BPo\_e Testing Ensures Hign
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
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Fig. 3. Average strength reduction of in-service wood poles (Hydro-Québec).

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

cant cost-benefit ratios when appliedjies and their capability to accuratelyfor wood poles in Hydro-Québec from
in the United States, Canada and theeasure pole strength. Close to 500oth destructive tests and NDE assess-

United Kingdom.

poles were measured for strength witiments in the field. Applying this deg-

An overhead line network consistgshe NDE instruments and then subradation rate to in-service poles is
of large numbers of relatively simplejected to full-scale destructive testshighly useful in asset management and
structures. The reliability of any oneHydro-Québec used the POLUX maintenance planning.
line segment is equal to that of the&Strength Tester (distributed by Pole + Variation in wood pole strengths and
structure with the lowest reliability Management Inc. of Montréal) to meathe degradation of in-service poles have
level (the structure that is the weakesture the remaining strength of its poleted to a review of safety margins in

link in the chain).

The pole structures can vary |n

strength because of the different fibe
strengths of various wood species dn
the variations within the same specig
Variations in strength around the me
value of any species have been m
sured at around 20% to 40% for ney
poles and up to 80% for in-servige
poles in the United Kingdom, Unite
States and Canada. The strength vari
tion follows a normal distribution about
the mean, which is typical for natura
products such as wood. The variatip
in strength of in-service wood poles
has been assessed through several
structive test programs.

The results of the destructive testi
of a sample of 150 U.K. Scots pir
poles (Fig. 1) shows that while there
a wide variation in pole strength of
particular age, the average strength
wood poles decreases with time in sp
vice. Such results are typical of mas
species of wood used in transmissio
and distribution lines.
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Project Background

Hydro-Québec conducted a compir
hensive destructive testing progra
from 1996 to 2000 to evaluate g
commercially available wood pole no
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Fig. 4. NDT wood pole test equipment
includes the POLUX Strength Tester (left)

and the Resistograph Constant Force Drill
(above).

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

overhead line designs. Such margingdded. Safety margins for line designs The new integrated approach repre-
are reduced if the pole does not conmust also be continually evaluated besents the combination of several tools,
tinue to meet class requirement and ifause of the increase in the range afevices and methods, which provide
additional hardware is subsequentlypplied loads (wind-on-ice loading andrepeatable, highly resolved and gquan-
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wind-only loading). tifiable data on material condition and

POLUX makes it possible to accu-remaining structural strength.
rately measure the wood fiber strength The new approach supplements stan-
of in-service poles. The instrumentdard inspection procedures with non-
integrates visually rated wood poledestructive pole strength evaluation and
parameters (knots, age, size) with itguantified component condition rat-
measurement of wood density andngs. The results from the field inspec-
moisture content to compute the retion are combined with worst-case
maining strength of the pole. loading analysis (wind-on-ice loading)

The additional measurement of theand detailed structural analysis to pro-
Resistograpi! Constant Force Drill vide a factor of safety (FOS) value for
enables the user to identify decayny one structure. This assessment
cavities beyond the 2-inch (5-cm) reacimethodology is followed by a probabi-
of the POLUX probes but does notistic approach enabling structures to
compute strength. Such voids are thebe compared on a like-by-like basis.
factored into the calculation of the re-The approach also provides the utility
maining section modulus. This inte-asset manager with reliability, life ex-
grated approach provides quantifiablgpectancy, strength degradation and risk
strength data, which is characterizedalculation data to assess the integrity
by a best strength estimate (mean valuehd long-term performance of a line.
along with a standard error of estimate The pilot project objectives were to:
(SEE), from which a normal distribu- « Measure the remaining strength
tion for the strength prediction can beof the poles with the POLUX NDE
generated. instrument.

« Calculate the transverse and buck-

Integrated vs. Conventional ling loads on the pole due to wind and

Traditionally, the maintenance de-ice by taking inventory of the pole
cision to repair, treat or replace a woo@ttachments and line hardware (includ-
pole is made by the lineman in thang telecom and cable TV hardware).
field based primarily on visual sound- « Use the Resistograph NDE instru-
ing (with a 2-Ib [0.9-kg] hammer) and ment to look inside the pole for decay
boring/auger drilling inspection. Thesepockets to be factored into the calcula-
conventional line inspection schemesion of the remaining section modulus
rely on the experience and knowledgef the pole.
of the linemen in the field and the line « Determine the FOS by comparing
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the remaining strength with measure
strength.
« Calculate the probability of fail-

Mean Loading

Mean Fiber Strength
|

ure (POF) by using risk analysis
techniques.

A risk assessment methodology wa
developed that accounted for widg
variations in wood pole strength ang
applied loads, and the statistical distri
bution for load and strength on struc
tures. The approach adopted in thi
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 whil
the POF factor for the structure is re
lated to the overlap between the tw
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 weathdfid- 5. Statistical distributions for load and strength of overhead line poles.
data (wind-on-ice loading), while thespecting in-service poles, one has twalue at the zero-year inspection, only
NDE predicted strength distribution isrefer the structural strength rating ofStructure 1 will remain above the at-
obtained from the SEE of the NDEthe pole to the at-replacement FOS. Ireplacement value at year 20. Struc-
equipment measurement. asset management terms, this is therre 3 needs replacing now because its

benchmark factor of safety (i.e., the=OS will fall below 1 before its next
Effective Asset Management FOS that should be designed into @spection time. Structure 2 needs re-

With the basic theory and method-structure when built). For example, inplacing at the next inspection cycle
ology in place, the next stage of theéhe United States, the NESC at-replacdsecause its FOS will fall below 1 be-
process is to see how the informatioment criteria is a reliability index of fore the subsequent inspection cycle 3.
is used to manage the overhead linevo-thirds of the at-build index, which
asset. The first step is to carry out &as developed as a result of U.S. expéilot Project Results
systematic review of its present statejence and practice. In simple terms, it The project was performed for Hy-
for example, the asset condition nowneans that the structure needs to ldro-Québec by a team from IPEC Ltd.
at “year zero” of the life cycle. Al- replaced when its strength reaches twgManchester, U.K.). A total of 887 in-
though the life cycle of the asset cathirds of its at-build strength. service wood poles were inspected with
be set over any period of time, an arbi- In carrying out quantitative analysisthe NDE equipment. The poles were
trary figure of 20 years was used foto identify the present state of healttassessed for a minimum 10-year life
the purposes of the work reported heref a structure, its FOS in the life cycleextension. Out of the 887 poles in-

As most utilities have overhead linecan be compared to the benchmark respected, 243 had been classified as
that have undergone “piecemeal” reliability levels. Knowing the rate of “old” (typically more than 30 years of
placement of individual structures andleterioration of the pole and compoage) and were scheduled for replace-
components throughout their servicenent strength, the time remaining for anent based on conventional, time-
life, it is critical that all equipment is structure to fall below the at-replace-based planning.
brought up to a common reliability ment level can then be predicted. Us- The rejection criteria established for
level to compare against benchmarkng this integrated approach allows prethe poles in the pilot project were:
levels. Through the use of structuralentative maintenance planning. Figure « Reliability failure: Poles that were
analysis tools and reliability-based6 illustrates the decrease in mechancondemned because their strength
methodologies, a FOS rating can repeal strength of wood poles when idenmeasurement was less than load re-
resent the state of health of the assettifying poles to be replaced. In thisquirements.

To facilitate the decision-makingexample, the minimum (at-replace- « Condition failure: Poles that failed
process for the asset manager, the FOfent) FOS value is 1 for wood poledue to section modulus below 75%.
rating must be placed in context. Thistructures. Although FOS for all three The table below summarizes the
is achieved by comparing the measurestructures is above the minimum FOSwmber of poles condemned using the
FOS against two benchmark levels: th
“at-build” and “at-replacement” FOS.
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The at-build FOS is obtained from th 0. of “OLD 0. Rejected 0. Rejected ota Pole Percentage
Canadian Standards Association (CS Pole due to due to Rejected 00d ondemned
22.3 “Overhead Systems Constructio Pl Rellch QIEIHO Pole onaiitio

Standards” or the equivalent U.S. Na| At Inspection 243 57 4 61 182 25.10%

tional Electric Safety Code (NESC)| Projected for

standard for overhead lines. When inl 2.6’ e v 4 81 162 33.33%
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These lines represent the reduction in

Faczgrocg)soifety FOS of a pole over time, due to known
Wood Pole decrease in mechanical strength.

A & Structure 1 (The gradients are exaggerated for effect)
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Fig. 6. Example of the application of RCM as a maintenance prediction tool.

above criteria and the reasomBased showed that the 10-year life-cycle cost
on the measurement of actual polef the integrated approach had a cost-
strength, only 25% (61 poles) of thebenefit (cost reduction) of 67%, com-
243 old poles needed immediate repared to the conventional, time-based
placement. A 10-year projection of theapproach. Significant cost benefits can
same poles indicated a further 8% (20e realized through the application of
poles) were predicted to drop belowthis new integrated approach. Asset
the at-replacement criteria. managers receive the greatest benefit
This result shows that two-thirds offrom this approach when they require
the old poles were suitable for reliabldife extension of wood poles with re-
life extension of a minimum of 10 maining service life»
years. Some of the remaining 644 (less
than 30 years old) poles inspected wensy. Lee Renforth is managing director of
also rejected due to overloading byndependent Power Engineering Consult-
cable and communications lines or beants (IPEC) Ltd. He graduated with a Ph.D.

cause the pole did not meet the claé m Manchester University, United King-
requirement om, in 1993. In 1995, he formed IPEC,

which provides risk-based consultancy, in-
) ) spection and databasing services to the
Life-Cycle Cost Analysis _ worldwide electricity supply and telecoms

A realistic economic evaluation ofindustries. He has been developing tools
the costs to upgrade a line to an a@_.nd methodologies for the applicatio_n of
ceptable level of reIiabiIity and then'isk-based management of overhead lines
to maintain it must include the |0ng_inthe United Kingdom in collaboration with

.2 electricity utilities in the United Kingdom.
term costs of management and mainte-,

. or more information on the above ap-
nance of the line. The use of Net Preseptoach, contact Renforth at lee@ipec.co.uk.
Value (NPV) allows the life-cycle
costs of the management options to
compared over a predetermmEd tim anada, and then pursued a master’s de-
period. _ ) _ greein the field of strength and dynamics of

The economic evaluation provideSsructures. His professional experience in-
the line manager with an effective tookludes working with the Canadian National
to compare the management optiongailway§ Research Centre from 1980 to
available. The option chosen for any-991. Since 1991, he has worked for
one line will be dependent on a num_[—lydro-Quebec Research Institute (IREQ),

b f fact includi £ i involved in the evaluation of the strength
er of Tactors Including age or liN€,,nq resiqual life of components of over-

line condition (reliability, ground line head distribution lines. He specializes in
decay and pole top condition), historythe testing, analysis and development of
of line failures, line criticality (impor- methods to determine the structural integ-
tance of the line in the system) and thaty and life expectancy of overhead line
utility’s internal maintenance strategyStructures-

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