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I NTRODUCT ION

Wood is a very flexible and versatile material: very resistant to
the physical and chemical environment but subject to attack by biological
agents — fungi, termites , and marine borers . Resistance to these agents
can be improved markedly by impregnating the wood with certain toxic
compounds or mixtures , which , collectively, are called wood preservatives.
Treatment with some of these preservatives is said to produce little
change in the physical properties of wood . However, treatment with
certain water soluble salts , particularly in dual treatment where the
salt treatment is followed by kiln drying and treatment with creosote,
has been reported to cause an increase in brittleness in the treated
wood . For example , the Naval Reserve Training Center , Wilmington , N.C.,
reported that of nine 55-foot fender piles received , three arrived
cracked or broken , and one broke in two during unloading. Others have
stated that the salt treatment alone does not affect the physical proper-
ties of the wood , but rather the salt treatment plus the kiln drying
used in the dua l treatment procedure . Despite this controversy, the
American Wood Preservers ’ Association recommends dual treatment or a
2.5 lb/cu ft salt treatment for piles which are to be driven in areas of
severe marine borer hazard . Studies conducted by the Civil Engineering
Laboratory (CEL) at Coco Solo, C.Z.* have shown the superiority of
dual-treated piles to creosote-treated piles in resistance to marine
borers. However, because the major use for wood piles in the Navy is
now for fender piles , any significant loss in strength of treated wood
becomes very important to the design and maintenance of these energy-
absorbing systems .

Thus, CEL was requested to investigate the effects of various corn-
,nercial treatments on the mechanical properties of wood . It is the
purpose of this report to describe and discuss an experiment in which
seventy-five piles treated in various ways were destructively tested.

DESIGN OF EXPERIMENT

Thirty-five peeled Douglas fir logs as nearly alike as feasible
were selected from on-hand supplies and cut into pieces approximately
30 feet long, nominally 12 inches in diameler at the butt end and 7 inches
in diameter at the tip end . These were separated into seven lots of
five piles each . The seven different lot treatments were :

*Civil Engineering Laboratory. Technical Note N-1466: 1976 inspection
of experimental treated piling, by T. Roe, Jr. Port Hueneme , Calif.,
Dec 1976.
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1. Untrea ted

2. Standard creosote treatment

3. ACA*, 2.5 lb/cu ft of sapwood

4. ACA , 1 lb/cu ft of sapwood , followed by kiln drying , followed
by standard creosote treatment

5. ACA , 1 lb/cu ft of sapwood , followed by air drying , followed
by standard creosote treatment

6. CCA*, 1 lb/cu ft of sapwood , followed by kiln drying, followed
by standard creosote treatment

7. CCA , I lb/cu ft of sapwood , followed by air drying, followed
by standard creosote treatment .

All preservative retentions met the minimum American Wood Preservers ’
Association requirements except for the dual-treated CCA + creosote ,
both air- and kiln-dried (see Table 1).

Forty peeled southern pine logs as nearly alike as feasible were
selected from on-hand supplies and cut into forty pieces approximately
30 feet long , 12 inches in diameter at the butt end , and 7 inches in
diameter at the tip end . These were separated into eight lots of five
piles each. Seven lots were given the same levels of treatment as the
seven lots of fir. An eighth treatment — 2.5 lb of CCA/cu ft of sapwood —
was used on the remaining eighth lot. All preservative retentions met
the minimum American Wood Preservers ’ Association requirements.

The 75 piles were then destructively tested at the Forest Research
Laboratory , Corvallis , Ore., in a random chronological manner. Table 2
lists the types of test, descriptions of which appear in the next section
of this report.

The foregoing experimental design contains several factorial designs
which the reader can discern ; for example: (1) 70 piles constitute a
two-factor experiment (namely, wood at two levels and treatments at
seven levels); (2) 40 piles constitute a three-factor experiment (namely ,
wood at two levels , salt at two levels , and method of drying — after
salt , but before creosote — at two levels); and (3) some comparisons are
limited either to fir or pine .

To be found in the Appei.Jix are : (1) the six elements of data for
each pile; (2) a set of statistical analyses of variance of the data for
main and interaction effects with tests of significance ; (3) a list of
bounds for 0.95 confidence intervals and best estimates of mean differ-
ences between various treatment effects; and (4) because salt-treated
piles cost more money than those not salt-treated , some additional
analyses and confidence intervals for differences on a per dollar basis.

*ACA , anvnoniacal copper arsenite ; CCA , chromated copper arsenate .
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PILE DESTRUCTIVE TEST PROCEDURE S

Bending Tests of Full-Sized Piles

Piles were selected randomly for testing . They were loaded into a
600,000-lb capacity , universal testing machine from the Civil Engineering
Department of Oregon State University . If a pile was curved , it was
rotated before the loading procedure until there was no horizontal
curve. The l oading heads , spaced as shown in Figure 1 , were loaded
until they almost touched the pile , load and deflection recording devices
were zeroed , and circumferences were measured at the tip, middle , and
butt of each pile . Moisture contents of untreated or creosote-treated
piles were measured with a resistance-type moisture meter near a loading
head at a depth of 0.5, 1, 1.5 , 2, and 2.5 inches.

Data were recorded in two ways: (1) by means of a strip chart
attached to the universal testing machine and written data sheets, and
(2) a magnetic tape, digital recorder and microphone provided by CEL.
The tape reel number , tape footage, date , time , and specimen numbers
were recorded on the data sheet, and the tape recorder was set for
recording . The specimen number , date , and weather report were spoken
into the microphone , and some sounds were recorded of the breaking
piles. The loading rate was 0.53-in./min until failure when the head
speed was increased until 10 inches of deflection occurred. Maximum
breaking load (P ) was recorded on the data sheets as were abnormal-
ities such as se~P~~e slope of grain or overabundance of knots , and the
type of failure (i.e., compression , tension , or shear).

After these bending tests, a .-ft-long butt specimen and a 3-in.-long
cross section near the failure were cut from each pile. The 4-ft-long
specimens were sent to CEL and the 3-in. -long sections were saved for
preservative analyses . Moisture content specimens were taken near the
point of failure . Salt-treated and untreated specimens were oven-dried .
The Karl Fischer method was used to determine moisture contents of
creosote and salt-treated specimens . Sections of piles from the vicinity
of failure points were cut and saved .

Compression Tests on Piles Segments

The 4-foot butt specimens obtained earlier were squared off with a
table chainsaw to a length of 45 inches. The specimens were submerged
in water in a retort and 90 psi of pressure applied to bring the wood to
its fiber saturation point. This water-impregnation treatment required
I day for pine and 1 week for Douglas fir. Moisture contents of creosoted
specimens were recorded with five readings at 1/2-inch-depth increments
up to a total depth of 2-1/2 inches in the middle of a piece 2 feet from
its end . The moisture content of dual-treated piles was assumed to be
similar to creosote-treated material. The moisture content of salt-
treated piles was assumed to be similar to the untreated specimens . The
average moisture contents after pressure treatment with water were 30%
for southern pine and 28% for Douglas 
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The length and circumference at butt and tip of each specimen was
measured . Loading to failure was at the rate of 200 kips/min . The
location of each failure was recorded .

Findings

All the findings in Table 3 are relative to and limited to the
treatments (e.g., quantities of salts), type of pile , and methods of
testing described in the Design of Experiment and Pile Destructive Test
Procedures sections.

For all these reported differences (reductions relative to untreated
piles , relative to creosoted piles , and any comparison indicated in
Table 3), the best estimates of predicted amount of change are contained
in the Appendix (Tables 18, 19, and 20) , together with 0.95 confidence
bounds for each difference . The reader should note that those cases are
not listed ‘n Table 3 findings where the confidence region for the
differences contain zero (i.e., bounds of opposite algebraic sign).

Table 3 contains 96 findings . Because each of these was based on
the 0.95 level of significance , the expected number of erroneous findings
is less than 4.8 (5% x 96). Just which findings are false is not known.
For the convenience of the reader , Table 4 is shown. The entries in the
table are merely the average (mean) of the 5 (or ‘0, or 20) test results .
Entries not related to the findings are omitted .

Shortage of funds precluded the seeking of findings for E
c and

DISCUSSION

Tables 4, 5, and 6* may be useful to the designer and planner.
Data on strength of piles found in handbooks usually refer to untreated
piles. A designer can obtain from Table 4 a rough estimate of the ratio
of strength for his choice of species and treatment compared to that of
the stronger untreated piles. Then the number of piles required for the
job can be estimated .

The planner , in deciding between alternative treatments , may make
use of these tables . For example , if creosoted fir bearing piles and
CCA dual-treated fir bearing piles are the choices, Tables 5 and 6 in
the Appendix show an average F

~ 
of 3,200 psi for creosoted fir; Table 4,

2,333 psi for CCA dual. Comparative costs, which can be found in the
Appendix , are , respectively $5.50 and $6.50/linear ft.

3200 . 2333
5.5 6.5 — 1.621

*Tables 5 and 6 are found in the Appendix.

4
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Thus, it is estimated that to obtain equivalent bearing support for the
pier it will cost 62% more dollars if the dua l treatment rather than
creosote is chosen. This can be justified if the dual-treated piles
will last more than 1.62 times the longevity (in years) of creosoted
piles in the application and environment intended.

Admi ttedly, this is a very rough computation for many reasons , such
as:

(1) Cost of installation and inflation are ignored .

(2) Table values are based on a limited number of piles , selec ted
originally for high quality appearance and apparent low var iation from
pile to pile. Thus , the table values may be higher than they would be
if unselected run-of-the-mill piles were used .

(3) Tables 5 and 6 data are not moisture corrected . They are ,
however , representative of what the planner might find in the storage
yard and thus representative of recently driven piles before moisture
saturation . Rate of moisture absorption is not known by the authors .

(4) The reduced strength increases the frequency of reinstallation
and this is ignored .

Because it is difficult to estimate a priori how long a pile of a
partic ular species , treatment , use , and environment will last before
need for replacement , an economical field test is suggested . Briefl y,
this would consist of selecting at random from the list of competitive
treatments a replacement pile for each and every pile needing replacement.
If records were kept on all these replacements relative to costs , dates
of installa tion and replacement , loca tion, and other data , after a
number of years analysis of the data should bring to light the best
choice.

CONCLUS IONS

For Douglas fir p iles , it is concluded that:

(I) Dual treatment (ACA and creosote or CCA and creosote) or treat-
ment with only ACA will reduce some mechanical properties of a pile more
than treatment with creosote . For specific numerica l reduction refer to
Table 4.

(2) Of the two dua l treatments, CCA and creosote reduces some
mechanical properties of a pile more than ACA and creosote (refer to
Table 4).

(3) In dua l treatments , kiln drying is more deleterious than air
drying (refer to the Appendix).

— 
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For southern pine piles , it is concluded that:

(1) Dual treatment (ACA and creosote or CCA and creosote) or treat-
ment with ACA only are more deleterious to more mechanical properties
than treatment with creosote (refer to Table 4).

RECOMMENDATIONS

it is recommended that:

(1) In areas where piles are destroyed mainly by mechanical means ,
creosote-treated piles should be considered .

(2) In areas where piles are destroyed mainly by biological attack
and it is known that dual-treated piles will last sufficiently longer
than creosoted piles , the additional expense will be justified .

(3) Accurate records should be kept of randomly placed pile treat-
ments and of installation and removal dates so that a better selection
of treatments could be made.

I 
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Figure 1. Testing apparatus diag ram .
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Table 2. Types of Tests

Type of Test Abbreviation Units

Flexure :

Modulus  of R u p t u r e  NOR lb/sq in.

Modulus of Elasticity E
f million lb/sq in.

Energy Absorption p1. in. -Ib/cu in.

Compression :

Modulus  of R u p t u r e  Fc lb/ s q i n .

M o d u ]u s  of E l a s t i c i t y  E c m i l l i o n  l b/ s q  i n .

Energy Absorption p~ in. -lh/cu in.

9
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Table 3. Effect of Treatments on Flexural and
Compressive Properties of Piles

Treatment Properties Reduceda Comment

Fir and Pine Piles Equally Representedb

Creosote , ACA dual,
CCA dual , or ACA 

NOR , Ef~ and Pf --
ACA dual, CCA dual , F --or ACA C

Creosote or CCA dual MOR/$, Pf/$~ 
and

NOR E F nOR’~ 
Reduced more

CCA dua l ‘ f’ c’ ‘
~~

‘‘ than creosote
treatment

Reduced more
ACA dual F than creosote

treatment

Reduced more
CCA dual NOR and E

f than ACA dual
treatment

Fir Piles

Creosote , ACA , ACA NOR , E , ii , NOR/$, --dual , or CCA dual f f
and F / $

ACA , ACA dua l , or F --CCA dual c

NOR E F MOR l~ 
Reduced more

CCA dual ‘ V c ’ ‘S” than creosoteann F i$c treatment

Reduced more
ACA Pf~ 

Fc~ 
MOR/$, Pf1”$~ than creosoteand F

~
/$ treatment

Reduced more
CCA dual + kiln drying E

f and F~ than with
air drying

continued

- 
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Table 3. Continued

Treatment Properties Reduceda Comment

Fir Piles (continued)

Reduced more
Averaged CCA dua l and E than with
ACA dual + kiln drying f air drying

Reduced more
CCA dual NOR , Ef~ 

and ~lOR/$ than ACA dual
treatment

Pine Piles

ACA dua l , CCA dual , NOR --ACA , or creosote

ACA dua l, CCA dual, E --or ACA f

ACA dual or CCA dua l li f - -
Creosote, CCA or CCA ,,
d 1 M~R,.?, Pf~ 

and F

Reduced more
CCA dual JIOR/$ and F / $  than creosote

treatment

aA a result of the treatment.
bFor the treatments for which prices were available , pine had

a higher F
~
/$ than fir.

11
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Table 4. Average of Mechanical Properties of Piles a

N ~ _______ 

Flexura l Properties Compressive
Type of 

St E Strength
Treatment . MOR f Pf FPiles . 6 . . . c .(psi) (10 psi) (in. —lb/cu in.) (psi)

Fir and Pine Equally

Untreated 10 8,201 1.932 5.789 3,308
Creosote 10 6,406 1.597 3.819 -

ACA dual 20 5,418 1.553 2.944 2,935
CCA dual 20 4,006 1.306 2.888 2,878
ACA 10 5,577 1.477 3.312 2,824

Fir

Untreated 5 8,394 1.922 6.338 3,346
Creosote 5 6,862 1.584 4.202 -

ACA dual 10 6,111 1.537 3.059 2 ,714
CCA thial 10 3,844 1.171 3.364 2,333
ACA 5 5,620 1.416 2.078 2,462

Pine

Untreated 5 8,007 1.942 5.240 -

Creosote 5 5,950 - - -
ACA dual 10 4,725 1.568 2.829 -

CCA dual 10 4,167 1 .44 1 2.413 -

ACA 5 5 ,534 1.538 - -
CCA 5 5 ,410 - - -
avalues not included are those that did not lead to significant
differences , reported in Table 3.

•

1
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• Appendix

STAT ISTICAL ANALYSIS OF DATA

The raw data stemming from the testing at Forest Products Laboratory ,
Corvallis , Ore., is contained in Tables 5 and 6. Perusing these tables ,
the reader will note the large variations among the five replicates
(quintuplicates of common property and common treatment) in most of the
cells. So, when a diffe rence is noted between the means (averages) of
two different treatments , how can one be sure that this difference was
caused by the treatment and not by the vagaries of chance stemming from
the large natural variation from pile to pile? The answer is that one
cannot be sure ; however , one can analyze the data , making a test of
significance , and then refusing to draw a conclusion unless one is sure
wit.h 0.95 probability . In the analysis-of-variance summa ry tables in
this Appendix , one asterisk in the F column* means the corresponding
main treatment effect (or interaction effect) is real with 0.95 probab-
ility; two asterisks , with 0.99 probability; and three asterisks , with
0.999 probability.

First , a complete analysis of variance (Table 7) will be shown for
explanation to the reader; and then , to compress the volume of ..his
Appendix , only the results (the F column) for many analyses will be
displayed in the several tables to follow. The abbreviations used in
these tables in the Appendix are :

Source Abbreviation Source Abbreviation

Wood W Treatment T

Chemical C Interactions

Drying D Wood-Chemical WC

Experimental EE Wood-Drying WD
Error Wood-Chemical-Drying WCD

Wood-Treatment WT

Let’s consider the effect on NOR due to changing wood from pine to
fir , changing chemical treatment from ACA and creosote to CCA and creo-
sote, and changing the method of intermediate drying from kiln to air.
Forty piles were available for this. Table 7 presents the detailed
analysis.

*F (Fisher ’s F) is a ratio of estimated variances and is used to perform
tests of significance following an analysis of variance .
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The interpretation is - with virtual* certainty - that in the
environment of equal numbers of fir and pine piles and equal numbers of
kiln- and air-dried piles, CCA and creosote will reduce NOR more than
ACA and creosote will. Further , there is an additiona l interaction
effect on NOR between wood and chemical in that the additiona l reduction
caused by CCA is more pronounced for fir than for pine .

Table 8 relates to the same 40 piles considered in Table 7, but
relates to E~ , Pf~ 

F , and E
c additionally, 

omitting each analysis of
variance leaaing to €he computed F column shown . Missing entries in
Table B ~re for F values less than unity , where the effect , if any, was
hopelessly lost through experimental error. For the convenience of
those interested in lower levels of significance , for Table 8, the
probability levels and corresponding critical F values are listed as
follows :

Probability Level Critical F Values

0.70 1.11

0.90 2.87

0.95 4.15

0.99 7.50

0.999 13.2

Any computed F value equal or greater than the F associated with a given
probability passes the test for that probability.

From Table 8 alone and similar tables in this Appendix , where
significant effects are shown by asterisks , it is not possible to learn
which treatment caused the greater reduction in mechanical properties ,
but this information was determined and will be discussed later in the
Appendix.

Thirty-five pine piles were given the same set of seven treatments
as thirty-five fir piles. Data from these 70 piles were analyzed; the F
results can be found in Table 9; and their corresponding critical F
values are in Table 10.

Much of the treatment variation in Table 9(a) stems from the pre-
sence of 10 untreated piles. Thus Table 9(b) presents the F values when

• 10 untreated piles were excluded from the 70 piles.
Table 9(c) uses 20 piles to compare fir with pine and creosote only

with 2.5 lb/cu ft ACA treatment only. The significant WT interaction
for p

1 
is of interest: for fir, ACA reduces flexure energy-absorbing

capacity more than does creosote ; but for pine , creosote does more harm
than ACA.

Because kiln dryi~sg is disfavored by some, 40 non-kiln-dried piles
were used in Table 9(d) to compare four treatments. Table 10 shows
probability levels versus corresponding critical F for Table 9.

*The critical F for 0.999 probability is 13.16 (from statistical
tables) and the computed F (Table 7) was 13.69, even grea ter.
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Table 11 presents computed F’s for fir piles only . The original 35
fir piles represent seven different treatments. When the 5 untreated
fir piles are excluded , the remaining 30 piles represent six different
treatments . Table 12 shows the probability levels with corresponding
critical F values for the fir piles .

Table 13 presents computed F’s for pine piles only. The original
40 pine piles represent eight different treatments. When the 5 untreated
pine piles are removed , the remaining 35 piles represent seven treatments.

• Table 14 shows the probability levels with corresponding critical F
values for Table 13.

A careful study of the data indicates generally that creosote or
salt reduces the mechanical properties of piles. These treatments also
increase the cost of the piles. Available current prices (dollars per
foot) of pile are listed in Table IS; prices are based on fir delivery
to Port Hueneme, Calif., and pine to Norfolk , Va .

In order to examine MOR , p1, and F on a dollar basis by comparison
of the 12 possibilities (for which pric~s were available) listed inTable 15 , data from Tables 5 and 6 were simply divided by the figures in
that table to arrive at data on the random variables MOR/$, Pf/$~ and
F /$ .  These data were then analyzed , and Table 16 was developed from
tKe 40 piles available for fir and pine comparison , from the 35 fir
piles , and from the 25 pine piles , including and excluding untreated
piles. Table 17 presents the probability levels and critical F values
for Table 16.

To this point , this Appendix has been nearly limited to tests of
significance , which merely point to those areas where conclusions may be
found , without spelling out any conclusions . Needed now are statements
relative to how much better or poorer one class of piles is than another.
Tables 18, 19, and 20 meet this objective.

Because much information will be compressed into these tables, some
explanation of the format and meaning may clarify their interpretation .
First , the following is a list of abbreviations in alphabetical order
used in the tables:

A ACA
a Air-dried
C
F Fir
K Creosote
k Kiln-dried
2 Lover bound of 0.95 confidence interval for mean of R
N Best estimate of mean (average) of the random variable
P Pine
R Random variable (in every case, this will be the difference

between two treatment effects)
U Untreated
u Upper bound of 0.95 confidence interval for mean of R

The second column of Tables 18, 19, and 20 lists the particular
random variable. Every random variable listed is a difference ; for

15
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example , “K-A ,K” means the difference between the random variables
associated with creosoted piles and the corresponding random variables
associated with ACA and creosote-treated piles with equal numbers of
air- or kiln-dried . The number of piles used to obtain the entries in
the 2, Fl, p columns appear in the first column . For the example given ,
where both pine and fir were used , the first column will read 10x20;
i.e., 10 creosoted piles versus 20 dual-treated piles . Reference to the
experimental design shows just which piles .

The degree of confidence chosen before drawing a conclusion (finding)
is with probability 0.95. If one continued this philosophy , in the long
run less than 5% of the conclusions will be fallacious . An entry in the
N column is the best estimate of the difference of the average of a very
large number of piles treated in one manner minus the average of a very
large number treated in a second manner. Even though the entry is the
best estimate , it is a very poor estimate. To see how poor , one can
observe the width of the interval from 2 to p. The probability that
truth lies someplace between 2 entry and p entry is 0.95. Thus, i f one
abides by this philosophy , a conclusion will not be drawn when the 2 and
p entries are of opposite algebraic sign . For example , for Douglas fir
piles and for t~F (flexural energy-absorbing capacity in pound-inches per
cubic inch), 2.5 lb ACA/cu ft of sapwood will reduce li f 

more than standard
creosote treatment. Exactly how much more reduction would be experienced
on the average from a very large number of each kind of pile is unknown .
The best estimate is 2.1 in.-lb/cu in. With 0.95 probability , the truth
lies somewhere between 0.4 and 3.9.

16 
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Table 7. Analysis-of-Variance Suimnary for NOR

Degrees Sum of MeanSource of F
Squares SquaresFreedom

W 1 2824922 2824922 1.95
C 1 19951562 19951562 13.69***
D 1 3312002 3312002 2.29
WC 1 7301705 7301705 5•05*
WD 1 6502 6502
CD 1 366734 366734
WCD 1 364 16 364 16
EE 32 463289 12 1447778

TOTAL 39

Table 8. F Values From Analyses of Variance

Degrees F
Source

Freedom MORa Ef Pf F
~ 

E
~

W 1 1.95 3•32 2.21 28•00*** 26.74***
C 1 13.69*** 8.90**
D 1 2.29 1.23 1.68 1.11
WC 1 5.05* 2.09 5.03* 1.51
WD 1 3.96 2•07 1.67
CD 1 2.61 2.58
WCD 1 4.65* 1.43
EE 32

TOTAL 39

a
R~~~~~~d from Table 7.
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Table 9. Computed F Values From Analyses of Variance

Source DOF
MOR E~ I_If 1

(a) 70 Piles (35 Fir, 35 Pine) 
____________ ______________

W 1 262  2.98 29 4”’ 31.73”
‘I’ 6 12.81’’’ 5.98’ 4.72’ 3.06’ 1.61
WT 6 1.17 160 3.57” 1.56
FE 56

Total 69

(b) 60 Piles, Untreated Piks Excluded

W I 
- 

4J5* 1.59 31.0”
T 5 3.15’ 1.41 1.38
w-r 5 1.68 2.37 1.56

Total 59

(c) 20 Piles (Comparison of Pine With Fir and Creosote Only With
2.5 lb/cu ft ~ CA Treatment Only)

W 1 1.05 13 6  1048’’ 4 8 3 ’
T 1 2.90 2.19 1L09” 5.99’
WT 1 4.92’ 2.00

Total 19

(d) 40 Piles (Comparison of Four ‘f rcatments: Creosote Only; Creosote,
Air Dry , ACA; Creosote , Air Dry, CCA; and ACA Only)

— 

W I I 1.71 18.1”
T 3 J 4.40’ 2.88 3.41’ 2.85
Wi’ 3 1.07 3.79’
FE 32

Total 39

Tab!e 10. Probabilit~’ Levels Versus Critical F Va lues for Table 9

Critical F Values

Probability (a) 70 P~lCSa (b) 60 p~k5a (d) 40 pIlCSa
Level

T and w 1’ and (c) w 
w T and

WT WT WT

0.70 1.09 1.24 1.10 1.25 1.15 1.11 1.26
0.90 2.80 1.88 2.82 1.98 3.05 2.87 2.27
0.95 4.02 2.26 4.04 2.41 4.49 4.15 2.90
0.99 7,1 1 3.14 7.19 3.43 8.53 7.50 4.46
0.999 12.1 4.40 12.3 4.95 16.1 13.2 7.05

~~~ 
0 (a) (h), (c), and (d) refer to Table 9.
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Table 11. Computed F Values From Analyses of Variance

Degrees F
Source of

Freedom MOR E
f Pf F E

(a) 35 Fir Piles

T 6 12.23*** 8.59*** 5.63*** 5.30*** 1.91
EE 28

TOTAL 34

(b) Fir Piles, Untreated Piles Excluded

T 5 7.6l*** 5.32*** 2.33 4.35** 2.13
EE 24

TOTAL 29

Table 12. Probability Levels Versus Critica l F Values for Table 11

Critical F Values
Probability

Level . - a
35 piles 30 Piles

0.70 1.28 1.29
0.90 2.00 2.10
0.95 2.45 2.62
0.99 3.53 3.90
0.999 5.24 5.98

aFive untreated piles excluded .
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Table 13. Computed F Values From Analysis of Variance

Degrees F
Source of

Freedom MOR Ef Pf f Fc I E
~

(a) 40 Pine Piles

T 7 3.17* 1.54 1.63 1.29 1.28
EE 32

TOTAL 39

(b) Pine Piles , Untreated Piles Excluded

T 6 1.31 1.28 1.67
EE 28

TOTAL 34

Table 14. Probability Levels Versus Critical F Values
for Table 13

Cr itical F Values
Probability

Level 40 piles 35 pilesa

0.70 1.27 1.28
0.90 1.92 2.00
0.95 2.31
0.99 3.26

aFive untreated piles excluded .

I

I,
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Table 15. Cost of Fir and Pine Piles

Cost, $/f t
Treatment

Fir Pine

Untreated 4.25 4.40

Creosote 5.50 5.50

Creosote , air-dried , ACA 6.78 -

Creosote, kiln-dried , ACA 6.78 -

Creosote, air-dried , CCA 6.50 6.50

Creoso te, kiln-dried , CCA 6.50 6.50

ACA 6.27 -

CCA - 6.80

27
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Table 16. Computed F Values From Analyses of Variance

Fa
Source DOE

MOR/$ I~
/ $  FC/S

(a) 40 Piles for Comparison of Fir and Pine Piles

W 1 2.45 10.9”
-r 3 126.5’’’ 13.5’’’ 36.4’’’
WT 3 5.49
EE 32

Total 39

(b) 30 Piles (10 Untreated Piles Excluded From Item (a) Above)

W 1 2.39 30.7”
1’ 2 41.5’’’ 4.42’ 24.4”’
Wi’ 2 1.55 6.71’’
El 24

lotal

(c) 35 Fir Piles

‘1’ 6 36.9’’’ 13.5 ’’’ 21.5’’’
F 28

Total 34

(d) 30 Fir Piles (5 Untreated Piles Excluded From Item (c) Above)

T 5 11.5’” 3.20’ 8.41’”
EE 24

Total 29

(e) 25 Pine Piles

T 4 10.5’’’ 3.81’ 6.58 ”
FE 20

Total 24

(f) 20 Pine Piles (5 Untreated Piles Excluded From Item (e) Above)

T 3 4.52’ 1.31 3.37’
EF. 16

Total 19

a * indicates at least 0.95 probability; ‘‘. 0.99 probability; “‘, 0.999
probability.

Table 17. Probability Levels Versus Critical F Values for Table 16

Critical F Values

Probability (a) 40 Piles0 (b) 30 Piles0
Level - a

T and T and (f) 20 Pine Piles
W WT W

0.70 1.11 1.11 1.12 1.27 1.33
0.90 2.87 2.27 2.93 2.54
0.95 4.15 2.90 4.26 3.40
0.99 7.50 4.46 7.82 5.61
0.999 13.2 6.96 14.0 9.34

a (a), (b), (f) refe r to Items (a), (b), and (f) of Table 16.
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Ht Ml- I) (‘ode 4 ) - I  )(‘I)R Nichols) W ash , IX’
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HURL- AU 01: RE(’ l.AMA l ION (‘ode 15 12 )C Selander) Denver CO
(IN (‘I -S. N I (i ’s I) Engr. Supp. Plo Ii’ - Ofr Norfolk. V A
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C0S.IFI E A(-T . () KINAWA Commander , Kadena Okinassa: PWO . Ka dena. Okina~~a
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KWAJAI EIN MISRAN H%IDSC.RK1 -C
M A R I N E  (‘ORPS BASE (‘amp Pendleton CA 92055: Code 43-260. Camp t ejeune NC: M & R Division, Camp Lejeune
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Field ( ‘S.: KOI( ( Ke~ West 1- I.: S(’E Font Fleet Norfolk. V A :  S(’E Norfolk, VA: S(’F Barbers Point HI
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Utilities Engr Off. )I.TJG ‘S. S. Ritchie). Rota Spain
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NAVSUPPA(1’ (‘0, Brooklyn NY: CO. Seattle ~ A: Code 4. 12 Marine (‘orps Dist . Treasure Is ., San Francisco (‘A:

(‘ode 413. Seattle WA: Engr. Div (F. Ntollica). Naples lt a lv:  I.TJG McGarrah. VaIIejo CA: Plan/Engr l)iv.. Naples
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N( I( 20. (‘omniander
N( S() BAHRAIN Se ,~ur it ’ . Offr . Bahrain
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PHIBCB I P&E, Coronado. (‘A
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PW(’ ..N(’F Office U.TJG St . Germain) Norfolk VA:  (‘(I Norfolk . VA:  CO. Great t akes Ii.: Code I 2(( , Oakland (‘A:

(‘ode 1 20(’ ( l ibrary) San I)icgt -s . CA: Code 128. Guam: Code 20(1. Great Lakes IL: (‘ode 200. Guam: Code 200.
Oakland (‘A: (‘ode 220 Oakland, (‘A: (‘ode 220 .1, Norfolk VA: (‘ode 40 (C. Kolton) Pensacola , FL: (‘ode 4(X).
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L(”f TV. ( ) ()I(’, Port H ueneme (‘A
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USAI S(’H(X)t. OF AEROSPACE Ml- I)I(’INE H’.perharic Medicine Di’.- , Brooks AFB. IX
LS( ’G )G-E ( N)  Washington t)c : (G-ECV/61 ) (Hurkhart) Washington . I)C: (i’EOE-4/61 (I . I)ossd). Was hington IX’
USCO A(’Al)FNIY 1.1 N. Stramandi, Ness london CT
L SC(, R&D(ENTER l’ech. Dir . (iroton. CT
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( - N I IF. MAR1 1 INIF A( ’AI )hMi Valleji ’ , (‘A (L.ihrars I
(‘AI.IFORNIA SlA IF U N IVI- RSITY tON G BEACH . (‘A t (H EI.APATI
(ORNEI.t.  U- NIVERSIFY Ithaca N’s (Serial’. l)ept, Engr l.ih.
D..NMh:S & M(X )Rl. I IHRARY I OS A N G E I I S . C- S.
I)UKl- ( NIV MEDIC -N I Cl- N FER B. Nluga, l)urham NO
El ORII).’S. -VI I ANFI( UNIVERSITY B(K ’A RATON . h-I  tM( ALl IS IER) : Boca Raton FL (Ocean Engr Dept., (‘.

U in)
Fl.ORII)A ATI.AN I It’ (N IV I .RSIIY hloc,s Raton Ft ,V. . Iessin(
II ()RII)A IE( HNOI,00ICAI. ( ‘NIVERS IIY 01(1 ..S.NIX), II. (HARTMAN (
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It.L,INOIS STATE GEO. SURVEY Uthtna II.
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MAINE MARITIME ACADEMY (Wyman) (‘ast ine ME: CASTINE , ME (LIBRARY)
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NI I ’F CamI~idge MA: Cambridge MA (Rm 10-500. Tech. Reports, Engr. ( its ,): Cambridge MA (Whitman)
NATI. ACADEMY OF ENG, ALEXANDRIA . VA (SEARLE . iRS)
NEW MEXICO SOLAR ENERGY INST. Dr . Zssibel Las Cruce s NM
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UN IV . NOIRE I)AME Katona . Notre Dome. IN

35

-~~~ — - - - -~~~~~~~- - -~~~~~-. — ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
. - .

~~~~~~~~~~~~~~~~~~~
. .  .~~~~ . . , ,



_ _ _ _ _ _ _ _ _  ~~~~~~~~~~ ‘~~~~ ‘~~~~~~~~~~~~~ — -— ~~~~~~-~~~~------ -~~ -~~~~~~~~~~~~-~~~~~~~ -— ~~~~ - -~~~-~~--~~-

OREGON SI.-’s FE UNIV I- RSI F’s- ICE I)ept (,i,ice t ( sirsa lli’ ., OR: (‘ORVAI.l lS, OR ((‘F lM-:pr. lI l(KS,: ( orsa lis
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