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Abstract

Wood poles have been used to support utility distribution
lines for well over 100 years. Over that time, specifications
for a “wood utility pole” have evolved from the closest
available tree stem more than 15 ft in length to straight,
durable timbers of lengths ranging up 125 ft and base diame-
ters of as much as 27 in. The continued success of wood
poles in this application is due in part to the development of
consensus standards. These standards define the phrase
“minimum acceptable” to the satisfaction of both users and
producers. They also encourage more competitive pricing by
relaxing species as well as quality limitations, opening the
market to a broader range of available timber resources. The
American National Standards Institute (ANSI) standard
ANSI O5.1 is an internationally recognized standard that has
served as a guide for selecting the quality and size of wood
utility poles for more than 70 years. From its inception, this
standard has addressed issues of relative load capacity as
well as physical quality to allow for species substitutions. In
2002, the relative strength evaluations previously published
as a designated fiber stress took on added meaning when
they were defined to represent the mean of the distribution of
pole groundline strength values for various species. The
change in meaning was accompanied by a more rigorous
evaluation recognizing a change in strength with height and
notation that pole strength distributions have a coefficient of
variation of 20%. This paper reviews the history and phi-
losophy of the ANSI designated fiber stress to help the
reader more fully understand and appreciate the significance
of changes adopted by the American Standards Committee
05 (ASC 05) in 2002.
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Abbreviations

ANSI American National Standards Institute
ASA American Standards Association

ASC O5 Accredited Standards Committee O5
ASTM  American Society for Testing and Materials
Ccov coefficient of variation

CSA Canadian Standards Association

DFS designated fiber stress

EPRI Electric Power Research Institute

LRFD load-and-resistance-factor design
MOR modulus of rupture

NESC National Electrical Safety Code
REA Rural Electrification Administration

Sl conversion factors

Conversion
English unit factor ST unit
inch (in.) 25.4 millimeters (mm)
square inch (in%) 6.45 square centimeter (cm?)
foot (ft) 0.3048 meter (m)
pound per square inch 6.895 kilopascal (kPa)
(Ib/in%)
temperature (°F) [Tr—32]/1.8 temperature (°C)
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Introduction

Round timbers have been used structurally for centuries.
Over the past 140 years, round timbers have been used
primarily for utility structures. As in so many other areas of
timber use, increased demand and competition from other
materials have spurred development and efficiency in the
structural use of poles. There is little doubt that Alexander
Graham Bell and Thomas Alva Edison played key roles in
initiating demand, but it is the influence of consensus stan-
dards (preservative treatment, strength tests, and material
specification) that has enabled wood to retain a dominant
role in support structures for telecommunications and elec-
tric power utilities.

Prior to 1930, there was little demand for standards that
rigorously addressed issues of the “design” capacity of wood
poles. The National Bureau of Standards (1927) began de-
velopment of the National Electrical Safety Code (NESC)
for this purpose in 1913. Early concerns focused on durabil-
ity and cost. American chestnut and western redcedar were
preferred for their durability. The second edition of the
NESC (1916) recognized southern pine as a viable pole
species after the development of creosote treatment. In that
edition, southern pine was listed along with western redcedar
and chestnut as having an ultimate bending strength of
5,000 1b/in’. By 1927, northern white cedar was added, with
an ultimate strength of 3,600 Ib/in’, and the bending strength
of “dense” southern pine was rated at 6,500 Ib/in”. By this
time, accumulating knowledge and experience related to the
strength of wood poles indicated that somewhat higher
values might be allowed (Wilson 1923). A Sectional Com-
mittee on Wood Poles was formed by the American Stan-
dards Association (ASA) to evaluate available data, and the
NESC made provisions for use of new values as approved
by the ASA. Decisions by this committee are discussed in
detail by Colley (1932).

"Former chairman of ASC O5.
2Former chairman of ASC O5 fiber stress subcommittee.

In June 1931, standard specifications for wood poles were
approved by the ASA (Jones 1931). These standards incor-
porated a pole classification system originally developed by
the American Bell Telephone Company in a standard speci-
fication aimed at maintaining uniform reliability for pole
structures, despite a range of species. The standards quanti-
fied pole capacity using existing cantilever test data to assess
groundline stress at failure for each recognized pole species.
This value was then used to determine pole groundline di-
mensions required for each pole length and species. While
changes have been made to the designated fiber stress (DFS)
values referenced by the ASA standard, this basic approach
to classifying poles remained unchanged for over 70 years.

As utility structure loads and importance increased, design
became more of an issue. Most utility companies began
using larger poles by the early 1960s, but they attracted little
attention in the American National Standards Institute
(ANSI) standard until 1972 when “H-class” pole sizes were
introduced. Shortly thereafter, greater attention focused on
the fact that the largest poles tested to that point were 55 ft in
length with a butt diameter of 19 in., while the standard
implied a knowledge of capacities for poles up to 125 ft long
with a 30-in. butt diameter. Research conducted over the
next 20 years pointed to the need for change to the tradi-
tional pole classification algorithm. As larger poles were
shown to have a lower groundline stress at failure, the need
to incorporate a pole “size” adjustment in the algorithm
became apparent. This issue was added as an annex to the
ANSI standard in 1986, but no changes were made to the
pole size classification tables.

In the late 1990s, discussions about revising the NESC
recommendations for wood pole design focused on
discrepancies between the results tabulated in the ANSI
annex and DFS reported in the standard. The Accredited
Standards Committee O5 (ASC O5), which was responsible
for maintaining the ANSI O5.1 standard, adopted a more
rigorous definition of the ANSI DFS, which enabled them to
indirectly recognize a size effect without changing the exist-
ing pole size classification tables. Redefining DFS to be the



actual groundline strength rather than the groundline stress at
which a pole would fail and recognizing a change in strength
with height basically results in reductions in the load capac-
ity of poles where the failures are likely to be well above
groundline. While the recommended strength change with
height is easy to apply, it does not recognize variations
between species, and that detracts from the premise of uni-
form reliability across species.’

The DFS values are all derived to represent “dry” strength,
yet tabulated dimensions are explicitly declared to be
“green” dimensions (sec 5.2 ANSI 05.1-1986). The stan-
dard suggests a 2% reduction in circumference for drying,
which corresponds to a 6% reduction in section modulus or
dry moment capacity. For poles that remain above fiber
saturation in the groundline region, the “dry” strength gives
a estimated moment capacity that is 86% (1/1.16) of the
DFS. No adjustment is suggested for this situation.

Slight inconsistencies in the development of size classifica-
tion are to be expected in a material specification. This has
little impact on design when the design standards are inde-
pendent of the material specification. In 2002, however, the
ANSI O5.1 DFS values were considered to represent a basis
for probability-based design of utility structures. The stan-
dard includes a statement about the DFS values that implies
some degree of certainty that these truly represent average
groundline strength values. It also states that poles have a
bending strength coefficient of variation (COV) of 20%
independent of species, species grouping, or size.

Changes made to standard definitions to justify changes to
the standard could have some impact on the assumed reli-
ability of existing as well as future utility structures. It is
therefore essential that some documentation be provided to
explain the basis for the past as well as the current interpre-
tation of ANSI fiber stress values.

Objectives

This paper reviews the history of the ANSI O5.1 standard
specification for wood poles from the time that poles were
first used as utility structures up to 2002, when the ANSI
standard made its initial transition from being just a material
specification to being a pole design standard. First, we trace
the growth of the wood pole industry in response to rapidly
changing technology in the telecommunications and electric

? The pole specification was originally formulated by the
American Standards Association (ASA) and was referred to
as ASA O5.1.1In 1972, the ASA was renamed the American
National Standards Institute (ANSI). The designation for the
pole standard was changed to ANSI O5.1 and the standard
was managed by the Accredited Standards Committee O5
(ASC 03).

power utility industries. We next describe the evolution of
the standard material specification, with emphasis on the
evaluation and use of DFS values. Finally, we provide a
summary and rationale for strength adjustments used to
convert values derived from standard test procedures to
values considered representative of utility poles.

The objective of this review is to provide documentation for
future generations of the decisions made by consensus com-
mittees that have significantly influenced the evolution of
the ANSI O5.1 standard. The change made in 2002 was the
most significant of the standard’s 70-year history. This paper
is intended to highlight the significance of that change by
offering a “before and after” glimpse.

Background

For over 140 years, wood poles have provided a low-cost
solution to the problem of supporting utility wires for tele-
communications and electric power. Wood poles presented a
readily available resource when the first transcontinental
telegraph line was constructed in 1861. By 1900, wood poles
were being used to support electric power as well as tele-
phone lines. Over time, utility companies gained experience
at selecting poles that best met their needs for durability and
load capacity.

The growing demand for durable wood poles spawned the
need for nationally recognized standards. Bell Laboratories
initiated efforts to develop test standards and material speci-
fications for wood poles. In 1913, the National Bureau of
Standards initiated the NESC to support design consistency
for utility supply and communication installations through-
out the United States. This was the first standard to publish
pole strength values. In 1915, the American Society for
Testing and Materials (ASTM) published the first standard
material specification for round timber (ASTM D 25). This
standard was intended for timbers to be used as piling but,
except for the larger allowable knots and more lenient re-
quirements for spiral grain afforded poles, it was identical to
the standard specification for wood poles proposed by Bell
Laboratories that was adopted as a national standard

15 years later.

In 1924, the American Bell Telephone Company and the
U.S. Independent Telephone Association’s American Stan-
dards Association (ASA) formed a Sectional Committee on
Wood Poles. This committee used average pole strengths
from the Bell Laboratories database to establish an inter-
changeable species—pole-size classification system. The Bell
Laboratories strength data were obtained using a cantilever
bending test that eventually was adopted by the ASTM and
designated ASTM D 1036-49. This test provided estimates
of relative groundline strength for each species. The ASA
committee adopted a 10-class system comprising a series of
tip load capacities increasing in increments of 25%.
Groundline moments corresponding to these loads, divided



by the relative strengths determined from existing data,
provided the groundline section property requirements for
each pole species—class—length combination.

In 1931, the ASA adopted and published the first standard
specification for wood poles. This standard contained mini-
mum pole quality specifications as well as minimum re-
quired dimensions for 10 pole classes. The first seven of
these classes were considered structural; classes 8, 9, and 10
were nonstructural. At that time, only four species were
accepted for utility poles: western redcedar, Douglas-fir,
southern pine, and northern white cedar. As new species and
new data for accepted species were introduced, the commit-
tee refined its analysis of assigned DFS values and size class
tables.

President Roosevelt’s introduction of the Rural Electrifica-
tion Administration in 1935 provided a definite impetus to
the market for wood utility poles. By the end of World War
11, annual production had grown to 8.1 million poles. To
meet the growing demand, the ASA standard accepted a
number of minor species in 1948. As there were no pole data
for these species, the ASA committee assigned DFS values
on the basis of published small—clear bending strengths
adjusted for a relationship between full-size poles and small—
clear (ASTM D 143, ASTM 2000) test values determined for
lodgepole pine. Questions about the selection of these DFS
values prompted ASTM to sponsor a wood pole research
project, beginning in 1955, to assess the bending moment
capacity of distribution poles. The final report of that pro-
gram (Wood and others 1960) became known as the ASTM
wood pole report, and it formed the basis for revision of the
ANSI DFS values in 1963.

Large poles used for transmission structures became more of
an issue with the introduction of six larger H-classes in
1972. These structures were used to support high voltage
power transmission lines. The greater potential costs and
safety hazard resulting from failure of these structures
prompted design engineers to apply more rigorous design
standards than had traditionally been used for distribution
poles. The addition of these larger pole classes sparked
discussion about the efficacy of the existing DFS values that
had been supported by tests of smaller poles, most of which
failed close to the groundline. One result of this discussion
was the addition of a strength—height function introduced as
Annex A to the ANSI O5.1 standard in 1979.

In the 1980s, a second major research project, sponsored by
the Electric Power Research Institute (EPRI), was conducted
to assess the load capacity of large poles. An initial effort
was made as part of this research (Wolf 1979) to summarize
published full-size pole test data in the form of a computer-
ized database. Results of the ASTM- and EPRI-sponsored
studies were compiled along with historic data. Statistical
analyses of these data formed the basis for the probability-

based-design guidelines that were added as Annex C to the
ANSI O5.1 standard in 1986.

Wood maintained its dominance as a utility pole material
throughout the 20th century but gradually lost market share.
As power utilities built higher voltage lines with large con-
ductors and longer span, more steel came into use. Spin-
casting of steel-reinforced high strength concrete poles also
had a major impact on markets for wood transmission struc-
tures. Poles fabricated from these materials are perceived by
structural engineers as being more precisely engineered and
therefore more reliable than wood poles.

The shift to steel and concrete in the more highly engineered
transmission structures was accompanied by recognition
among engineering professionals of the benefits of promot-
ing the use of a load—resistance factor design (LRFD). This
design methodology, when tied to a statistical or reliability
basis, generally shows greater benefit for materials with
lower variability when used in non-redundant systems. A
move by the NESC to adopt an LRFD design basis increased
industry pressure for better, more reliable strength data.

Efforts initiated by competing interests who supported the
NESC led to a reevaluation of the ANSI O5.1 standard.
Options debated by the ASC OS5 included the following:

1. Retain the philosophy of classifying poles according to
their load capacity under standard test conditions and rec-
ognize size effect and strength disparities highlighted by
EPRI research (Phillips and others 1985, Bodig and others
1986a,b).

2. Adopt a more rigorous analysis that attributes observed
disparities to taper differences and height effects, and clas-
sify poles according to assumed groundline strength. The
proposed analysis supported a groundline strength equal to
the historic DFS for all species, but required designers to
recognize a change in strength with height.

Bodig and others (1986a,b) attempted to evaluate the
strength of poles by assigning an ANSI class to each test
pole and evaluating load capacity on the basis of ANSI
minimum dimensions. This procedure accounted for effects
of “over sizing” in that each test pole within a given class
was assumed to have the dimensions dictated by minimum
butt and tip circumferences and a linear taper. Pole load
capacity, characterized as the groundline stress at failure,
was assumed to provide a conservative estimate of strength
at any location, as assumed dimensions were generally found
to be conservative. This approach showed the ANSI DFS
values to provide an appropriate estimate of mean strength
for distribution poles and for Douglas-fir and southern pine
transmission poles. It also indicated a slight size effect,
varying by species, which made the DFS values unconserva-
tive when applied to western redcedar transmission poles.



In 2002, the premise of a size effect in poles prompted de-
bate over possible changes to the DFS values. ASC O5
accepted the explanation that large taper in western redcedar
transmission poles caused them to fail in weaker wood well
above groundline. Projecting failure location strength to the
groundline, then adjusting for drying in service, condition-
ing, and a class-oversize effect justified leaving the ANSI
DFS value unchanged. Adopting a change in strength with
height adjustment to explain the apparent lower groundline
capacity for larger poles when tested in the standard cantile-
ver configuration required acknowledging a reduction in
strength with height in the standard. It was felt that this
reduction in strength with height would have little effect on
the strength of wood transmission poles as the centroid of
transverse loads in service is generally more than 2 ft from
the tip, placing maximum stress closer to the groundline.
Gravity loads, however, have the opposite effect: they tend
to move the location of maximum stress higher on the pole,
closer to the expected location of failure in the standard test.

Table 1 compares values derived for poles over 50 ft in
length using the traditional groundline stress-at-failure
analysis and the approach adopted by the ANSI committee in
2002. The data for this comparison are primarily from the
EPRI-sponsored research conducted in the 1980s (Goodman
and others 1981, Phillips and others 1983, Bodig and others
1986a,b). All poles 50 ft and longer from these studies are
included in this analysis. Table 1 basically compares the pole
load capacity denoted as the groundline stress at failure
under a standard test load to an estimate of groundline
strength extrapolated from the failure location. The modulus
of rupture at the failure location (MORy) was determined
from actual pole dimensions at the point of failure. This
value was extrapolated to a groundline strength (MORg)
using a strength—height model presented in Annex A of the
1992 standard and included in the main standard in 2002.

Table 1 highlights the dilemma faced by ASC OS5. Values
shown in this table were all derived for poles >50 ft in length
tested by the ASTM standard D 1036 cantilever test proce-
dure. Groundline stress at failure is determined as the maxi-
mum groundline moment divided by the measured
groundline section modulus. It represents a relative measure
of pole capacity regardless of failure location. For long
slender poles, the point of maximum stress (moment/section
modulus) often occurs above the groundline. Assuming that
wood pole strength decreases with height, it is possible that
the point where stress exceeds strength will actually occur
above the point of maximum stress. These effects make the
longer pole appear weaker in terms of groundline stress at
failure.

Rather than change the tabulated DFS values and pole di-
mensions in response to test results, the ASC OS5 chose a
new definition of DFS that required no change. The new
definition identifies DFS as the groundline strength of an

ANSI-classified, dry, conditioned pole. This new definition
was deemed to have little effect on distribution size poles as
they generally failed close to the groundline, making the
previous definition of groundline stress at failure synony-
mous with groundline strength. For poles in lengths 50 ft and
longer, the groundline strength was derived considering
change in strength from the failure location using a model
originally proposed by Bohannan (1971) to model strength
reduction with height. Other changes included a maximum
increase of 10% for drying in service, compared with 16%
referenced in 1963, and an adjustment for class oversize
effect (see Appendix D).

The change in definition of DFS solved one problem but
created others. Drying and conditioning adjustments to the
DFS on their own are not new; class oversize was not previ-
ously used to adjust the DFS values, but it was considered to
present inherent conservatism in the sizing of poles. These
factors took on new meaning, however, when the definition
of DFS changed. The ANSI standard declares tabulated pole
dimensions to be measured in the “green” condition. For a
material specification, the 6% change from green to dry
section modulus has little impact as these are treated as
relative strength values. The dry/green section modulus ratio
varies slightly between species, having little impact on rela-
tive pole dimensions when the largest pole in a class has a
25% greater section modulus than the smallest. In 2002,
however, the change in definition of DFS from a groundline
stress at failure of the pole to groundline strength gave these
adjustments new meaning. The fact that the dry strength,
derived as 1.16 times green strength, was used to derive
dimensions to be measured in the “green” condition means
that the “green” section modulus is 16% below that required
to carry the designated class load. This corresponds to a 63%
probability of failure (see Appendix A). The class oversize
adjustment added for poles 50 ft and longer in the 2002
standard increased that probability of failure at the ANSI-
designated load. This means DFS applied to longer poles
infers a lower reliability for transmission poles than for
distribution poles

The ANSI standard suggests that dry circumference will be
2% less than that measured in the green condition. This
corresponds to a 6% lower section modulus. To carry its
class load using dry strength, a pole of average strength
sized in the green condition will therefore have a load capac-
ity 6% below the implied capacity. Assuming a 14% strength
coefficient of variation (Wood and Markwardt 1965), this
translates to an implied capacity that is 0.42 standard devia-
tions above the average strength, corresponding to a 66%
probability of failure. As the moment capacity decreases
faster than the moment with pole height, this probability of
failure is likely to increase slightly toward mid-height.



Table 1—2002 ANSI derivation for DFS for poles >50 ft long from EPRI database®

Fiber stress property (Ib/in%)

Groundline stress

Species n at failure MORy MORy DFS
Douglas-fir 172 6,480 7,020 7,640
Southern pine 122 6,825 7,800 8,530
Western redcedar 105 4,310 5,030 6,040

“n is number of full-size poles tested in each length category. Groundline stress is based on measured
dimensions. MORy; is modulus of rupture at failure location; MORy, is estimated groundline strength

based on MORg; DFS is groundline strength adjusted for conditioning, drying in service, and class oversize.
For southern pine and Douglas-fir, a 10% increase for drying in service is countered by a 10% reduction

due to high temperature pretreatment conditioning.

Pole Strength

Early evaluations of pole strength focused more on the
comparison of wood species than on the selection of wood
over other materials. It was not until the mid- to late 1960s,
when the demand for power required larger, more reliable
structures to support high voltage lines over long distances
and through major metropolitan areas, that structural engi-
neers became concerned about rigorous design standards
for wood poles.

One of the earliest public references to pole strength was
the NESC. In 1915, the second edition of the NESC listed
three species: creosote treated southern pine, American
chestnut (no longer available), and western redcedar. All
three species were denoted as having the same bending
strength (5,000 Ib/in®). As species options increased, pole
users realized that not all species have the same strength
and that they could not simply replace a pole of one species
with the same size pole of another species. So, between
1920 and 1930, awareness of the need to classify poles by
bending load capacity increased. In 1920, the NESC (3rd
edition) adopted the ASTM definition of “Dense” (6 rings/
inch and 33% or 50% summerwood in annual rings more
than 2 in. from pith) and assigned dense southern pine a
bending strength of 6,500 Ib/in”. The 4th edition of the
NESC, published in 1927, included northern white cedar
with an ultimate bending strength of 3,600 Ib/in’.

The first minimum quality specifications for wood utility
poles were published in 1931. They included species-
dependent minimum dimensions as well as physical ap-
pearance properties and were presented as a consensus
standard agreed to by a group comprising wood pole pro-
ducers, users, and general interest members. The specifica-
tions were published as a nationally recognized consensus
standard under ASA guidelines.

In the first half of the 20th century, wood pole DFS values
were changed a number of times in response to the intro-
duction of new data. In the second half of that century, the
introduction of new data resulted in a change to the defini-
tion of DFS rather than the values. When the ASA OS5
standard committee was initiated, scientists from the Forest
Products Laboratory of the USDA Forest Service advo-
cated the use of standard, small—clear test values as a more
consistent basis for assessment of pole load capacity. They
cited inconsistencies in the full-size pole test data that
compromised the credibility of these data as a design basis.
The values ultimately selected represented a compromise
heavily weighted in support of poorly controlled full-size
pole test data. In 1955, the ASTM initiated a study to pro-
vide new, more credible test data (small—clear as well as
full-size pole strength tests) that influenced the last changes
to DFS values implemented in the ASA—05-1963 standard
in the 20th century.

Adoption of the larger transmission-size poles in 1972
sparked some question about the applicability of the exist-
ing DFS values to larger poles. Tests of larger poles, con-
ducted in the 1980s, suggested a significant reduction in
groundline moment capacity of larger poles when tested
following the standard full-size pole test (ASTM D 1036).
This initiated debate in both Canada (Bhuyan and Chet-
wynd 1994) and the United States over how this should be
acknowledged in the load-capacity-based pole size classifi-
cation tables (ANSI O5.1 and CSA-O15 (CSA 1990)).



First National Standard Specification
for Wood Poles

By the time the first standard specification for wood poles
was published in 1931, test data provided by the American
Bell Telephone Company, American Telephone and Tele-
graph, Pacific Telephone and Telegraph Company, and the
Engineering Experiment Station at State College Station in
Raleigh, North Carolina, supported strength values of
5,600 Ib/in’ for western redcedar and 7,400 Ib/in? for
treated southern pine (Table 2). The values shown in
Table 2 were derived using a cantilever bending test that
had been developed by Bell Laboratories. This test was
adopted as an ASTM standard in 1949. Descriptions of the
individual poles tested to support this analysis showed they
represented a range of conditions with respect to pole size,
degree of conditioning, and quality. Colly (1931) points
out that the sectional committee responsible for wood pole
values chose to set strength values at half the standard
deviation or 8% below the determined averages (Table 2,
column 3) to address concerns over technical problems
apparent in the data. The committee called this adjustment
(y=0.92) a “variability factor.” This resulted in the values
of 7,400 Ib/in® for creosote treated southern pine,

5,600 1b/in” for western redcedar, and 6,000 1b/in” for
chestnut. The value of 3,600 Ib/in® for northern white cedar
was not adjusted. The committee decided that because this
value had been used for at least 20 years with acceptable
performance, it did not warrant a reduction to 3,300 1b/in.

The 1931 standard included a total of 10 pole classes. Pole
classes 1 through 7 were designated as poles having tip
load capacities defined by the function

P = 5400 -950C +50C 2 (1)

where C is class (1 through 7) and P transverse tip load
capacity of class C pole.

The groundline moment resulting from this load divided by
the DFS for the species gives the groundline section
modulus required for each pole size class. This relationship
has remained unchanged for load requirements for pole
classes 1 through 7. Classes 8, 9, and 10 were defined
simply by tip circumference and were intended to cover
lightly loaded lines.

Subsequent Standards for Wood
Poles

Few events influenced growth in the utility pole industry
more than the creation of the Rural Electrification Admini-
stration (REA). Formed in 1936 to expand the availability
of electric utilities, the REA so accelerated the demand for
poles that by 1947, yearly production was 8.1 million poles
(Wilson and Drow 1953). Soon after the ASA OS5 commit-
tee completed the 1931 standard, there was a push from
REA to develop improved wood pole specifications and to
expand tables to recognize the use of many western soft-
woods.

Because of discrepancies in species values resulting from
inadequate control of moisture content, scientists from the
Forest Products Laboratory in Madison, Wisconsin, pro-
posed derivations based on an available database of
bending strength values derived using standard green
small—clear bending tests (ASTM D 143). The industry,
however, preferred full-size pole data. The committee
developed a compromise solution that involved derivation
of a relationship between full-size poles and small—clear
wood that would allow the use of small-clear data in in-
stances where full-size pole data were missing or inade-
quate for deriving DFS. This approach was used by the
War Committee on Specifications and Dimensions for
Wood Poles formed in 1945 to prepare war standard speci-
fications for species not previously used as poles.

Table 2—Strength values available to 1930 ASA committee®

Full-size poles

Small clear green wood

Average Relative  Approx. relative Standard ultimate ~ Relative strength of
MOR strength strength fiber stress standard value

Species n (Ib/in%) (Ib/in%) (%) (Ib/in%) (%)
Northern white cedar 56 3,621 41.2 45 3,600 45

Western redcedar 151 6,065 69 67 5,600 70
Chestnut 98 6,480 73.8 75 6,000 75
Southern pine (creosoted) 121 8,026 91.4 — 7,400 92.5
Southern pine (untreated) 55 8,784 100 100 8,000 100

*Colley (1932).



ASA 05.1-1948

After World War II, the ASA standards were revised to
produce the new ASA 05.1-1948 standard, which attempted
to resolve the discrepancies between values derived from
standard tests of small—clear samples and those derived from
full-scale pole tests (Wilson and Drow 1953). The commit-
tee dealt with this problem by first plotting the small-clear
values (ordinate) versus pole-test values (abscissa) for aver-
age modulus of rupture (MOR) (Fig. 1). Drawing one line at
45° through the origin indicated that for most species, the
pole values exceeded the small—clear derivations. Lodgepole
pine, which was considered to have given satisfactory per-
formance for years when designed at 6,600 Ib/in”, showed
the greatest difference between small—clear and full-scale
pole test values for the species shown in Figure 1, except for
western hemlock. Data from the Canadian Forest Products
Laboratory at the time showed higher values for western
hemlock, which would have pushed the value above the
designated line.

The ASA committee decided that a second line through the
origin and the lodgepole pine coordinates should be used to
define the fiber stress values for all species. This line defined
values 20% greater for poles than for small-clear wood. A
horizontal projection to this line from the (small—clear, pole)
strength coordinates for each species defined the average
value to be used in defining standard ultimate strength in the
ANSI standard. Ratings assigned to new species were taken
as less than or equal to 1.2 times the measured small—clear
average MOR.

To minimize the number of dimension tables required, stress
categories were developed by dividing the range of projected
pole strength values into nine segments. The general phi-
losophy was to provide 10% increments, but there was some
deviation based on historic precedence. With this grouping,
the “design” values ranged from 6% to 20% above the MOR
determined from small—clear tests. A similar procedure to
that described in the previous text was employed using
western redcedar as the basis. This procedure also gave
values for poles that were greater than values from the aver-
age small-clear MOR values, but to a lesser degree. Table 3
compares values derived using lodgepole pine and western
redcedar bases to what was ultimately published in the 1948
ASA 05.1 standards.

Note that in 1948, the committee decided to retain the values
for northern white cedar, western redcedar, and southern
pine that were published in the 1931 standard. Species intro-
duced by the war committee in 1945 were given the higher
values derived using the lodgepole pine basis.

ASA 05.1-1963

The last changes to wood pole DFS values (Table 4) oc-
curred in response to new information obtained from the
ASTM wood pole research program (Wood and others
1960). The 1963 ASA 05.1 standard added four species
(Alaska cedar, Engelmann spruce, white spruce, and Sitka
spruce), removed one species (pond pine), and changed
fiber stress values for four species (Douglas-fir, southern
pine, northern white cedar, and western redcedar).
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Table 3—Designated fiber stress values adopted in 1948 on basis of small—clear tests®

ASA fiber stress (Ib/in?)

Clear wood MOR*  Lodgepole pine Western

Species (Ib/in?) basis redcedar basis ASA 1948 basis
Northern white cedar 4,200 5,200 4,800 3,600
Englemann spruce 4,200 5,200 4,800 —
Western redcedar 5,100 6,000 5,600 5,600
Ponderosa pine 5,000 6,000 5,200 6,000
Jack pine 6,000 6,600 6,000 6,600
Lodgepole pine 5,500 6,600 6,000 6,600
Red pine — 6,600 6,000 6,600
Western fir 5,800 6,600 6,000 6,600
Western hemlock 6,100 7,400 6,600 7,400
Douglas-fir 7,600 8,400 7,400 7,400
Southern pine 7,800 8,400 7,400 7,400
Western larch 7,500 9,400 8,400 8,400

*Wood Handbook (USDA 1940).

Table 4—ASA 05.1 1963 derivation of ASA fiber stress values based on standard small—clear specimen tests

Adjusted strength (Ib/in’)

b,d,f

FPL-39/ASTM Drying
Pole Small
ASA MOR Clear wood®  Green clear clear ASA 05.1-63

Species 05-48 n (Ib/in?) (Ib/in?) wood "¢ wood®  Pole MOR (Ib/in?)
Northern white cedar 3,600 — — 4,250 4,560 4,950 — 4,000
Western redcedar 5,600 46 5,370 5,120 5,500 5,960 5,790 6,000
Western larch® 8,400 54 8,500 8,180 7,900 8,577 8,250 8,400
Lodgepole pine 6,600 50 4,810 5,490 5,900 6,400 5,190 6,600
Douglas-fir 7,400 45 8,180 7,590 7,340 7,960 7,940 8,000
Yellow pine® 7,400 106 8,990¢ 7,970% 7,275 7,900 8,240 8,000

Loblolly — 9 8,990 7,340 6,700 7,272 — —

Shortleaf — 40 8,450° 7,300 6,600 7,220 — —

Longleaf — 41 8,920 8,670 7,920 8,580 — —

Slash — 11 9,600 8,570 7,820 8,480 — —
Western fir 6,600 — — — — — 6,600

Red — — — 5,950 6,390 6,930 — —

Grand® — — — 6,060 6,510 7,060 — —

Noble — — — 5,790 6,220 6,750 — —

Silver® — — — 5,890 6,300 6,860 — —

White — — — 5,700 6,120 6,640 —
Western hemlock 7,400 — — 6,140 6,590 7,150 — 7,400
Alaska cedar — — — 6,450 6,930 7,510 — 7,400
Sitka spruce — — — 5,660 6,080 6,590 — 6,600
White spruce® — — — 5,580 5,990 6,500 — 6,600
Engelmann spruce — — — 4,540 4,880 5,290 — 5,600

*Values from Wood Handbook (USDA 1955).

PReduced for variability effects.
“Increased 5% for form effect.

YReduced for conditioning: 0.9 for boultonizing (Douglas-fir, larch) and 0.85 for steaming at <245°F (southern pine).

“Increased 8% for form effect.
‘Increased 16% for drying in service.

£Clear wood strength values for these species changed enough in 1966 to have a significant impact on the
ASA derivation, but since these are minor species the changes were never recognized by the ASA standard.



The 1963 standard also made an explicit declaration that the
specification was intended only for poles loaded as cantile-
ver members subject to transverse load resulting in maxi-
mum moment at the groundline.

More than 30 years of experience in observing the perform-
ance of wood poles and relating that performance to pole
specifications weighed heavily in the selection of the DFS
values used to classify poles using a standard definition of
cantilever load capacity. Factors considered in the selection
of DFS values included traditional adjustments adopted in
the 1930s—variability, form factor, conditioning effects, and
moisture content. The effects of high temperature condition-
ing on wood had been studied rather extensively. The other
adjustments, however, which dated to discussions prior to
1940, were not well supported by theory or data but had
been referenced in selection of values given in previous
standards. These factors are discussed in more detail in the
section titled Nominal Strength. For those species for which
there were no or limited full-scale pole test data, the commit-
tee referenced published values for small-clear bending
strength (Wood and Markwardt 1965, USDA 1955).

Table 4 compares the values given in the 1948 (column 2)
and 1963 (column 9) versions of the ASA OS5 standard. The
intermediate columns show the scenarios considered by the
committee that appeared to have the greatest influence on the
assignment of DFS values. These include values derived
from the ASTM wood pole report (Wood and others 1960)
(Table 4, columns 3 and 4) and published clear wood values
(column 5). Columns 6 through 8 show these values adjusted
to take into account pretreatment conditioning, drying in
service, and between-study variability. There was no
standard set of parameters used to select a DFS value
(column 9). This was, in the words of Wood and Markwardt
(1965), “a system of rationalizations that afforded the tech-
nical basis supplemented by engineering judgment.”

Most of the ANSI DFS values appear to be based on clear
wood strength with no adjustment for grade effect (Table 4,
last column). Values such as those for western hemlock,
western larch, lodgepole pine, and the western fir group,
unchanged from the 1948 standard, appear to be more
closely aligned to adjusted small—clear strength values than
to full-scale pole test results. Northern white cedar was
assigned a value close to the published clear wood value
with no adjustment. For Alaska yellow cedar, western red-
cedar, and spruce, selected values were close to the clear
wood strength adjusted for form (Newlin and Trayer 1924),
variability (0.93), and in-service drying.

Changes to full-scale pole data and published small—clear
strength values introduced subsequent to the 1963 standard
had no effect on the ASA O5.1 values. In 1963, the Forest
Products Laboratory played a dominant role in setting allow-
able stresses. The small—clear strength values referenced by
ASA 05.1 were those published in the Wood Handbook
(USDA 1955). Industry concern over the dominant role
played by the Forest Products Laboratory led the ASTM
Committee on Wood to introduce “Standard methods for
establishing clear wood strength values” (ASTM D 2555) in
1966. In that standard, clear wood values for several species
were changed from the values reported in the Wood Hand-
book. These changes, however, were never acknowledged by
ANSI in the form of a revision to the 1963 DFS values. This
supports the conclusion that these values were never tied to
any algorithm that references published wood strength val-
ues.

Table 5 shows how the ASTM changes to clear wood
strength values (D 2555-66) would have affected the ASA
fiber stresses. Despite the fact that no significant changes
were reported for the strength values for yellow pine poles,
there was a change to the way “species group” clear wood

Table 5—Effect of changes in clear wood strength?®

Adjusted clear wood

1963 ASA-05.1 D 2555-66 clear strength” (Ib/in’)

fiber stress wood strength® Dry®
Species (Ib/in?) (Ib/in?) Green 1.16 (Green)
Southern pine 8,000 7,590 6,861 7,923
Western larch 8,400 7,652 6,920 8,020
Grand fir 6,600 5,839 5,860 6,300
Noble fir 6,600 6,169 6,200 7,190
Silver fir 6,600 6,410 6,440 7,470
Western hemlock 7,400 6,637 6,670 7,730
White spruce 6,600 4,995 5,020 5,820
Englemann spruce 5,600 4,750 4,770 5,530

#ASA 05.1 DFS values not modified to recognize changes in clear wood strength

presented in ASTM D 2555 standard.

°Reduced for variability effects (0.93), increased 8% for form effect, adjusted —0.9 for
kiln drying for pine and larch (air-dry for other species, 1.0).

“Increased 16% for drying in service.



stresses are derived. The ASTM D 2555 standard requires
that these values be assessed by weighting according to
standing timber volume (7,590 Ib/in’) rather than using an
average of the subspecies mean values. For the other species
listed, average green clear wood values were changed by
the ASTM D7 committee to reflect changes in the
supporting data.

In 1963, the ASA O5 committee reduced the number of pole
classes by one. Classes 8, 9, and 10 were not rated as utility
poles. Rather they were used in construction of pole build-
ings. The suggestion to drop all three classes was countered
by the agreement to drop only class 8, leaving the gap be-
tween utility and construction poles.

Addition of H-Class

In 1972, along with the change from the “ASA” designation
to “ANSI” came the addition of an appendix that provided
information on the assumptions made in developing the
tabulated pole size classes. Load capacities assumed for each
pole class were moved from the main body of the standard
into the appendix, and these values were expanded to in-
clude the new H-class poles. Unlike the standard classifica-
tion for distribution poles that is inversely related to pole
size/capacity, the new size designations (H1 through H6)
correlate directly to pole size and capacity. To simplify
discussion related to the ANSI size classes, an index (i) is
used, ranging from 0 to 12 and correlating to pole size from
class 7 (smallest of utility poles) to H6 (largest transmission
pole). The class loads for these poles fit a quadratic function

(Eq. (2)):
Class load = 1200 + 250i +50i° )

Tip circumference values for ANSI class poles follow a
linear function of this class index.

Tip circumference = 15 + 2i 3)

The groundline circumferences are derived to provide the
section moduli required to resist the groundline moments
imposed by the class loads applied transversely at a location
2 ft from the top of the pole (ASTM D 1036—1999). The
estimated groundline circumference is then extrapolated to a
circumference 6 ft from the butt to give the ANSI tabulated
values.

To estimate a 6-ft-from-the-butt circumference from the
calculated groundline value, ANSI incorporates species-
dependent circumference tapers, also given in the ANSI
appendix. The origin of these taper values is uncertain, and
they appear to have changed slightly over time. In 1974,
Bohannan and others evaluated survey data collected for
southern pine, Douglas-fir, and western redcedar pole pro-
ducers. Their analysis showed mean circumference tapers
for these three pole species (0.34, 0.31, and 0.46 in/ft,
respectively) to be 20% to 50% greater than the values noted
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in the ANSI appendix and up to 50% lower than values
derived from tabulated class tip and 6-ft-from-butt
circumferences.

In addition to information on how size classes were deter-
mined, the ANSI annex provides some cautionary state-
ments. Of particular importance is the note regarding the
assumption that maximum stress occurs at groundline. This
is theoretically correct only if the circumference at ground-
line is less than or equal to 1-1/2 times the circumference at
the point of load. If this is not the case, maximum stress is
likely to occur some distance above the groundline. Prior to
2002, the DFS was derived to represent the average stress at
failure rather than groundline MOR and could be used with
ANSI minimum dimensions to conservatively estimate pole
capacity regardless of the location of maximum stress.

Wood Pole Test Data

In 1949, ASTM published the first standard test procedure
for wood poles (ASTM D 1036). This standard actually
includes two methods for testing poles as a structural ele-
ment intended to be loaded as a cantilever having its maxi-
mum moment at a location close to the butt end. One method
involves actually loading the pole as a cantilever beam, with
one end rigidly anchored at and below “groundline” and load
applied 2 ft from the other end. The second method, called
the “machine,” incorporates a universal testing machine. The
pole is placed on simple supports, and a vertical load is
applied at the “groundline” location. Test results differ
slightly as the machine method includes stress resulting from
the dead weight of the pole. Bending moment resulting from
dead load is maximum at a location close to mid-span. When
added to the moment resulting from the groundline concen-
trated load, this results in a slight shift in the point of maxi-
mum stress away from the groundline. The difference is
generally inconsequential for short poles, but it becomes
more significant as pole length increases.

ASTM Wood Pole Test Program

The ASTM wood pole research program initiated in 1955
strengthened the basis for characterizing the strength of
domestic pole species. The study involved tests of full-size
poles of five domestic species (southern pine, Douglas-fir,
western redcedar, lodgepole pine, and western larch), along
with matched small—clear specimens. Tests focused primar-
ily on 30-ft poles but also included 25-ft and 55-ft poles.
Yellow pine poles were tested using both the cantilever and
machine tests described in ASTM D 1036. The other species
were evaluated using only the machine test method. A total
of 630 full-sized poles and 14,000 matching small—clear
specimens were tested.

Results of this study (Wood and others 1960) provided a
basis for the 1963 revision of the ASA O5.1-1948 standard
DFS values. Changes included increases to designated



strength values for Douglas-fir, yellow pine, and western
redcedar. In addition, the data strengthened the committee’s
confidence in standard small—clear tests as a basis for evalu-
ating pole strength, leading to an increase in the DFS for
northern white cedar. Wood and Markwardt (1965) provide
a synopsis of the committee decisions that led to these
changes. Table 4 compares results published in the ASTM
pole report, Wood and Marwardt’s work (FPL-RP-39), and
the ASA OS5 standards.

Key points gleaned from the ASTM study that influenced
subsequent decisions related to pole strength include the
following:

o Average groundline strength of poles is closely
correlated to strength of small—clear samples taken
from the butt section.

e Change in strength with height is correlated to change
in specific gravity.

o Strength of young fast-grown poles having fewer than
6 rings per inch in the outer 2 in. is significantly lower
than that of poles having 6 or more rings in the outer 2 in.

e Poles in the 55-ft length category have lower groundline
MOR than do 25-ft poles.

EPRI Wood Pole Test Program

The second major contribution to the advancement of wood
pole engineering came in the 1980s when the Electric Power
Research Institute (EPRI) sponsored a research program to
promote development of probability-based design guidelines
for wood utility structures. This effort attracted the attention
of the wood industry as a major step in the development of
probability-based load-resistance-factor design (LRFD) for
engineered structures and for promoting the image of wood
poles as engineered components. This research addressed
many issues that were questioned after the adoption of the
H-class sizes in 1972. The testing phase focused primarily
on the larger poles, including 122 southern pine poles rang-
ing from 50 to 70 ft long, 172 Douglas-fir poles ranging
from 50 to 95 ft long, and 100 western redcedar poles rang-
ing from 50 to 70 ft long. The analysis phase included a
review and compilation of the state of the knowledge on
wood poles. The published results have been widely refer-
enced by academia as well as private industry and form the
basis for design and maintenance of wood pole transmission
line systems. Results are published by the EPRI under the
designations EPRI EL-2040 project 1352—1 and

EPRI EL-4109 project 1352-2.

As part of the EPRI-sponsored research from 1980 to 1985,
a database was compiled from existing wood pole test data.
This database comprised results of full-scale pole tests con-
ducted in accordance with the ASTM D 1036 standard test

procedure. The references for these studies are listed in
Appendix B. These data were made available to the ANSI
05.1 committee for use in supporting current and future
utility pole standards.

In 1994, Bhuyan and Chetwynd (1994) used a large portion
of the data generated by the EPRI project along with pri-
vately sponsored testing of poles to provide a basis for
evaluating the classification stress values published by the
Canadian pole standard (CSA O15) as well as ANSI. They
reviewed values for western redcedar, yellow cedar, red
pine, jack pine, lodgepole pine, southern pine, and Douglas-
fir. Their analysis of this data showed that test data for west-
ern redcedar, plantation-grown red pine, and some southern
pine poles produced in the last 10 years and classified by the
CSA 015 standard have load capacities that are one class
lower than that implied by the standard. ANSI O5.1 classifi-
cation stresses are greater than those of the Canadian Stan-
dards Association (CSA) for these three species.

The two most significant conclusions drawn from this work
are (1) as pole size increases groundline moment capacity
decreases and (2) western redcedar pole test data do not
support the classification stress values, especially for poles
greater than 50 ft in length.

Nominal Strength

Throughout the recorded archives that constitute the history
of the ASA/ANSI O5 material specification, there are nu-
merous discussions related to the meaning of the strength
values selected as a basis for classifying wood poles. Design
values for wood poles have traditionally been established by
the NESC, as was discussed in the Introduction. For the past
60 years, however, the NESC has referenced the ASA/ANSI
standard DFS values as a basis for wood pole design values.
It is interesting to note that until the 2002 revision of ANSI
05.1, the DFS values were treated solely as a basis for rela-
tive size classification within the standard: the standard
provided no assessment of these values in terms of the prob-
ability density function for bending strength. This changed
in 2002 when the committee decided to redefine DFS as a
groundline fiber strength that represents the mean value for a
strength distribution having a coefficient of variation (COV)
of 20%. The following text provides the background discus-
sion that led the committee to make this change.

Initial Estimates

The natural variability of a material such as wood adds to the
complexity of balancing design safety and economic feasi-
bility. In the early 1930s, the ASA O5 committee adopted an
analysis procedure that was assumed to give a 3% probabil-
ity of failure for poles in a distribution system where each
pole is assumed to carry its ASA OS5 “class” load. This
analysis relied on four basic assumptions (Colley 1931):
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1. Pole strengths are normally distributed.

2.The average pole in any size class has an actual groundline
section modulus that is 12.5% greater than that calculated
on the basis of the minimum class circumference.

3. Creosoted southern pine poles have a mean strength of
8,026 Ib/in” and standard deviation of 1,348 Ib/in’;
western redcedar has an average strength of 6,065 Ib/in”
and standard deviation of 1,151 Ib/in®. These data
provided the basis for assigning a 17% COV for bending
strength for all pole species.

4.Poles are used in a redundant system in which three in-line
poles share load, each carrying load in proportion
to its relative stiffness.

The first two assumptions were reasonably conservative. The
load increment between consecutive size classes was initially
set at 25%. This meant that groundline section moduli for
poles of a given length had a 25% increment between
classes. If the average pole within a class is assumed to have
a section modulus that falls midway between its class mini-
mum and that of the next larger class, it will have an ap-
proximately 12% higher groundline bending moment
capacity than that of a pole having the minimum class di-
mension. This means that the groundline stress on the aver-
age pole is 1/1.12 or 0.892 times® the DFS.

Colley (1931) points out that the sectional committee on
wood poles chose to set strength values slightly below the
determined averages to address concerns over technical
problems apparent in the data. There was concern among
committee members that moisture content variations in test
poles had a significant impact on species strength values that
were being used to establish size classification tables. Rather
than reject the data, the committee chose to apply a confi-
dence adjustment for bending strength, publishing values
calculated to be one-half the standard deviation below the
measured mean. Data available at the time showed a range
of within-sample strength COVs of 17% to 23%. Rather
than derive this for each species, the committee chose a
“variability factor” (y = (1 —0.5Q)) based on the COV (Q)
of 17%. As a result, nominal resistance values were set as
92% of the mean test strength.

In 1963, the ASA committee adopted the same confidence
adjustment on mean strength. At that time, the ASTM data
showed COV values ranging from 10.8% to 16%. The
committee assumed a COV of 14% and recalculated this
variability factor to be 0.93. In 1963, this adjustment was

* Today, the pole load increment varies from 27% for the
smallest pole class to 14% for the largest, so the groundline
stress on the average pole will vary from 0.88 to 0.93 times
that estimated on the basis of minimum dimension.
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warranted on the basis of small within-class sample size
rather than variations in moisture content below fiber satura-
tion at time of test.

In an attempt to assess the true meaning of the DFS value,
Colley (1931) evaluated the product of “variability” and
“oversize” adjustments in terms of standard normal devia-
tions. For poles of classes 4 through 7, the product of class
size adjustment (0.89) and variability (0.92) is 0.82. For a
normal distribution having a COV of 17%, this factor times
the mean gives a value equivalent to 1.055 standard devia-
tions below the mean which equates to the 14th percentile of
a normal distribution.

The committee then attempted to show that this value actu-
ally represented the 3rd percentile of in-service pole strength
by proposing that a utility distribution line represents a load-
sharing system. Theoretically, if the load on any one pole is
distributed in a manner to cause the loaded pole and two
adjacent poles to deflect together, each pole might be as-
sumed to carry a share of the load proportional to its relative
stiffness. Given a perfect correlation between stiffness and
strength, one might also assume that each pole is then loaded
to the same proportion of its load capacity. This means that
failure will not occur until all three poles have been loaded
to capacity. So, the capacity of the system is limited by the
average strength of three poles in series rather than the
weakest pole. The distribution of the average values of three
poles will have a variance equal to one-third the variance of
the individual values. Equating the ANSI DFS (mean pole
capacity, adjusted by the variability and class-oversize ad-
justment factors) to a fractile of a normal distribution using
Equation (4) provides a basis for estimating the probability
that a pole in a load-sharing system will fail at a load that
represents the average single pole capacity.

7(0.892)X =X [1 —LQJ 4)

5

where

Qis coefficient of variation (assumed to be 17%),
Y variability of adjustment (assumed to be 0.92), and
k normal distribution variable.

Solving for k gives the value 1.827. Assuming that the ad-
justed strength representing the average stress on three adja-
cent poles is 1.821 standard deviations below the mean
strength of three adjacent poles suggests that the DFS
represents the 0.03 fractile of the distribution of strengths of
three-pole load-sharing assemblies.

This analysis involves three flawed assumptions. First, there
is no rigid load distributing element in a distribution line that
will redistribute load laterally to adjacent poles in such a
manner that all three poles will deflect equally. If such a
mechanism did exist, the correlation between stiffness and



strength would not be perfect, so the reduction in variability
would not be as large as 1/3"2. Second, the basis for the
“variability factor” (0.92) was a lack of confidence in the
data. The adjusted value was the committee’s estimate of
mean performance for green poles that met their minimum
specifications, and y should not have been included in the
expression. Finally, load sharing is an engineering judgment,
not a material property, and has little meaning in a material
specification.

It does not appear that the NESC, which provided design
recommendations on the basis of the ASA pole strength
values, treated these values as though they were lower frac-
tiles. It was standard practice at the time for timber engineer-
ing standards to recommend design values as 25% of the
mean strength. The Sth edition of the NESC (1941) adjusted
ultimate strength by a factor of 0.25 for grade B and 0.375
for grade C. This would have been overly conservative if
applied to a 0.03 fractile of the pole strength distribution. By
the early 1960s, design standards for wood began referenc-
ing a lower 5% exclusion for strength divided by 2.1 to
account for duration of load effects. When applied to a
population having a COV of 30%, this results in 0.25 times
the mean. So, by the 1960s, the NESC approach was recog-
nized as compatible with recognized timber engineering
standards.

Test Data and In-Service Performance

A major issue for most standards development has been the
relationship between laboratory evaluation under controlled
conditions and in-service performance.

Early debate over development of the ANSI O5.1 standard
focused on the efficacy of standard full-size pole tests com-
pared with standard small—clear tests as a basis for setting
pole size class requirements. The objective was to provide a
classification system in which any pole of a designated
“class” had the same tip load capacity, regardless of species.
The small—clear test assessed the fiber strength that would
control in the event of a groundline failure.

The full-size pole test provided a more direct assessment of
pole capacity independent of failure location. The full-size
pole tests attracted greater support as being more representa-
tive of the end product.

As engineered design gained importance for utility struc-
tures, the relationship between standard full-size pole tests
and in-service pole loading began to be debated. The pole
size classification system adopted by ASC OS5, based on
groundline stress at failure, was generally considered to
provide an appropriately conservative estimate of load ca-
pacity for poles loaded as cantilever beams. When standard
load conditions are applied to longer poles, tree shape and
physiology have a significant influence on where and how
the poles fail, leading to questions about a negative bias for

longer poles that are likely to fail further away from ground-
line and to exhibit a lower groundline stress at failure.

While standard tests provide a means of assessing relative
value between species and pole sizes, they rarely address

all design issues. In the case of wood poles, DFS values used
to set pole size class include some adjustment to account

for effects of high temperature conditioning and drying

in service.

Conditioning

Preservative treatments are what make wood a viable option
for use as poles. Their effect on strength is therefore of vital
concern to pole producers. Many studies conducted to assess
treatment effects on strength have concluded that any
strength reduction is due to high temperatures involved with
pretreatment conditioning. This conditioning sterilizes the
pole and removes excess water, making the pole more con-
ducive to treatment.

The committee responsible for the 1963 version of the stan-
dard recognized potential strength reductions of 15% for
steaming and 10% for boultonizing. The steaming reduction
was supported by research studies conducted by Betts and
Newlin (1915), Wilson and others (1930), Buckman and
Rees (1938), Stamm (1956), and Thompson (1969).

The ASTM pole research program (Wood and others 1960)
provided data that suggested that previous studies on steam-
ing effects were non-conservative. The average strength of
treated western larch and southern pine poles was less than
85% that of untreated poles. The difference in western larch
was attributed to the lower specific gravity of the treated
poles compared with that of untreated poles. In the case of
southern pine, the committee attributed the large reduction to
the fact that the poles were conditioned following the guide-
lines of the AWPA standards C1-55 and C4-55, which
permitted the poles to be subjected to 259°F for 8 to 13 h.
During the conditioning processes, temperatures reached as
high as 267°F on four of the charges. These older standards
were considered to be too destructive and not representative
of state of the art in 1963. Erickson and Dohr (1959) com-
pared bending strengths of longleaf pine poles at a range of
conditioning times and temperatures and confirmed Mac-
Lean’s findings: on average, poles that were steam condi-
tioned at 245°F for 15 h showed a 16% loss in bending
strength. The data of Erickson and Dohr also showed a
reduction in variability, which led to the observation that a
13% loss in bending strength occurred at the 5th percentile.

Drying Effects

Wood drying in service has a mix of effects on load capac-
ity. Wood strength and modulus of elasticity are known to
increase with drying below the fiber saturation point, while
section property is reduced as a result of shrinkage (Wolfe
2000). Drying checks that open as poles dry may expose
poorly treated wood to trapped dirt and moisture, promoting
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local decay pockets. Excessive drying and weathering in arid
environments may cause poles to lose strength over time.
For most heavy timber engineered applications, these effects
are considered to be offsetting.

Eggleston (1952) supported the premise that the green
groundline strength basis was appropriate for the ASA pole
size classification. He evaluated butt-soaked dry poles and
concluded that except in soils so dry that pole butt moisture
content would not exceed the fiber saturation point, the
strength of the tops of southern pine poles in service is
probably very close to the (saturated) groundline strength.
Rhatigan and Morrell (2002) reported an average of 19% to
40% moisture content at groundline for creosoted Douglas-
fir poles that had been in service for 35 years, suggesting
that the assumption of dry in-service conditions is
nonconservative.

Kulp (1957) reported finding decay in poorly treated wood
above groundline. He found that 1.7% of 1,885 southern
pine poles placed in test installations were removed after an
average 15 years of service; 5 failed within 13 years of
service as a result of decay. These poles had been treated
with coal tar creosote. Kulp reported that 1.7% of the re-
maining poles were deteriorated as a result of decay or ter-
mite attack after 6 to 18 years of service. In semi-arid
regions of Montana and the Dakotas, the tops of 6.1% of
butt-treated lodgepole pine poles were partly decayed after
5 to 8 years of service, and the tops of 28% of butt-treated
western redcedar poles had light to moderate shell-rot after
9 to 15 years of service. Light top decay around spur marks
was present in 21% of untreated northern white cedar. Kulp
did not report moisture content, but the incidence of decay is
a reasonable indication that moisture content exceeded 20%
in these poles.

Research in support of increasing pole strength for drying in
service was reported by Wilson and others (1930) and by the
ASTM pole study. These studies showed a 10% strength
increase for shortleaf pine poles and 14% strength increase
for lodgepole pine when dried to 20% moisture content.
Further support for recognizing the dry strength of poles was
gained from a survey conducted by the REA that showed
that moisture content 4 ft above ground was lower than 20%
in a high percentage of poles (Wood and Markwardt 1965).
The REA data included more than 1,400 poles in a region
north and east of 40°N,100°W (Kansas/Nebraska line, west
of Missouri, north of Cincinnati, Ohio) and 700 poles to the
south and east of that point. More than 1,200 poles were
surveyed between mid-Kansas and the California/Nevada
border; 33 were surveyed west of that point. The survey
showed that moisture content at 4 ft above ground exceeded
20% in 13% of poles surveyed in the southeast region, 4% in
the moderate northeast region, and fewer than 1% of poles
west of the Colorado/Kansas border.
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This information was available to the ASA committee in
1963 when it decided to consider drying in-service to ac-
count for a 10% to 16% increase in bending strength values
determined in the green condition. Discussions leading to the
acceptance of these increases included concern for the length
of time from installation to the point a pole actually reaches
20% moisture content and the fact that for most poles, the
highest stress occurs in a region where moisture remains at
fiber saturation. In most cases, these increases offset reduc-
tions caused by pretreatment conditioning, resulting in val-
ues that appeared to be representative of the test data. It was
only for species such as western redcedar that did not require
high temperature conditioning that the drying effect noticea-
bly increased strength above that determined in green pole
tests. As the ANSI standard was considered a material speci-
fication and not a design standard at the time, no reference
was made to these assumptions or to any required adjust-
ments for poles to be used in wet environments. The DFS
values were used by ANSI only to set relative dimensions in
the pole size classification tables. They were not considered
by ANSI O5.1 to be a design basis.

In 1986, ASC O5 made an explicit declaration that the tabu-
lated pole circumference values were to be measured in the
“green” condition. This was done to address questions about
undersized dry poles. The fact that the tabulated “green”
circumferences are derived using estimates of “dry” ground-
line strength is of little consequence when the only concern
is size classification to ensure species interchangeability. If
the standard is to promote the DFS values as a basis for
design, however, it should be remembered that the ANSI
class loads are not a good measure of the load capacity of the
classified “green” pole.

As discussed earlier in this paper, a major problem with
using dry strength to set a green dimension is that the failure
probability for the target pole is greater than 50% at the
designated class load. A green pole sized using the dry
strength will have a strength that is over one standard devia-
tion (or 16%) below the strength required to carry the desig-
nated class load. When this pole dries, it will have a section
modulus 6% below that required of a dry pole.

The offsetting effects of shrinkage and fiber strength in-
crease with drying, combined with the results of the EPRI-
funded research on poles taken out of service, suggest that
taking an increase in strength for drying in service is non-
conservative. The EPRI research included a limited set of
74 western redcedar, 49 southern pine, and 11 Douglas-fir
poles taken out of service after 30 years that had average
strengths 20% to 30% less than that of new counterparts.
The effect of drying in service most likely varies with expo-
sure conditions as well as species. An across the board ad-
justment was not warranted, and ASC OS5 provided neither
recommendations nor warnings about adjusting load capac-
ity for drying.



Pole Shape

The relationship between in-service capacity and standard
test capacity is influenced by physical aspects of the pole
and test specimen. These may be placed in three categories:

1. Form, relating to round as opposed to prismatic sections.

2. Taper, relating to change in section property over pole
length.

3. Size, relating to weak-link theories, which suggest that
average extreme fiber strength will decrease as size in-
creases.

Pole form—Form effect refers to differences in the strength
assessment of round as opposed to rectangular sections when
using the standard engineering model for stress in a bending
member. This model, which estimates stress as an inverse
function of section modulus, assumes that stress is uniform
across the width and varies linearly with distance from the
neutral axis of any section. Newlin and Trayer (1924) con-
cluded that this model gives roughly an 18% higher value
for stress at failure for round than for square wood sections.
Basically, the researchers found that square and round sec-
tions having the same cross-sectional areas had the same
bending moment capacity. Because the square section has an
18% greater section modulus, its calculated stress at failure
is 18% less than that of the round section. Therefore, when
estimating the strength of a round section on the basis of
published small—clear square section strength, some form
effect should be recognized.

Pole taper—Wood pole taper has played a major but largely
unrecognized role in the history of structural performance of
ANSI poles. Table 6 summarizes measured and implied
wood pole tapers that have had some influence on this stan-
dard and on the history of pole performance.

The ANSI pole size classification relies in part on measured
pole taper values, but the size classification tables hold

conservative implications in this regard for the pole user. In
deriving the 6-ft-from-the-butt (6’FB) circumferences in the
size classification tables, the values listed in Annex B of the

Table 6—Pole taper values

ANSI O5.1 standard (see Table 6) are used to transfer re-
quired circumference dimension from groundline to the
6’FB location. In selecting an ANSI pole, however, a pole
designer must assume that it will have the designated mini-
mum tip and 6’FB circumferences given for its class. The
corresponding taper is the difference in these dimensions
divided by the length between them. As the tip circumfer-
ences vary in increments of 2 in. and the 6’FB circumfer-
ences for any length change in increments exceeding 2 in.,
the implied tapers increase with pole size. Table 6 provides a
comparison of 55-ft and 80-ft poles; the low values in these
cases are for class 7 poles and the high values for class H6
poles.

Table 6 also provides measured tapers reported by Bohannan
and others (1974) and Wood and others (1960). The circum-
ference values reported by Bohannan were determined from
measurements of poles ranging in length from 55 to 80 ft.
These data showed no consistent relationship between taper
and pole length. In all cases, however, the taper appeared to
increase with groundline circumference as implied by the
ANSI tables. Wood’s data, which was determined for

25- to 55-ft-long poles, showed a definite increase in taper
with pole length for southern pine and western redcedar, but
the evaluation did not provide a comparison across size
classes.

Comparing ANSI Annex B values to those reported by
Bohannan suggests possible undersizing for longer poles.
While the ANSI butt taper values appear to be about average
for the 25- to 55-ft poles reported by Wood, they fall below
the median values reported in Bohannan’s survey for each
species (0.021 vs 0.028 for southern pine, 0.017 vs 0.027 for
Douglas-fir, 0.032 vs 0.039 for western redcedar). The
implication is that on average, for poles >50 ft in length
where the groundline is above 6 ft from the butt, the 6’FB
dimension required to give the necessary groundline section
modulus will be underestimated using the ANSI Annex B
value. Projecting back to groundline using the implied tapers
in the ANSI tables results in an undersize groundline dimen-
sion for the classified pole.

Taper (in./in.)?*

Pole Southern pine Douglas-fir Western redcedar

length
Reference (ft) Low Med. High Low Med. High Low Med. High
Bohannan 55-80 0.014 0.028 0.045  0.011 0.027 0.050 0.018 0.039  0.077
Wood 25-55 0.015 — 0.029  0.012 — 0.017 0.024 — 0.042
ANSI Annex B — 0.021 0.021 0.021 0.017 0.017 0.017 0.032 0.032  0.032
ANSI tables 55 0.033 — 0.043  0.033 — 0.043 0.047 — 0.055
ANSI tables 80 0.030 — 0.040  0.030 — 0.040 0.038 — 0.049

“Calculated as change in circumference per change in height.
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Taper has a definite effect on how stresses are distributed in
a pole. Stress is not distributed linearly in a tapered cantile-
ver beam. The bending moment (M) for a cantilever in-
creases at a constant rate from the point of load application
to the reaction. However, when divided by the section
modulus (S), which increases as a cubic function of distance
from the load point, the quotient (M/S) or stress is an inverse
quadratic function that increases at a decreasing rate. If the
taper is steep enough or the cantilever long enough, the
stress stops increasing with distance from the load point and
may decrease. This means that the point of maximum stress
in a tapered cantilever does not necessarily coincide with the
point of maximum moment.

For a linearly tapered, round cantilever beam of uniform
homogeneous material, the quotient M/S will reach its maxi-
mum value at a point where the pole circumference is

1.5 times the circumference at the point of load. Under these
conditions, the distance from the point of load to the point of
maximum stress (X,) can be estimated as

X, =0.5C,, /7 )
where
Cy, is circumference at load point and
T circumference taper.

For most distribution poles, Equation (5) suggests that the
maximum stress location will be at groundline. The esti-
mated maximum stress location for a class 1 55-ft pole,
however, would be 6 ft above groundline for southern pine
and 18 ft above groundline for the average western redcedar
using tapers taken from Wood and others (1960) or median
values reported by Bohannan and others (1974).

Of course, this purely geometric derivation provides only a
rough approximation of how stresses vary in an actual wood
pole. There are other variables to consider when predicting
where a pole will fail. If maximum stress occurs at 6 ft above
ground in dry wood and the groundline is saturated, it is
likely that the groundline stress will exceed the saturated
strength before maximum stress will exceed dry strength.
Physiological effects such as knots, juvenile wood, strength
change with height, and diving grain exposed in the debark-
ing—peeling process also present points of weakness that
might initiate a failure at a location other than the point of
maximum stress.

Material variability—Because wood is a product of nature
rather than a manufacturing process, its strength is much
more variable than that of most commonly used engineering
materials. Wood strength varies not only between trees but
also within a tree. Between-tree variability in strength is
attributed to growing conditions (e.g., nutrients, rainfall,
length of growing season, competition) and within-tree
variability to factors such as the transition from juvenile to
mature wood, the occurrence of branches and reaction wood,
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and growth rate, which are partly related to species and
partly influenced by the environment.

Change in strength with height—Change in strength with
height and size effect are two overlapping yet independent
issues used to characterize the perceived reduction in
strength with pole size. When ANSI O5.1 adopted the H-
classes in 1972, the specification treated these classes the
same as the distribution pole classes in that the poles were
sized as single pole cantilever beams. Unlike distribution
poles, however, many of these larger poles were used in
multi-pole structures (such as “H-frames”), which required
cross-bracing that imposed critical stresses at close to mid-
height above groundline. The concern for critical stress
occurring at or above mid-height prompted Bohannan (1971)
to evaluate change in pole strength with height and to pro-
pose a strength—height adjustment that defined the lower
boundary of strength change with height on the basis of the
limited data available at the time. This model took the form

X
F, = Fyq [I_O'STJ (6)

In developing this model, Bohannan reviewed the limited
available data on change in pole strength with height. The
ASTM pole data provided data on failure strength as a func-
tion of location. Other sources provided information on
incremental tests of pole sections from the butt to the tip and
on specific gravity changes with height (Okkonen and others
1972). After collecting this information, Bohannan derived
his model to characterize the lower boundary of strength as a
function of location with respect to pole length. The model,
based on measured dimensions of test poles, was intended to
provide a conservative estimate of the strength of the pole at
height x above the groundline. Annex A, which was intro-
duced in 1976 and added in 1979, incorporated Bohannan’s
model as nonmandatory information. It stated that the basic
premise of the model is that it would be used only when
actual dimensions are known and acknowledged that a re-
duction in fiber stress with height is not required when ana-
lyzing a pole based on minimum size and assumed linear
taper values given in ANSI tables.

Soon after appendix A was added, this adjustment became a
major issue of concern among ASC members as it held
implications beyond the concern for multi-pole structures.
Members realized that strength reduction also had an impact
on smaller poles. One member showed that a 60-ft class-4
southern pine or Douglas-fir pole would have a critical
section 26 ft above the groundline and require 3.5-in. greater
circumference at that point.

Loss of strength with height continued to be an issue of
debate into the early 1980s despite the fact that it was
published in an annex and was not an official part of the
ANSI main standard.



As part of the EPRI-sponsored pole research conducted in
the 1980s, undamaged sections of test poles were retested to
assess change in strength with height. The retest sample
included 58 southern pine, 87 Douglas-fir, and 32 western
redcedar poles. Strength change with height based on meas-
ured dimensions was compared to strength change based on
ANSI minimum dimensions. Results confirmed that the
conservatism inherent in the use of ANSI minimum dimen-
sions and the assumption of a linear taper countered any
strength loss with height for Douglas-fir and western redce-
dar. Bodig and Goodman (1986) and Phillips and others
(1985) confirmed the efficacy of Bohannan’s model for
southern pine when based on measured dimensions.

When the data are reevaluated using minimum class dimen-
sions, however, the relationship becomes

Fy :9400(1—0.176%j (7

This means the strength reduction is roughly 9% by mid-
height when based on minimum class dimensions compared
to 25% with actual dimensions.

Size effect—Weibull (1984) developed his extreme value
distribution on the basis of a weak-link theory that predicts
reduction in mean strength as size increases. Wood (1956,
1958) first noted a size effect in poles while working on the
ASTM pole study and reported the effect for poles less than
50 ft in length. Erickson and Dohr (1958) showed a decrease
in tree strength with age: trees more than 200 years old have
lower strength than younger trees. The effect of size on load
capacity has been noted for most engineered applications of
wood (Bohannan 1966).

1.4
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Figure 2 shows relative strength values for various species
and pole size classes. The relative value in this case is ex-
pressed as a fraction of the 1963 DFS for southern pine
(8,000 Ib/in?). Figure 2 suggests that for the ASTM tests,
relative strength varies with pole size. However, it must be
noted that the class 1-55 and 9-25 plots represented only

5 or 6 tests in each species, whereas the class 6-30 samples
ranged from 15 to 43 tests. This observation did not attract
much debate in 1963 when the ASA standard dealt only with
distribution poles and design capacity was a relatively minor
issue. It did, however, attract attention in 1980 when test
values from the EPRI-sponsored study were low by com-
parison with ASTM values.

The change in strength with pole size is attributed in part to
geometry and tree physiology. As noted previously, maxi-
mum stress in a tapered round cantilever of uniform proper-
ties will occur at the location where the circumference is

1.5 times that of the point of load. For poles of a given
groundline dimension, the longer the pole the greater the
chances of failing at a location significantly above ground-
line. The greater the distance between groundline and the
failure location, the greater the assumed difference between
groundline strength and groundline stress at failure. Because
the poles in the ASTM study were evaluated on the basis of
groundline stress at failure and not actual groundline
strength, there is some question as to the source of the
apparent size effect seen in that data. However, the majority
of these poles would be expected to fail close to the
groundline.

At the time the EPRI study results were published, the
evaluation of groundline stress at failure was still considered
to be the easiest way to deal with the evaluation of pole
capacity. A tendency for a decrease in groundline stress at
failure with an increase in pole size presented in the EPRI
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Figure 2—Relative strength (fraction of 8,000 Ib/inz) of five species in three size classes tested in
ASTM wood pole research. LL is longleaf pine, SL shortleaf pine, Lblly loblolly pine, WL western larch,
DF Douglas-fir, WRC western redcedar, and LPP lodgepole pine.
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study raised some concern among committee members about
acknowledging these results in the material specification. At
that time, the ANSI O5.1 standard attributed no design
significance to DFS values. These values were used only as
a basis for establishing the pole circumference 6 ft from the
butt for the ANSI pole size classification. The premise of
species interchangeability inherent in this classification
system was not violated if size effect was treated as a design
consideration, rather than a material variable. The committee
decided to acknowledge the EPRI results in Annex C as
additional information for those interested in promoting the
application of probability-based design to utility structures.
In this way, the burden of using or ignoring these effects was
left on the designer with relatively minor impact on the
ANSI standard. Without code recognition by the NESC,
probability-based design was not used for design. Neverthe-
less, interest in the Annex C values continued and this in-
formation provided the basis for calibration studies of
competing design methods.

Annex C

Results of the EPRI-sponsored research to promote the use
of probability-based design for wood transmission structures
were summarized in the form of a condensed introductory
guideline and published as Annex C of the ANSI O5.1 stan-
dard specification. This guideline was written to be compati-
ble with the established groundline capacity classification
system presented in the ANSI O5.1 standard. To address the
size effect made apparent by this analysis, the technical
advisory committee to that project recommended separating
the data into two distinct length categories (<50 ft, 250 ft)
with a discrete reduction in strength at the 50-ft length rather
than adopting a continuous function to account for size
effect.

In the evaluation of these strength values, all data were
adjusted to the minimum groundline dimensions correspond-
ing to the ANSI class of each pole rather than using the
measured dimension. The groundline circumferences used to
determine groundline bending strength were the ANSI-class
minimum values. These are the values an engineer assumes
for an “ANSI pole” in calculating pole moment capacity.
The values presented in Annex C are therefore appropriate
only for use with ANSI-class pole minimum dimensions.

In addition to differentiating by length and adjusting for the
ANSI-class minimum dimensions, the larger pole values
were adjusted to remove any pole size bias. As the EPRI
study indicated, the effect of groundline circumference on
pole strength and test poles was greater for western redcedar
(largest pole H4-70) and Douglas-fir (largest pole H2-75)
than for southern pine (largest pole 1-75), leading to the
conclusion that the southern pine data had an inherent size
bias. As a result, ASC OS5 felt that all test values should be
adjusted to the equivalent class 2-65’ circumference value.
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This was done using a linear regression between groundline
stress at failure adjusted for ANSI minimum dimension
(AMORy,)) and the ANSI 6-ft-from-butt circumference ()

AMORy =a+bc ®)
Regression parameters (&, b) are provided in Table 7 along
with the ANSI minimum circumference at groundline for the
class 2 65-ft poles (46.5 for Douglas-fir and southern pine,
51.5 for western redcedar). Groundline stress values derived
for poles greater than or equal to 50 ft in length (Bodig and
others 1986a,b) are shown in the last column. The difference
between mean distribution pole values (test poles ranging
from 25 to 50 ft) (ANSI O5.1; App. C, Table C1) and the
values for an ANSI class 2 65-ft pole (ANSI O5.1; App. C,
Table C2) represents the effect of pole size on groundline
stress at failure.

Despite the effort to keep design information separate from
the material specification, the ASC O5 was forced to address
disparities highlighted by the Annex C guideline. An initia-
tive by the Institute of Electrical and Electronic Engineers
(IEEE) to revise utility structure design procedures of the
NESC raised questions about the efficacy of the ANSI DFS
values for design of transmission structures. The primary
concerns included the effect of pole size and the bending
strength values found for western redcedar poles. The IEEE
requested a recommendation from the ASC OS5 on values to
use for design to retain a uniform reliability across species
and class sizes. This prompted the ASC OS5 to consider
options for recognizing disparities between the ANSI fiber
stress values adopted in 1963 and those determined on the
basis of larger pole tests summarized in Annex C. An initial
recommendation to recognize the effect of pole size was to
use a stepped allowable fiber stress. With this option, large
poles would have a single, reduced DFS that would be less
than the published value for small poles. This would result in
a sudden jump in the required circumference when that
transitional pole size was reached. It seemed awkward and
unrealistic that a slightly larger pole would suddenly have
less strength, and this too was rejected.

Table 7—Regression parameters to account for size
effect on poles (Bodig and others 1986)

ANSI 2-65
circumfer-
Sample ence AMORy
Species size a b (in.) (Ib/in%)
Douglas-fir 248 12,332 -96.1 46.5 8,890
Southern pine 263 12,589 -89.4 46.5 10,190
Western 487 7,952 -53.5 51.5 6,310

redcedar




Wolfe and others (2001) proposed the use of a continuous
function that would maintain the traditional approach to
pole capacity evaluation, but it was rejected as too compli-
cated and too costly for pole producers. This approach re-
tained a relationship between the groundline moment
capacity (M) and groundline circumference (Cg) similar to
that used previously (Eq. (9)) but with parameters that were
derived empirically from a statistical evaluation of the 5%
lower exclusion bending strength versus groundline circum-
ference (Eq. (10)).

M, =okCy’ 9)
My = AkyC, " (10)

For poles used only in distribution structures, the value of
“B” was set to zero giving an equation identical to
Equation (9) except that the A parameter represented a
L5%EL value for bending strength. A calibration factor v is
also included to adjust for the lower values found for west-
ern redcedar.

For the three species used for transmission structures (south-
ern pine, Douglas-fir, and western redcedar), the B parame-
ter had a negative value. This means that the groundline
moment capacity did not increase as rapidly with an increase
in groundline circumference as it did using Equation (9),
thus accounting for the observed size effect.

This approach retained the simplicity of the ANSI approach
to pole classification as well as species interchangeability,
but it required too many changes to the established ANSI
values. The perception that this would cause significant
changes in class sizes prompted many producers to conclude
that transition costs would be prohibitive. Targeting a lower
5% exclusion value for bending rather than a mean value
meant that the class loads would have to be reduced. Despite
the fact that this could be done with little impact on class
circumference values and would be compensated by war-
ranting higher resistance factors in design, it gave the ap-
pearance of reducing the capacity of wood poles. ANSI DFS
values had traditionally represented a value close to the
mean strength at groundline for distribution poles: 5% lower
exclusion values are roughly 30% less than the traditional
DEFS values. Finally, this approach acknowledges a larger
gap between the ANSI DFS and measured mean strength of
western redcedar than exists for the other species. Members
of ASC felt this was not adequately substantiated. They
explained the strength gap as the result of deficiencies in the
test and analysis procedures when evaluating a species with
large taper in the lower half, which caused failures to occur
higher in the pole giving a groundline moment at failure that
was not representative of groundline moment capacity.

ANSI| O5-02

Rather than change the method of deriving DFS values and
the tabulated circumferences, ASC OS5 opted to change the
definition of DFS from a relative measure of pole groundline
moment capacity to an estimate of groundline strength (see
Appendix A). Prior to 2002, the DFS was evaluated as the
groundline stress at failure for a dry, treated pole loaded as a
cantilever beam with a transverse load applied 2 ft from the
top. The sole ANSI O5.1 use of this value was to represent a
relative measure of pole capacity as a basis for pole size
classification. A number of attempts were made by commit-
tee members (Colley 1932, Wilson and others 1953) to
attach a level of statistical significance to the derivation, but
their assessments were all based on assumptions that were
never supported by data or any rigorous analysis of field
performance. The ASA and later the ANSI standards were
strictly material specifications that presented the DFS values
as only a relative measure of pole strength.

In 2002, the DFS was redefined as the fiber strength of dry,
treated wood. The ANSI standard added statements of sig-
nificance that these values represent the means of distribu-
tion of groundline fiber strength and that these distributions
are known to have a COV of 20%. The standard states that
these evaluations were made with sufficient precision to be
used for probability-based design. The new definition intro-
duced an acceptance of design liability by ASC OS5 as the
DFS value is now defined to represent wood strength at a
specific location as opposed to relative pole capacity used
simply to set pole size classes.

Using data provided by the EPRI project (Phillips and others
1985, Bodig and others 1986) (Appendix C) the committee
derived groundline strengths (MORy) for poles in lengths of
50 ft and longer on the basis of measured modulus of rupture
(strength) at the failure location (MORy) and the strength—
height relationship proposed by Bohannnan (1971). Prior to
2002, DFS values included adjustments for variability in test
data attributable to handling and test procedures (0.93),
high-temperature conditioning, and drying in service. This
approach was retained for poles shorter than 50 ft based on
the assumption that they normally fail at the groundline. For
the 2002 revision of the ANSI O5.1 standard, however, the
ASC O5 supported dropping the adjustment for variability
and accepting a maximum 10% increase for drying in ser-
vice, originally recommended by Wood and Markwardt
(1965) for longer poles.

A new adjustment, also adopted for long poles, was a class-
oversize adjustment that varies from 7% to 13%, depending
on the pole class size. Due to its variation with class size,
this adjustment requires an iterative procedure to match the
product of adjusted DFS and average class section modulus
to a designated class load moment (discussed in Appendix
C). This adjustment decreases the probability that poles
within a size class will have a groundline bending moment

19



capacity that exceeds that imposed by the designated class
load (see Appendix A). The resulting values are shown in
the column labeled “DFS” in Table 1. Comparing these DFS
values to the DFS values that would have been derived using
the previous definition shows a 14% advantage for Douglas-
fir and southern pine and a 44% advantage for western red-
cedar.

In 2002, groundline strength of poles in lengths 50 ft and
longer were extrapolated from the failure location using the
strength—height model previously presented in Annex A of
the ANSI O5.1 standard. As change in strength with height
is now an inherent part of the evaluation of groundline
strength, it is required that this model be used when assess-
ing the strength profile for ANSI poles. Adoption of this
model to estimate groundline strength, however, detracts
from species interchangeability. Groundline circumference
values are still calculated on the basis of section modulus
required to resist the class-load-induced groundline moment.
Using the projected groundline fiber strength rather than the
groundline stress at failure means that the groundline dimen-
sion does not account for the occurrence of a failure above
groundline. The larger the taper of a pole, the greater the
distance from groundline to the point of maximum stress and
the greater the difference between groundline stress at failure
and groundline strength. Unless the groundline circumfer-
ences are adjusted to account for this, poles of the same class
but different taper will have different load capacity

While the decision to change the DFS value from a relative
measure of pole capacity to a measure of bending strength
applicable only at groundline constituted a significant
change to the standard, on its own this decision had a minor
impact on solving the problem of size effect that was appar-
ent in the test data. The change that had the greatest impact
on maintaining the traditional DFS values was the adoption
of a classification oversize adjustment.

The analysis presented in Appendix C shows that the pro-
jected MOR at groundline, when adjusted for only condi-
tioning and drying in service (5,530, 6,950, and 7,720 1b/in®
for western redcedar, Douglas-fir, and southern pine, respec-
tively) is still significantly less than the ANSI DFS values
for these species (6,000, 8,000, and 8,000 1b/in®, respec-
tively). Adjusting DFS values so that the average, rather than
minimum-sized, pole in a class will be sized to carry the
ANSI-designated class load gives DFS values of 6,040,
7,640, and 8,530 1b/in?, respectively.

The effects of these changes on ANSI values are discussed
in Appendix A. Small poles are still sized using DFS values
that were derived assuming a 16% increase for drying in
service but with no increase for class oversize. Long poles
(>50 ft) are assumed to have a dry strength 10% greater than
the measured green value. But they are also given a 7% to
13% increase for class oversize. Despite the fact that poles
are sized using values adjusted for drying in service, ANSI
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notes that the tabulated circumferences are intended to be
measured in the green condition and that a reduction in
section modulus of up to 6% due to shrinkage should be
expected. This means that a minimum-sized pole of average
strength and more than 50 ft in length could be overstressed
by as much as 24% (1.1 x 1.13), whereas the average-
strength minimum-sized distribution pole would be over-
stressed by 16% if required to carry its class load in the
green condition. If loaded in the dry condition, an average
strength minimum-sized long pole would be overstressed by
13% to 20% at the class load (6% due to shrinkage and 7%
to 13% for the class oversize adjustment), whereas the
smaller, minimum-sized distribution pole would be only 6%
under capacity at the designated class load.

The fact that the probability of failure of the average ANSI
pole loaded to its class load in a standard cantilever test went
from 50% or more (depending on strength variability as-
sumed) prior to 2002 to 70% or more after 2002 (see Ap-
pendix A) is really not a critical issue as long as the pole
user realizes that class loads are used simply to classify
poles. There should be some concern, however, that the new
definition of DFS for long poles has been inflated by 7% to
13% above dry strength and a dry pole is likely to have a
section modulus 6% below that of a green pole. This sug-
gests that the DFS for long poles should be reduced by 20%
when calculating the groundline strength for design pur-
poses.

The most obvious drawback to this change is the confusion it
creates over the meaning of the ANSI fiber stress value. The
engineer will still use the minimum dimensions permitted for
the pole class selected to assess capacity. The pole selection
must be made by first assessing the load profile. Using the
ANSI dry DFS and the change in strength and circumference
along pole length, the engineer must determine the required
minimum section property profile for portions of the pole
expected to dry in service and then decrease the DFS by

10% (16% for short poles) to check section property re-
quired in any wet regions. Once a required profile has been
established, it can be compared to ANSI-tabulated dimen-
sions to select a class size. The difference in average failure
probability at the designated class load for long and short
poles will most likely be of little importance provided the
design engineer references the tables simply as a catalog of
ANSI size codes.

Conclusions

e The practice of classifying green poles by groundline
circumference determined on the basis of dry strength is
inappropriate for design applications. The ANSI standard
should derive class dimensions on the basis of green
strength and suggest an adjustment for drying above
groundline.



e The practice of sizing long poles so that the average size
pole is defined by the minimum required section modulus
and of sizing short poles so that the smallest permissible
size pole is defined by the minimum required section
modulus leads to inconsistency in pole reliability. ANSI
should apply the same bias to all pole classes.

o For species having ANSI DFS values derived from
published small—clear tests, values should be modified
to reflect the changes implemented in ASTM D 2555.

¢ [t is more conservative for taper values used to project
6-ft-from-butt dimensions to err on the high side. Com-
parison of taper values reported in Annex B of the ANSI
05.1 standard appear low by comparison to those deter-
mined by Bohannan. This could result in undersizing for
poles more than 40 ft in length.

e The relationship between strength and pole size is not
adequately characterized by the strength-reduction-with-
height function adopted by ANSI. The relationship be-
tween pole size and strength as evaluated over the past 50
years suggests that it would be technically more correct to
reduce the allowable fiber stress with increasing pole size
(volume) rather adopting an untested model to project
groundline strength from strength at the failure location.

e Pole design should focus on differences between stress
and strength profiles, setting design as a fraction of the
load at which the maximum difference is zero. The ANSI
05.1 standard currently instructs users to consider change
in strength with height only when the point of maximum
stress occurs above groundline. The DFS derivation
adopted in 2002, however, extrapolates strength from the
point where the difference between stress and strength are
the greatest (failure location); not the point of maximum
stress. Suggesting a design approach to prevent stress from
exceeding strength would add credibility to the design
method presented and would make wood pole strengths
comparable to that of other materials.

e The wood pole industry should continue to work on refin-
ing its knowledge of pole physiology and shape to provide
more reliable wood pole structures and a more credible
standard. Also, if the producers can be encouraged to re-
vise the class circumference tables, then interspecies ex-
changeability can be restored.

Observations

The ANSI 05.1-02 standard appears to magnify the dispari-
ties between the main body of the standard and Annex C.
Annex C presents what has been viewed as technically cor-
rect and compatible with established timber engineering
methods compromised by what is politically and economi-
cally acceptable to users and producers. By keeping design
information in an annex, separate from the material specifi-

cation, the committee was able to maintain the standard size
classifications established 40 years ago, despite the realiza-
tion that they did not represent uniform reliability across
species or across classes within a given species.

The methods outlined in Annex C brought ANSI up-to-date
with utility-structures engineering, but they suggest a need to
recognize a size effect when designing wood pole transmis-
sion structures. The committee responsible for the ANSI O5
standards (ASC O5) has attributed the perceived problem of
a size effect to change in strength with height. The commit-
tee must decide if it wants ANSI O5.1 to remain a material
specification or to assume the role of a wood pole design
standard. The standard needs a stronger technical basis to
bring it into alignment with Annex C.

Before ANSI O5.1 moves too far into the realm of a design
standard, it would be beneficial to develop technical support
for assumptions made and to more carefully consider their
impact on the market for utility poles. The fact that poles are
generally classified in the green condition means that
groundline section modulii derived using the new “dry”
definition of DFS values for large poles may result in under-
sized poles. A size class adjustment is appropriate only when
converting the DFS, used to set size class dimensions, to a
design value. It is not appropriate to adjust test data for size
class effect to derive a size class dimension as it leaves the
false impression that all poles having a strength greater than
or equal to the DFS in a given size class have the capacity to
carry the designated class load.

If loads on a large pole are located to induce maximum stress
at groundline, where moisture could be at or above fiber
saturation point, a pole whose required groundline dimen-
sion is derived on the basis of dry strength will be undersize.
Thus, in addition to including a reduction in strength with
height, the standard should include a moisture adjustment for
critical sections being within 4 ft of the groundline.

The fact that this new derivation requires recognition of a
change in strength with height means that this becomes
mandatory for all poles. The committee is basically assum-
ing that small poles fail close to the ground where change in
strength with height is minimal. The strength change profile
(Eq. (7)) is undoubtedly conservative in the lower half of
trees; even for small poles it indicates that the critical stress
location is above groundline. The result is that the strength
change with height evaluation is required for any poles
designed using the new ANSI standard. If the committee
wishes to design poles with this degree of sophistication, the
strength profile must be derived to present a more accurate
picture, not only of fiber strength change but of section

property change.
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Appendix A—Effect of 2002
Revision on Pole-Class
Strength Distribution

In 2002, six basic changes were made to the ANSI standard
that influence the definition of the designated fiber stress
(DFS) for poles in lengths greater than or equal to 50 ft in
length (referred to as “long” poles in this appendix). These
changes were as follows:

1. Redefining DFS to be groundline strength rather than
groundline stress at failure

2. Adopting a change in strength with height function as
part of the evaluation of pole properties

3. Dropping recognition of the influence of test procedure
variability from derivation of strength of long poles

4. Incorporation of a class oversize adjustment for long
poles

5. A reduction in the long pole strength adjustment for
drying in service

6. Declaration of a 20% coefficient of variation for pole
bending strength

The change in definition of DFS allowed ANSI to acknowl-
edge the observed “size effect” (Bodig and Goodman 1986)
discussed in Annex C of the O5.1 standard as being a result
of a change in strength with height rather than a groundline
dimension. The advantage of this change is that it provides
a basis for retaining established DFS and therefore the
ANSI class groundline dimensions for all pole classes.

To justify maintaining the same DFS for long poles, ANSI
adopted as mandatory the change-in-strength-with-height
function previously presented in the “non mandatory” An-
nex A. The inverse of this function was used to estimate
groundline strength for long test poles that failed above
groundline. As the inverse of this function was used to
evaluate groundline strength, the function becomes a man-
datory adjustment for anyone concerned about the strength
of poles in locations other than the groundline.

The 2002 derivation of DFS for long poles did not include
the adjustment for variability inherent in the established
DFS values. The “variability” adjustment, originally intro-
duced in 1931 and re-approved in 1963, was proposed to
counter the effect of testing poles that had unknown mois-
ture gradients at the time of testing. This was basically a
confidence adjustment that reduced the measured mean by a
half standard deviation. In 1963, ASA OS5 elected to use a
14% coefficient of variation for bending strength of poles
on the basis of results published in the ASTM wood pole
report (Wood and others 1960). As there were no changes
to the derivation of DFS for poles under 50 ft in length in
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2002, the variability adjustment (0.93) is still considered to
be an inherent part of those values. This adjustment was not
used, however, in the 2002 derivation of DFS for long poles
(=50 ft).

In 2002, ANSI adopted an adjustment for class oversize
effect for long poles. This adjustment was previously ac-
knowledged as a design consideration (Annex C of the
ANSI 0O5.1 standard), but it was not included in the previ-
ous derivation of DFS values, which are used to set the pole
class dimensions. This adjustment basically realigns the
designated class load with the median-size rather than the
minimum-size pole in a given size class. Multiplying the
minimum allowable section modulus for a pole class—length
combination by the DFS thus gives the moment capacity of
the median “long” pole and the minimum “short” pole. This
suggests that for a given pole class, an average strength
median sized “long” pole and an average strength minimum
sized “short” pole have the groundline moment capacity
implied by their designated class load.

Other changes adopted in 2002 that affect the conclusions
about the ability of a pole to resist the implied groundline
moment capacity include the adjustment for drying in ser-
vice and the assumed strength variability. In 1963, two
drying-in-service adjustments were considered, 1.1 and
1.16. The latter value was preferred for derivation of DFS
for the primary pole species. In 2002, an adjustment of 1.1
was adopted for long poles. The implication of this change
is that short poles that are more likely to be critically
stressed at groundline have a larger increase for drying in-
service than are poles more likely to fail above ground.

As for the variability of pole bending strength, the 2002
version of ANSI O5.1 declares that wood poles have a
strength coefficient of variation of 20%. This value is
higher than previously referenced by ANSI and higher than
that obtained for data presented in the ASTM study (Wood
and others 1960) or the EPRI-sponsored study (Bodig and
others 1986).

The following analysis provides a comparison of pole
strength as defined by ANSI standards before and after the
2002 revision. All assumptions are based on values either
provided in ANSI OS5.1 standards or taken from discussions
that support those values. This analysis includes only those
parameters that were modified in 2002. It assumes that
removing adjustments for variability, drying in service, and
class oversize effects from ANSI DFS values truly repre-
sents mean groundline strength of green poles adjusted for
the effects of pretreatment conditioning.

This analysis also focuses only on the strength at the
groundline. There is little support for the premise that



Table A1—Normalized distribution parameters for
ANSI poles before and after 2002

Distribution parameter

Long poles ° Short poles ¢ Pre-2002
Variable® H6 2 All All
Drying in 1.10 1.10 1.16 1.16
service
Variability 1.0 1.0 0.93 0.93
Class oversize 1.06 1.11 1.0 1.0
Strength COV 0.2 0.2 0.2 0.14
Normalized 0.858 0.819 0.927 0.927
mean ()
Normalized SD  0.172 0.164 0.216 0.151

*SD is standard deviation.
®Poles >50 ft.
¢ Poles <50 ft.

strength change with height is the same for all species and
pole classes, and we know that tree geometry varies with
species as well as growing conditions. For this comparison
of effects of the 2002 change, it is not necessary to address
that issue except to acknowledge that the adjustment for
change in strength with height function adopted by ANSI
adds a degree of conservatism to the analysis of pole capac-

ity.

Table Al lists normalized distribution parameters for pole
strength implied by the ANSI derivation of DFS. Three
variables listed (drying in service, variability, and class
oversize adjustment) are those that vary between “long” and
“short” poles in the 2002 standard and between long poles
before and after 2002. The “normalized mean” value is the
ratio of the mean strength in the green treated condition to
DFS. The normalized strength distributions thus have a
mean value (A) with the same coefficient of variation (COV
= Q) as the actual pole strengths. For example, on average,
a long, class 2, “green” pole will have a mean strength that
is 82% of the DFS value and a standard deviation (AQ)of
0.16. Mean strength is less than DFS because the DFS
includes increases for drying and class oversize. Short poles
have a mean strength of 93% of the DFS because of the 7%
reduction for variability in combination with the 16% in-
crease for drying (1/[(1.16)(0.93)]).

A distribution of pole moment capacities can be generated
using a method known as random-products generation. This
is done by randomly choosing a normalized strength from a
normal distribution having a mean value X and a coefficient of
variation Q and multiplying by a randomly chosen normal-
ized section modulus (random class value divided by the
minimum required for the class). The section modulus is
selected assuming a uniform distribution with a range from
1.0 to the maximum for the pole class (see Table A2). Re-
peating this process 6,000 times for each of the four

scenarios provides a basis for evaluating the effect of the
2002 changes on implied pole capacity.

Table A2—Maximum value for uniform distribution of
normalized section moduli

Class 2 1 H1 H2 H3 H4 H5 H6
Max 122 120 1.19 1.17 116 115 1.14 1.13

As the revisions for long poles incorporated in 2002 shift
average capacity from the minimum-size to the median-size
pole in the group, it is not surprising that fewer poles within
a pole class have the groundline moment capacity implied
by the designated class load. The comparison of load capac-
ity distributions shows that at the 5th percentile, the load
capacities for the H6 and the class 2 long poles were 57%
and 55% of the implied capacity, respectively. For the short
poles, the 5th percentile value was 62% of implied capacity;
for class 2 poles evaluated prior to 2002 ANSI parameters,
poles at the 5th percentile had 73% of the implied capacity.
The mean strength of the H6 and class 2 long poles was
91% of the implied capacity. As stated earlier, this is due to
the use of a dry strength being used to size a green pole.
Values for short poles and the pre-2002 analyses showed
the mean strength to be 102% of implied capacity.

Overall, only 35% the distribution of long poles was capa-
ble of carrying the implied groundline moment. The 2002
analysis of short poles and the pre-2002 analysis resulted in
more than 54% of poles in a given class having capacity
that exceeded that implied by the designated class load.

This analysis suggests that the ANSI 2002 change created a
gap in the inherent capacity of short and long poles. This is
of minor consequence for ANSI O5.1. Pole sizes corre-
sponding to any ANSI class are the same as they were prior
to 2002. For the utility engineer, however, it is noteworthy
that only slightly more than a third of the long poles se-
lected on the basis of groundline moment divided by the
ANSI DFS have the groundline moment capacity to resist
that DFS in the green condition.

For those concerned about the future use of round poles as
engineered components, there is a definite advantage to
cooperating with those committees responsible for design of
utility structures (ANSI C2/NESC and ASCE committee on
wood) to assure that they understand the basis for the dif-
ference between the ANSI DFS as applied to “long” and
“short” poles.
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Appendix B—Wood Pole Test
Data Sources
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Appendix C—Data Used to
Derive DFS for Long Poles

In 2001, Martin Rollins of H.M. Rollins Company proposed
an alternative approach to accounting for the observed
“size” effect in wood poles on behalf of the North American
Wood Pole Coalition. His proposal was unique in that it
recognized a size effect but did not require any modification
to the ANSI classification tables. He presented this proposal
to the ANSI O5.1 committee in the form of a committee
report titled Evaluation of Fiber Stress Values for Wood
Utility Poles in ANSI Standard O5.1. Although it never
received critical review outside the fiber stress subcommit-
tee, the report played a significant role in the committee’s
decision to adopt proposed changes to the ANSI standard.

Essentially, Rollins attributed “size” effect to a “height”
effect. His premise was that the groundline strength does
not change with increased circumference, but the load
capacity as characterized by groundline stress at failure goes
down because longer poles fail further from the ground in
weaker wood. His solution was to change the definition of
“designated fiber stress” (DFS) from groundline stress at
failure to groundline strength. Rather than use a groundline
strength derived from published small—clear strength test
data, he decided to estimate groundline strength by adjust-
ing the modulus of rupture (MOR) of full-size poles tested
in the green condition. The primary adjustment accounted
for the change in strength with height. This Rollins bor-
rowed from annex A of the existing ANSI standard. Other
adjustments included a 10% increase for drying in service, a
pretreatment conditioning adjustment (0.9 for kiln drying
and boultonizing, 1.0 for air drying), and a classification
oversize adjustment that varied from 1.07 for a class H4—
70-ft pole to 1.117 for a class 3—60-ft pole (Appendix D).

The height adjustment was originally derived as a conserva-
tive estimate of strength change with height when the actual
dimensions are known. This adjustment varies linearly from
1.0 at groundline to 0.75 at midheight. The inverse varies
from zero for a failure occurring at groundline to 1.33 if the
failure occurs at midheight.

The class oversize adjustment is intended to recognize the
fact that the majority of poles will have a groundline cir-
cumference larger than the tabulated minimum value for
their size class. Any increase to groundline stress results in
a proportional decrease in the required goundline section
modulus. The ASC O5 committee voted to apply an in-
crease to the projected groundline strength so that an aver-
age strength pole will be required to have the average,
rather than the minimum, section modulus for its pole class
to carry its class load. Determination of this increase in-
volves an iterative process. The average groundline strength
must first be determined on the basis of all pole tests. For
each pole class—length combination, the standard-test mo-
ment divided by the average groundline strength gives the

initial estimate of groundline section modulus required.
Poles are initially classified by these minimum section
modulii.

The class load is calculated as

P, =1200+ 250i + 50> (CD)

where i is an index corresponding to the size class (0 for
class 7, 12 for class H6), and P; is the ANSI-designated load
for class index.

The class oversize adjustment is defined as
Acos = (P + PI)/(2PI)
This simplifies to
A =1+50(3+1i)/P, (C2)

Application of this adjustment requires an iterative evalua-
tion of minimum class size. Test poles are first classified
using the estimated groundline strength (i.e., 8,000 Ib/in* for
southern pine and Douglas-fir) to match the pole to an
ANSI load class (P;) (Eq. (C1)) and required minimum
groundline dimension. The pole’s projected groundline
strength is then adjusted by A.os (Eq. (C2)). The average of
adjusted values is used to recalculate minimum required
section modulii for each pole class, and the test poles must
be reclassified to recognize possible pole class change. This
is repeated to convergence, resulting in a groundline
strength that gives an average within-class section modulus
the average capacity to carry the designated class load.

Table C1 shows the values derived at three stages in the
derivation of the DFS for long poles. These values were
derived using test data provided by EPRI-funded research
on transmission-sized poles (Bodig and Goodman 1986,
Bodig and others 1986b, Phillips and others 1985). MOR,
is an estimate of the average groundline strength as pro-
jected from the measured stress at failure. MORy;” is MOR
adjusted for drying in service and conditioning. DFS is the
designated fiber stress which, when multiplied by the mini-
mum section modulus for a designated pole class-length,
gives the average pole moment capacity for that class
length.

Table C2 summarizes the resulting minimum groundline
circumferences and oversize adjustment factors correspond-
ing to the new DFS values. The oversize adjustment is ratio
of average to minimum section modulus for each pole class.
Test-pole projected groundline strengths were multiplied by
these factors in the derivation of the average species DFS
values. Values used for each pole are provided in column §
of Tables C3, C4, and C5.

The “variability” adjustment originally incorporated in the
first ASA OS5 standard and continued in 1963 to counter
effects of variability introduced by sampling, handling, and
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test methods was not used in this derivation. This was
discussed in Rollins’ report but not included in his final
tally of strength values. If we assume a coefficient of varia-
tion of 14%, the adjustment of a half standard deviation
would be 0.93 and the values reported in Table C1 would be
changedto 5,630 Ib/in’ for western redcedar, 7,130 Ib/in? for
Douglas-fir, and 7,960 Ib/in” for southern pine. Measured-
COV values ranged from 15% to 19% for the test poles.
This would give variability adjustments ranging from 0.90
to 0.92.

Table C1—Derivation of DFS for long poles

MORy MOR;"* DFS"
Species (Ib/in®) (Ib/in%) (Ib/in?)
West redcedar 5,030 5,530 6,040
Douglas-fir 7,020 6,950 7,640
Southern pine 7,800 7,720 8,530

*Adjusted for class oversize.

®Adjusted for conditioning and drying-in-service.

Table C2—Minimum class groundline circumference and corresponding class oversize
adjustment used to derive DFS for long poles

Groundline circumference (in.) for different species
and various pole lengths (ft)

Class load Western redcedar Douglas-fir Southern pine Oversize
Class i (Ib) 50 55 60 70 50 65 75 50 65 75  adjust
7 0 1,200 33 34 35 37 31 34 36 30 33 34 1.13
6 1 1,500 36 37 38 40 33 36 38 32 35 37 113
5 2 1,900 39 40 41 44 36 39 41 35 38 40 1.13
4 3 2,400 42 43 45 47 39 43 45 37 41 43 1.13
3 4 3,000 45 47 48 51 42 46 48 40 44 47 1.12
2 5 3,700 48 50 52 54 45 49 52 43 47 50 1.11
1 6 4,500 51 53 55 58 48 52 55 46 51 53 1.10
H1 7 5,400 55 57 58 62 51 56 59 49 54 57 1.09
H2 8 6,400 58 60 62 65 54 59 62 52 57 60 1.09
H3 9 7,500 61 63 65 69 57 62 65 55 60 63 1.08
H4 10 8,700 64 66 68 72 59 65 69 57 63 66 1.07
H5 11 10,000 67 70 72 76 62 68 72 60 66 70 1.07
He6 12 11,400 70 73 75 79 65 71 75 63 69 73 1.07
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Table C3—Groundline data for southern pine

Groundline Groundline
Failure stress at circum-
Length MOR, location failure MORgl ference Oversize AMORg]
ID (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in®) (in.) adjust (Ib/in?)
P010 50 9,371 12 9,476 9,481 46.0 1.100 10,429
PO14 50 6,955 42 7,113 7,250 44.8 1.100 7,975
S004 50 9,632 60 9,673 10,227 43.1 1.108 11,332
S005 50 5,665 96 6,830 6,246 42.0 1.108 6,921
S006 50 6,871 168 8,603 8,207 41.5 1.117 9,165
S007 50 7,717 90 7,967 8,454 43.1 1.108 9,368
S008 50 7,748 51 8,734 8,151 432 1.108 9,032
S012 50 6,935 114 7,277 7,796 42.0 1.108 8,639
S034 50 6,448 0 6,448 6,448 45.1 1.100 7,093
S039 50 5,509 159 6,149 6,512 41.5 1.117 7,272
S040 50 6,699 168 7,114 8,002 43.6 1.108 8,867
S041 50 6,171 177 7,175 7,449 43.7 1.108 8,254
S042 50 7,190 15 7,195 7,296 44.5 1.100 8,026
S055 50 9,169 30 9,447 9,444 41.5 1.117 10,545
S062 50 4,506 225 5,621 5,762 44.0 1.108 6,385
S074 50 6,080 36 6,018 6,300 42.8 1.108 6,981
S081 50 8,475 0 8,475 8,475 43.6 1.108 9,391
S082 50 8,953 213 9,993 11,281 413 1.117 12,598
S098 50 5,196 180 5,729 6,294 42.4 1.108 6,974
S105 50 7,340 93 7,446 8,067 44.0 1.108 8,939
S108 50 7,386 48 7,669 7,746 44.6 1.100 8,521
S109 50 9,905 0 9,905 9,905 41.9 1.108 10,976
S111 50 5,564 96 5,506 6,135 43.4 1.108 6,798
S112 50 5,792 120 6,451 6,554 41.6 1.117 7,319
S113 50 5,915 54 6,059 6,242 42.1 1.108 6,916
S114 50 7,711 96 8,985 8,502 43.0 1.108 9,421
S116 50 9,047 9 9,024 9,127 43.0 1.108 10,113
S120 50 5,666 240 7,062 7,383 42.8 1.108 8,181
S001 65 9,539 84 10,005 10,169 49.1 1.100 11,186
S009 65 6,074 87 5,966 6,490 514 1.100 7,139
S013 65 6,735 264 7,071 8,363 48.7 1.108 9,267
S016 65 8,523 306 10,191 11,007 50.4 1.100 12,108
S022 65 7,662 12 7,735 7,730 48.0 1.108 8,566
S025 65 7,252 186 8,568 8,405 49.1 1.100 9,245
S031 65 6,001 384 6,667 8,001 51.2 1.100 8,801
S035 65 6,402 88 6,566 6,846 49.0 1.100 7,531
S037 65 5,316 440 7,233 7,088 50.3 1.100 7,797
S049 65 4,649 387 5,991 6,199 52.0 1.093 6,773
S053 65 6,733 380 8,619 8,977 50.3 1.100 9,875
S063 65 5,098 324 6,818 6,699 52.7 1.093 7,319
S064 65 4,095 258 5,058 5,057 50.6 1.100 5,563
S066 65 5,601 150 5,793 6,298 50.5 1.100 6,927
S073 65 7,105 6 7,066 7,137 53.5 1,093 7,797
S100 65 6,462 312 7,774 8,393 49.0 1.100 9,232
S101 65 6,306 297 6,884 8,075 50.8 1.100 8,882
S102 65 4918 360 6,632 6,557 49.0 1.100 7,213
S107 65 7,980 0 7,980 7,980 51.4 1.100 8,778

S110 65 3,783 330 4,345 5,000 48.6 1.108 5,540



Table C3—Groundline data for southern pine (continued)
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Groundline Groundline
Failure stress at circum-

Length MOR, location failure MORgl ference Oversize AMORgl
1D (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in®) (in.) adjust (Ib/in?)
S115 65 7,031 264 8,404 8,731 51.0 1.100 9,604
S002 65 6,321 234 7,714 7,639 47.1 1.108 8,465
S003 65 6,522 210 7,876 7,717 49.0 1.100 8,489
S010 65 10,534 0 10,534 10,534 47.4 1.108 11,673
SO11 65 5,784 276 6,899 7,262 47.6 1.108 8,047
S014 65 6,548 21 6,556 6,651 48.1 1.108 7,370
S015 65 3,380 396 4,233 4,507 46.3 1.108 4,994
S030 65 6,714 57 7,097 7,009 46.1 1.108 7,766
S032 65 5,926 306 6,578 7,653 49.2 1.100 8,418
S033 65 4,047 441 6,267 5,396 48.0 1.108 5,979
S046 65 8,925 39 9,321 9,189 47.6 1.108 10,183
S047 65 6,508 252 8,045 7,994 48.1 1.108 8,858
S054 65 8,467 21 8,783 8,600 46.8 1.108 9,530
S059 65 8,785 0 8,785 8,785 46.9 1.108 9,735
S069 65 4,492 369 5,981 5,989 48.8 1.108 6,637
S075 65 7,865 240 8,557 9,556 47.0 1.108 10,590
S078 65 7,366 0 7,366 7,366 48.6 1.108 8,162
S079 65 3,966 456 6,539 5,288 47.4 1.108 5,860
S080 65 7,280 180 7,854 8,394 46.6 1.108 9,302
S083 65 6,747 342 7,722 8,996 48.2 1.108 9,969
S088 65 4,612 360 5,730 6,149 46.4 1.108 6,814
S092 65 7,755 30 7,751 7,930 48.8 1.108 8,788
S094 65 5,337 375 6,683 7,116 46.0 1.108 7,885
S095 65 5,157 396 7,030 6,876 48.4 1.108 7,619
S106 65 8,013 54 8,410 8,345 45.4 1.117 9,319
S117 65 6,498 102 7,288 7,027 46.1 1.108 7,786
S118 65 7,955 198 8,675 9,315 45.8 1.108 10,322
S119 65 6,151 300 7,137 7,898 48.6 1.108 8,752
S018 65 6,483 264 8,108 8,050 49.2 1.100 8,855
S019 65 5,398 396 8,731 7,197 45.5 1.117 8,037
S021 65 8,391 154 9,499 9,466 43.9 1.117 10,570
S023 65 10,338 0 10,338 10,338 42.8 1.117 11,544
S027 65 8,371 78 8,412 8,882 43.9 1.117 9,918
S028 65 7,189 45 7,618 7,436 46.4 1.108 8,240
S036 65 4,960 210 3,588 5,869 48.5 1.108 6,503
S038 65 7,776 168 8,980 8,876 42.4 1.125 9,985
S045 65 5,777 189 7,062 6,713 43.2 1.117 7,496
S051 65 8,012 42 8,224 8,268 43.2 1.117 9,233
S052 65 7,353 228 8,280 8,839 43.3 1.117 9,870
S058 65 6,812 312 7,913 8,848 45.6 1.117 9,880
S060 65 4,319 309 4,965 5,594 449 1.117 6,246
S070 65 5,812 261 6,514 7,197 44.0 1.117 8,037
S071 65 7,427 210 7,709 8,788 43.3 1.117 9,813
S077 65 6,296 99 6,376 6,792 42.8 1.117 7,584
S085 65 8,208 39 8,173 8,451 46.0 1.108 9,365
S091 65 5,022 360 6,478 6,696 43.7 1.117 7,477
S097 65 7,894 72 7,555 8,337 45.1 1.117 9,309
S099 65 7,705 171 7,994 8,817 43.4 1.117 9,845



Table C3—Groundline data for southern pine (continued)

Groundline Groundline
Failure stress at circum-
Length MOR, location failure MORgl ference Oversize AMORgl
1D (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in®) (in.) adjust (Ib/in?)
S103 65 5,207 312 7,097 6,763 42.8 1.117 7,552
S017 75 6,616 132 6,989 7,222 52.7 1.100 7,945
S020 75 4,947 444 6,523 6,596 50.8 1.108 7,309
S024 75 5,447 236 6,285 6,409 48.5 1.108 7,102
S026 75 7,166 258 8,712 8,573 47.0 1.117 9,573
S029 75 8,023 36 8,172 8,211 49.1 1.108 9,099
S043 75 6,238 504 8,698 8,317 49.3 1.108 9,217
S044 75 8,419 189 9,450 9,570 49.7 1.108 10,604
S048 75 7,989 204 9,410 9,180 48.8 1.108 10,173
S050 75 7,390 75 7,903 7,760 47.8 1.117 8,666
S056 75 5,475 405 7,231 7,300 493 1.108 8,089
S057 75 6,768 105 7,016 7,252 55.7 1.093 7,924
S072 75 9,302 0 9,302 9,302 494 1.108 10,308
S086 75 7,872 225 8,711 9,187 46.8 1.117 10,259
S087 75 9,740 42 10,139 10,007 50.9 1.108 11,089
S089 75 5,629 396 8,678 7,505 493 1.108 8,317
S093 75 11,204 0 11,204 11,204 49.9 1.108 12,415
S104 75 6,624 282 7,246 8,072 55.1 1.093 8,819
Average 6,826 7,579 7,798 1.10 8,618
Adjusted for drying in service (1.1) and conditioning (0.90) 0.99

Adjusted value 7,720 8,532




Table C4—Groundline data for Douglas-fir
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Groundline Groundline
Failure stress at circum-

Length MOR, location failure MORg] ference Oversize AMORgl
ID () (Ib/in?) (in.) (Ib/in?) (Ib/in?) (in.) adjust (Ib/in?)
D010 50 7,561 12 7,715 7,650 46.9 1.10 8,415
D013 50 7,197 72 7,492 7,737 45.6 1.10 8,510
D031 50 7,338 24 7,482 7,513 473 1.10 8,264
D039 50 7,483 0 7,483 7,483 473 1.10 8,231
D057 50 6,656 0 6,656 6,656 45.1 1.10 7,322
D058 50 5,785 42 5,765 6,030 48.7 1.09 6,589
D091 50 7,094 96 7,156 7,822 46.2 1.10 8,604
D092 50 6,992 24 7,046 7,158 46.2 1.10 7,874
D093 50 5,363 90 6,315 5,875 45.7 1.10 6,463
D094 50 4,769 150 5,411 5,580 472 1.10 6,138
D095 50 6,874 33 7,016 7,101 45.4 1.10 7,811
D097 50 5,773 24 5,738 5,910 47.5 1.10 6,501
D100 50 6,917 18 7,067 7,040 472 1.10 7,744
D101 50 5,302 0 5,302 5,302 49.7 1.09 5,793
D108 50 5,866 75 6,640 6,326 45.0 1.11 7,010
D110 50 7,792 9 7,875 7,861 472 1.10 8,647
D118 50 5,461 48 5,512 5,727 46.6 1.10 6,300
D120 50 6,370 66 6,750 6,805 47.0 1.10 7,486
D128 50 5,741 36 5,828 5,949 45.8 1.10 6,543
D137 50 5,727 0 5,727 5,727 46.2 1.10 6,300
D148 50 7,613 54 7,783 8,033 45.4 1.10 8,837
D152 50 7,801 0 7,801 7,801 45.6 1.10 8,581
D156 50 8,594 24 8,846 8,799 46.3 1.10 9,678
D164 50 7,446 30 7,625 7,669 45.2 1.10 8,436
D168 50 8,768 0 8,768 8,768 442 1.11 9,716
D009 50 6,692 18 6,698 6,811 47.6 1.10 7,492
D012 50 5,326 6 5,380 5,357 50.2 1.09 5,853
D034 50 7,043 36 7,340 7,298 48.8 1.09 7,973
D038 50 5,829 151 5,853 6,828 48.5 1.09 7,460
D096 50 5,541 18 5,636 5,639 46.8 1.10 6,203
D099 50 9,137 48 9,423 9,583 48.2 1.09 10,470
D103 50 4,708 174 5,295 5,663 50.3 1.09 6,187
D105 50 6,175 138 6,667 7,128 48.5 1.09 7,788
D124 50 6,042 168 6,713 7,217 48.6 1.09 7,885
D125 50 7,076 0 7,076 7,076 49.3 1.09 7,731
DO11 50 6,881 0 6,881 6,881 50.8 1.09 7,472
D037 50 6,540 69 7,351 7,009 52.1 1.09 7,611
D056 50 5,375 0 5,375 5,375 50.5 1.09 5,873
D142 50 5,769 54 6,091 6,088 522 1.09 6,611
D008 50 5,514 0 5,514 5,514 55.1 1.08 5,955
F043 50 5,792 85 6,630 6,312 53.0 1.09 6,854
F061 50 5,520 150 5,740 6,459 55.3 1.08 6,975
F044 51 6,498 84 7,288 7,061 54.2 1.08 7,626
F067 51 2,942 228 3,957 3,754 539 1.08 4,055
D001 65 8,768 0 8,768 8,768 49.8 1.10 9,645



Table C4—Groundline data for Douglas-fir (continued)

Groundline Groundline
Failure stress at circum-

Length MOR, location failure MOR, ference Oversize AMOR

D (ft) (Ib/in%) (in.) (Ib/in%) (Ib/in?) (in.) adjust (Ib/in?)
D004 65 5,559 261 6,051 6,384 51.7 1.10 7,572
D015 65 6,473 60 6,656 6,773 515 1.10 7,450
D027 65 6,216 48 5,979 6,444 50.6 1.10 7,089
D028 65 7,679 12 7,646 7,748 50.2 1.10 8,522
D030 65 5,420 276 6,229 6,805 49.4 1.11 7,541
D040 65 5,682 30 6,001 5,811 49.3 1.11 6,439
D045 65 4,822 360 5,493 6,429 53.2 1.09 7,025
D051 65 6,828 90 7,122 7,313 50.8 1.10 8,045
D054 65 7,320 300 7,863 9,400 49.9 1.10 10,340
D059 65 6,559 54 6,617 6,831 50.4 1.10 7,514
D072 65 6,322 294 6,694 8,072 54.0 1.09 8,820
D073 65 6,570 270 6,904 8,203 50.6 1.10 9,024
D088 65 5,740 255 6,093 7,069 50.8 1.10 7,776
D098 65 6,123 78 6,618 6,497 49.4 1.11 7,199
D130 65 7,793 240 7,598 9,469 48.2 1.11 10,493
D141 65 4,734 276 5,008 5,944 50.2 1.10 6,538
D144 65 6,003 90 6,405 6,430 49.8 1.10 7,073
D150 65 7,045 204 7,795 8,293 50.6 1.10 9,122
D153 65 7,984 30 8,084 8,165 50.5 1.10 8,981
D163 65 7,416 156 8,078 8,380 49.3 1.11 9,286
D021 65 5,750 84 6,316 6,130 46.6 1.11 6,792
D090 65 6,253 108 6,227 6,794 46.4 1.11 7,529
D127 65 6,943 0 6,943 6,943 46.0 1.12 7,753
D135 65 8,967 120 9,505 9,838 44.5 1.12 10,985
D146 65 6,094 54 5,977 6,347 46.4 1.11 7,033
D149 65 9,189 60 9,660 9,614 46.0 1.12 10,736
D155 65 7,350 252 9,114 9,028 45.1 1.12 10,081
D159 65 6,601 72 6,789 6,971 45.5 1.12 7,784
D166 65 7,199 192 8,508 8,386 44.9 1.12 9,365
D003 65 6,800 84 7,023 7,249 433 1.12 8,095
D005 65 7,858 180 7,825 9,061 46.2 1.12 10,118
D007 65 6,516 120 6,707 7,149 43.8 1.12 7,983
D019 65 5,747 78 5,859 6,098 45.5 1.12 6,809
D026 65 7,795 204 7,595 9,175 45.7 1.12 10,246
D033 65 5,964 138 6,373 6,640 44.4 1.12 7,414
D036 65 7,491 64 7,391 7,862 46.3 1.12 8,779
D042 65 8,354 4 8,359 8,379 45.7 1.12 9,356
D047 65 6,805 39 7,169 7,007 44.2 1.12 7,824
D055 65 7,424 30 7,476 7,592 44.6 1.12 8,478
D064 65 6,216 36 6,326 6,386 442 1.12 7,131
D066 65 6,223 102 6,639 6,729 46.4 1.11 7,457
D070 65 6,298 18 6,338 6,383 443 1.12 7,127
D075 65 5,789 0 5,789 5,789 45.0 1.12 6,464
D083 65 6,540 78 6,356 6,939 43.7 1.12 7,749
D085 65 6,847 162 7,170 7,776 434 1.12 8,683
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Table C4—Groundline data for Douglas-fir (continued)
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Groundline Groundline
Failure stress at circum-
Length MOR, location failure MORgl ference Oversize AMORgl
ID (ft) (Ib/in?) (in.) (Ib/in%) (Ib/in?) (in.) adjust (Ib/in?)
D089 65 6,556 12 6,583 6,615 43.8 1.12 7,386
D111 65 8,428 36 8,336 8,658 444 1.12 9,668
D117 65 8,092 0 8,092 8,092 444 1.12 9,036
D122 65 7,309 30 7,577 7,474 45.8 1.12 8,346
D129 65 7,203 6 7,270 7,235 432 1.13 8,139
D133 65 7,695 120 7,528 8,442 444 1.12 9,427
D134 65 6,654 162 7,274 7,557 432 1.13 8,501
D002 65 7,444 0 7,444 7,444 524 1.10 8,188
D063 65 6,018 168 6,272 6,869 52.3 1.10 7,556
D065 65 5,357 75 5,391 5,671 52.2 1.10 6,238
D071 65 6,415 240 6,319 7,795 53.9 1.09 8,516
D107 65 6,438 216 6,920 7,658 52.6 1.09 8,367
D114 65 5,883 54 6,065 6,127 52.1 1.10 6,740
D121 65 5,935 294 6,890 7,578 52.8 1.09 8,280
D126 65 6,943 120 6,886 7,617 53.0 1.09 8,322
D154 65 8,093 6 8,105 8,129 51.0 1.10 8,942
D165 65 6,147 216 7,261 7,312 52.3 1.10 8,043
D006 65 7,696 0 7,696 7,696 57.8 1.09 8,357
D014 65 4,574 108 4,419 4,970 54.5 1.09 5,430
D016 65 5,259 36 5,337 5,402 56.2 1.09 5,867
D017 65 7,213 54 7,428 7,512 56.9 1.09 8,158
D041 65 6,976 63 7,026 7,316 56.6 1.09 7,945
D043 65 7,082 18 7,260 7,177 55.2 1.09 7,842
D049 65 5,056 384 5,412 6,741 58.9 1.08 7,281
D050 65 8,011 31 8,050 8,198 55.3 1.09 8,958
D052 65 5,747 300 6,538 7,380 62.0 1.07 7,931
D061 65 5,348 0 5,348 5,348 61.6 1.08 5,776
D062 65 3,538 450 3,789 4,717 66.4 1.07 5,048
D067 65 4,081 0 4,081 4,081 59.5 1.08 4,407
D068 65 6,633 12 6,698 6,692 554 1.09 7,312
D074 65 6,800 0 6,800 6,800 554 1.09 7,430
D076 65 5,665 156 6,336 6,401 55.7 1.09 6,952
D077 65 5,507 96 5,865 5,927 54.0 1.09 6,475
D078 65 5,197 240 6,269 6,315 55.6 1.09 6,899
D081 65 5,716 204 6,644 6,728 55.0 1.09 7,351
D104 65 6,938 48 6,918 7,193 55.9 1.09 7,811
D109 65 5,182 216 5,800 6,164 55.7 1.09 6,694
D112 65 8,550 3 8,567 8,569 55.2 1.09 9,362
D116 65 6,837 6 6,799 6,867 56.2 1.09 7,458
D131 65 4,217 408 5,794 5,623 56.8 1.09 6,106
D138 65 7,092 0 7,092 7,092 56.3 1.09 7,701
D139 65 7,223 18 7,278 7,320 58.2 1.09 7,949
D140 65 5,394 240 5,787 6,554 57.4 1.09 7,117
D147 65 6,962 0 6,962 6,962 56.4 1.09 7,560
D157 65 6,129 216 6,918 7,290 56.8 1.09 7,917



Table C4—Groundline data for Douglas-fir (continued)

Groundline Groundline
Failure stress at circum-
Length MOR, location failure MOR ference Oversize AMOR
ID (ft) (Ib/in%) (in.) (Ib/in%) (Ib/in?) (in.) adjust (Ib/in?)
D160 65 5,286 9 5,265 5,321 57.1 1.09 5,779
D167 65 6,545 24 6,543 6,663 57.0 1.09 7,236
D018 65 5,325 78 5,199 5,650 60.2 1.08 6,102
D044 65 7,160 12 7,252 7,224 59.3 1.08 7,802
D115 65 6,886 81 7,029 7,323 61.0 1.08 7,909
D020 75 5,708 258 6,218 6,829 54.4 1.10 7,512
D023 75 5,265 516 4,969 7,020 61.3 1.09 7,623
D024 75 5,871 42 5,783 6,032 52.6 1.10 6,635
D025 75 5,303 84 5,206 5,602 56.8 1.09 6,121
D029 75 5,977 132 6,298 6,525 51.8 1.11 7,230
D032 75 7,016 12 6,966 7,070 53.4 1.10 7,777
D035 75 5,392 192 5,977 6,142 52.9 1.10 6,756
D046 75 6,306 318 6,869 7,905 534 1.10 8,696
D048 75 7,756 57 7,506 8,048 52.8 1.10 8,853
D060 75 6,177 37 6,182 6,326 53.6 1.10 6,958
D069 75 4,721 408 5,294 6,295 53.2 1.10 6,924
D079 75 6,344 48 6,381 6,544 523 1.10 7,198
D080 75 4,804 192 4,820 5,472 52.7 1.10 6,020
D082 75 8,075 0 8,075 8,075 52.4 1.10 8,883
D084 75 4,127 336 4,284 5,249 56.5 1.09 5,735
D086 75 6,938 210 6,975 8,008 522 1.10 8,809
D087 75 6,068 165 6,633 6,780 52.6 1.10 7,458
D102 75 7,131 78 7,401 7,503 533 1.10 8,254
D106 75 7,472 234 8,433 8,779 53.5 1.10 9,657
D113 75 8,203 66 8,365 8,562 53.0 1.10 9,419
D119 75 7,905 108 8,549 8,488 52.8 1.10 9,337
D123 75 6,566 0 6,566 6,566 51.6 1.11 7,276
D132 75 6,025 66 6,594 6,289 54.1 1.10 6,918
D136 75 8,202 0 8,202 8,202 51.8 1.11 9,089
D143 75 7,549 90 7,640 8,007 523 1.10 8,808
D145 75 5,690 222 6,772 6,626 52.1 1.10 7,288
D151 75 6,784 180 6,889 7,661 52.3 1.10 8,427
D158 75 6,494 150 6,487 7,179 52.8 1.10 7,897
D161 75 6,137 192 6,053 6,991 523 1.10 7,690
D162 75 7,235 102 7,104 7,737 53.0 1.10 8,511
D022 75 6,000 216 6,252 6,956 56.9 1.09 7,600
D053 75 3912 432 5,025 5,216 553 1.10 5,738
Excluding PSC pole tests 6,480 6,730 7,020 1.04 7,720
Adjusted for conditioning and drying in service 0.99 0.99

Adjusted value 6,950 7,643




Table C5. Groundline data for western redcedar
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Groundline Groundline
Failure stress at circum-

Length MOR, location failure MOR,, ference Oversize AMOR
1D (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in?) (in.) adjust (Ib/in?)
91 55 3,410 294 2,980 4,547 54.1 1.09 4,968
C92 55 4,140 270 4,310 5,425 51.1 1.10 5,967
C93 55 5,060 72 4,960 5,401 534 1.10 5,941
C94 55 5,160 228 4,830 6,450 53.7 1.09 7,047
C95 55 2,830 174 2,640 3,340 54.2 1.09 3,649

WO001 50 4,049 150 4,122 4,738 51.0 1.10 5,211
W002 50 3,295 180 3,081 3,991 52.1 1.09 4,361
W003 50 4,363 54 4,409 4,604 49.4 1.10 5,064
WO005 50 4,256 174 4,321 5,119 50.2 1.10 5,631
W009 50 3,939 48 3,692 4,131 54.6 1.09 4,514
WO035 50 4,253 150 4,365 4,976 55.7 1.09 5,404
W036 50 4,231 132 4,149 4,852 533 1.09 5,301
WO037 50 4,229 276 3,850 5,639 58.9 1.08 6,090
W040 50 4,205 120 4,672 4,758 55.4 1.09 5,167
Wo046 50 3,935 138 3,213 4,542 59.5 1.08 4,906
Wo064 50 3,079 246 3,688 4,043 52.0 1.09 4,417
WO065 50 3,985 42 4,009 4,154 52.2 1.09 4,539
W066 50 5,521 102 5,536 6,127 533 1.09 6,694
Wo067 50 3,038 78 2,780 3,286 56.5 1.09 3,569
W069 50 3,585 60 3,699 3,806 52.0 1.09 4,159
W082 50 4,673 202 4,909 5,807 50.9 1.10 6,388
w083 50 4,257 198 4,247 5,268 50.2 1.10 5,794
w084 50 5,445 0 5,445 5,445 50.5 1.10 5,990
W094 50 3,873 246 3,312 5,085 53.8 1.09 5,556
W096 50 6,187 178 6,185 7,473 50.2 1.10 8,220
W004 60 4,099 108 4,003 4,487 50.6 1.11 4,972
WO008 60 6,126 148 6,076 6,948 49.6 1.11 7,699
Wo11 60 5,205 210 4,910 6,258 51.6 1.11 6,935
w013 60 4,793 204 5,122 5,730 51.4 1.11 6,349
WO015 60 4,627 192 4,517 5,468 59.4 1.09 5,938
Wo16 60 3,576 192 3,372 4,226 58.6 1.09 4,589
w017 60 4,246 228 4,308 5,195 50.4 1.11 5,757
WO018 60 4,867 160 4,771 5,581 55.3 1.09 6,097
WO019 60 2,538 166 2,179 2,926 69.6 1.07 3,131
W020 60 4,403 240 3,819 5,451 59.0 1.09 5,920
w021 60 4,613 96 4,384 4,997 60.7 1.09 5,427
w022 60 4,384 192 3,876 5,181 61.2 1.09 5,626
w023 60 4,401 198 3,901 5,231 55.8 1.09 5,715
w024 60 3,719 174 3,363 4,322 67.9 1.07 4,624
w025 60 2,189 180 2,004 2,558 66.7 1.07 2,749
w026 60 5,210 196 4,889 6,178 524 1.10 6,796
w027 60 4,718 168 4,106 5,452 58.9 1.09 5,920
w028 60 5,216 198 5,001 6,200 58.9 1.09 6,732
Wo031 60 3,689 270 3,256 4,707 62.5 1.08 5,084
w034 60 4,942 108 4,784 5,410 62.6 1.08 5,843



Table C5. Groundline data for western redcedar (continued)

Groundline Groundline
Failure stress at circum-
Length MOR, location failure MORgl ference Oversize AMORgl

1D (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in?) (in.) adjust (Ib/in?)
WO038 60 3,845 210 3,858 4,623 62.2 1.08 4,993
WO039 60 3,833 150 3,705 4,357 54.1 1.10 4,792
Wo041 60 4,542 300 3,384 5,979 60.0 1.09 6,493
w042 60 4,360 180 4,207 5,095 64.7 1.08 5,502
w043 60 4,433 24 4,244 4,520 63.6 1.08 4,882
W044 60 4,746 180 4,402 5,546 48.8 1.11 6,145
Wo045 60 4,617 264 4,413 5,856 51.4 1.11 6,489
w047 60 3,987 162 3,640 4,582 50.0 1.11 5,077
W048 60 5,089 210 4,965 6,119 63.2 1.08 6,608
W049 60 4,841 330 4,337 6,455 63.5 1.08 6,971
WO052 60 4,170 150 4,261 4,740 49.6 1.11 5,252
WO053 60 3,336 198 3,192 3,965 56.9 1.09 4,332
W054 60 4,298 102 4,344 4,681 47.3 1.12 5,227
WO055 60 3,217 0 3,217 3,217 65.8 1.07 3,457
W056 60 3,395 192 3,260 4,012 63.4 1.08 4,333
WO057 60 2,455 156 2,563 2,806 60.6 1.09 3,047
WO05s8 60 4,525 264 4,947 5,739 55.0 1.10 6,313
W063 60 3,778 0 3,778 3,778 60.1 1.09 4,103
WO068 60 3,023 210 2,844 3,635 58.9 1.09 3,947
w070 60 3,742 34 3,759 3,846 61.3 1.09 4,176
w071 60 4,000 108 4,190 4,379 48.5 1.12 4,890
w072 60 5,075 180 5,225 5,930 48.4 1.12 6,622
w073 60 4,209 66 4,044 4,444 48.5 1.12 4,962
w074 60 2,020 270 2,012 2,578 66.2 1.07 2,770
w075 60 4,366 192 3,822 5,160 58.2 1.09 5,638
w076 60 4,189 372 5,358 5,585 62.8 1.08 6,032
w077 60 4,849 186 4,455 5,698 59.4 1.09 6,188
WO078 60 4,333 226 4,779 5,289 55.2 1.10 5,818
W079 60 5,343 184 4,907 6,265 63.4 1.08 6,766
W080 60 5,119 12 5,165 5,169 49.1 1.11 5,727
WO081 60 4,061 330 4,003 5,415 61.8 1.08 5,848
w087 60 4,040 228 4,067 4,943 62.4 1.08 5,339
WO088 60 4,858 198 5,163 5,774 62.2 1.08 6,236
WO089 60 4,778 142 4,459 5,390 63.4 1.08 5,821
w092 60 4,628 228 4,677 5,662 50.4 1.11 6,275
W093 60 4,393 6 4,413 4,414 50.0 1.11 4,891
W097 60 4,620 46 4,228 4,795 55.8 1.09 5,239
W098 60 5,219 214 5,205 6,297 50.8 1.11 6,977
W099 60 5,202 208 4,986 6,240 48.2 1.12 6,968
W100 60 5,122 0 5,122 5,122 60.4 1.09 5,562
W006 70 5,196 0 5,196 5,196 59.2 1.09 5,677
w007 70 4,191 282 3,569 5,191 64.8 1.09 5,637
w010 70 3,898 300 3,310 4,903 64.7 1.09 5,324
Wo012 70 4,213 264 3,992 5,140 63.5 1.09 5,582
w014 70 4,171 192 3,919 4,801 69.0 1.07 5,159
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Table C5. Groundline data for western redcedar (continued)

Groundline Groundline
Failure stress at circum-
Length MOR, location failure MORgl ference Oversize AMORgl
1D (ft) (Ib/in?) (in.) (Ib/in?) (Ib/in?) (in.) adjust (Ib/in?)
w029 70 3,740 72 3,517 3,933 70.7 1.07 4,227
WO030 70 3,702 216 4,335 4,343 60.0 1.09 4,745
w032 70 5,819 264 5,692 7,099 61.2 1.09 7,757
w033 70 4,991 372 4,420 6,655 61.2 1.09 7,271
WO050 70 4,407 174 4,445 5,001 70.7 1.07 5,375
WO051 70 4,667 90 4,362 4,973 59.2 1.09 5,433
WO059 70 4,685 162 4,090 5,268 60.0 1.09 5,756
WO060 70 3,983 150 4,074 4,438 59.3 1.09 4,849
WO061 70 4,387 228 4,640 5,196 56.9 1.10 5,716
W062 70 3,880 234 3,819 4,618 57.4 1.10 5,080
WO085 70 4,524 88 4,506 4,812 56.5 1.10 5,293
WO086 70 4,206 358 4,623 5,565 56.3 1.10 6,122
W090 70 5,040 180 4,800 5,747 56.2 1.10 6,321
WO091 70 5,117 246 5,405 6,150 55.7 1.10 6,766
WO095 70 4,030 300 4,345 5,069 56.8 1.10 5,576
Average 4,310 4,200 5,026 1.19 5,494
COV 19% 19%
Adjusted for conditioning and drying in service 1.1 1.1
Adjusted initial value 5,528 1.22 6,043

38



Appendix D—Class Oversize
Adjustment

The use of discrete class sizes to classify utility poles intro-
duces inaccuracy in the estimate of groundline strength. The
ANSI 05.1 standard was developed as a specification for
poles on the premise that the tabulated minimum circumfer-
ences for each size class provide the section modulus re-
quired to carry the designated class load and poles falling
between consecutive class minimums are oversize for their
respective class load. Annex C values were derived to cor-
rect for this by evaluating pole strengths as a weighted aver-
age capacity by first assigning an ANSI size class to each
test pole, then dividing the failure moments at groundline by
the minimum section modulus for the respective pole class
rather than using the measured section property: the larger
the pole within a given class size, the larger the groundline
modulus of rupture (MOR). When applied to the minimum
class dimension, these values give the average pole capacity.

In 2002, it was proposed to change the way values are
derived in the specification. For poles in lengths of 50 ft and
longer, test poles were first classified. The groundline
strength of each test pole was then increased by the mean-to-
minimum section modulus ratio (A) for its ANSI class.

The required section modulus is directly proportional to the
class load, and the class load is defined by the function

P, =1200+250i + 50> (1)

The mean-to-minimum-section modulus ratio (A) is equiva-
lent to the ratio of loads as given by Equation (2). These
“oversize” adjustment values are given in Table D1.

P_
Ai — |I:;0.5 (2)

The average of the size-adjusted strength values was then
used to recalculate the minimum section modulus required
for each class. In some cases, this required reclassification as
some poles moved to the next larger class. The process was
repeated until no further change was required. The use of
this process, along with a 10% increase for drying in service,
resulted in average adjusted fiber strength values for poles
50 ft and longer that were close to those used for poles less
than 50 ft in length. As a result, the tabulated minimum
circumference values remained unchanged, but they must
now be recognized as providing reduced capability to carry
the designated class load when compared to the minimum
circumference values given for shorter poles.

ANSI tables represent a catalog of pole sizes. Class loads
merely provide a basis for the size classification. The fact
that values are derived differently for pole lengths either side
of 50 ft is something to be documented but has little impact
on design as long as users realize that class load is not syn-
onymous with capacity.

Table D1—DFS adjustments for ANSI structural pole classes

DEFS adjustments for ANSI structural pole classes

0 1 2 3 4 5 6 7 8 9 10 11 12
Factor 7 6 5 4 3 2 1 H1 H2 H3 H4 H5 Ho6
A 1.12 1.13 1.13 1.12 1.12 1.11 1.10 1.09 1.09 1.08 1.07 1.07 1.07
B; 0.96 0.96 0.96 0.96 0.96 0.97 0.97 0.97 0.97 0.97 0.98 0.98 0.98
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