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Abstract: Electricity is vital for everyday human activities yet meeting the
escalating demand for reliable energy presents significant challenges. The
government has undertaken efforts to extend electricity access to remote areas;
however, the transmission process from generating stations to end-users faces
obstacles related to design, material selection, and protection. This overview
evaluates the advantages and limitations of concrete, steel, and timber poles
commonly used in power distribution networks. Various factors impact the
performance of these materials, including steel corrosion, concrete
reinforcement, prestress loss, insect infestations, adverse weather conditions,
seismic events, and construction methods. Despite efforts to reinforce poles
and extend their service life, the mechanisms underlying pole failure remain
inadequately understood. Strengthening measures are frequently employed to
mitigate deterioration, yet the fatigue effects on existing poles have not been
thoroughly investigated, exacerbating their susceptibility to environmental
stressors. Consequently, it is imperative to consider the specific environmental
and geographical factors influencing pole performance during the design
phase to ensure the reliability and longevity of electricity distribution systems.

Keywords: Electric poles, steel, concrete, timber, design and erection, failure
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1 Introduction

Every nation's socioeconomic and technological development is heavily reliant on electricity, and
global electricity demand today is increasing exponentially daily as population and economic activities
grow. Fire was essential to early man's ability to cook, stay warm, and enjoy the light, but we take these
conveniences for granted. There is an instant presence of power at the flick of a switch or turn of a knob.
Electricity is not just crucial for our immediate surroundings but also essential for various aspects of
modern life, including industries we depend on and communication methods such as radio, television,
email, and the Internet. Additionally, electricity also influences the modern-day transportation [1]. As
the power is generated from the generating station, there is a need to convey it to the end users, in this
case power distribution network is essential. The electric power distribution network functions similarly
to human cardiovascular mechanisms, with connecting links between the generating station and the
distribution system resembling arteries in the human body. Capillaries are analogous to distribution
systems, which connect all separate loads to transmission lines at substations that perform voltage
conversion and regulation. They play an important role in supplying viable life-giving blood of
civilization electricity to users at various ends [2].
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Three different materials; steel, wood, and concrete have often been used to transport/distribute
electricity from the generating station to the end consumers. Although other innovative materials
(hybrid composite) have also been adopted, this investigation only considers these three traditional
materials for transporting electricity to the final users. Steel towers and steel poles have been employed
to transfer electricity, the former Fig. 1 (a, b) has been adopted to transmit high voltage (100 KV and
higher) where service dependability and continuity are required [3]. However, as the electricity demand
grows, the availability of right-of-way becomes more critical in terms of cost and space. The demand
for steel pole-type structures Figure 1c, particularly in cities, is also growing tangentially. Steel poles
are considered more advantageous than steel towers because they can be erected in a much smaller area.
Hence, less expensive and more efficient than towers in cities, where the limited right of way is costly
[4]. Also, they are subjected to less wind loads than towers due to their lower aerodynamic coefficient,
allowing them to be used more efficiently.
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Fig. 1 (a, b) Steel tower [5], (c) electric distribution steel pole [6]

Due to an increase in demand for forest wood for urban-rural electrification, the world has recently
seen unprecedented growth in farm forests in various configurations. Preservative-treated Eucalyptus
wood has long been used as a power transmission pole in Kenya, Ghana, Nigeria, and Brazil among
other countries [7-10]. The demand for treated wooden poles has continued to rise as a result of the
government's efforts to connect more people to electricity, which has been matched by increased
investment in the species’ growth. It is thus estimated that each country requires 400,000-500,000 poles
per year for rural electrification. Wooden pole Fig. 2 is considered environmentally friendly since it is
harvested from nature and its renewability can continue for a long period, as such, harvesting wood for
electricity does not pose much threat to the environment. Treated woods contribute significantly to the
gross domestic product of a nation [11].

While steel and wooden poles are made of homogeneous materials, reinforced concrete poles are
made of heterogeneous materials from different stone aggregates bonded together by substantial water-
cement proportion, and reinforcing bars to resist tensile forces under loads since concrete is weak in
tension [12]. They are available in a variety of shapes, including H-shape tapered, round tapered, and
uniformly round, because concrete at the plastic stage can occupy the shape of any designed formwork.
Reinforced concrete (RC) and prestressed concrete (PC) poles, Fig. 3, are commonly used for electricity
distribution; the latter is more durable, less in weight, has a longer life span, requires less maintenance,
and has a wider range of heights, especially when centrifugally spun. Normal RC poles could fail after
a thousand load repetition under fatigue, PC poles can withstand up to 500,000 cycles without failure,
moreover, RC are susceptible to steel corrosion leading to spalling of concrete under fatigue problems.
Due to the prestressing process, PC exhibit reduced cracking minimizing ingress of moisture and
consequent corrosion [13]. PC poles also demonstrate excellent performance under vehicular impact
conditions than RC suggesting enhanced durability [14]. Furthermore, compared to RC, PC are more
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cost-effective in the long-term usage and a reduced in the need for maintenance can give significant
cost saving over the life span of the poles.

Fig. 2 Wooden poles from wind farms in Kiowa County Oklahoma [15]

Cross arm

(a) Reinforced concrete poles (b) Prestressed concrete poles

Fig. 3 Electric concrete pole (a) reinforced type [16], (b) prestressed type [17]

Following this backdrop, a comprehensive review study on the challenges of electric pole design
and material (wood, steel, and concrete) selection is imperative for several reasons. Firstly, the critical
roles played by electric poles in supporting overhead power lines and distributing electricity to
communities, industries, and infrastructure, cannot be overemphasized. Therefore, ensuring their
structural integrity and resilience is paramount to public safety and maintaining reliable electrical
infrastructure. Secondly, the selection of materials, steel, concrete, and wood for electric pole
construction involves trade-offs between factors such as cost, durability, environmental impact, and
maintenance requirements. Understanding the advantages and limitations of each material type is
crucial for making informed decisions in pole design and material selection. Additionally,
advancements in material science and engineering techniques may offer innovative solutions to address
longstanding challenges in electric pole design, making a comprehensive review study timely and
beneficial for the industry as a whole.
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2 Pros and Cons of these three materials used for electricity distribution

2.1 Electric wooden/timber poles

Wooden poles made from eucalyptus and other viable trees have been widely used to support
electrical lines in some parts of the world [18,19]. Wood is strong, pliable, and lightweight. A
preservative-impregnated wooden pole can have a specific gravity of up to 700 Kg/m®. A ten-meter-
high pole with a top flexural strength of 8.2 kN would be less than 300 kg in weight, increasing the
truck loading accordingly and lowering transportation and installation costs significantly. Thus, heavy
machinery is not required to install the wooden poles. Due to their elastic properties and the
homogeneity of their material constituents, preserved wooden poles on high-voltage lines can achieve
the goal of increasing stability in the event of wind loads. Yu et al. [20] considered numerically the
wind load effect on timber poles and the different types of damage. Since the current standards do not
highlight the wind capacity consequence of the damage mode of timber poles, external and internal
damage due to wind action was simulated. According to the findings, external damage reduced the
timber pole capacity, while internal damage only led to a small loss of capacity within a positive range.
A pole with mid-to-large size damage tends to fail due to the damage under design wind loading,
whereas a pole with internal damage will still have large enough strength to withstand wind effects. In
addition, although cables attached to wooden poles play an important part in determining their capacity
under wind effect, wooden poles will support strung wires, reducing the number of outages on the lines.

Due to the obvious lack of leakage currents, wood has exceptional dialect properties. When
transferring electric power over a long distance, the use of wooden poles saves a significant amount of
energy [21,22]. They provide a significant isolation distance from impulse over-voltages and can
extinguish the power overlap, providing high earth fault circuit resistance. These properties can reduce
the number of transmission line lightning outages and thus increase safety [9,23]Meanwhile, the readily
available market for eucalyptus poles has motivated farmers to plant the trees as a cash crop. Langat et
al. [24] reported from a field survey that, according to market prices and current economic conditions,
growing eucalyptus-grandis was more profitable for medium power transmission poles than firewood.
The internal rate of return can vary between about 5% and 28% for firewood and medium power
transmission poles, respectively. Furthermore, the use of wooden poles is a step in the right direction
toward reducing the carbon footprint. Wooden poles are sourced from sustainable forests, where three
trees are planted for every one harvested. Besides, the wood used to make the poles is renewable, and
the waste rate is low. In the event of damage, wooden poles are returned to the factory for recycling.

Fungi damage Insect attack Deep cracks Damage caused by wood peckers

Fig. 4 Damage and defects on wooden poles [20]

Unfortunately, wood deteriorates as a result of physical, chemical, and biological factors. The most
imperative decay factor is biological agents. Bacteria, insects, fungi, and marine drill attacks are
common to wooden poles. Fungi, organisms whose system and existences differ from simple yeast,
receive special attention in Southern Brazil [25]. This deterioration drastically affects its service life
and may have a significant impact on its capacities which might fail with serious consequences such as
loss of life and high cost. According to Gezer et al. [26] approximately 20,000 wooden poles are placed
across four cities in Turkey each year, with treated poles having a life span of up to 50 years. However,
in the sea region, the life span can reduce to 10 years. They determine the deterioration and degradation
of the poles by adopting visual inspection using a guideline for the physical inspection of poles in
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service standard method AWPA M13-01 [27], and nondestructive test methods using resistograph and
micro hammer to determine internal decay of 150 poles to improve the service life around these major
cities. They concluded that fungi, insects, inadequate impregnation, and deep cracks and splits were the
most critical factors influencing pole service life. Some of the highlighted defects and damage are
presented in Fig. 4. Wooden poles are also not suitable for high-tension power lines due to power surges
and can easily catch fire [28], especially during the dry season; they only gain value in remote areas to
carry step-down power lines into buildings; and they are unsuitable for busy areas because collapse
does not give any warning during heavy wind and can lead to serious accidents or loss of life in the
event of a possible fall on vehicles on traffic road and electrocution [29].

Wooden poles that are faster grown, weak wood, combined with the condition of fungi growth can
cause wooden poles to fail easily under extreme weather conditions such as hurricanes, tornados, and
high-temperature areas during summer may experience fire in untreated wood. It is necessary to assess
the condition of an area before installing wooden poles [30]. Humidity and temperatures have been
reported to affect the durability of wood [31]. Wood poles' moisture content rises when they are exposed
to damp environments. When wood's moisture content rises above the fiber saturation point, a favorable
environment for the formation of fungal is established [32].

2.2 Electric steel poles

The use of steel poles provides several benefits, including competitive purchase prices, less weight,
pre-drilled notches at the factory, reduced installation costs, cheaper grounding costs (where copper
down-lead is essential), and improved aesthetics. Removable pole steps can also be used to quickly and
easily ascend steel poles [33]. The mechanical strength property of steel, especially the response to
external loads in tension, has been deployed for steel towers to convey long-span transmission at high
voltage. The truss connection of the steel rod for a tower, Figure 1(a, b), allows for substantial height
and systematic distribution of load across the truss member. Steel towers can withstand extreme weather
and natural disasters. The risk of service interruption due to broken or punctured insulation is
significantly reduced due to the obvious longer spans. The weight of the tower that supports the
conductor, and thus its cost, is determined by tower height, which is the maximum sag at the design
span and the minimum ground clearance between the charged line and the ground [34]. Typically, tower
footings are grounded by driving rods into the ground, which reduces lightning problems because each
tower acts as a lightning conductor.

A Collapsed Power Pylon due to 1998 Storm

Broken Conductors and Tower Failure due to the 1998 Storm
in Montreal

Fig. 5 Typical collapse of steel tower in Canada due to heavy ice storm [38]

Failure of components of steel towers, such as conductors, is common; the conductors are
connected to the insulator strings, which are attached to the cross arms of the supporting towers.
Damage due to the accumulation of ice storms can disrupt the flow of electricity, causing power outages
[35]. There is a significant amount of strain energy when a transmission tower experiences a heavy load
due to a storm. The strain energy causes dynamic problems affecting the weakest area of the truss
member; a case of collapse in Canada is shown in Fig. 5. Li et al. [36] investigated the failure of
transmission tower line systems induced by ice shedding through finite element analysis. The uniform

000086-5



Quadri et al., SUST, 2025, 5(4): 000086

method was adopted in the modeling process to present the initial defects, and the failure caused by ice
shedding and its influencing constraints are studied on ANSYS. According to the findings, the more the
ice-shedding height, the more the threat to the system; additionally, the longer the span, the shorter the
insulator length, and the higher the dynamic response of the line. The cross arm connected to the ice-
shedding conductor, the tower body, and the tower head are susceptible to ice storms. Additionally,
Natural disasters, particularly hurricanes, can lead to the failure of electricity distribution systems.
Hurricanes can damage the distribution system, resulting in power outages that are costly in loss of
revenue and restoration expenses [37].
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Fig. 6 Fundamental high-fatigue strain evolution [41]

Steel is susceptible to chemical and corrosive effects. Early in the production of steel utility poles,
metallurgical processes produced corrosion-resistant steel. Later, their lifespan decreased as the
galvanized zinc coat on the poles became thinner. Corrosion fatigue, the combination of cyclic stress
and corrosive environment, is also common to steel poles. In electrical transmission, corrosion fatigue
happens because of repeated mechanical loading from winds, vibrations, or thermal expansion in the
presence of moisture pollutants or salts [39,40]. Quadri and Ali [41] identified three stages of fatigue
evolution under high-fatigue loading, as shown in Fig. 6. The initiation stage is where a micro crack is
formed; here, the steel poles may experience cyclic loading from wind, temperature changes, or
mechanical loads. Stresses usually concentrate at an area of surface imperfection. Corrosive agents may
weaken the steel surface [42].The second stage is the point where crack propagation accelerates by
attacking the steel at the crack tip due to the presence of a corrosive environment. Metal undergoes an
electrochemical reaction at the anode and cathode. Oxidation of steel is expressed as;

Fe - Fe?* + 2e~ (1)
Reduction occurs at the cathode area and is expressed as
0, + 4e™ + 2H,0 - 40H~ (2)

The third stage is where the fracture of steel occurs. As the crack deepens, the area of the steel pole
becomes thinner, reducing the load-bearing capacity. If cyclic loading progresses, the pole experiences
catastrophic failure even at a reduced stress level than its normal tensile strength [43].

It has also become expensive to inspect and maintain these poles regularly. Corrosion control
deficiencies, improper coatings, the pH level of the soil, the water table, and failure to consider soil
corrosivity are all common causes of galvanized steel pole member corrosion [44]. Steel poles are
sensitive below the earth, and the degree of soil permeability, as well as the presence of air and water,
are important factors in determining the extent of corrosion. Soils with fines, such as clays and silts,
have low aeration rates and poor drainage, which can delay a speedy corrosion rate; however, coarse
sand and gravels allow air circulation, which resembles a corrosion rate equivalent to atmospheric
exposure. A galvanized steel pole with zinc requires a passive layer at all times to avoid the formation
of zinc oxide. Another important corrosion control is to keep the surface free of moisture and air to
preserve the passive film.
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Byrd [45], tested some electric steel poles, Fig. 7 (left), according to the International Association
of Corrosion Engineers Standards [46], “Miller LC4 high resistance test meter, and a copper sulfate
cell”. A 0.2-volt was typically compared to a corrosion-protected value of higher than 0.85 volts. This
infers that the pole is heavily corroded, with little discrepancy between copper and steel materials as
observed in the electromotive series. The lower-in-grade steel is predominantly corroded oxide with
slight mechanical significance. Liu et al. [47] investigated the strain clamp steel-anchored corrosion
damage of a 500 kV transmission line, a part shown in Fig. 7 (right), by adopting a mechanical
properties test, macroscopic observation, composite analysis, and SEM analysis. It was observed that
the corroded clamps had complex shapes, which are not convenient for anticorrosion coating since the
components are welded. The tensile stresses were cumulated at the corroded part. It was pointed out
that the gradual corrosion of the steel anchorage for over 30 years without attention resulted in the
natural corrosion damaging the galvanic layer. According to an investigation by [48], steel poles kept
for a long time underwent a different type of corrosion mechanism than when they were in use. When
the poles were exposed to field conditions three years later, extensive red rust had formed at a part
below the ground level and had spread outside, resulting in mechanical damage that was not what would
have been expected under normal circumstances.

Corrosion of anchored members in electric steel tower
Corroded steel pole

Fig. 7 Corroded steel poles and tower investigated [45,47].

2.3 Electric concrete poles

Utility companies have been looking into more affordable materials to distribute electricity among
houses because of durability issues, high maintenance costs, and the need for better aesthetics.
Pozzolanic cements have improved the durability of concrete poles in marshy and waterlogged areas
and areas prone to chemical and soil contamination. Prestressed concrete has also enhanced the quasi-
brittle damage of normal reinforced concrete, allowing for heights of up to 15 meters and enabling
heavy vehicles to pass easily [13,49]. With fiber-reinforced concrete, the ductility of the pole has been
substantially improved [50].

Distribution concrete poles collapsing under simultaneous wind and ice loads is a fundamental
issue in the electric power distribution network that usually occurs in regions with severe weather
conditions (regions that experience snow and hurricane like Japan, Russia, USA, etc.), Fig. 8a. This
causes a power outage, which can result in severe human and financial losses [16,51]. Kliukas et al.
[52], have revealed that the main causes of structural degradation are damage and loss of cover concrete,
as well as longitudinal cracks (Fig.8b). It is primarily caused by reinforcement corrosion, which is
affected by the quality (density) of the concrete and the cover depth. According to Kuebler [53],
unexpected applied forces on electrical lines caused by wind action can cause cracks and spalls in the
cement paste microstructure, and then the prestressing strands can crack into the hollow section of the
concrete pole, resulting in a loss of flexural stiffness and pole stability. Inappropriate foundation
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embedment and vehicle impacts can result in shear failure, (Fig. 8c) [54,55]. Dilger et al. [56], reported
that the damage of prestressed concrete can be attributed to differential shrinkage between the inner and
outer layers, (Fig. 8d) resulting in longitudinal cracks in the weaker cement paste layer. Many durability
issues for poles can be caused by poor concrete handling; concrete segregation and poor concrete
mixtures. Water infiltration leads to corrosion of the reinforcement, resulting in several cracks, which
causes some pole failures.

(©) (d)
Fig. 8 Electric concrete pole failure (a) damage of concrete poles under instantaneous severe wind and snow
loads [16], (b) damages in RC supports of overhead power distribution lines [52]. (¢) Shear damage of concrete

pole due to a vehicle impact [54]. (d) Longitudinal cracking, corrosion of reinforcement, and spalling of
concrete caused by differential shrinkage and segregation [56]

It should be noted that besides the right of way, materials for distributing electricity depend on the
nature of the area where the poles are installed. In extreme wind areas, taller poles (above 10 m) with
larger cross-sections may be vulnerable under high wind load. Steel poles and composite poles with
enhanced strength and flexibility may be desirable. Ice accumulation aggregates weight on poles,
increasing the bending stress [57,58]. Steel and concrete poles may be desired however, they may face
durability issues due to fatigue problems, corrosion, and freezing and thawing. In the region with high
humidity, electric wooden poles and accessories can be prone to corrosion which can affect their
performance in service, in this case, concrete poles maybe desirable however, quality control must be
ensured to prevent development of cracks due to moisture absorption [59]. Extreme temperature is
another factor that influences the performance of electric poles in service. Extreme heat can cause
thermal expansion in steel poles resulting in structural stress. Cold weather can increase the risk of
cracks in concrete, while wooden poles may expand or contract needing proper seasoning to prevent
warping [60,61].

3 Electric pole maintenance- repair and protection

Electric pole maintenance and repair are critical to ensuring an uninterrupted power supply and
avoiding premature pole replacement. Increasing the service loads to keep the structure on target,
investigating and correcting defects or damage, corrosion issues, and seismic strengthening are all
essential engineering issues that necessitate the strengthening of existing electric poles. If increasing
capacity is a viable option for extending service life, complete replacement of existing poles will be
inefficient and will almost certainly increase the financial burden. Electricity poles that have been
damaged or are in a high-risk area can often be treated or repaired with materials that help maintain or
replenish their integrity. Because electric pole components can be damaged at any time, it is critical to
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be proactive rather than reactive to save money. Regular inspection of components such as insulators,
cross arms, restringing lines, and the body of the poles is required before and after natural disasters for
more reliable performance.

3.1Repair and protection of wooden poles

The most important parameters influencing the performance of timber pole structures are abiotic
and biotic [62]. Bacteria, insects, and fungi which constitute the biotic influence, have a significant
impact on wooden poles. Although naturally healthy wood has an appropriate service life, the increased
demand for poles and the growth of other utility systems has resulted in a shift to alternative species
with sound mechanical properties. The alternative wood species are insufficiently durable and require
preservation treatments [63]. Several studies have demonstrated the importance of wood pole evaluation
[6,25,26,64-66].

Polyzois and Kell [67], conducted experimental and analytical work on the rehabilitation of
wooden poles by adopting fiber-reinforced polymer (FRP). The rehabilitation consists of replacing the
present wooden pole with a stub and wrapping the affected area with an FRP jacket. The repair method
was developed to improve the strength of the pole while also allowing an easy and environmentally
friendly alternative to pole substitute. Twenty-seven wooden poles having a dimension of 3.05 m with
an average circumference of 504 mm were examined according to the American Society for Testing
Material (ASTM); Standard test method for static test of wood poles (ASTM —-D1036-99) [68]. It was
reported that the average capacity of the rehabilitated pole was 7% lower than its original capacity and
underwent a reasonable deformation of 23% increase than the original pole. Merschman et al. [69] used
an FRP sleeve to reinforce decayed and hurricane-prone wood poles, restoring their deteriorated
strength and extending their service life. As case studies, specific locations in Miami, Charleston, and
New York City were chosen. Climate change's potential impact on the rate of pole decay, as well as the
intensity and frequency of hurricanes, was considered. FRP wrap was applied to poles whose strength
was reduced to two-thirds of its initial value. Long-term analyses were used. Miami's previously
estimated pole service life of 27 years has increased to 35 years with no climate change and
approximately 32 years with climate change. With no climate change, FRP added 44 years to the service
life in Charleston, while the corresponding additions in New York City were greater than 52 years. The
predicted variation in life span of the three locations was due to the fluctuating climates in the regions.
Distribution poles in Miami had the highest decay rate because of its tropical monsoon climate.
However, no report was found on the treatment of wooden poles to reduce moisture before mounting
FRP on them. Moisture migration from the pole to the surface may cause the FRP binder to delaminate
from the pole surface, reducing the tensile strength. It has also been reported that adopting FRP sheet
on the butt of wooden pole changes its failure modes to the weakest portion [62]. Thus, a holistic check
is necessary for strengthening to elongate pole service life. Salman et al. [70], reported a framework
optimization maintenance of a network of wooden poles in Florida. Remedial replacement due to
hurricane failure and preventative replacement due to excessive decay were both considered to
determine the best inspection interval for preventive replacement to reduce long-term maintenance costs.
A hurricane simulation approach proposed by Salman and Li [71] was adopted. This involves the
selection of historical hurricanes that passed through the study area or simulating a real scenario
hurricane. The essential parameters to simulate the hurricane scenario in Florida were taken from Huang
et al. [72]. The data were interpolated linearly to get the best fit for the framework by considering 30-
minute intervals which had been adjudged to produce accurate results [73]. The incline wind speed at
positions of interest was calculated using Holland's radial wind field model [74], which was converted
to a surface wind speed and then to a 3-second gust wind speed. They concluded that the current
maintenance exercise of utility companies may not be the most cost-effective method. The best
inspection/replacement cycle is decided by location, which determines the decay rate and hurricane
threat level. The findings have also indicated that climate change has no significant effect on the optimal
inspection cycle. Several life cycle assessments of electric wooden poles have also been performed to
improve their service [75-77].

Another common method of treating/protecting a timber utility pole from insects and other attacks
is by a vacuum pressure technique, which improves preservative penetration from fungal infection and
natural decay due to old age. The treatment of a wood pole differs from the restorative treatment of a
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standard pole in terms of the wood structure, Fig. 9. The treatment is mostly applied to the exterior
sapwood, which is highly active, contains moisture and minerals, and can shrink or split with time,
making it more susceptible to fungus infections [78]. Heartwood is inactive wood that is frequently
dried, making it less vulnerable to damage and not suitable for preservative treatment [79]. The most
frequent treatment is using creosote, a thick dark brown liquid derived from coal tar, which countries
have used for many years to increase the service life of wood. It is normally applied through brushing
or full-cell process, giving an additional advantage of waterproofing wood. Mugabi and Thembo [78]
tested creosote penetration in eucalyptus with 126 wooden poles of varying sizes. Longer poles have a
larger penetration depth than shorter poles. Despite meeting the minimal penetration and retention
standards, the penetration depth was less than the sapwood depth. The service period of a wooden pole
is one of the factors which can affect the performance of creosote [80].

Cork
Cork cambium

Living phloem

£
Heartwood & Vascular cambium
Sapwood
Fig. 9 Anatomy of a tree trunk

The treatment of wooden poles with creosote has only been partially successful because only the
sapwood can be penetrated during the procedure, leaving the heartwood impenetrable and deteriorating
due to the attack of termites and brown fungi [81,82]. Remedial treatment can be administered to the
heartwood and absorbed through reverse osmosis in this case [83]. Chromated copper arsenete (CCA)
has also been widely used for treating wooden poles [84-86]. Investigation from different countries has
revealed the level of damage done by the biotic and abiotic forces on the wooden poles. Otuko et al.
[60] discovered that fungi decay and termite destruction accounted for more than 85% of CCA treated
poles and 67% of creosote treated poles in Uganda. Although timber poles in Uganda are supposed to
last 10 years, premature damage has been ascribed to location, failure point, and causes of pole failure.
Vidor et al. [25] stated that 14% of the over ten thousand timber poles examined in 23 cities of Southern
Brazil showed considerable advanced deterioration, with wide variation between localities. Poles
treated with CCA demonstrated poorer conservation than poles protected with creosote. An
investigation by Gezer et al. [26] in the city of Artin in Turkey revealed that the depth of penetration of
CCA in treated wood was shallow resulting in a shorter service life than anticipated. White fungi were
reported to be more resistant to CCA preservatives. Knowledge of the environmental conditions of a
particular location when selecting appropriate preservatives for wooden poles is also critical to service
performance [65]. Sandoz [87] examined the environmental effect on aging wood structures, he opined
that wooden poles may experience fatigue under applied load as well as develop cracks due to drying
and wetting or under biotic force. In the case of increasing the residual strength of the existing pole for
load resistance, high-strength materials that do not affect the overall self-weight may be desired. The
use of fiber-reinforced polymer has been suggested for improving the strength of wooden poles [62,67].

Wood preservative materials can negatively impact the environment if they leach out of the wood
into soil or water bodies. Boron compounds are effective materials for preserving wood because they
possess low toxicity making them suitable for preserving wooden poles for a long time [88]. Log
manufacturers commonly employ the dip diffusion technique. Freshly debarked logs for poles have a
considerable amount of moisture about 45% which allows the hot borate solution to penetrate the log
completely [89]. Logs are immersed in a liquid tank for extended periods before being withdrawn and
wrapped for weeks at a time to allow the borate to diffuse into the log. Multiple dip treatments and
additional wrapping are not uncommon to ensure complete penetration of the log [90]. Other methods
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of preservation include copper-based preservation [91,92], coating and sealant [93], thermal
modification, chemical treatment, etc.

Machine learning framework systems have also been built for health monitoring of electric wooden
poles in service. Yu et al. [94] adopted a multiple process involving data mining and machine learning
approach and signal processing to classify different damage conditions of three electric wooden poles
of different damage conditions. In the approach, wavelet packet analysis converts multi-channel stress
wave data into energy information, which is then compressed using principal component analysis to
create a feature vector. The machine learning algorithms were then used to identify the damage
condition type. The investigation provided a satisfactory damage condition detection of wooden poles
which can be practically adopted for on service wooden poles. Nguyen et al. [95] developed an
autonomous vision-based power line inspection system that adopted Unmanned Aerial Vehicle (UAV)
inspection with optical image as the primary data source and deep learning algorithm as the pillar of the
data analysis, to address the faults in component power systems. Four medium-size data were adopted
for data training component detection and classification. The model could quickly detect common fault
from power system such as woodpecker damage, rot damage on cross arms.

3.2 Steel protection

Thermodynamic activities in the environment have a significant impact on electric steel
poles/towers. Aside from the unsightly physical appearance, the mechanical properties of steel, such as
tensile strength, ductility, and density, can be reduced, especially in aggressive environments, affecting
the service life and performance of electric steel poles. Because the electrochemical process of steel
must occur, much dedication is needed to minimize maintenance costs. Several preventive and
corrosion protection measures have been used to reduce or correct corrosion: lowering potential
(cathodic protection and lowering oxidant concentration), increasing oxidation potential (anodic
protection and oxidizing additives), raising pH, separating metal [96], epoxy coating, galvanizing,
anodic hydrogen evolution system [97]. Galvanized steel coating is adopted because of its low cost and
attractiveness. Zinc coating of steel is often used; the zinc forms a protective layer preventing corrosion.
The most commonly used is hot-dip galvanizing [98]. The surface of the steel is prepared, and molten
zinc at about 500 <C is applied on the steel, which reacts with iron to form zinc-iron alloy layers [99].
The galvanized steel may be cooled in air or water to solidify the zinc coating [44]. Metal oxide coatings
are also widely used for anticorrosion due to their low cost, ease of use, and good anticorrosive
properties [100]. Metal oxide coatings provide steel reports with durable wear, abrasion, and corrosion
resistance. Fabricating bi and tri-metal oxide composite coatings is a great way to extend the service
life of steel [101]. Many studies have reported composite coatings encapsulating various metal oxide
nanoparticles such as ZnO, SnOy, TiO,, ZrO,, Al,0O3, NiO, CeO,, SiO,, CrO; [102-104].

Pauzai et al. [105] investigated the corrosion behavior of steel poles in various coating
environments. Five different coating techniques were used, including epoxy, VEF poly-glass,
galvanized, epoxy galvanized, and poly-glass galvanized, with salt spray and water absorption tests
used as accelerating aging tests to determine coat degradation and severity of corrosion ingression using
American Standard Test Methods. The aging specimens were exposed to ultraviolet light at 60° for
about 8 hours, and then condensation fat at 50° for 4 hours. Uncoated steel pole specimens experienced
a high rate of corrosion, whereas differently coated poles corroded insignificantly. When the corrosion
depth in the coating specimens was measured to determine the corrosion rate, epoxy-galvanized and
poly-glass-galvanized poles demonstrated a significant corrosion rate. However, after 520 days in a salt
solution, the VEF poly-glass coated steel pole lost about 2.4% of its weight, followed by the galvanized
VEF poles. Epoxy-coated and galvanized steel poles absorbed more moisture in a water absorption test.
Understanding various environmental conditions can aid in the choice of electric steel pole coating
techniques. Agnieszka [106], examined the distribution potential and the density of buried traction
steel poles made of R35-type steel with a cathodic protection system through a simulation approach.
Magnesium alloy of high potential (M1 type, ASTM B843-13 standard) was selected with a service life
of 20 years as a reference for the cathodic protection system. The installation of the traction pole
structure is depicted in Fig. 10. For the electrochemical simulation, an area (in color red, Fig. 10b) was
selected as the electrolyte domain (soil). These data can aid in the design of a sacrificial electrode supply,
which ensures all parts of the protected structure are fully protected. Regrettably, the cost of cathodic
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protection is difficult to estimate. Diagnostic and design work must be completed before using cathodic
protection. Each safety must be prepared individually. In this case, artificial intelligence techniques may
be necessary to detect the defects and corrosion emergence in the steel poles. An unmanned area
vehicles and thermal camera through deep learning approach has been proposed [107]. This technique
is capable of viewing wide angle which addresses the limitation of human viewing angle allowing for
more exploration activities. Data relating to the electricity defect is collected using this techniques and
analyzed with convolutional neural networks and image processing tools [95].
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Fig. 10 (a) Traction pole showing the investigated underground section (b) Galvanic anode simulation of
selected section (c) vector of current density in the electrolyte [106].
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Fig. 11 Cathodic protection system for embedded distribution steel poles [45]

Byrd [45], proposed a low-cost cathodic protection scheme for preventing below-grade steel pole
corrosion. He identified the potential cell separating the copper system and the galvanized steel as one
of the problems of steel-grade corrosion because the steel pole is grounded with non-sacrificial materials,
causing the steel to act as an anode for ground copper, triggering the rust (see Fig. 7 right side). He
opined that cathodic protection, whether coated or uncoated, will be adequate for protecting buried steel
corrosion because it has been tested on buried pipelines for decades by pipeline industries [108]. He
described a simple cathodic protection system suitable for protecting buried steel as shown in Fig. 11.
The reference pole is attached to a zinc or magnesium anode container for protection, which is not far
from the pole. The anode interlinks are made of an insulated copper wire connected to the pole and the
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anode. All connections are made above the ground with magnetic, or CAD welds protected against
moisture. The anode is the material that gives out electrons to the copper ground system, or oxygen
cell, which produces electrical currents to the steel.

3.3 Strengthening and protection of concrete poles

Reinforcing bars within reinforced concrete poles are critical in controlling tensile behavior caused
by external forces such as high winds, hurricanes, heavy snow, typhoons, earthquakes, etc. Over/under-
reinforcing the concrete poles may result in concrete cracking under the tension load. Furthermore,
plastic shrinkage during the early concrete casting stage, as well as long-term environmental
thermodynamics issues, can reduce the durability performance of concrete due to the migration of
moisture through the cracked/deteriorated parts, causing corrosion concern [109]. It has been discovered
that the primary cause of steel corrosion in concrete poles is the carbonation process and the capillary
flow of groundwater, which results in high humidity [110-112]. Carbonation is a chemical reaction in
concrete in which atmospheric carbon 1V oxide reacts with calcium hydroxide and hydrated silicate,
resulting in calcium carbonate and lowering the pH. These phenomena neutralize the concrete cover,
causing corrosion of steel. Corrosion fumes can occupy a significant volume of capillary pores in
concrete [113], causing high stresses to dislodge the concrete layer and resulting in cracks.

Capillary pore®  ° Cement
particles

Coment  Cement
pJﬂ-.;f_\-_\ pamic les

Fig. 12 Carbonation mechanism of ordinary concrete: (a) Non-carbonized; (b) After carbonization
[114]

Figure 12a depicts the internal mechanism before concrete carbonation [114]. After cement
particles react with water, producing C-S-H gel and solid-phase crystals Ca(OH). by hydration
[115,116]. Figure 12b depicts the internal process following concrete carbonation. CO; in the air
combines with Ca(OH), in the cement gel after penetrating the concrete's pores and capillaries, creating
CaCOgs, which may precipitate due to its low solubility. To ensure constant Ca?+ and OH-
concentrations in the pore solution, Ca(OH) is dissolved in the initial solid phase to maintain a balanced
Ca?+ content.

Several approaches are available to cure carbonation, the depth of penetration of carbon must first
be assessed using phenolphthalein. The application remains colorless in the carbonated area [114].
Shallow depths of carbonation penetration are often surface-coated to prevent more penetration,
however, if there is significant penetration, mechanical removal may be required [117]. Alkalinity
restoration in concrete can also be done using pozzolanic cement such as fly ash to remediate the
affected part [118,119].

Several strategies have been used to increase the tensile strength of concrete poles [120-122]. Since
reinforcement inside the concrete are vital for weight support under tension, stress concentration under
tension especially when there are defects in the concrete poles can cause the poles to collapse. Thus,
non-destructive techniques that can detect the structural defect under services is important. Park et al.
[123] adopted a magnetic sensor-based diagnostic approach with deep learning to detect flaws and
breakage in the steel in concrete poles. The proposed method enhanced the accuracy of using sensors
for breakage detection and are essential for onsite investigation. Ullah et al. [124] used a

nondestructive approach to inspect the reinforcement in concrete poles. An application was used to
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classify field signals from multiple channels based on magnetic variation. Concrete sensors were
inserted into the poles, and collected signal data were used to understand the forms of safe and damaged
pole structures as shown in Fig. 13. The isometric mapping (ISOMAP) algorithm was also applied to
these features. Following that, the reduced data was subjected to a random forest classification
algorithm. According to actual sensor data, the proposed approach can determine whether the
reinforcement in the concrete poles is broken or not.

Hall Effect Sensor

S/W for Window
(8-Channel)

Fig. 13 Magnetic sensing devices and the field testing [124].

Long-term constant inspection of concrete poles can also reduce early replacement and durability
issues. Health monitoring designed checklist can be done and concrete health index can be calculated
from score obtained from the checking sheet comprised of issues such as physical condition, aging and
deterioration of concrete poles, etc. The health index can then be used as an indicator to provide or
determine the maintenance system for concrete poles [125].

N

a

——

Renovated mortar
Fig. 14 Pole fence at Auschwitz city showing cracks after 10 years of renovation [126]

Miszczyk et al. [126] described an organic coating used to protect the rebar in degraded concrete
poles in the former Auschwitz city. The concrete was repaired using high-strength mortar. It was
reported that after ten years, the restored poles cracked. The cracks run at the contact between the
concrete and the mortar used for repair, as shown in Fig. 14. One probable reason for deterioration is
an unsatisfactory bond between the mortar and the old part of the concrete as a result of fresh mortar
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shrinkage. The mortar's carbonation effect is a significant occurrence caused by periodic exposure to
the atmosphere. The anti-corrosive chemical employed became ineffective, resulting in cracking. To
rescue the deterioration, cathodic protection involving sacrificial anode which exhibits lower
electrochemical potential compared to the protected materials was adopted by Miszczyk. The protecting
material (Zinc) was grounded at the vicinity of the concrete poles and electrical connection was
established between the protector and the reinforcement for corrosion protection process. Hydrophobic
treatment was also applied to enhance the performance of the setup, this will allow water repellant agent
to deposit on the concrete surface which will elongate the period of water ingress into the neighborhood
of the reinforcement. Anti-weathering coating against thermal fatigue has also been proposed using
epoxy resing curing agent, phthalate, alkyed resin [127]. These are ideal for sealing pole cracks and
preventing weathering on reinforced concrete transmission poles, making maintenance easier and more
effective.

Fiber-reinforced polymers (FRP) have also been used to upgrade the weakness of concrete,
increasing its flexural properties and overall strength against variable loadings [128]. FRP is a
composite material composed of high-tensile continuous fibers arranged in a specified pattern within a
proprietary resin matrix. Continuous fibers are mounted on the member's external surface, strengthening
it in the direction of tensile force or serving as confining reinforcement normal to the axis. FRP can
improve a deficient member's shear, flexural, compression, and ductility. Various FRPs adopted for
strengthening reinforced concrete in services include; aramid, carbon, steel, polyacetal, and glass fiber
[129]. Structural members such as beams, columns, slabs, bridge girders have been strengthened with
FRP [128,130-134]. Increase in selfweight during strengthening can affect the overall service period of
concrete structures, however, by using FRP, insignificant increase in selfweight is experienced by the
structures. Currently, the advantage of mechanical properties provided by these innovative materials is
yet to be used to strengthen electrical reinforced concrete poles in service. In contrast, ambient
thermodynamic activities have been shown to alter FRP performance [135]. Atmospheric conditions
can limit the efficiency of bonding materials used between the fiber and the concrete surface.
Furthermore, under high tension due to overloading, FRP may peel/tear because its tensile qualities may
not be properly utilized [130]. These issues may impair the performance of FRP when adopted for
concrete pole strengthening. Thus, putting FRP on concrete should be done by a professional.
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Fig.15 Procedure for determining the replacement of the concrete catenary pole [136]
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Tsunemoto et al. [136] proposed a standard procedure for evaluating the period of service of
concrete catenary poles under tension load. Firstly, a physical inspection is done to detect any crack in
the concrete pole, carbonation testing is also carried out in case of the absence of crack. If deterioration
is detected, then the strength of the concrete pole is evaluated using the procedure highlighted in Fig.
15. The procedure is however limited to 10-19-C45 concrete catenary pole types.

4. Design and erection of electric poles

The distribution system is the most susceptible component of the power system (generating station,
transmission system, and distribution system) to failure due to natural disasters. The generating depots
are limited and are often designed to endure high winds up to 70 mph, floods, vibration, and seismic
actions. Besides, the transmission systems (towers and lines) are more resistant to natural disasters than
the distribution system. The transmission system always has redundancy, which means that there are
several ways to transport electricity from the generation point [137]. Many existing electricity
distribution pole standards do not take into account the design vibration of poles, which can be caused
by steady relatively low wind speeds (10-30 mph) or the terrain of the area where the pole is erected,
which can have a serious impact on electric pole performance because they are designed as cantilever
structures. According to studies, the natural turbulence of the airstream at higher wind speeds above 30
mph inhibits vibration, which can affect the concrete electric poles [138].

Electric poles are designed or selected using AASHTO, ANSI, and some local annex standards
based on 50 years or more of experience. Overturning moments from soil problems, and tension
problems from electric pole accessories constituting the loading all play important roles in the design
of formidable poles. Rodgers [139] proposed a wind pressure for prestressed concrete design based on
a 50-year mean recurrent wind. The design procedure outlined in ACI 318-63 [140] (the building code
requirement for reinforced concrete) was used, with modifications to include the effect of prestressing.
Eq. (1) expresses the ultimate design pressure.

_ KC,p(L.3V,)’
2 @)

where K is the overload factor that ensures safety and reliability. For distribution and transmission
structures, K is taken as 1.1, while 1.3 is adopted for major line crossings and sub-station structures. Vz
is the adjusted wind velocity based on the U.S. Weather Bureau’s record at 30ft. Cp is the coefficient
of drag, and p is the density of air.

Furthermore, the initial flexural moment causing initial cracking at the tension face of the pole was
expressed as 6\/176' in relation to the 28 days compressive strength of concrete, f;,. The pole was
allowed to exceed the flexural moment but not fail in high winds. However, if the 50-year storm is
exceeded, the overloading factor may be insufficient, resulting in structural failure.

In a similar vein, the American Society of Civil Engineers (ASCE) [141] has expressed the force
from the velocity wind field as expressed in Eq. (2)

P

1
Fyi = E.DGCDA(ZvVi)Z (2)

where F,,; is the force in i-direction, p is given as 1.225 kg/m?, G is the gush factor, A is the
nodal projected area normal to i-direction, Z,, is the terrain factor [142]. V; is the downburst/ tornado
velocity in the i-direction (m/s). For a circular pole, the drag coefficient is taken as 1.0 [141].

The tornado's action around poles behaves differently and its speed concentrates on a part of the
pole. It is also difficult to measure its intensity using traditional means in the field. Thus, the simulation
approach is often adopted to quantify the intensity [142].

Concrete poles may be designed using the reinforced concrete analysis theory; however, it should
be noted that beyond the cracking moment, concrete poles always have nonlinear characteristics
because of the changes in response due to the cracks. In this case, greater deflection occurs than in the
uncracked pole when the applied load increases. Quadri and Afolayan [143] adopted the design
resistance capacity proposed by Eurocode (EC-2) 2004 [144] from the stress block as shown in
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Fig. 16. The moment of resistance can be related to the forces from the compression and tension zones
in relation to the neutral axis of the structure. EC-2 limits the depth of the neutral axis (x) to 45%
of the effective depth for concrete strength classes less than or equal to C50/60 and 35% for
concrete strength classes C55/67 and greater, this is to ensure adequate ductility under service.
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Fig. 16Analysis of capacity and demand; (a) Stress block used for the analysis of concrete pole sections (b)
Loads on concrete poles (c) demand moment [143]

ACI 318-95 [145] proposed that the shear design of the concrete pole cross-section be based on
the nominal shear strength as given in Eq. (3)
vy =0v, (3)
where @ is the nominal shear strength reduction factor, taken as 0.85, v, is the factored shear
force and v, is the nominal shear strength given as;
V= V.4V (4)
The nominal strength provided by a prestressed concrete pole, v.. In the design of rectangular or
square members with effective force of prestress not less than 40% of the tensile strength is given as;

v, = [\/0.36f + 700 (%)] byd (5)

The factored moment, M, , occurring together with 1, at a distance d from extreme
compressive fiber to the centroid of the restressing reinforcement, in which the guantity VMLd shall not

u

be more than 1. b,, is the width of the web.
The circular prestressed concrete strength can be expressed as;

F24+Ffpe
Ve=""xq ©)
21t
where F is the concrete tensile strength equivalent to 4\/E , Q, is the moment area above the
centroid, and t is the thickness. I is the moment of inertia, f,. is the effective concrete compressive
stress of prestress.

The contribution of the shear reinforcement in the concrete pole is given as;

_Afd

. (7)

A,, f, are the area and yield strength of reinforcement, respectively, and s,, is the shear spacing
of reinforcement.

S
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Buckling of the concrete pole may not occur; however, in some scenarios, guyed pole structures
may be critical. In this case, numerical analysis or simplified techniques may be adopted [146]. The
critical buckling load may also be sufficient [147,148].

The design of concrete poles strengthened with fiber-reinforced polymer (FRP) has been carried
out by Taranu et al. [149] who opined that the concrete area resists the self-weight and the weight of
fittings on the concrete poles, and the FRP reinforcement can only resist flexural load under design
rules. Thus, the bending moment analysis relies on the location of the neutral axis, whose position
depends on the equilibrium equation between concrete in compression and FRP in tension. It was noted
that the design of the composite element is controlled by stiffness under the serviceability design state
regarding allowable deflection. The crushing of concrete and rupture of the FRP define the ultimate
state of the system. The total bending stiffness, K, of the system is given as;

K:Kc+Kf (8)
K isthe concrete gross section stiffness, and K is the bending stiffness of the FRP bars derived
experimentally as 5.917 x 101, K, is given as;

K¢=0.4EI, 9)
while E1, is the flexural rigidity of the column.

Steel poles are usually designed as unguyed cantilevers; the main load arises during installation,
in the catenary lines, and external loads such as wind and ice. Load factors are considered in case of
overloading and the pole is designed on a yield-stress basis for various overloading combinations [150].
The pole could be tapered to reduce the effect of self-weight under bending action, hence, resistance to
bending requires a pole with a large diameter and thin wall so that local buckling is essentially
considered. A numerical expression developed by Gere and Carter [151] and modified by Ibrahim
[152] is expressed as;

2El,
= (10)
g=1-0.375¢+0.08¢%+0.0062¢> (11)
dy-d
o= 3_11 (12)

d, and d, are the areas of the largest and smallest tapered section, g, is the length factor that
enables the analysis of the critical load, P, throughout the length, L, (gL) expresses the buckling
length. In the case of steel transmission pole frames, the recommended design chart for the buckling
length factor of tapered poles has been developed by Lee and Morrel [153]. Their design was based
on the tapered members provided by AISC [154]. It was revealed that the effective buckling length of
steel frame structures with a tapered section can be adequately analyzed utilizing AISC no. 3. Hirt and
Crisinel [155] suggested an elastic critical load estimate for prismatic symmetrical web poles pin-ended
about their major axis because of the nonconservative curve's overfitting.

Clause 2.4 of Eurocode 5 (design of timber) [156] recommends the strength of timber be calculated
as;

Xd:kmod 5_:1 (13)

where x4 is the design strength, Y, is the characteristic value of strength properties, y,, is the
factor of safety for a material property k.4 is the modification factor that accounts for the effect of
the duration of load and moisture content, its value for various kinds of timber has been highlighted in
Clause 3.1.3 of Eurocode 5.

Wood is vulnerable to decay due to exposure to environmental phenomena. The rate of
deterioration relies on factors such as species of wood, climate condition of an area, soil properties, and
nature of fungi attack [157]. Thus, the design of wood decay is based on in-field or laboratory
investigation. Leicester et al. [158] proposed a decay model developed for above-ground conditions.
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The empirical model was based on 20 years exposure of 4000 pieces of Australian timbers at 11 sites
in Australia. The proposed equation for the progress of decay, &,can, 1S €Xpressed as;

0 if t<tjoq
6mean= - ; (14)
(t tlag)r if t> tlag
The lag and rate are assumed to be related by:
tiag = 8.5r 085 (15)

r is the rate that relies on wood, climate, and construction parameters. The proposed model has
been widely adopted to examine the decay of wood above the ground [159,160].

4.1 Finite Element Model response of electric Poles

Finite element modeling (FEM) has also been adopted to design the behavior of electric poles
under varying loading conditions. FEM aids as an alternative to rigorous and expensive experimental
testing and can be used for large-scale modeling which will take time to execute [161]. However, FEM
requires expertise and caution in handling. Several researchers have investigated the response of
different shapes of electric poles in services with the FEM approach. Yu et al. [162] investigated the
response of electrically conducting round poles using ABAQUS software . The model adopted separate
modeling of concrete behavior and steel response hexagonal elements combined with eight nodes and
incorporating tendons to gain more ductility. It was reported that the slip effect of the composite was
neglected in the investigation because it offers negligible effect. The concrete element was 50 mm while
the steel element was 30 mm. The moment capacity and deflection were enhanced under prestressing.
It was also noted that increasing the thickness of concrete only improved the concrete compression
capacity but had no significant effect on the ultimate loading capacity. Aliu and Abejide [163] adopted
ABAQUS software to model the stress and displacement development in 12 m circular electric poles.
Wind load distributed along the height of the pole, the load from catenary wires, the weight of the
fittings, and the self-weight of the steel pole were considered in the analysis. It was reported that
although the stress generated was below the yield stress, the pole was more vulnerable above 9 m height.
Lian et al. [164] also adopted ABAQUS to model the deterioration of a 12 m circular pole. The effect
of internal reinforcement on concrete was considered with the whole model behaving like a truss
structure. A friction coefficient of 0.3 for slip movement was considered together with the soil effect at
2 m below. Under different loading conditions, the vulnerability position of the pole increased up to 3
m. The ultimate capacity was affected due to a serious crack depth increase. Increasing the concrete
strength improved the anti-fracture ability and stability of the pole.

5 Recycle materials used for electricity distribution

There are existing guides for handling and maintaining electricity distribution pole [136,165,166].
The service life of materials used as electric distribution poles (steel, wood, and concrete) differs greatly.
Several factors that can affect the performance of these materials have been discussed. It is essential to
constantly maintain or replace electricity distribution poles for continued services to the end users. The
materials may pose a great environmental impact after removal from service if not properly disposed
of. Iwaki et al. [167] reported that the electricity distribution company in Japan disposes of about ten
thousand concrete poles as waste on dumpsites each year. According to Quadri and Afolayan [2], about
half of the distribution concrete poles in the Southwest of Nigeria have failed and have not been replaced
due to a lack of maintenance. Over 140,000 utility wood poles were reported to have been disposed of
each year in Oklahoma after an average service life of 30 years. A considerable percentage of these
woods are in good condition for other uses but are dumped in landfills [168]. Additionally,
approximately 6 x10° m? of treated wood are disposed of annually in landfills and through combustion
in some parts of the US [169]. This disposal contributes significantly to greenhouse gas emissions into
the atmosphere [170].
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Meanwhile, due to the paucity of construction materials, the construction industry has been
capturing and repurposing waste resources to create a more sustainable green environment. Furthermore,
concrete's ingredients, sand and gravel, are irreplaceable elements that are constantly depleted from
their natural position, resulting in a lack of construction materials [171,172]. Moreover, indiscriminate
deforestation for sustainable housing without proper planning to replant for a green environment is
rampant in developing countries. This trend is accelerating as the demand for shelter and energy grows.
Recycling out-of-service electricity distribution materials could improve the prospects of the
construction industry, create more job opportunities, and, in turn, increase revenue generation [173].

6 Concluding remarks

This investigation has dwelled on the challenges associated with the use, protection, and design of
the three essential materials used for the distribution of electricity to the end users. The following
conclusions are therefore drawn;

i. The use of a typical material for electricity distribution relies on the condition of an area. The
use of steel may not be effective in areas susceptible to corrosion and may be expensive to
maintain over the service life. Besides, wood may not be effective in areas under insect attack.
The use of concrete poles must also be examined before erection. Thus, the selection of
appropriate material for an area is important.

ii. It is crucial to consider the wind conditions in the area before installing an electric pole. The
wind velocity characteristic specified for a certain area should be followed when choosing the
optimum material for electric distribution since excessive wind might increase the tensile load
on a pole. As a result, installing and maintaining distribution poles in a community may
become less expensive and safer.

ili. Appropriate right of way should be understood in erecting electric distribution poles to avoid
cost overrun in changing pole alignment. Additionally, maintenance of electric poles should be
regular to increase their performance towards the service life.

7 Future Direction

It is crucial to distribute electricity from the generating plant to the final consumers. Transmission
of power to each dwelling requires the use of electric distribution poles. Due to subterranean thermal
fatigue, economy, power outages or possible losses at the overhead connection junction, difficulty
locating faults, susceptibility to shock during flooding, and other factors, adopting materials for
overhead distribution may be preferable to underground electricity distribution [174,175]. Many
environmental factors are not fully understood under variable applied loadings, including ice load in
winter-prone areas, fatigue under dynamic wind gusts, vehicle collisions, corrosion of steel poles and
reinforcement, and corrosion of prestress tendon resulting in loss of prestress. While every region faces
unique challenges, the deterioration of materials used for power distribution owing to fatigue may be a
typical occurrence. Understanding the fatigue issues distribution poles face under varying loads is
therefore essential. Furthermore, the use of artificial intelligence (Al) in power distribution has not been
thoroughly investigated. Al can help detect and control electrical pole faults while also improving
efficiency, safety, and maintenance. Drone or pole-mounted cameras can detect cracks, rust, and
unstable poles in service. Overheating caused by electrical issues can be diagnosed. Machine learning
(ML) can identify and categorize potential hazards connected with these issues [176]. Research efforts
have been focused on automating the power line inspection process by investigating different
necessities for inspection [177].
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