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SUMMARY 


Foundation piles are used to support structures resting on soils 
having insufficient bearing strength to support footings for any but 
the lightest loads. Current practice is to design wood piles for 
loads of 15 to 25 tons when load tests are not conducted and for 
loads of 40 to 50 tons are justified by the load test. These higher 
loads produce stresses that approach the allowable stresses for 
green sawn timbers. Data are needed to verify that the higher 
design stresses are justified for timber piles. 

This study was conducted in two parts. In Part 1, strength 
properties in compression parallel to the grain and in bending 
were dertermined for 15 timber piles of each of 3 species--
Douglas-fir, southern pine, and red oak. The results of these 
evaluations indicated the following average tip end crushing 
strengths: read oak 3,460 p.s.i., Douglas-fir 2,960 p.s.i., and 
southern pine 1,820 p.s.i. The three species ranked in the same 
order for modulus of rupture. In Part 2, the effect of kiln-drying 
of southern pine piles on crushing strength was investigated. Kiln-
dried piles had about 12 percent less crushing strength than green 
piles when both were evaluated at the same moisture content. 

The strength values obtained in this study given an indication of 
the loads for which timber piles may be designed. The results 
should be useful in the development of timber pile specifications. 
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INTRODUCTION 
Foundation piles are used to support structures 

resting on soils having insufficient bearing 
strength to support footings for any but the light-
est structures. Piles are also used to support 
piers, docks, and trestles. One of the more 
practical and economical piles is the round, 
tapered timber pile which has been preservative-
treated. 

Test loads applied in accordance with proce-
dures established by local code authorities or 
other governing bodies provide the best means of 
determining safe loads lor pile foundations. Wood 
piles in loading tests have sustained loads as 
high as 100 tons per pile without exceeding 
acceptable settlement limits and without appar-
ent damage. Experiences of this kind have con-
vinced many engineers that wood piles can be 
successfully driven and used to support loads of 
up to 40 or even 50 tons. This contrasts sharply 
with the past practice of using wood piles with 
bearing values in the range of 15 to 25 tons only. 

Allowable working stresses in compression 
parallel to grain for green sawn timbers range 
from about 1,800 pounds per square inch in the 

highest grades of dense species down to 600 
pounds per square inch in the lower grades and 
less dense species. Fifty-ton bearing values on 
piles of minimum size can far exceed the maxi-
mum stress values if most of the load is carried 
in bearing at the tip of the pile. 

Round timber piles are subjected to impact 
compressive stress in driving that may exceed 
the static stresses. At present, little is known 
about the compressive strength of wood under 
impact loading. Techniques for observing stresses 
during driving of piles are complex, and the 
determination of impact strength of full-size pile 
sections is difficult; however, the impact strength 
of 1- by 1-inch small clear specimens is readily 
determined and can possibly be used to give an 
indication of the impact strength of full-size 
piles. 

Wood piles in marine structures project above 
the surface of the ground, where they are sub-
jected to lateral loading from wind, waves, or 
moving vessels. Wharf or fender piles are 
designed to absorb the energy of collision of a 
moving vessel without damage to the piles or the 
vessel. Piles in many railway or highway bridges 
also project above ground, where they resist 

1 This research was was conducted in cooperation with the American Wood Preservers Institute. 
2Maintained at Madison, Wis., in cooperation with the University of Wisconsin. 



lateral forces from wind, stream flow, or from 
the braking or centrifugal forces of moving 
vehicles. Sometimes piles are driven through 
strata that provide little or no lateral support, 
in which case they must be designed as long or 
intermediate columns. Therefore, to design piles 
for all possible uses, compression parallel to 
grain strength, bending strength, and modulus of 
elasticity in bending are all important qualities. 

Published information on the strength of timber 
piles is extremely limited. Pile specifications do 
not contain specific or required strength values. 
Occasionally, codes and design specifications 
give recommended or allowable working stresses 
in compression parallel to grain, but these may 
range from 800 to 1,200 pounds per square inch 
for the same species and grade of pile. 

These circumstances clearly indicated the 
need for a study of the compressive and bending 
strength values of round limber piles. Accord-
ingly, the U.S. Forest Products Laboratory, in 
cooperation with the American Wood Preservers 
Institute (AWPI), conducted a research program 
in this specific field. 

This report is presented in two parts. Part 1 
gives the results of strength tests of three 
species of round timber piles. Part 2 gives the 
results of a second study to determine the effect 
of kiln-drying on the strength of southern pine 
piles. 

BASIC REFERENCES 
AND SPECIFICATIONS 

A basic reference on the design of pile founda-
tions is by Chellis (7).3 In this text, thefollowing 
items are discussed--the forces that a pile must 
withstand, such as direct load, impact, and bend-
ing forces; conditions of support in the different 
soil strata; conditions of fixity due to caps and 
bracing; the driving of timber piles; and related 
problems. Recommended working stresses for 
timber piles, however, are not given. 

Alexander (1) discusses the function of a pile, 
differences in pile specifications, and many other 
related factors, including: Relative strength and 
stiffness of various wood species (in static bend-
ing) used for piles; vertical or lateral static and 
impact loading; imposed stresses in bending, 

tension, and compression: types of support. 
required for piles; and the effect of preservative 
treatment on mechanical strength. In an article 
by Wilson (12), the same general factors are 
discussed and some recommended limitations on 
the size of knots and spiral grain are given. 

Many load tests, such as those reported by 
the American Wood Preservers Institute (6) have 
been conducted on timber piles. From these tests, 
design loads of 40 to 50 tons have been deter-
mined as safe. Loads up to 150 tons have been 
imposed on many of the piles before failure. 

Specifications for timber piles are given in 
the American Society for Testing and Materials 
(ASTM) Standard D 25-58 (3). Dimensions for 
classes A, B, and C piles are presented, as well 
as limitations on knots, spiral grain, and crook. 
However, methods to determine allowable stress 
are not given. 

A few of the building codes give allowable 
stresses for timber piles but values vary among 
the individual codes. For example, the National 
Building Code (2) allows 850 pounds per square 
inch in compression for such species as Douglas-
fir (Mountain region) and western hemlock, and 
1,200 p.s.i. for Douglas-fir (Coast region), oak, 
and southern pine; the Uniform Building Code (8) 
allows 60 percent of the basic stresses as pre-
sented in ASTM D 245 with a maximum of 1,000 
p.s.i.; and the Southern Standard Building Code (9) 
allows 1,200 p.s.i. for Douglas-fir, southernpine, 
and oak. 

PART 1: 

STRENGTH EVALUATIONS 


Objective of Study 

This research was designed to evaluate the 
static and impact compressive strength parallel 
to grain on small clear specimens and the com-
pressive strength, static bending strength. and 
modulus of elasticity in bending of creosote-
treated Douglas-fir, southern pine, and red oak 
piles. 

3 Underlined numbers in parentheses refer to Literature Cited at the end of this paper. 
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Specimen Material 

The species selected lor this study--Douglas-
fir, southern pine, and red oak--were chosen as 
being the more popular of the species used for 
timber piles. Fifteen class B piles, 50 feet in 
length, were evaluated for each of the three 
species. All were pressure-treated with creosote, 
and had a moisture content above fiber satura-
tion. The Douglas-fir, southern pine, and red oak 
piles were obtained from commercial treating 
plants in Washington, Mississippi, and Illinois, 
respectively. 

Quality 

Upon receipt, the piles were checked to assure 
conformance with the requirements for class B 
piles as set forth in ASTM Standard D 25-58 (3). 
Table 1 gives class B size requirements for 
50-foot piles, and measurements of the average 
and range of diameters of the specimens. All of 
the Douglas-fir, 13 of the oak, and 12 of the 
southern pine met or exceeded the size require-
ments for class B piles. 

The Douglas-fir and southern pine piles were 
clean-peeled (machine-peeled) and had a fairly 
uniform taper. The red oak piles were rough-
peeled (hand-peeled) and had a rather ragged 
appearance and nonuniform taper. All piles met 
the requirements for straightness. 

All knots were measured. In class B piles, 
50 feel or less in length, sound knots shall be no 

larger than 4 inches or one-third the diameter of 
the pile at the point where they occur, whichever 
is the smaller; also, the sum of all knots in any 
foot of pile length shall not exceed twice the size 
of the largest permitted single knot. 

The largest single knot and the largest sum of 
knots for each pile are given in table 2. Ten of 
15 southern pine, all the Douglas-fir, and only 5 
of the 15 red oak piles met the requirements for 
single knot size. At times, the extent of a knot 
was difficult to determine for the oak piles 
because of the rough peeling. Fourteen of 15 
southern pine, 4 of 15 Douglas-fir, and 13 of 15 
red oak piles did not meet the requirement for 
summation of knot sizes. In most instances, the 
large knots were located in that portion of the 
length toward the tip end. ASTM D 25-58 permits 
larger knots in this portion of the length in piles 
over 50 feet in length; thus, the piles used in this 
study were on the border between two different 
requirements as to knot sizes. 

The piles were also examined for spiral grain 
and were found to conform to the requirements 
of ASTM D 25-58 in this regard; thus, spiral 
grain was not considered to have any effect on the 
results of this study. 

Preservative Treatment 

According to the records furnished by the 
preservative treating plants, all piles were 
creosote-treated in accordance with the American 
Wood-Preservers’ A s s o c i a t i o n  specification 
AWPA C3-64 (5). The treating, records indicate 

Table 1 .--Diameters of 50-foot pile specimens compared to the requirements 
of ASTM D 25-58 for Class B piles 
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Table 2.--Surnmary of knot sizes in 53-foot piles1 
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that the southern pine piles were steam condi-
tioned at 245° F. for 15 hours. This conditioning 
has been shown to reduce the modulus of rupture 
of southern pine (13). The piles were treated at 
a pressure of 200 p.s.i. and at a temperature of 
200° F. for 3 hours. This resulted in a net creo-
sote retention of 12.25 pounds per cubic foot, 
compared to a required retention of 12 pounds 
per cubic foot. The sapwood was completely 
penetrated. 

The Douglas-fir piles were conditioned in the 
preservative at a temperature of 190° F. and 
22 inches of vacuum for 14 hours. Treatment 
was at 180° F. and 140 pounds per square inch 
pressure for 3.25 hours. The net retention was 
12.55 pounds per cubic foot, as compared to a 
required relention of 10 pounds per cubic foot. 
The depth of treatment was at least 0.75 inch, 
and penetration was fairly uniform. 

The oak piles had a net retentionof 11.3 pounds 
per cubic foot, as compared to the required 
retention of 6 pounds per cubic foot. The sapwood 
was completely penetrated. No record of treat-
ment was obtained for this group of piles. 

Specimen Preparation 

Figure 1 shows the cutting diagrams for 
obtaining specimens from the piles. A 3-foot 
compression specimen was obtained from both 
the butt and tip end of each pile. The center 
40 feet of each pile was evaluated in static bend-
ing. Before testing, the location and size of knots 
were determined, specimens weighed, and mois-
ture readings taken with an electrical-type mois-
ture meter to make sure that each specimen was 
at a moisture content above the fiber-saturation 
point. 

Small clear straight-grained specimens, 1 by 
1 by 4 inches, were obtained from a portion of 
the pile adjacent to the pile compression speci-
mens (fig. 1). Those obtained from one side of 
the pith were loaded statically to obtain their 
crushing strength and modulus of elasticity. 
Specimens from the other side of the pith were 
evaluated under impact loading. 

Small clear bending specimens, 1 by 1 by 
16 inches, were then from each pile after failure. 

Figure 1 .--Cutting diagrams for obtaining specimens from piles. M 130 961 
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They were obtained as close to the failure as 
possible, usually toward the tip end of the pile. 
One specimen was taken from the tension side of 
the pile and one from the compression side, as 
shown in figure 1. 

Test Methods 

The development of special procedures and 
test methods was necessary to determine the 
strength properties of full-size pile sections in 
compression parallel to the grain and in bending, 
because standard test methods have not as yet 
been established. The procedures and test meth-
ods used in this study for determining compres-
sive and bending strengths, and also specific 
gravity and ring count, are described fully in the 
following three subsections. 

Compressive Strength 

In developing a method for testing full pile 
sections in compression parallel to grain, a 
series of exploratory tests was made to study 
test variables that could affect the strength. The 
possible effect of lateral earth pressure was 
studied first. Using small clear specimens (11), 
it was found that lateral pressures of the magni-
tude to which piles are subjected had no signifi-
cant effect upon the maximum crushing strength, 
proportional limit fiber stress, or modulus of 
elasticity in compression parallel to the grain 
for either Douglas-fir or red oak. The investiga-
tion of the effect of different end-bearing condi-
tions on the test specimen indicated that placing 
a hard rubber mat on each end tended to cause 
a separation between the summerwood and spring-
wood, resulting in a reduction in the compressive 
strength. More realistic failures and higher 
strength values were obtained using steel bear-
ing plates on each end. From these exploratory 
studies it was decided to evaluate the pile sec-
tions without lateral pressure and with steel 
bearing plates. Before loading, the specimens 
were banded on both ends with 3/4-inch steel 
strapping (fig. 2). 

The method of loading pile sections for evalu-
ation of compressive strength parallel to the 
grain is shown in figure 3. The 16-inch-square 
rockers were installed at 90° to each other to 
compensate for any nonparallelism of the ends 
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Figure 2.--Banding of pile compression 
specimens with 3/4- inch steeI strapping 
to prevent brooming of ends during 
loading. 

M 129 886 

Figure 3.--Method of loading pile sections 
for evaluation of compressive strength 
parallel to the grain. 
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of the specimens. This insured full bearing on 
both ends of the specimens. Load was applied at 
a constant head movement rate of 0.028 inch per 
minute. Strains were measured over a 24-inch 
gage length, using two dial indicators reading to 
0.0001-inch. 

The arrangement of equipment for impact load-
ing of 1- by 1-inch specimens is shown in fig-
gure 2. A 51-pound weight was dropped from a 
height sufficient to cause failure of the specimen 
with a single drop. Load was measuired with a 

capacitance-type load cell. The oscilloscope trace 
of load versus time was recorded on film. 

Bending Strength 

A nearly constant stress between the load 
points was desired for the bending strength deter-
mination. This was accomplished by making the 
loads proportional to the section modulus at each 
load point. The section moduli were based on the 

Figure 4.--Arrangement for impact loading of 1- by 1-inch specimens. A 
I51-pound weight was dropped from a height sufficient to cause specimen failure with a 

single drop. Load was measured with a capacitance-type load cell. 

M 130 505 
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average taper of all the piles. This proportion-
ing resulted in the theoretical stress distribution 
from imposed loading shown in figure 5. 

The loading arrangement for the static bending 
test of 40-foot pile sections on a 36-foot span is 
shown schematically in figure 5. The quarter-
point loads were applied through double I-beams 
20 feet in length. The load from the testing 
machine was applied to the I-beams at a distance 
of 6.65 feet from the load point nearest the butt 
end of the pile. This resulted in the proper pro-
portioning of the loads. An upward counterbalanc-
ing force was applied to the long portion of the 
I-beam, thus eliminating the need for considering 
the weight of the I-beam in pile strength calcula-
tions. Allowance was made for the shortening of 
the span as the pile was loaded by providing for 
horizontal movement at both reactions and at one 
of the load points. Load was applied through con-
tinuous motion of the movable head of the testing 
machine at a rate of 0.773 inch per minute. The 
tip reaction of the pile was accurately measured 
by a hydraulic load cell reading to the nearest 
5 pounds. Deflections were measured at each of 
the load points with scales and a taut wire as out-
lined in ASTM D 198-67 (4). 

Figure 5.--TheoreticaI stress distribution 
from imposed loading in pile bending 
test. P1 was made larger than P2 accord-
ing to the average section modulus at 
each load point. 

M 130 962 

Specific Gravity and Ring Count 

Two 1-inch disks were obtained from each end 
of the piles. One of the disks was used to meas-
ure percent summerwood and ring count. The 
other disk was divided into six pie-shaped sec-
tions (fig. 1); alternate sections were used lor 
specific gravity determinations. Volumes were 
obtained by immersion, and weight of wood sub-
stance was determined by extracting the creosote 
and water from the specimens. 

Discussion of 

Compressive Strength Parallel 
to the Grain 

The results of the parallel to the grain strength 
tests of 3-foot sections from the butt and tip ends 
of each pile are presented in tables 3 through 8. 
The three species had these average crushing 
strengths: 

Tip Butt 
(p.s.i.) (p.s.i.) 

Red oak 3,460 3,620 
Douglas-fir 2,960 3,590 
Southern pine 1,820 2,950 

There was considerable difference between the 
crushing strengths of the butt and tip ends of the 
piles. The average difference ranged from 1,130 
p.s.i. for the southern pine to 160 p.s.i. for the 
red oak. The butt ends were always the stronger. 
This difference can be attributed partially to the 
difference in specific gravity between the butt 
and tip ends of the piles, The average specific 
gravity values for each species were: 

Tip Butt 

Red oak 0.67 0.62 
Douglas-fir .47 .51 
Southern pine .48 .53 

The tip sections of red oak piles had higher 
specific gravity values on the average than the 
butt ends. In general, this is characteristic of 
hardwoods. 
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Table 3.--Results of compression parallel to grain tests of 3-foot sections from the 
butt end of southerrn pine piles 

Table 4.-.-Results of compression parallel to grain tests of 3-foot sections from the 
tip end of southern pine piles 
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Table 5.--Results of compression parallel to grain tests at 3-foot sections from the 
butt end of douglas-fir piles 

Table 6.--Results of compression parallel to grain tests of 3-foot sections from the 
tip end of Douglas-fir piles 
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Table 7.--Results of compression parallel grain tests of 3-foot sections from the 
butt end of red oak piles 

Table 8.--Results of compression parallel to grain tests of 3-foot sections from the 
tip end of red oak piles 
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The remainder of the difference in crushing 
strength between butt and tip sections may be 
related to the difference in size and number of 
knots. As previously stated, the largest concen-
tration of knots was found toward the tip end of 
the piles. The averages of the largest single 
knots and the averages of summation of knots in 
1 foot of length for the pile compression speci-
mens of each species are given in table 9. The 
effect of knots on the crushing strength of the 
red oak piles was partially counteracted by the 
higher specific gravity of the tip sections; thus, 
the red oak butt and tip sections had crushing 
strengths that were nearly equal. 

Table 9.--Average kno t  s i z e s  f o r  p i l e  compression 
specimens 

The values of crushing strengths for the 
southern pine piles were considerably less than 
those for the other two species. The lower values 
may be due to the 15 hours of steam conditioning 
at 245° F. In the ASTM wood pole research 
program (13), compression parallel to grain 
tests of small clear specimens from longleaf 
pine poles showed that this conditioning caused 
a 15 to 25 percent loss in strength. An increase 
of 25 percent in the crushing strength values of 
the southern pine piles would make them compare 
quite favorably to those for the Douglas-fir piles. 
Under most conditions, these two species have 
similar strength properties. 

Modulus of elasticity in compression parallel 
to the grain was obtained for each of the pile 
specimens. Again, as with the crushing strengths, 
the butt sections had higher values than the tip 
sections. The average values for the three 
species were: 

Tip Butt 
(p.s.i.) (p.s.i.) 

Red oak 1,610,000 2,120,000 
Douglas-fir 1,710,000 2,200,000 
Southern pine 1,100,000 1,810,000 

Modulus of elasticity value of a few of the 
specimens were difficult to obtain because of the 
lack of a linear portion in the load compression 
curve. This nonlinearity could possibly be attrib-
uted to the knots, which act as semihinges. A 
typical load-compression curve for 3-foot pile 
sections is shown in figure 6. 

Figure 6.--Typical load-compression curve 
for 3-foot pile sections. 
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The number of annual rings from the pith to 
the bark was obtained for each compression speci-
men and is given in tables 3 through 8. The num-
ber of rings shows that the Douglas-fir piles 
came from older trees than did the piles of the 
other two species; also, that the Douglas-fir 
piles had a greater difference in the number of 
rings in the butt and tip sections. The Douglas-
fir piles had an average of 68 rings for the butt 
sections and 45 rings for the tip sections. Red 
oak piles averaged 40 rings for the butt sections 
and 27 rings for the tip sections, while the southern 
pine piles averaged 40 rings for the butt sections 
and 21 rings for the tip sections. Typical cross 
sections used in obtaining these ring counts are 
shown in figure 7. 

Typical failures of pile compression specimens 
are shown in figures 8 and 9. In general, the tip 
sections failed by crushing of the fibers around 
and between knots. The butt sections either failed 
by crushing of the fibers around a knot, when a 
knot was present, or on a 45° shear plane. Some 
of the butt specimens failed by crushing of the 
fibers near the steel banding on the small end of 
the specimen. 
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Figure 7.--Typical cross sections from butt end (left) and tip end (right) of test piles. 
The top row (P5) is southern pine, center row (D15) is Douglas-fir, and bottom row 
(04) is red oak. 

M 130 967 
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Figure 8.--Typical compression failures in butt sections of test piles: (left) southern 
pine, specimen P6; (center) Douglas-fir, specimen D8; and (right) red oak, specimen 011. 

Figure 9.--Typical compression failures in tip sections of test piles: (left) southern 
pine, specimen P13; (center) Douglas-fir. specimen D10; and (right) red oak, specimen 02. 



Compressive Strength of Small 
Clear Specimens 

Small clear specimens, 1 by 1 inch in cross 
section, were evaluated under static and impact 
loading. These loadings were made on speci-
mens taken from opposite sides of the pith (see 
fig. 1). The specimens were matched so they 
contained the same annual rings. 

In table 10, the results for the small clear 
specimens are resented and compared with the 
results obtained on the full-size pile sections. 
All specimens were tested at a moisture content 
above the fiber saturation point. Specific gravity 
values were not obtained for the small clear 
specimens. 

The static compressive strengths for the pile 
sections were 2 to 15 percent less than for the 
small clear specimens. The larger differences 
were for the tip sections. This was expected, 
since the largest concentration of knots was in 
the tips. A comparison of the values for the tip 
and butt sections of each species shows the effect 
of specific gravity. The butt specimens had 
higher compressive strength than the tip speci-
mens for Douglas-fir and southern pine, while 
the tip specimens had the higher compressive 

strength for the red oak. This was in the same 
relation as the specific gravities of butt and tip 
pile sections. 

The moduli of elasticity (E values) in compres-
sion of the pile tip sections and their small clear 
specimens were nearly the same. The pile butt 
sections, however, had considerably higher 
values than their small clear specimens. Part of 
the reason for the lower E's of the small clear 
specimens may be due to the way they were 
selected from the cross section (fig. 1). It has 
been found that the stiffer and stronger material 
in a tree is toward the outside, and this outside 
portion represents a large percentage of the 
cross section of a pile. The small clear speci-
mens tested in this study contain a larger per-
centage of the weaker inner part of the cross 
section than is contained in the pile, since only 
two small clear specimens could be obtained 
from a 7-inch-diameter pile. 

Maximum impact strengths for 1- by 1-inch 
specimens were calculated from load versus 
time plots. A typical plot is shown in figure 10. 
Measurement of the load on the end of the speci-
men opposite the applied force resulted in the 
recording of some internal wave action on the 
plots; thus, the highest peak was not interpreted 

Table 10.--Comparison of properties of small clear compression parallel to grain specimens 
with those obtained on pile tips and butts1 
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Figure 10.--Typical load-time curve for 
1-     by     1-inch  impact-compression speci-
mens. The sweep time was 0.5 milli-
second per centimeter and the calibrated 
vertical distance between points A and 
B is equal to 8,000 pounds. 

M 130 964 

as the maximum applied load. The maximumload 
was found by drawing smooth curves through the 
loading and unloading portions, and the inter-
section of these curves was assumed to be the 
maximum load. The value of this load was deter-
mined by comparison with the calibrated distance 
shown on the plot. 

In comparing the relative strengths of small 
clear specimens under impact and static load-
ing, the pile material was found to have approxi-
mately 2.5 times greater crushing strengthunder 
impact loading. Actual values ranged from 1.86 
to 3.24 times the strength values obtained under 
static loading. The rate of loading for the impact 
test was such that the maximum load was reached 
in approximately 0.25 millisecond. The increase 
in strength was in general agreement with previ-
ous data on the effect of rate of loading and 
appeared to be independent of species. 

Bending Strength 

The results of the bending tests on the center 
40-foot length of each pile are presented in 
tables 11 through 13. For all tests, the moisture 
content of the piles was above the fiber satura-
tion point. 

An equation for the bending modulus of elas-
ticity was derived that involved the summation 
of the two deflections at the load points. The 

equation is: 

where E is bending modulus of elasticity, 
L is span (in this study, L = 432 inches), 
RT is reaction at the tip end. of the pile, 

∆1 is deflection at the load point nearest 
tip, 

Δ2 is deflection at the load point nearest 
butt, 

DT is diameter of the pile at the tip 
reaction, and 

A is 
DB , where D is the diameter of 
DT B 

the pile at the butt reaction. 

This formula is valid only for quarter-point 
loading and when the loads are proportioned so 
that the load nearest the butt end is 1.71 times 
the load nearest the tip end of the pile. A com-
plete derivation of this formula is given in 
Appendix I. 

Modulus of rupture was calculated at each 
load point. These points were selected because 
the actual point of failure is difficult to deter-
mine in a bending test; also, because the highest 
stress in the pile should be at one of these points, 
depending on whether the pile has greater or 
less taper than the average of all the piles. The 
formulas for modulus, of rupture are: 

At the load point nearest the tip, 
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where 

and 

is modulus of rupture at load point 
nearest tip, 

is moment at the load point nearest the 
tip due to weight of the pile, 

is moment at the load point nearest the 
tip due to imposed loading, 

is diameter at the butt reaction, 

is diameter at the tip reaction, 

is total weight of the pile, 

is 

is reaction at the tip end of the pile, 
and 

L is span (in this study, L = 432 inches), 

At the load point nearest the butt end, 

where 

and 

is modulus of rupture at load point 
nearest butt, 

is moment at load point nearest butt due 
to weight of pile, and 

is moment at load point nearest butt due 
to imposed loading. 

Table 11.--Results of bending tests of 40-foot sections 
of southern pine piles 
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Table 12.--Results of bending tests of 40-foot sections 
of Douglas-fir piles 

Table 13.--Results of bending tests of 40-foot sections 
of red oak piles 
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Other symbol definitions are the same as those 
used in the previous formulas. These formulas 
take into account both the stress due to the weight 
of the pile and the effect of a 2-foot overhang at 
each end. The formula for M 

2 
is only valid when 

the imposed loads are proportioned as in this 
study. A complete derivation of these formulas 
is given in Appendix II. 

Of the two values of modulus of rupture cal-
culated for each pile, the one toward the tip end 
was always the critical value. Practically all 
failures occurred near this load point, because 
of the lower specific gravity or the large con-
centration of knots toward the tip end. These 
factors are probably responsible for the appar-
ently low values of modulus of rupture for 
southern pine and Douglas-fir. Their values 
(4,580 p.s.i.    for southern pine and 6,330 p.s.i. 
for Douglas-fir) were approximately 25 percent 
less than the values obtained in the ASTM pole 
study (13), where the poles had failures toward 
the butt end. The modulus of rupture of 7,830 
pounds per square inch for the oak piles appears 
reasonable for this species. Its higher specific 
gravity toward the tip end assisted in counter-
acting the effect of knots. The apparent effect of 
steam conditioning on the strength of southern 
pine was evident again, as it was in the compres-
sion evaluations. An increase of 25 percent in 
modulus of rupture, which may be the percentage 
loss due to steaming of these piles, would make 
southern pine compare quite well with Douglas-fir. 

The average values of modulus of elasticity 
(E) for the piles were 1,340,000, 1,710,000, and 
1,360,000 p.s.i. for southern pine, Douglas-fir, 
and red oak, respectively. The E values for the 
southern pine and Douglas-fir piles were lower 
than those obtained in the ASTM pole study (13). 
This is possibly due to using the deflections under 
both loads to obtain an average value for each 
pile. The modulus of elasticity at the butt load 
should compare quite well with that obtained in 
the pole study, but the inclusion of the lower 
value under the tip load made the values for the 
piles lower. 

Typical failures of the bending specimens are 
shown in figure 11. Failures generally started 
with compression wrinkles near knots, and fol-
lowed by splintering tension failures. Most fail-
ures occurred at the tip load point. 

Figure 11.--Typical failures of piles in 
bending: (top) southern pine, specimen
P1; (center) Douglas-fir, specimen D2; 
and (bottom) red oak, specimen 015. 

M 130 970 

Bending Strength of Small 
Clear Specimens 

The results of bending tests on 1- by 1-inch 
small clear specimens taken from each pile and 
a comparison with the results obtained for the 
piles are presented in table 14. Two small clear 
specimens were evaluated for each pile, one 
from the tension side and one from the compres-
sion side. The modulus of rupture values for the 
piles were 10 to 18 percent less than for the 
small clear specimens. The ratios of small 
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Table 14.--Comparison of bending properties of piles 
with small clear specimens 

clear specimens and pile static strengths, shown compression. The generally lower  E values for 
in tables 10 and 14, indicate a greater effect of the small clear specimens are probably due to 
knots on bending strength than on compressive their lower specific gravity compared to that of 
strength. This was expected from information the piles. These specimens were taken from near 
previously obtained on structural timbers. the tip of the piles and far enough away from the 

The ratios of modulus of elasticity values of surface to avoid the more dense surface-treated 
small clear specimens to pile values showed portions. 
the same trend in bending as found in static 
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PART 2: 

EFFECT OF KILN-DRYING ON 


STRENGTH OF SOUTHERN PINE PILES 

The strength values for southern pine obtained 

in Part 1 were considerably below those expected 
for the species. These low values were attributed 
to the steam-conditioning the piles received prior 
to preservative-treatment. 

An alternative method of conditioning southern 
pine p i l e s  prior to preservative-treatment 
involves kiln-drying to a moisture content of 35 
to 40 percent. Less loss in strength from kiln-
drying as compared to steam-conditioning was 
indicated by the ASTM pole research program. 
However, no data were available on full-size 
piles to indicate the possible effects of kiln-
drying and preservative-treatment on compres-
sive strength. 

Objective and Scope 

The objective of this study was to determine 
the compression parallel to grain strength on 
sections of full-size southern pine piles in three 
conditions--green, kiln-dried to 30 to 40 percent 
moisture content, and kiln-dried and 
preservative-treated. Thirty sections were eval-
uated in each condition after restoring them to 
a moisture content above fiber saturation point. 
These sections, a total of 90, were obtained from 
15 piles. 

Specimen Material 
Southern pine piles were selected from timber 

produced between Hattiesburg and Lumberton, 
Miss., in Lamar and Forest Counties. The 
species in these stands were reported to be 
slash and second-growth longleaf. 

Fifteen 30-foot-long piles with tip diameters 
of 7 to 8 inches were used. Five-foot-long test 
sections were cut from the piles, as shown in 
figure 12. Five piles were cut according to each 
of schedules A, B, and C. This resulted in 
30 specimens for each of the three test conditions. 

When the piles were cut into sections, 1-inch-
long disks were cut from between each section 
and from each end of the pile, as shown in figure 
12. These disks were used for determination of 
specific gravity, ring count, and percent summer-
wood. 

An attempt was made to obtain piles which 
were fairly free of knots. The maximum size 
knots had a diameter of 2-l/2 inches. The maxi-
mum sum of knots within any 1 foot of length 
was 6 inches. Twenty-nine of the 90 test speci-
mens had no knots. 

Kiln Drying 

The American Creosote Works, 1305 Dublin, 
New Orleans, La., kiln-dried 60 pile sections 

Figure 12.--Cutting  schedules for obtaining sections and disks from piles. M 135 610 
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(fig. 12) and furnished the drying data. Before 
being dried, the ends of these pile sections were 
sealed with phenol-resorcinol end coating. The 
drying temperatures and limes are given in 
table 15. They are typical of what is being used 

Table 15.--Temperatures and times 
used for kiln drying 
of pile sections. 

by the industry. The moisture gradient was deter-
mined within each pile section after drying, This 
was done by taking four increment cores around 
the circumference and obtaining the moisture 
content of the cores for each 1 inch of depth from 
the outside toward the pith. The four cores were 
averaged to obtain the average moisture content 
for each inch of depth; data are presented in 
table 16. 

Table 16.--Moisture gradients within pile sections 
after kiIn drying 

Table 16.--Moisture gradients within pile sections 
after kiIn drying1 (cont.) 
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Table 16.--Moisture gradients within pile sections Preservative-Treatment 
after kiIn drying1 

The Southern Wood Preserving Co., Atlanta, 
Ga., treated 30 of the kiln-dried pile sections 
(fig. 12) with creosote and furnished the treat-
ing data. The phenol-resorcinol end coating was 
left on the pile sections during treating. The 
conditioning and treating schedule for the pile 
sections is given in table 17. Two hours of pre-
steaming at 245° F. were used to soften the 
outer fibers and allow penetration of the creosote. 
The pile sections treated extremely fast in spite 
of an attempt to hold the pressure buildup to a 
slow rate. The gross injection of creosote was 
reached by the time the pressure reached 200 
p.s.i. 

The net retention of each pile section was 
determined by weighing before and after treat-
ment, table 18. The distribution of creosote and 
water in the pile sections was determined from 
assay borings. The average values for the 30 pile 
sections are given in table 19. 

Table 17.--Conditioning and treating schedule for creosote-
treated southern pine pile sections1 
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Table 18.--Net retention of creosote of each pine section as 

determined by weighing the sections before 

and after treatment1 
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Table 19.--Distribution of creosote and moisture 
content in pile sections after treat-
ing as obtained from assay borings1 

Test Methods 
and Specimen Preparation 

Upon arrival of the pile sections at the U.S. 
Forest Products Laboratory, they were sub-
merged in water for approximately 30 days in an 
attempt to restore them to a moisture content 
above the fiber-saturation point. All pile sections 
were tested in this soaked condition. 

A 3-foot-long specimen was cut from each 
5-foot-long pile section. This specimen was 
evaluated in compression parallel to grain using 
the same test method used in Part 1. 

Two small clear compression parallel to grain 
specimens were cut from the portion of the pile 
section remaining after obtaining the 3-foot-long 
specimen. The small clear specimens were 
obtained from opposite sides of the pith. When 
possible, specimens were 2 by 2 by 8 inches in 
size, but some specimens were proportionately 
reduced in size due to an insufficient amount of 
clear material. 

The volume of the disk cut from between the 
pile sections was obtained by immersion. The 
specific gravity was based on the ovendry weight 
and green volume. Rings per inch from the out-
side to the pith were counted for each disk. 
Percent summerwood values were obtained on 
the disks from the tip and butt ends of each pile. 

Discussion of Results 

The results of the compressive parallel to the 
grain strength tests of 3-foot pile sections, all 
tested in the soaked condition, are presented in 
table 20 for the green specimens, table 21 for 
the kiln-dried specimens, and table 22 for the 
kiln-dried and treated specimens. The pile sec-
tions had average crushing strengths as follows: 

Condition P.s.i. 

Green 3,880 
Kiln-dried 3,430 
Kiln- dried and treated 3,940 

These results indicate a greater strength for 
the piles after treatment. Since creosote is 
chemically inert with wood and would not cause 
a physical bulking action, there is no reason to 
believe the addition of creosote resulted in a 
strength increase. One hypothesis that might 
explain the increase in strength is that the mois-
ture contents of the wood fibers in the treated 
specimens were not above the fiber-saturation 
point, even though there was enough water pres-
ent in the specimens to indicate a high moisture 
content. This amount of water could be present 
in the cell cavities without penetrating the cell 
walls which are coated with the petroleum carrier 
for the creosote. However, there is no way to 
verify this explanation from the data. A reduc-
tion in moisture content of about 2 percent below 
the fiber-saturation point could account for the 
increase in strength of the treated sections over 
that of the kiln-dried sections. 

The specific gravity values presented in tables 
20, 21, and 22 were obtained from the 1-inch 
disk cut from the piles (see fig. 12). The values 
for the disk from each end of a pile section 
were averaged to obtain the specific gravity for 
the test specimen. Comparison of the average 
specific gravities for the three conditions indi-
cates that the method of assigning conditions 
within the full-length piles resulted in good 
matching of this property. The average values of 
0.54 compare quite well with the values of 0.54 
and 0.56 for longleaf and slash pine presented in 
the Wood Handbook (10). 

The modulus of elasticity values for the three 
groups were nearly the same, with average 
values of 1,630,000, 1,660,000, and 1,660,000 p.s.i. 
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for the green, kiln-dried, and kiln-dried and grain strength tests of the small clear specimens 
treated specimens, respectively, when tested in tested in the soaked condition are presented in 
the soaked condition, table 23 for the green specimens, table 24 for 

The results of the compression parallel to the kiln-dried specimens, and table 25 for the 

Table 20.--Results of compression-parallei-to-grain tests of green 

southern pine pile sections1 
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kiln-dried and treated specimens. As with the crushing strength of 4,180 p.s.i., and the kiln-
3-foot pile specimens, the kiln-dried specimens dried and treated specimens had an average 
had the lowest average crushing strength, 3,650 crushing strength of 4,100 p.s.i. The individual 
p.s.i. The green specimens had an average values were obtained by averaging the two small 

Table 21.--Results of compression-parallel-to-grain tests of kiln-
dried southern pine pile sections1 
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clear specimens tested for each pile section. Again, comparison of the average specific 
The reason for the higher values for the treated gravities for the three conditions showed good 
specimens over those of the kiln-dried specimens matching of this property. 
is probably the same as for thefull-size sections. Moisture content determinations were made 

Table 22.--Results of compression-parallel-to-grain tests of kiln-

dried and treated southern pine pile sections1 
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for all the small clear specimens. The values for southern pine. 

presented in tables 23, 24, and 25 indicate that The rings per inch and percent summerwood 

all the specimens were sufficiently wet to be for the outer 2 inches, as measured on the butt 

considered at or above the fiber-saturation point of each pile, are given in table 26. 


Table 23.--Results of small clear compression-parallel-to-
grain specimens cut from green southern pine 
pile sections 
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Statistical Analysis using the analysis of variance technique. With 
this technique, it was possible to account for the 

The crushing strength data for the pile sections variation in the data due to (1) the three treat-
and for the small clear specimens were analyzed ments (green, kiln-dried, and kiln-dried and 

Table 24.--Results of small clear cornpression-parallel-to-
grain specimens cut from kiIn-dried southern 
pine pile sections 
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treated), (2) differences between piles, (3) differ- value. 
ences along the length of the pile, and (4) error. 

The following model was used to describe the 
different parameters contributing to a strength 

Table 25.--Results of smalI clear compression-parallel-to-
grain specimens cut from kiIn-dried and 
treated southern Dine pile sections 
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where is the expected strength value, 
is the mean of all strength values, 
is the effect due to differences 

between piles (i = 1, 2, 3, ..., 15), 
is effect due to the treatment (j = 

1, 2, 3), 
is effect due to position along a pile 

associated with a particular treat-
ment (j =1, 2, 3), 

is 
ing upon the position alongthepile. 
constant multiplier of depend-

The values of P for the six positions along the r 
pile were -5, -3, -1, +1, +3, and +5, starting 
with the tip and proceeding to the butt end, The 
model assumes that the strength varies lineally 
along the length of the pile. This assumption 
appeared to be reasonable from a plot of average 
crushing strength at each position versus position. 

The results of the analysis of variance are 
presented in table 27 for the pile sections and in 
table 28 for the small clear specimens. Since 
the calculated "F" ratios are greater than the 
critical "F" ratios, the effects due to differences 
between piles, differences between treatments, 
and position along the pile are significant. From 
the small value of residual mean squares as com-

Table 26.--Rings per inch and percent 
summerwood measured on 
the ends of the piles 
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Table 28.--Results of analysis of variance for small clear specimens taken 
from southern pine pile sections. 

pared to the other mean squares, it would appear Table 29.--Confidence intervals for average crushing 
that most of the variation in the data has been strengths of green, kiIn-dried, and kiIn-

accounted for. 
dried and treated southern pine specimens 

The residual mean square can be used to 
establish 95 percent confidence intervals for the 
treatment (green, kiln-dried, and kiln-dried and 
treated) averages. These are presented in 
table 29. The confidence intervals for the green 
and kiln-dried specimens do not overlap, and 
therefore the loss in strength due to kiln-drying 
is real and significant. The confidence intervals 
for the green and kiln-dried and treated speci-
mens do overlap, and therefore their strengths 
are not different. 

Summary of Findings 
2. Tests of 1- by 1-inch small clear speci-

1. In Part 1, the average compressive strengths mens under impact loading showed average crush-
of specimens taken from the butt and tip ends of ing strengths of 1.86 to 3.24 times that of stat-
the piles were: ically loaded specimens. 

3. The average values of modulus of rupture 
Tip Butt were 7,830, 6,330, and 4,580 p.s.i. for red oak, 

(p.s.i.) (p.s.i.) Douglas-fir, and southern pine, respectively. 
4. The average bending modulus of elasticity 

Red oak 3,460 3,620 values were 1,360,000, 1,710,000, and 1,340,000 
Douglas-fir 2,960 3,590 p.s.i. for red oak, Douglas-fir, and southernpine, 
Southern pine 1,820 2,950 respectively. 
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5. The southern pine piles evaluated in Part 1 
appeared to have strengths lower than expected. 
The lower strength values were possibly due to 
the steam-conditioning to which they were sub-
jected for 15 hours at 245° F. 

6. Kiln-drying of southern pine piles at the 
conditions used in Part 2 caused a reduction in 
crushing strength of about 12 percent over that 
of green piles when both were evaluated with 
moisture contents above the fiber-saturation 
point. 

7. Kiln-drying of southern pine piles did not 
affect the compressive modulus of elasticity. 
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APPENDIX I 
DERIVATION O F  A FORMULA FOR BENDING MODULUS OF ELASTICITY 

FOR A ROUND, TAPERED PILE SUBJECTED TO QUARTER-POINT LOADING 

Figure 13.--Round tapered pile subjected to unequal 
quarter-point Ioading. M 135 608 

For this study, it was desired to have an expression for modulus of elasticity, E, involving the 
deflections under P1 and P 2 

The general expression for deflection, by the method of work is 

(1-1) 

where 	M is the bending moment due to the imposed loading 
m is the bending moment due to a unit load at the point of desired deflection 
E is the modulus of elasticity 
I is the moment of inertia 
L is the span 

From equation (1-1) the deflection under P 1 is 

and the deflection under P is 
2 

Taking the summation of equations (1-2) and (1-3), 

an expression involving the deflections under the loads, and E is obtained. 
In order to evaluate the integral in equation (1-4), I must be put in terms 

tion, x. 

(1-2) 

(1-3) 

(1-4) 

of the variable of integra-
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x is desired. From proportions, the following ratios can be obtained: 

Solving for D : x 

Substituting equation (1-7) into (1-5) and rearranging: 

The first part of equation (1-8) is the moment of inertia, IT’ at the tip reaction. Let: 

and rewrite equation (1-8) as: 

Figure 14.--Diagram for relating diameters of round 
tapered pile. M 135 609 

The moment of inertia of a circular cross section at any position, x, in the span is: 

(1-5) 

Since diameter, Dx’ is the quantity that changes with x, a relation between some known diameter and 

(1-6) 

(1-7) 

(1-8) 

(1-9) 

(1-10) 

With an expression for Ix’ all that remain in order to evaluate the integral in equation (1-4) are 

expressions for M, m1 , and m 2 in terms of x. 
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Figure 15.--Schematic 
ing moments in terms 

From figure 15, for 

and 

for 

and 

and for 

and 

loading diagrams for determin-
of x. M 135 607 

(1-11) 

(1-12) 

(1-13) 

(1-14) 

(1-15) 

(1-16) 

(1-17) 

(1-18) 

(1-19) 
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Substituting the expressions for into equation (1-4), we get 

(1-20) 

Evaluation of the integrals and substituting in 

(1-21) 

results in: 

(1-22) 

This is now a general expression involving E and the deflections under the loads for a round, 
tapered beam with quarter-point loading. To make equation (1-22) more useful, it should be put in 
terms of the quantities measured in this study. 

Figure 16.--Loading diagram for bending strength evalua-
tion of test pi le, showing principal dimensions used in 
determining modulus of elasticity. M 135 606 
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The values obtained from the test are tip reaction, R 
T 

tip diameter, D 
T 

and butt diameter, D B. 

From the dimensions of the bending test setup: 
(1-23) 

and (1-24) 

Substituting equations (1-23) and (1-24) into equation (1-22) and solving for 2 results in 

Putting b and IT in terms of the measured diameters: 

(1-26) 

and 

or letting 

then (1-27) 

Substituting equations (1-26) and (1-27) into equation (1-25): 

(1-28) 

which is the expression for E given in the text of this report. 
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APPENDIX II 

DERIVATION OF FORMULAS FOR MODULUS OF RUPTURE OF A ROUND, 

TAPERED PILE SUBJECTED T O  QUARTER-POINT LOADING 

For this study, it was desired to have expressions for modulus of rupture at each of the load points. 
These expressions should include the effect of the weight of the pile as well as the imposed loading. 

Figure 17.--Schematic loading diagram of round tapered 
pi le subjected to unequal quarter-point loading and 
dead weight of pile. M 135 605 

First, the moment at P 1 due to the weight of the pile shall be found. The total weight of the pile is 

(2-1) 

and the total volume of the pile: 

(2-2) 

Therefore 

(2-3) 

The volume of the pile from the tip to P 1 is: 

(2-4) 

Substituting equations (2-4) and (2-1) into equation (2-3): 

(2-5) 
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which is the weight of the pile from the tip to P1. 

The point at which W 1 acts as a concentrated load is 

(2-6) 

from the load point at P 
1 

. 

The moment at P due to W is1 1 

(2-7) 

The moment at P 2 due to the weight of the pile is found in the same way as M . This moment is 
w1 

(2-8) 

The moment at P 1 due to the imposed loading is 

(2-9) 

and the moment at P 2 due to the imposed loading is 

(2-10) 

The preceding equations are expressions for the moments at each of the load points. The stress 
at each point can be found by adding the moments and dividing by the section modulus for each point. 
Before doing this, the equations for moment should be put in terms of the quantities measured in this 
study. These are W, RT , DT, and DB . 

Figure 18.--Loading diagram for bending strength 
evaluations of test pile, showing principal dimen-
sions used in obtaining modulus of rupture. M 135 604 

41 



Assuming that D T and D B are at the reactions instead of at the end of the pile, the 

and 

Substituting in L = 36', a = 2', and equations (2-11) and (2-12) into the equations for moment: 

where 

Continuing, 

and 

The expressions for modulus of rupture are 

at P and1 

at P .2 
The section moduli are 

and 

(2-11) 

(2-12) 

(2-13) 

(2-14) 

(2-15) 

(2-16) 

(2-17) 

(2-18) 

(2-19) 

(2-20) 

(2-21) 
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which are the expressions for modulus of rupture given in the text of this report.
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ABOUT THE FOREST SERVICE. . . . 

As our Nation grows, people expect and need more from their 
forests--more wood; more water, fish and wildlife; more recreation 
and natural beauty; more special forest products and forage. The Forest 
Service of the U.S. Department of Agriculture helps to fulfill these 
expectations and needs through three major activities: 

* 	Conducting forest and range research at over 
75 locations ranging from Puerto Rico to Alaska 
to Hawaii. 

* 	 Participating with all State forestry agencies in 
cooperative programs to protect, improve, and 
wisely use our Country’s 395 million acres of 
State, local, and private forest lands. 

* 	Managing and protecting the 187-million acre 
National Forest System. 

The Forest Service does this by encouraging use of the new knowledge 
that research scientists develop; by setting an example in managing, 
under sustained yield, the National Forests and Grasslands for multiple 
use purposes; and by cooperating with all States and with private 
citizens in their efforts to achieve better management, protection, and 
use of forest resources. 

Traditionally, Forest Service people have been active members of 
the communities and towns in which they live and work. They strive to 
secure for all, continuous benefits from the Country’s forest resources. 

For more than 60 years, the Forest Service has been serving the 
Nation as a leading natural resource conservation agency. 
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