23.06
22.40

Some allowance for sampling error will need to be made by the
treating plant operator in bidding on an order under a results-type
specification. This practice is already commonplace in many industries.
It has been stated that, in a limited number of tests, assay values
have agreed quite well with average retentions obtained by weighing
the piles. Agreement with gage retentions has been more erratic.
In assaying samples of borings from 15 commercial charges of pine
piles, the assay values ranged from 60.3 to 134.5 percent of the
gage retentions, with an average of approximately 91 percent. In
all but two cases, the borings included all of the treated sapwood
and in most cases were 3.5 inches or more in length. Assay values
ranged from 12.43 to 27.64 pounds per cubic foot. Of the 15 charges,
13 showed values above 15 pounds per cubic foot and 7 showed values
above 20 pounds per cubic foot. With 3-inch borings, the values no
doubt would have been somewhat higher.
At the 1959 meeting of the American Wood Preservers' Association,
the treatment committee recommended a tentative change in Standard C3
(Preservative Treatment of Piles by Pressure Processes). This change
was made "in order to incorporate retention determination by assay
in the piling treatment specification...." Required retentions in
ponderosa and southern pine piles for coastal use were set at 20
pounds per cubic foot by gage or scale weight, and 18 pounds per cubic
foot by extraction from a total of twenty 3-inch-long borings taken
from 20 representative piles of a charge.
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As already shown, the retention in a sample of pine borings representing most of the treated zone tends to be of the same magnitude
as the average retention for the charge, as shown by gain in weight.
This similarity in values stems from the fact that, in southern pine
piling treated by the full-cell process, the treated portion generally
constitutes a high percentage of the total volume.
A different situation is encountered in Douglas-fir. A typical pile
contains an inner portion of heartwood that is virtually untreatable
and comprises a considerable percentage of the total volume. Average
retention for a charge, being based on total volume, will be distinctly lower than the retention in the outer treated zone. In
Douglas-fir, therefore, even more than in southern pine, assay data
should be regarded as an index of the protection afforded to the
outer zone; they should not be considered a check on the amount of
oil used to treat a charge.
This proposed departure from conventional practice would pose somewhat of a problem to the operator of a plant who wished to estimate
the amount of oil required to treat a charge to meet a requirement
on boring assay. Some estimate of the percentage of treatable wood
would be needed.
The variability in the thickness of sapwood in Douglas-fir raises
a question regarding the length of boring that should be taken for
extraction. The reproducibility of results on a given charge is
believed to be enhanced by taking borings that are somewhat longer
than the average, solid penetration. Furthermore, a long standard
boring would encourage the selection of thick-sapwood material and
thereby tend to raise average quality. The main objection that has
been raised against the adoption of a relatively long standard
boring is that it might lead to the rejection of a charge of piling,
in which sapwood of less than average depth contains a high concentration of preservative.
4
In some tests on Douglas-fir piles, the author– found that, as would
be expected, the amount of oil extracted from borings when expressed
on a weight-of-oil-per-volume-of-wood basis decreases with increase
in length. The ( majority of tests were made on borings 2 inches
long. In 27 charges of Douglas-fir piling, retentions found in the
outer .2 inches were invariably higher than average retentions as
shown by gage. Outer-zone retentions were also higher than average
retentions as shown by gain in weight in the case of four charges
weighed before and after treatment and three charges in which individual pieces were weighed before and after treatment. The ratio
between the outer zone retention and the average gage retention in
the 27 charges varied between 1.09 to 1 and 1.87 to 1. When the
ABaechler, R. H. Paper presented at 1959 annual convention of the AWPA.
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charges were listed in the order of the average volume per piece,
there was an irregular downward trend in the relation between the
two values. In other words, with an increase in size of piling
there is a decrease in the average retention corresponding to a given
outer-zone retention.
In 16 charges treated full cell with creosote, the retention in the
outer 2 inches ranged from 14.29 to 22.91 pounds per cubic foot. In
14 of these charges, the outer 2-inch retention was above 16 pounds
per cubic foot, with 11 charges showing more than 17 pounds in the
outer 2 inches. In six charges having an average sapwood thickness
of 1-3/4 or slightly more, retentions in the outer 2 inches ranged
from 19.85 to 22.79 pounds per cubic foot.
A few tests were made in which 3 sets of 20 borings were divided as
follows: Outer 1 inch, 1- to 1.5-inch segment, 1.5- to 2-inch segment,
remaining sapwood. Extractions of groups of segments gave the results
shown in table 2.
The above data are too meager to be conclusive, but they illustrate
the way in which the length of boring may influence a comparison
between charges of different sapwood thickness. Several committees
of the AWPA are studying the question of the length of boring to be
extracted and the retentions to be required in the sample.
In three charges treated with 70-30 creosote-tar solutions, the
individual pieces were weighed before and after treatment. The total
amount of water collected during Boultonizing was weighed; the gain
in weight shown by each piece was corrected for loss of water on the
assumption that the loss of water from a given piece was proportional
to its volume.
As in previous tests on southern pine piling, the data on variability
in retentions by individual pieces were used to calculate the probable sampling error due to this factor alone. The results are given
in table 3.
Douglas-fir is hard to bore. Furthermore, the borings from some
charges tend to be fragile, so that it is difficult to obtain symmetrical borings. Some consideration has been given to the idea of
expressing retentions on the percentage-by-weight basis. This would
minimize the effect of losing portions of borings.
While further work is needed on several aspects of the sampling of
charges of Douglas-fir piling, the information that has been published
indicates that a results-type specification for Douglas-fir piling
should be effective and practical.
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Table .--T121211Ls9121inaLrjaEresultinz from variable
retentions in southern ine
•

95 percent
Charge:Preserv-: Retention in individual piles
•
: confidence limit
ative
ratio, :Maximum:Minimum: Mean :Standard:
devia- :20-boring:30-boring
:creosote:
tion : sample : sample
: to tar
••
•

: Lb. per : Lb. per
: cu. ft. : cu. ft.

:Lb. per:LL_E2E:Lb. per:
:cu. ft.:cu. ft.:cu. ft.:
A
B
C

: 70-30 : 32.73 : 20.53 : 26.47 : 3.48 : ±1.63 : ±1.3
16.35: 2.37 : -1- 1.03 :

+.85

: 50-50 : 19.00 : 8.92 : 14.68 : 2.53 : ±1.11 :

+.91

50-50 : 21.14 : 11.50

Table 2.--Retention of creosote at various depths in piling

Charge: Average :
Retention
sapwood
: thick- : Outer : 1 to 1.5 : 1.5 to 2 :Remaining
ness
: 1 inch : inches : inches : sapwood
•

•

•

In.

Lb. per : Lb. per : Lb. per : Lb. per
: cu. ft.
: cu, ft. : cu. ft.
: cu. ft.

1

1.5

: 34.11

19.16

:

6.02

: 4.14

2

1.5

:

18.24

:

6.23

: 6.13

3

2.0

: 35.81 : 27.00

:

10.15

7.48
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33.65 :

Table 3.-•Probable sampliuerror resultin from variable
retentions in Doual21.711E_pi1es
Charge: Retention in individual piles

95 percent
confidence limit

:Maximum:Minimum: Mean :Standard:
: devia- :20-boring:30-boring
: tion : sample : sample
- --:
---- -:---."---:-- --- :
Lb.
per
: Lb. per
:Lb. per:Lb. per:Lb. per:
:
cu.
ft.
:
cu. ft.
:cu. ft.:cu. ft.:cu. ft.:
A
B

2.28 : ±1.00

*0.81

: 23.29 : 7.45 : 14.84 : 3.88 : *1.70

*1.39

19.16

10.30

15.15

27.84 : 8.29 : 13.83
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4.92

*2.15 : *1.76

