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Pole Testing Ensures High
Reliability and Long Life
Hydro-Québec pilot project verifies results of field-test methods.

By Lee A. Renforth, IPEC Ltd., and André Taras, Hydro-Québec

lectric utilities are placing in-
creasing emphasis on cost-
effectively extending the life of
existing facilities while maintain-Eing adequate levels of safety

and reliability. In the case of overhead
lines, utilities face the problem of
aging wood poles (most will reach the
end of their “design life” over the
next 10 to 20 years) combined with
tight capital and maintenance budget-
ary requirements.

Furthermore, since the mid-1990s,
more telecommunications, cable tele-
vision, internet and wireless carriers
in the United States and Canada are
seeking to expand their markets by
attaching their equipment and cables
to utility poles. Most in-service wood
pole lines were not designed to carry
this additional hardware and are over-
loaded beyond their original safety
factors.

To compound the issue, extreme
weather has increased liability concerns
due to these additional loads. Over-
loading also can be an issue with newer
poles if their fiber strength is lower
then the accepted nominal value. Pre-
vious research on new
poles and a sample test
confirmed this is often
the case with newer
growth timber.

One solution to these
concerns is to apply
cost-effective, reliabil-
ity-based inspection and
pole management pro-
grams that provide quan-
tifiable data on asset
condition. With such
data in hand, utilities can
render appropriate judg-
ments on preventative

Fig. 1. Strength distribution for new and ex-service U.K. Scots pine poles.

and corrective maintenance to main-
tain line availability at minimal cost
and provide reliable life-extension.

A six-month pilot project carried out
by Hydro-Québec (Montréal, Québec,
Canada) between September 2001 and
February 2002 incorporated new non-
destructive testing (NDT) wood pole
inspection tools with a reliability-based
wood pole management program.

Hydro-Québec made a presentation
on this project and this technique at
the CEA Technologies conference

“Workshop on Utility Pole Structures”
held in Winnipeg, Canada, in June
2002. The concepts, inspection tech-
niques and management methods de-
scribed here are based on reliability-
centered power line management, as
pioneered in the United States in the
1980s and adapted to United Kingdom
and Canadian practices. This approach
to life-extension of overhead lines
through reliability-based inspection
and management is an alternative to
rebuild approaches. It provides signifi-

Fig. 2. NDE and destructive test data from Hydro-Québec test program.



December 2002/www.tdworld.com/TRANSMISSION & DISTRIBUTION WORLD 45

cant cost-benefit ratios when applied
in the United States, Canada and the
United Kingdom.

An overhead line network consists
of large numbers of relatively simple
structures. The reliability of any one
line segment is equal to that of the
structure with the lowest reliability
level (the structure that is the weakest
link in the chain).

The pole structures can vary in
strength because of the different fiber
strengths of various wood species and
the variations within the same species.
Variations in strength around the mean
value of any species have been mea-
sured at around 20% to 40% for new
poles and up to 80% for in-service
poles in the United Kingdom, United
States and Canada. The strength varia-
tion follows a normal distribution about
the mean, which is typical for natural
products such as wood. The variation
in strength of in-service wood poles
has been assessed through several de-
structive test programs.

The results of the destructive testing
of a sample of 150 U.K. Scots pine
poles (Fig. 1) shows that while there is
a wide variation in pole strength of a
particular age, the average strength of
wood poles decreases with time in ser-
vice. Such results are typical of most
species of wood used in transmission
and distribution lines.

Project Background
Hydro-Québec conducted a compre-

hensive destructive testing program
from 1996 to 2000 to evaluate all
commercially available wood pole non-
destructive evaluation (NDE) technolo-

gies and their capability to accurately
measure pole strength. Close to 500
poles were measured for strength with
the NDE instruments and then sub-
jected to full-scale destructive tests.
Hydro-Québec used the POLUXTM

Strength Tester (distributed by Pole +
Management Inc. of Montréal) to mea-
sure the remaining strength of its poles

for this pilot project.
Figure 2 shows an example of the

estimate to actual strength measured
during the test program. Note that in
almost all cases, the actual strength of
the in-service poles tested was signifi-
cantly lower than the mean strength
rating given in the Canadian standard
for wood poles for overhead lines (CSA
015 or ANSI 05.1). This result sug-
gests that using the mean values avail-
able from the CSA or ANSI standards
alone is inadequate for the purpose of
assessing the strength of in-service
wood poles.

The results of the destructive and
non-destructive pole tests can be used
to provide an average strength degra-
dation rate for wood poles in a particu-
lar climatic region. Figure 3 illustrates
the average strength degradation rate
for wood poles in Hydro-Québec from
both destructive tests and NDE assess-
ments in the field. Applying this deg-
radation rate to in-service poles is
highly useful in asset management and
maintenance planning.

Variation in wood pole strengths and
the degradation of in-service poles have
led to a review of safety margins in

Fig. 3. Average strength reduction of in-service wood poles (Hydro-Québec).
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overhead line designs. Such margins
are reduced if the pole does not con-
tinue to meet class requirement and if
additional hardware is subsequently

added. Safety margins for line designs
must also be continually evaluated be-
cause of the increase in the range of
applied loads (wind-on-ice loading and
wind-only loading).

POLUX makes it possible to accu-
rately measure the wood fiber strength
of in-service poles. The instrument
integrates visually rated wood pole
parameters (knots, age, size) with its
measurement of wood density and
moisture content to compute the re-
maining strength of the pole.

The additional measurement of the
ResistographTM Constant Force Drill
enables the user to identify decay
cavities beyond the 2-inch (5-cm) reach
of the POLUX probes but does not
compute strength. Such voids are then
factored into the calculation of the re-
maining section modulus. This inte-
grated approach provides quantifiable
strength data, which is characterized
by a best strength estimate (mean value)
along with a standard error of estimate
(SEE), from which a normal distribu-
tion for the strength prediction can be
generated.

Integrated vs. Conventional
Traditionally, the maintenance de-

cision to repair, treat or replace a wood
pole is made by the lineman in the
field based primarily on visual sound-
ing (with a 2-lb [0.9-kg] hammer) and
boring/auger drilling inspection. These
conventional line inspection schemes
rely on the experience and knowledge
of the linemen in the field and the line

engineer in the office to provide a quali-
tative assessment of line condition.

The new integrated approach repre-
sents the combination of several tools,
devices and methods, which provide
repeatable, highly resolved and quan-
tifiable data on material condition and
remaining structural strength.

The new approach supplements stan-
dard inspection procedures with non-
destructive pole strength evaluation and
quantified component condition rat-
ings. The results from the field inspec-
tion are combined with worst-case
loading analysis (wind-on-ice loading)
and detailed structural analysis to pro-
vide a factor of safety (FOS) value for
any one structure. This assessment
methodology is followed by a probabi-
listic approach enabling structures to
be compared on a like-by-like basis.
The approach also provides the utility
asset manager with reliability, life ex-
pectancy, strength degradation and risk
calculation data to assess the integrity
and long-term performance of a line.

The pilot project objectives were to:
● Measure the remaining strength

of the poles with the POLUX NDE
instrument.

● Calculate the transverse and buck-
ling loads on the pole due to wind and
ice by taking inventory of the pole
attachments and line hardware (includ-
ing telecom and cable TV hardware).

● Use the Resistograph NDE instru-
ment to look inside the pole for decay
pockets to be factored into the calcula-
tion of the remaining section modulus
of the pole.

● Determine the FOS by comparing

Fig. 4. NDT wood pole test equipment
includes the POLUX Strength Tester (left)
and the Resistograph Constant Force Drill
(above).
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the remaining strength with measured
strength.

● Calculate the probability of fail-
ure (POF) by using risk analysis
techniques.

A risk assessment methodology was
developed that accounted for wide
variations in wood pole strength and
applied loads, and the statistical distri-
bution for load and strength on struc-
tures. The approach adopted in this
project is illustrated in Fig. 5. The de-
terministic FOS value of the pole is
calculated by dividing the mean esti-
mated strength by the mean load while
the POF factor for the structure is re-
lated to the overlap between the two
distributions and represents the likeli-
hood (risk) of component failure or
reoccurrence of a failure event. The
statistical load distribution is gener-
ated through analysis of past weather
data (wind-on-ice loading), while the
NDE predicted strength distribution is
obtained from the SEE of the NDE
equipment measurement.

Effective Asset Management
With the basic theory and method-

ology in place, the next stage of the
process is to see how the information
is used to manage the overhead line
asset. The first step is to carry out a
systematic review of its present state,
for example, the asset condition now
at “year zero” of the life cycle. Al-
though the life cycle of the asset can
be set over any period of time, an arbi-
trary figure of 20 years was used for
the purposes of the work reported here.

As most utilities have overhead lines
that have undergone “piecemeal” re-
placement of individual structures and
components throughout their service
life, it is critical that all equipment is
brought up to a common reliability
level to compare against benchmark
levels. Through the use of structural
analysis tools and reliability-based
methodologies, a FOS rating can rep-
resent the state of health of the asset.

To facilitate the decision-making
process for the asset manager, the FOS
rating must be placed in context. This
is achieved by comparing the measured
FOS against two benchmark levels: the
“at-build” and “at-replacement” FOS.
The at-build FOS is obtained from the
Canadian Standards Association (CSA)
22.3 “Overhead Systems Construction
Standards” or the equivalent U.S. Na-
tional Electric Safety Code (NESC)
standard for overhead lines. When in-

specting in-service poles, one has to
refer the structural strength rating of
the pole to the at-replacement FOS. In
asset management terms, this is the
benchmark factor of safety (i.e., the
FOS that should be designed into a
structure when built). For example, in
the United States, the NESC at-replace-
ment criteria is a reliability index of
two-thirds of the at-build index, which
was developed as a result of U.S. expe-
rience and practice. In simple terms, it
means that the structure needs to be
replaced when its strength reaches two-
thirds of its at-build strength.

In carrying out quantitative analysis
to identify the present state of health
of a structure, its FOS in the life cycle
can be compared to the benchmark re-
liability levels. Knowing the rate of
deterioration of the pole and compo-
nent strength, the time remaining for a
structure to fall below the at-replace-
ment level can then be predicted. Us-
ing this integrated approach allows pre-
ventative maintenance planning. Figure
6 illustrates the decrease in mechani-
cal strength of wood poles when iden-
tifying poles to be replaced. In this
example, the minimum (at-replace-
ment) FOS value is 1 for wood pole
structures. Although FOS for all three
structures is above the minimum FOS

value at the zero-year inspection, only
Structure 1 will remain above the at-
replacement value at year 20. Struc-
ture 3 needs replacing now because its
FOS will fall below 1 before its next
inspection time. Structure 2 needs re-
placing at the next inspection cycle
because its FOS will fall below 1 be-
fore the subsequent inspection cycle 3.

Pilot Project Results
The project was performed for Hy-

dro-Québec by a team from IPEC Ltd.
(Manchester, U.K.). A total of 887 in-
service wood poles were inspected with
the NDE equipment. The poles were
assessed for a minimum 10-year life
extension. Out of the 887 poles in-
spected, 243 had been classified as
“old” (typically more than 30 years of
age) and were scheduled for replace-
ment based on conventional, time-
based planning.

The rejection criteria established for
the poles in the pilot project were:

● Reliability failure: Poles that were
condemned because their strength
measurement was less than load re-
quirements.

● Condition failure: Poles that failed
due to section modulus below 75%.

The table below summarizes the
number of poles condemned using the

Fig. 5. Statistical distributions for load and strength of overhead line poles.
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Results of Integrated Approach Inspections of “Old” Poles
No. of “OLD” No. Rejected No. Rejected Total Poles Percentage

Poles due to due to Rejected in Good Condemned
Inspected   Reliability   Condition Poles Condition

At Inspection 243 57 4 61 182 25.10%

Projected for
10 years 243 77 4 81 162 33.33%
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above criteria and the reasons. Based
on the measurement of actual pole
strength, only 25% (61 poles) of the
243 old poles needed immediate re-
placement. A 10-year projection of the
same poles indicated a further 8% (20
poles) were predicted to drop below
the at-replacement criteria.

This result shows that two-thirds of
the old poles were suitable for reliable
life extension of a minimum of 10
years. Some of the remaining 644 (less
than 30 years old) poles inspected were
also rejected due to overloading by
cable and communications lines or be-
cause the pole did not meet the class
requirement.

Life-Cycle Cost Analysis
A realistic economic evaluation of

the costs to upgrade a line to an ac-
ceptable level of reliability and then
to maintain it must include the long-
term costs of management and mainte-
nance of the line. The use of Net Present
Value (NPV) allows the life-cycle
costs of the management options to be
compared over a predetermined time
period.

The economic evaluation provides
the line manager with an effective tool
to compare the management options
available. The option chosen for any
one line will be dependent on a num-
ber of factors including age of line,
line condition (reliability, ground line
decay and pole top condition), history
of line failures, line criticality (impor-
tance of the line in the system) and the
utility’s internal maintenance strategy.

The life-cycle cost analysis of old
poles given in the table on page 47

showed that the 10-year life-cycle cost
of the integrated approach had a cost-
benefit (cost reduction) of 67%, com-
pared to the conventional, time-based
approach. Significant cost benefits can
be realized through the application of
this new integrated approach. Asset
managers receive the greatest benefit
from this approach when they require
life extension of wood poles with re-
maining service life. ◗
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Fig. 6. Example of the application of RCM as a maintenance prediction tool.
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FOS of a pole over time, due to known
decrease in mechanical strength.

(The gradients are exaggerated for effect)


