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Inspection of Wooden Poles in Electrical Power
Distribution Networks in Southern Brazil

Flavio L. R. Vidor, Margal Pires, Berenice A. Dedavid, Pedro D. B. Montani, and Adriano Gabiatti

Abstract—This work aims to test an inspection method for
wooden utility poles based on a classification system according
to qualitative (visual and sounding) and quantitative parameters
(excavation and drilling) to assess internal/external wood decay.
Ten thousand poles were inspected, distributed over 23 cities in
the state of Rio Grande do Sul (Southern Brazil). The results
indicated a significant quantity of poles in advanced decay (14%)
with a great variability among cities. Poles treated with chromated
copper arsenate (CCA) presented worse conservation when com-
pared to creosote preserved poles, suggesting possible problems
on CCA treatment.

Index Terms—Inspection, poles and towers, power distribution
maintenance.

1. INTRODUCTION

HE use of wooden poles to support electrical overhead

lines and the knowledge of their state of conservation be-
come crucial for decision making by companies in the electricity
sector which use these structures. It is the consensus among
electricity distributors that the extension of the in service life of
wooden poles represents an important factor on cost accounting.
The approach given to the program of maintenance and replace-
ment of poles can be decisive in the economic impact of these
structures on power distribution systems [1]. Thus, these pro-
grams must be accompanied by a probabilistic approach that al-
lows reduction and optimization of costs [2], [3]. Since wood is
arenewable resource, the environmental gain must also be taken
into account.

‘Wooden poles have been commonly used to support electrical
lines throughout Southern Brazil, being produced from euca-
lyptus, an exotic species widely cultivated in the country [4].
Unfortunately wood is subject to deterioration, which can occur
due to the action of physical, chemical and biological agents. Bi-
ological agents are the most important decay factor, and wooden
poles can be attacked by bacteria, insects, fungi and marine
drills. In Southern Brazil, special attention is given to fungi [5],
organisms whose forms and lifestyles vary from simple yeast to
a mushroom. The attack of wood decaying fungi can be rapid
and it results in dramatic loss of pole strength [S]-[7]. Thus, the
lifetime of the in service pole could be shortened due to this
decay. It mostly occurs within a region extending from about
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Fig. 1. Map of Rio Grande do Sul State (South Brazil) showing the five regions
of the AES Sul electrical power distribution network area.

0.5 m above to 0.5 m below ground line, where the presence of
oxygen and moisture (>20%) enables metabolic activity and
growth of aerobic micro-organisms such as fungi. There is a
large number of insecticides and fungicides used in wood treat-
ment, but the efficiency obtained in the application of these
wood preservatives varies greatly [7]-[9].

The electrical networks in Rio Grande do Sul State (RS),
Brazil’s southernmost region, use over 2 million wooden poles
to support distribution and transmission lines. The AES Sul
owns the distribution of electric energy in the center-west re-
gion of RS, which is divided into five subregions (Fig. 1). The
AES Sul serves approximately 950 000 consumers in 114 cities
on a surface area of 99.268 km?2. In its networks, there are about
800000 poles, of which approximately 90% are made of wood
[10].

The Brazilian Standard (NBR 8456) establishes eight Eu-
calyptus species to be used in the pole production [11]. The
most employed treatment is the one with a water-based chro-
mated copper arsenate preservative (CCA) applied under pres-
sure, since the use of the pentachlorophenol and creosote is for-
bidden. According to this standard, treated wooden poles must
have a lifetime of at least 15 years. Alternative preservatives
have been proposed in Brazil to substitute and/or complement
CCA treatment [12], [13]. Special attention has been payed to
boron/fluoride preservative used in the retreatment of in service
poles [9] due to its high efficiency and lower toxicity for humans
and the environment.

An increase in the in service lifetime of poles is important not
only due to the costs associated with its replacement, but also
because poles out of service are considered hazardous wastes
which must be adequately disposed of.

This work presents a research carried out for three years with
the aim at inspecting about 10000 wooden poles, distributed
over 23 cities in Southern Brazil. The main object is to estab-
lish a practical, reliable and low cost inspection procedure for in
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TABLE 1
LOCATION AND NUMBER OF THE INSPECTED IN SERVICE POLES
IN FIVE AES SUL REGIONS

Region Number of Inspection
Cities Number of Poles %
Central 2 976 9.1
North Frontier 2 859 8.0
South Frontier 3 1,583 14.8
Metropolitan 11 5,54 51.8
Valleys 5 1,734 16.2
Total 23 10,692 100

service poles. In addition, wood samples were collected during
inspections and then cultures have been developed for subse-
quent identification of the fungi.

II. MATERIALS AND METHODS

The inspection procedures used in this work are based in sev-
eral studies and standards developed in Brazil [4]-[14], and in
other countries [8]-[16]. A simplified and practical method is
proposed in addition to quantitative parameters in order to avoid
a subjective inspector’s decision.

A. Sampling

Approximately 10000 in service poles were selected ran-
domly from a population of 800 000 poles, located in the AES
Sul area (Fig. 1). Twenty three cities, representing the five enter-
prise subregions (Table I), were visited by inspectors from 2002
to 2004. These cities were chosen because they present differ-
ences on soil and climatic conditions. In each city several low
voltage lines were randomly sampled in urban and rural areas.
The pole location was obtained by GIS maps from AES Sul.

The majority of poles (52%) were located in the highest ur-
banized Metropolitan region, while poles located in rural areas
are predominant in the North and South Frontier regions. This
pole distribution is very similar to the global AES Sul network
[10].

B. Inspection Method

The pole inspection involved three steps: visual assessment,
hammer test and quantitative test of decay. The visual assess-
ment of wood surface determines the extent of defects such as
cracks, holes, burned or rotten points, etc. The hammer sound
test is used to detect a hollow core caused by internal decay in
the pole portion from the ground line up to 2 m. The clear sound
and hammer rebound confirms that the internal condition of the
wood is sound [Fig. 2(a)].

As the assessment by visual inspection and hammer test is
rather subjective, measurements of internal and external decay
were also performed.

The external pole inspection includes digging to asses the
critical region below ground line (0.5 m). A complete excavation
is made, the pole is brushed to be free of dirt and its surface is
examined to evaluate whether it is rotten. The surface is scraped
with a shovel and all rotten wood is removed. As external decay
could eventually reduce the effective circumference of the pole
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Fig.2. Steps forexternal (a)—(b) and internal (c)—(d) inspection of the in service
poles. (a) Hammer test. (b) Digging and external inspection. (c) Drilling a hole to
internal inspection. (d) A marked metal rod used to asses solid wood thickness.

[Fig. 2(c)], this parameter is measured in two different pole re-
gions at 0.10 m above and 0.10 m below ground line. The dif-
ference in the pole circumferences is used to estimate external
decay.

The internal pole decay is assessed by drilling a small hole
(diameter of 12 mm) at ground line in an angle of 90° with wood
surface [Fig. 2(c)]. To determine the thickness of solid wood
(not necessarily sound), a probing rod adapted with a hook at
the end [Fig. 2(d)] is inserted into the hole. When the rod is
pulled back the hook catches on the edge of the rot pocket and
the marks on the sides of the rod indicate the shell thickness
of the solid wood at drilling point. The measurement is used to
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TABLE II
IN SERVICE POLE INSPECTION CLASSIFICATION ACCORDING TO INTERNAL AND
EXTERNAL DECAYS AND RECOMMENDED PROCEDURES

TABLE III
INSPECTED POLE CLASSIFICATION BY CITY; THE PERCENTAGE IN URBAN
AREAS, AND OF METAL TAG IDENTIFICATION

Inspection Procedure City # ID tag Urban Class (%)
Internal External Class Evaluation Action Region Poles % % 1 2 3 4
healthy wood rotten wood Santa Maria 490 40 81 68 8 13 11
Sobradinho 419 37 68 56 16 13 14
>0.10m without 1 Good none Central 909 39 75 63 12 13 12
Santiago 420 48 67 58 15 12 14
0.07t0 0.10 m max. 0.0l m 2 Initial Retreat Sdo Borja 407 54 51 49 23 16 1
decay Int./Ext. North Frontier 827 51 59 54 19 14 13
0.03 t0 0.70 m max. 0.02 m 3 Advanced Retreat Rosario do Sul 488 56 70 37 38 18 7
decay Int. S. Livramento 508 22 60 55 31 10 5
<0.03m total 4 Failure Replace Uruguaiana 505 37 63 34 31 19 16
South Frontier 1.501 38 64 42 33 16 9
Canoas 442 32 100 43 29 14 14
Dois Irméos 532 47 78 52 26 15 7
estimate internal decay. All inspection drilling holes are treated ~ Estncia Velha 439 641000552512 8
. . e - . Esteio 451 37 100 39 27 16 18
with a Boron/Fluoride water-diffusible preservative (PoleSaver, Harmonia 194 57 100 45 o4 s 16
Preschem Australia) and plugged with a PVC dowel to prevent  [voti 458 52 100 47 25 16 11
decay_ Montenegro 372 33 100 48 28 15 9
In Table II, a summary of inspection system is presented with T::r‘t’;ommb”rgo Z:: :g :gg 22 ;Z ;i ]76
quantitative decay, the proposed pole classification, based in @ s30 Leopoldo 683 46 100 48 23 15 14
numerical and color scale, and recommended actions as follows. ~ Sao S.Cai 257 54 100 42 22 18 19
1) (Green): pole is considered serviceable, no corrective ac- Metropolitan 4654 45 97 46 25 16 12
. General Camara 198 46 100 50 18 14 18
tions suggested. Lajeado 279 28 100 43 18 19 20
2) (Yellow): partial decay but still serviceable, an internal/  Rio Pardo 191 19 100 53 17 12 18
external retreatment is recommended. Santa Cruz 39§ 28100046 21 18 'g
3) (Orange): rejected pole with an advanced decay, a rehabil- Faquari Valleys 1.:2&25 ;‘l) :gg 22 f; :z :‘8
itation (reinforcement/retreatement) should be made. Total 9.246 42 87 48 24 15 13

4) (Red): Danger, rejected pole not suitable for rehabilitation,
needs immediate replacement.

In a previous study [13], the proposed inspection procedure
was compared to a nondestructive evaluation technique using
Polux device (CBT-France). Vidor [13] tested 200 in service
poles, obtaining an excellent agreement (99.5%) between pro-
posed inspection procedure and Polux diagnosis.

C. Reporting Data

The inspection and pole information are registered in the
field, using a hand computer (Palm), on a database (Access,
Microsoft). The registered pole information, contemned on a
metal identification tag, includes: pole brand date (month/year),
pole length and eucalyptus species, preservative type, and pole
supplier. No entries were made where information could not be
read on the tag or it did not exist. The inspection data registered
on database are: pole location, the address and GPS coordinates
(Garmin, ETrex), which is put in a map (GPS Trackmaker);
decay evaluations, pole classification, and recommended action.

D. Mycological Study

The sawdust produced in the pole drilling during inspections
has been collected and stored in tightly sealed plastic bags and
kept under refrigeration (~10° C). The culturing of cores for
decay fungi were performed in a sterile chamber with the saw-
dust using agar-potatoes as substrate [5]. The culturing mate-
rials were kept under controlled conditions (33° C) for about
two months, being monitored weekly with an optical micro-
scope also used for decay fungi identification.

III. RESULTS AND DISCUSSIONS

Among the 10692 inspected poles, distributed over five AES
Sul regions, 90.7% are wooden poles, with the remaining being
manufactured in concrete. The inspection of concrete poles is
not the objective of this study, and all subsequent discussion is
made about wooden poles.

In Table III, a summary of the obtained results for each 23
cities in the five regions studied is presented. The first important
observation is the significant number of poles (58%) without
identification tag (ID tag). The pole metal tag was probably lost
during transport or pole installation, or during in service pole
life by weathering or vandalism. It is difficult to know the real
causes due to the great variability in tag loss among inspected
cities (from 36% in Estancia Velha up to 81% in Rio Pardo).
However, it was verified that poles located in urban areas, which
corresponds to 87% of inspected poles, are more susceptible to
tag loss (59%) than the ones installed in rural areas (54%), sug-
gesting vandalism (more usual in urban areas) as one of the most
probable causes. It is important to say that essential pole infor-
mation, such as brand date, length, wood species and treatment,
is lost with the tag. Thus, in this study such crucial information
is only available for 4 075 of the inspected poles (42%).

A. Pole Decay Classification

In Table III is also presented the pole decay classification
following four classes previously defined (Table II). The re-
sults indicated that the majority of the inspected poles present
good conservation state (Class 1,48%) or an initial and treatable
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decay (Class 2, 24%). On the other hand, 15% of the pole was
rejected (Class 3) while 13% was considered in danger (Class 4)
and must be replaced. The level of in danger poles is high com-
pare to literature data [17], [18]. For instance, Daugherty [17]
reported values ranging 7.6—17.0% and 0.4-2.7% for rejected
and in danger poles, respectively, in a study performed in the
Southeast USA. However, wood species and treatment are dif-
ferent in the USA and a direct comparison to our results must
be taken with caution.

Another aspect to be highlighted is the better pole conserva-
tion in rural areas (63% poles on class 1) when compared to
urban areas (51% class 1). In addition, the North Frontier re-
gion presents three times less in danger poles (Class 4) in rural
(6%) than in urban (17%) areas. These results are probably due
to the recent expansion of the rural network in Brazil motivated
by federal government support.

Important differences among regions were also observed,
with Central and South Frontier areas presenting higher (63%)
and lower (42%) levels of class 1 poles, respectively. Sig-
nificant differences on pole classification were also observed
among cities. While Santa Maria city presents great quantities
of serviceable poles (85% of classes 1 and 2), in Portdo these
poles represent only 59% of the city inspected network.

However, it was not possible to relate pole decay with envi-
ronment conditions (soil, climate, etc.. ..) as observed in other
studies [8]-[19]. Regions with similar climate and soil such
as the North and South Frontiers presented opposite results
(Table II0).

B. Preservative Type

In the inspected poles containing information tag (ID tag),
it was possible ubiquitously to know the wood treatment used.
Only poles treated with CCA or creosote were identified. Al-
though Pentachlorophenol was used in Brazil until 1970, the
number of in service poles with this preservative should not be
significant. On the other hand, the presence of creosote was ex-
pected because its banishment is more recent (1995) [13].

For some poles without an ID tag, it was possible to asses the
preservative type by the visual inspection (CCA green color;
creosote black color). However, this kind of identification must
be taken with caution because weathering could change pole
color and difficult preservative visual identification.

In Fig. 3, the distribution of the poles preserved with CCA or
creosote is shown, in the five regions studied. The greater oc-
currence of poles preserved with CCA was verified in the North
Frontier (93%) while higher percentage of creosote treated poles
was verified in the Valleys region (49%). These differences are
significant compared to the global mean values (CCA 69%; Cre-
osote 31%) and seem to be related to the differences on both the
replacement rates and the pole distribution over rural and urban
areas in each region.

C. Pole Lifetime

In Fig. 4 the aging profiles of the inspected poles classed by
studied regions is shown. The in service time were divided into
four ranges: less than 5 years, from 6 to 10 years, from 11 to
15 years, and more than 15 years. This range division was de-
vised to simplify the data analysis and to take into account the
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Fig. 3. Type of preservative used (CCA or Creosote) on the poles with identi-
fication tag.
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Fig. 4. Variation of the in service time for poles, identified by ID tag, in the
different regions studied. Trace line was made only for a better visualization.

Brazilian Standard [11], which establishes 15 years as the min-
imum in service treated pole lifetime.

It could be observed that the majority of poles (60%) has an
in service time of less than 10 years. While the Central region
presents the highest level (75%) of young poles (<5 years), the
Metropolitan and North Frontier regions have the oldest pole
networks (mean age 11-15 years). This difference is probably
associated to a more intense replacement rate and the implan-
tation of new networks, especially in rural areas, in specific re-
gions (Central, for instance) in the last decade.

The pole aging profiles observed in this study are very
different from other countries. In Europe and North America,
the average pole age generally is in the range of 25-50 years
[19]-[23] but, as previously mentioned, the species and treat-
ment used are very different as compared to the ones in Brazil.
In Australia, where poles are made mostly of Eucalyptus timber
treated with CCA, Francis and Norton [18] reported the shorter
durability for these structures in the range of 3545 years, 3—4
times greater than the pole mean ages inspected in this study.

It is important to point out that the durability of the in service
wooden pole is related to several factors, mainly: the quality of
new wood poles going into service (inherent characteristics of
the wood, limited control on white wood and treatment process)
[17]; the environmental factors (climate conditions, soil charac-
teristics, nature of fungal/insect attack) [2]-[19]; and the effec-
tiveness of the inspection and maintenance programs [8]—-[23].
All these factors are very different in Brazil as compared to other
countries, and the use of fast growing eucalyptus species is prob-
ably one of the most important aspects for the shorter in service
lifetime observed.
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Fig. 5. Influence of the preservative type (CCA or Creosote) on pole decay
classification at different in service lifetime ranges.

The influence of preservative type on pole decay classifica-
tion at different in service lifetime are presented in Fig. 5. A
sharp decrease, from 92% to 64%, of sound CCA treated poles
(class 1) was verified in the first (<5 years) to the second (6-10
years) age ranges. A less intense diminution on class 1 was
observed for 11-15 years (36%) and >15 years (15%) poles.
On the other hand, in danger poles increased quickly with pole
aging, corresponding to 20% of the CCA-treated poles. These
results indicated a fast and significant life decrease of poles
probably due to the quality of white wood and the CCA treat-
ment process.

Poles treated with creosote (all >10 years in service) showed
better conservation as compared to the poles preserved with
CCA in the same aging range. For the oldest range (>15 years),
creosote-treated poles presented higher percentage of service-
able poles (Classes 1 and 2), and smaller number of in danger
poles (19%) compared to CCA poles in the same classes (Fig. 5).

These results suggest a better action of creosote against fungi
decay in Brazilian conditions, probably due to its higher toxicity
and a more efficient treatment process compared to CCA.

D. Mycological Study

In all analyzed samples the fungi genera Paecylomices and
Penicilium were present. These fungi genera were also the most
abundant among cultures performed in this study. Other genera
were also observed in some samples collected in specific areas
such as Aspergilus; Trichoderma; Botrytis and Phyalophora ob-
served in the North and South Frontier regions.

The genus Paeyilomyces (Fig. 6) was the most relevant in
this study, since some species of this genus have the ability to
degrade toxic substances, called xenobiotic [5], [6]. This fungus
could destroy chemicals (such as CCA) toxic to other fungi,
and leaving the way open for the xylophages species to act and
start the succession of organisms (bacteria and fungi), which
culminates in the total wood degradation [6].

IV. CONCLUSION

The loss of the identification tags interfered negatively in the
data analysis, reducing the pole information to only 42% of the
inspected poles. The majority of the inspected poles presented
good conservation state (48%) or an initial and treatable decay
(24%). Fifteen percent of the poles were rejected while 13%

Fig. 6. Images of the paecilomyces sp. obtained from incubation culture of the
wood pole (right detail magnitude of 400 x).

were considered in danger and must be replaced, a number sig-
nificantly higher than that observed in other countries.

It was not possible to relate pole decay to environment con-
ditions because a great variability on pole conservation was ob-
served among the regions and cities studied. This behavior could
be related mainly to the type of preservative used (CCA 69%;
Creosote 31%), and also the replacement rates and the pole dis-
tribution between rural and urban areas in each region.

Sixty percent of the identified poles (by ID tag) were in
service time <10 years, and only 5% presented lifetime longer
than the recommended by the Brazilian Standard (>15 years).
A better action of creosote against fungi decay in Brazilian
conditions was observed, probably due to its higher toxicity.
The mycological study showed Paecilomyces and Penicilium
are the most abundant and present genera in all analyzed
samples without significant difference among studied regions.

Despite the fact that the results are preliminary, it is possible
to use them to estimate a more realistic replacement pole rate. In
addition, a careful control of the white wood quality and preser-
vative impregnation and an implementation of a periodical and
systematic inspection program in all wooden pole networks are
recommended.
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