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Several factors contribute to degra-
dation of concrete power poles and
significant funds are expended to
replace them. In this article, the
effects of mechanical activity and cor-
rosion in the degradation of the con-
crete poles were investigated. To
increase the corrosion resistance, a
concrete mix design was selected
through laboratory tests in such a way
that it has minimum penetrability to
corrosive agents. The concrete cover
was also increased in the lower por-
tion of the pole. To reduce mechani-
cal bending of the poles, prestressing
and change of reinforcement design
were employed.

Many factors can play a role in early
degradation of concrete power poles,
including damage from corrosion and
mechanical forces. Corrosive agents and
water penetrate through the soil into the
buried part of the concrete pole. This can
produce a wicking effect where the pene-
trating groundwater begins to evaporate
after reaching a height above the atmo-
spheric-buried interface of the pole. This
leads to an increase in concentration of
corrosive agents in the lower part of the
pole and the occurrence of color changes in
this location. The wicking ultimately leads
to reinforcement corrosion and as a result,
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cracking and spalling of the concrete
cover.'

The weight of electrical cables attached
to the pole and wind forces can bend the
pole. These loads can produce cracks in the
concrete in both atmospheric and buried
portions. These cracks can accelerate the
penetration of corrosive agents into con-
crete and as a result, accelerate degrada-
tion of the pole.

In some cases, moisture, air pollution,
and corrosion of the concrete poles in the
lower part can result in conditions of leak-
ing electrical current from the high-voltage
electrical wires through the insulators, to
the concrete pole, and then to the ground,
which accelerates degradation of the
pole.”

As shown in Figure 1, there are two dif-
ferent types of concrete power poles typi-
cally constructed in Iran. The first type has
a round section (O poles) and the second
has an H-shaped section (H poles). The O
poles are prestressed, so they exhibit less
bending vs. the cable weight and wind
force. Also, a centrifugal method is used in
their construction, so centrifugal force
helps remove excess water from the con-
crete prior to curing. Thus, a high-strength,
low-permeability concrete with a minimum
water-to-cement ratio is formed. The poles
have high durability in normal environ-
mental exposure and therefore there is not
amechanical degradation problem in using
them in Iran. In contrast to the O poles, the
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FIGURE 1 Two different types of concrete
poles: (a) H cross section, and (b) round cross
section or O section.

H poles employ a low-quality concrete,
have low durability in environmental expo-
sure, and after about five years, concrete
degradation is visible in the lower part of
the pole through color change of the con-
crete. To resolve this deleterious situation,
the following modifications were made in
the H poles:

1. Use superplasticizer for reducing the
water-to-cement ratio of the mix and
increase the concrete strength.

2. Add silica fume as a super pozzolan
material in the concrete mix design
to reduce concrete permeability.

3. Increase the thickness of concrete
cover over the rebar in the lower part
of the H pole by converting the H
cross section in the lower part to a
cube cross section.

4. Apply epoxy-glass fiber coating in the
slightly higher and lower part of the
buried atmospheric zone to prevent
the accumulation of corrosive agent
and color changes from groundwater.

Changing the line of production of the

H pole so that it can produce prestressed H
concrete poles came with a considerable
expense. Although it was a good service-
ability proposal, it was not accepted due to
financial considerations.
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Results and Discussion

Aggregate Tests

The aggregates and water commonly
used in preparing the concrete used for the
H poles were investigated in terms of the
amounts of corrosive agents, including
chloride and sulfate. The chloride content
of water was measured according to ASTM
D1411-09,° and was 40 ppm. Based on
ASTM D512-12,° the maximum permitted
chloride content of water for use in new
concrete is 1,000 ppm, so the typical mix
water was within the permitted limit. Also,
the chloride and sulfate content of aggre-
gates were measured according to the grav-
imetric method. Their values are shown in
Table 1. Based on the Iran Concrete Regula-
tion,” they were less than the maximum
allowed content, which are 0.4 and 0.04%
for chloride and sulfate, respectively.

Sand equivalent (SE) value is another
important factor that was considered and
investigated. If SE value is low, it means
there is a significant amount of particles
<75 pm in the sand. Often these are clays
that can cover the aggregate surface,
thereby preventing sufficient adhesion of
cement gel to the surface of the aggregate
during the curing process. This reduces
concrete strength and increases its perme-
ability. The SE value was measured accord-
ing to ASSHTO T176.% It was 73; therefore, it
wasn’t suitable for application in the con-
crete mix design. The sand was washed
with water to remove the clay particles and
the SE value increased to 86.

In addition, if concrete aggregates are
reactive to the alkaline environment pro-

duced during curing, it subsequently can
produce an expansive silica gel in the pres-
ence of moisture. The expansive gel pro-
duces an internal pressure within the con-
crete that creates surface cracks. This is
called the alkali silica reaction (ASR)
problem.

ASR is a chemical reaction between dif-
ferent active amorphous silica minerals of
aggregate and the alkali pore solution of
concrete. This reaction produces a dark gel
around the aggregate that has high activity
for the reaction with moisture and water.
When the gel adsorbs moisture, it expands
and produces cracks in concrete.” When
ASR starts in concrete, it generally can’t be
controlled. ASR cracks facilitate penetra-
tion of corrosive agents, like chloride or
carbon dioxide (CO,), into concrete that
can initiate corrosion at the concrete-rebar
interface. Like the ASR gel, the corrosion
products are expansive and accelerate
crack growth and spalling that further
expose the embedded rebar to corrosion.

Another reason for concrete pole cracks
is delayed ettringite formation (DEF).
Ettringite is normally produced in early
cement hydration. If the curing tempera-
ture is above 70 to 80 °C, formation of ettr-
ingite mineral is prevented.’ For accelera-
tion of curing, the concrete poles generally
are cured in heated water vapor, so they
can develop a DEF condition. After several
years, and in lower parts of a concrete pole
in contact with water or moisture, ettring-
ite can be formed. Its formation is accom-
panied by expansion and can cause con-
crete cracks. Like ASR, DEF cracks
accelerate penetration of corrosion agents,

TABLE 1. CHLORIDE AND SULFATE CONTENT OF THE AGGREGATE

USED IN CONCRETE MIX DESIGN

Aggregate Total % of Chloride Total % of Sulfate
12-25 mm

Manufactured aggregate 0.01 0.14

6-12mm

Manufactured aggregate 0.01 0.16

A Less than 0.01 0.1

Natural aggregate

0-6 mm

Sand 0.03 0.23
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FIGURE 2 The aggregates were in a low ASR risk area of the curve of ASTM C289-03.

like chloride or CO,, into the concrete and
increase corrosion of rebar and spalling of
the concrete cover.

The aggregate used for manufacturing
the H poles was tested for ASR according to
ASTM C289-03."° According to Figure 2, the
concrete aggregate was in alow-risk area of

the ASTM C289 curve and the aggregates
did not exhibit an ASR problem.

Another effective factor in the forma-
tion of high-strength concrete is the use of
a dense grade of aggregate. Particle size
analysis was done on the aggregate and a
proposed concrete mix design is shown in

Table 2. Table 2 also includes the concrete
mix design, which was used previously for
unmodified power poles.

Concrete Test

After making the changes as discussed
previously, concrete samples were con-
structed in accordance to the proposed
concrete mix design mentioned in Table 2.
Further, some samples were prepared
according to the previous mix design (Table
2). The samples were cured for 28 days in
water at 25 °C. Compressive strength and
rapid chloride permeability (RCP) tests
were performed on them. In most cases, the
higher the compressive strength of con-
crete, the longer the concrete durability
when exposed to environmental condi-
tions, with greater concrete density and
lower permeability to corrosive agents.
However, the RCP test was performed to
confirm the increase in durability and
decrease in permeability. According to
Tables 3 and 4, concrete samples with mod-
ified mix design had considerably higher
compressive strength and lower electrical
charge than the others. Concrete poles that
have been constructed by the new mix
design will have longer durability than the
previous unmodified concrete pole in envi-
ronmental conditions.

Concrete Power Pole Test

To ensure quality of the concrete poles,
some of them were subjected to a bending
test like that described in CEB Standard
044-3."

A comparison of results of the bending
test of modified poles with the previous
unmodified poles showed that the modi-
fied poles had better acceptance bending
behavior in the test, so it is reasonable to

TABLE 2. MIXING DESIGNS

Aggregate
0-6 mm 6-12 mm 6-12 mm 12-25 mm
Natural Natural Manufactured Manufactured
Aggregate Aggregate Aggregate Aggregate
Mix Designs (kg/m?3) (kg/m?3) (kg/m?3) (kg/m?3)
Proposed 10-cm 183 182 547
slump, dry aggregate
Previous low-durability 1145 199 B 558

H-type poles
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Cementous
Material (kg/m?3)

Super-
Silica Water plasticizer
Cement Fume (kg/m?) (kg/m?)
360 40 177 34
350 — 209 —
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expect it would have greater durability Yy R NI R AN A R T YA e

when exposed to environmental condi-

DESIGN IN TABLE 2 AFTER 8 h EXPOSURE TO WATER VAPOR
Concrete Mix Design According to Table 2

tions. The details and results of this testing
will be presented in a subsequent paper.

C lusi Sample Dimension Compressive Strength (kg/cm?)
_-onciusion i Cubic (15x 15x 15 cm) 464
Mechanical and corrosion factors are :
involved in the early degradation of con- 2 Cubic (15 x 15x 15 cm) 571
crete H poles. Therefore, improvements Concrete Mix Design According to Table 3
that increase mechanical strength of the H Cubic (15 x 15 x 15 cm) 286
poles and application of methods that B e s e 304

reduce the penetration of corrosive agents
in the buried zone of H poles, such as apply-
ing epoxy-glass coating, reduce the perme-
ability of concrete and increase the durabil-
ity of concrete poles under environmental
conditions.
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2 Cylinder (@ = 10, L= 5cm)

Electrical Charge (Clump)
921
733

Previous Concrete Mix Design (see Table 2)

3 Cylinder (@ = 10, L= 5cm)
Cylinder (p = 10, L=5cm)

10 ASTM C289-03, “Standard Test Method for
Potential Alkali-Silica Reactivity of Aggre-
gates” (West Conshohocken, PA: ASTM,
2003).

11 CEB Standard 044-3, “Specification for Ac-
ceptance Test of Concrete Poles” (Colombo,
Sri Lanka: Ceylon Electricity Board, 1966).

ABBAS AGHAJANI is on the faculty of the
Subsea R&D Center, Isfahan University of
Technology (IUT), Isfahan, Iran, email:
aghajani@cc.iut.ac.ir. He has been a
researcher at the university for 21 years.
He has published more than 30 project
reports in the fields of alternating current
and direct stray current in concrete,
cathodic protection, and coatings. He has
published more than 33 papers, 16 journal
papers, and one book.

BEHNAZ AGHAJANI is a student in the
Department of Civil Engineering at IUT,
email: b.aghajani99@gmail.com. He col-
laborates on Abba Aghajani’s projects.

5477
4,864

NOVEMBER 2018 5



