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Abstract: Currently, pultruded glass fibre-reinforced polymer (pGFRP) composites have been exten-
sively applied as cross-arm structures in latticed transmission towers. These materials were chosen for
their high strength-to-weight ratio and lightweight characteristics. Nevertheless, several researchers
have discovered that several existing composite cross arms can decline in performance, which leads
to composite failure due to creep, torsional movement, buckling, moisture, significant temperature
change, and other environmental factors. This leads to the composite structure experiencing a reduced
service life. To resolve this problem, several researchers have proposed to implement composite
cross arms with sleeve installation, an addition of bracing systems, and the inclusion of pGFRP
composite beams with the core structure in order to have a sustainable composite structure. The
aforementioned improvements in these composite structures provide superior performance under
mechanical duress by having better stiffness, superiority in flexural behaviour, enhanced energy
absorption, and improved load-carrying capacity. Even though there is a deficiency in the previous
literature on this matter, several established works on the enhancement of composite cross-arm
structures and beams have been applied. Thus, this review articles delivers on a state-of-the-art
review on the design improvement and mechanical properties of composite cross-arm structures in
experimental and computational simulation approaches.

Keywords: pGFRP composites; cross arms; latticed transmission tower; energy infrastructure;
structural improvements; mechanical properties

1. Introduction

An electrical pylon is a tower that functions to hold electrical transmission lines above
the ground. In common practice, they are classified into two types of designs, which
are monolithic steel tubes and latticed steel towers [1,2]. To construct a high-strength
transmission tower with good structural integrity, the towers are divided into several
components, such as the peak, boom, cage, tower body, and cross arm. The cross-arm
component is mainly used to grasp and secure the power cables. Generally, the cross arm
in a suspension lattice tower is made from high-strength materials such as steel, wood, and
pultruded glass fibre-reinforced polymer (pGFRP) composite. These towers form network
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lines to transmit the electrical power from power generators to substations before going to
consumers [3–7].

Creep is a time-dependent plastic deformation that arises due to constant stress, as
well as being an effect of elevated temperatures. In this case, constant loading on the
composite structure under long-term conditions would cause an increment in deformation
known as the “creep phenomenon” [8–11]. Despite this, polymers behave like elastic solids,
even though they display a similar viscoelastic behaviour. Extreme environment, high
stress, or a long period of service can cause this phenomenon to occur [12–14].

The reliability and durability of structural components may be at risk due to the creep
phenomena of fibre-reinforced polymer (FRP) composites [15–17]. In this point of view,
the structural issues regarding the FRP composite can be resolved by understanding its
long-term creep responses. The material would ultimately fail instantly and without any
warning if creep occurred [18,19]. The durable performance of composite cross arms has
been used to replace the wooden structure in suspension towers within transmission and
distribution systems. The durable performance that composite cross arms offer is one
of their advantages; they can also be used as cantilever beams for street light support
structures due to their strength, durability, and lightweight properties [20,21]. This is
because of the creep behaviour of pGFRP structures in transmission towers [13]. For
instance, Beddu et al. [22] found that when subjected to long-term focused pressures, the
initial creep response causes a modification in the size and shape of the cross arm. Finding
the worries about the consequences of composite degradation that result in composite
failure in this situation would help to minimise the composite structure. Therefore, creep
behaviour is a major issue for material structures that have endured loads over an extended
period of time [23,24].

The composite degradation might have an impact on the catastrophic collapse of
architectural buildings. Extreme loading or the manufacturing process may cause the
composite to degrade throughout the course of its lifetime [25,26]. This investigation could
concentrate on the safe limit parameter of the cross-arm construction to give consistent
safety criteria, such as a critical evaluation on the safe limit parameter of cross arm structure
to develop a standard safety requirement [27–30]. The mechanical properties of a composite
structure need to be characterised, and this can be conducted by experimentation and
computational modelling. Recent studies have carried out a variety of experimental
evaluations and tests employing either coupon-scale or full-scale structural tests. Computer
simulations for composite cross arms have also been the subject of certain studies in early
mitigation assessments.

Several methods and modifications to extend the service life of the composite cross-
arm construction have been developed based on the data collected. Lamination order,
structural enhancement, and hybrid composite structure are all covered in these improve-
ment initiatives. As load-bearing components, biaxially oriented polymeric fibres and
fillers inside the matrix, for instance, would interact with one another, having the effect of
combining many elements into woven textiles [31–33]. For instance, Zaghloul et al. [34]
discovered that surface-reinforced arranged composites have higher lifespan after being
exposed to bending fatigue, as they have 61 times longer life than that of bulk-reinforced
arranged composites at 56 MPa bending stress. Aside from textile engineering, the compos-
ite cross arm can be improved by adding supports to the structure. The employment of
additive in pGFRP composites also can allow for improvement in its durability as well as
mechanical performance [35–38]. Additionally, an improved cross arm can be improved
by incorporating a core structure into the composite profile, such as a foam or honeycomb
core. These initiatives dramatically alter the mechanical properties and functionality of
transmission tower building structures [39–42].

The cost of constructing and maintaining a transmission tower’s cross arm will af-
fect how much electricity is generated over the course of several decades [43,44]. Many
investigations have found that the composite cross arm is considerably distorted under
broken wire conditions as well as when used for lengthy periods. It must undergo design
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improvements in order to be more serviceable. Therefore, this review study aims to provide
a state-of-the-art analysis of the problems and developments related to pGFRP composite
cross arms. The findings of this study are meant to give researchers and engineers a useful
viewpoint on how to comprehend the mechanical performance of pGFRP composite cross
arms and related investigations. At the end of the study, the research outputs from this
review are expected to set a baseline for mechanical profiling of GFRFP composite cross
arms with several design solutions for structural and design engineers.

2. Lattice Transmission Tower

Transmission lines are made up of a network of power cables that are all hooked
up to each other. This system connects 420 power substations with the power plants via
11,000 km of network lines in Peninsular Malaysia [20]. Transmission towers, usually
referred to as electrical pylons, are used to carry these power cables. The electrical pylon
is often a structure that lifts high-voltage cables and acts as a support beam for racks,
transformers, and other high-voltage equipment [45,46]. The typical height of this tower is
between 15 and 55 m [47,48]. According to this perspective, the largest transmission tower
structure in Malaysia is 500 kV, while the medium-sized towers are 275 kV and 132 kV [43].

The electrical grid’s transmission lines often have the tension, termination (dead end),
suspension, and transposition (angle) towers arranged beside them (Figure 1). These
four types of transmission towers are combined to carry the electrical supply [49,50]. A
terminal tower, which connects the substation and generators to the tension tower, is the
key component of the electrical grid [51–53].
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Figure 1. Types of latticed transmission tower [49,50].

As a result, the cross arm is made of this material to minimise costs while increasing
electrical insulation in the surrounding region. Overall, the peak is applied to protect the
earth wire attached to its tip and is placed at the top of the cross arm. Additionally, the
cage holds the cross arm while being attached to the tower base via the tower body.
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2.1. Cross-Arm Component

A cross arm is an extended structural component that is fastened to the structure’s
end by galvanised sockets and fittings. To keep the utility wire with its insulators above a
height from the ground, the structure is attached to the cage of the latticed tower by special
fittings [54]. Depending on the location and cable size, the cross arm’s construction comes
in a variety of sizes and shapes. The pGFRP composite and other nonconductive materials
were used to create the cross-arm components [55,56]. Figure 2 displays the composite
cross-arm stockpiles, which are ready to be installed in latticed transmission tower.

Materials 2023, 16, x FOR PEER REVIEW 4 of 22 
 

 

2.1. Cross-Arm Component 
A cross arm is an extended structural component that is fastened to the structure’s 

end by galvanised sockets and fittings. To keep the utility wire with its insulators above a 
height from the ground, the structure is attached to the cage of the latticed tower by special 
fittings [54]. Depending on the location and cable size, the cross arm’s construction comes 
in a variety of sizes and shapes. The pGFRP composite and other nonconductive materials 
were used to create the cross-arm components [55,56]. Figure 2 displays the composite 
cross-arm stockpiles, which are ready to be installed in latticed transmission tower. 

 
Figure 2. Cross-arm beams in stockpiles after pultrusion for distribution [57]. 

Earlier, the cross arms in transmission towers are made from wood due to the decline 
of wood as a timber source and the problems with wood in long-term applications [7,58]. 
Strong mechanical strength, electrical and thermal insulation, and good dielectric strength 
of the composites are recognised to set them apart [46,59]. A major factor in reducing the 
lifespan of the cross arms is creep, in addition to exposure to harsh environmental condi-
tions and biological threats [60–62]. 

The necessity to employ composite as a primary material in cross-arm assembly has 
been prompted by a variety of circumstances, including the demand for cross arms with 
superior electrical properties and the challenges associated with hardwood cross arms 
[20]. Therefore, glass fibre-reinforced polymer composites are one of the best alternatives 
to hardwood cross arms in transmission towers. 

2.2. Design Structure and Materials: Composite Cross Arm in Latticed Tower 
The cross-arm components normally consist of two elements, namely the main and 

tie, that are connected by certain brackets in order to retain the cable in both vertical and 
transverse loads [63]. The cross arm’s configuration in the transmission tower and the 
forces acting on it are shown in Figure 3. In common practice, the square-profile composite 
of the cross arm is made from an E-glass fibre-reinforced unsaturated polyester (UPE) 
matrix via the pultrusion process. The common ratios are 37:63 to fabricate the composite 
beam with densities of 2580 and 1350 kg/m3 [22]. In terms of texture, the final product of 
the glass fibre composite has a fine surface and homogenous, unidirectional fibres along 
its matrix.  

Figure 2. Cross-arm beams in stockpiles after pultrusion for distribution [57].

Earlier, the cross arms in transmission towers are made from wood due to the decline
of wood as a timber source and the problems with wood in long-term applications [7,58].
Strong mechanical strength, electrical and thermal insulation, and good dielectric strength
of the composites are recognised to set them apart [46,59]. A major factor in reducing
the lifespan of the cross arms is creep, in addition to exposure to harsh environmental
conditions and biological threats [60–62].

The necessity to employ composite as a primary material in cross-arm assembly has
been prompted by a variety of circumstances, including the demand for cross arms with
superior electrical properties and the challenges associated with hardwood cross arms [20].
Therefore, glass fibre-reinforced polymer composites are one of the best alternatives to
hardwood cross arms in transmission towers.

2.2. Design Structure and Materials: Composite Cross Arm in Latticed Tower

The cross-arm components normally consist of two elements, namely the main and
tie, that are connected by certain brackets in order to retain the cable in both vertical and
transverse loads [63]. The cross arm’s configuration in the transmission tower and the
forces acting on it are shown in Figure 3. In common practice, the square-profile composite
of the cross arm is made from an E-glass fibre-reinforced unsaturated polyester (UPE)
matrix via the pultrusion process. The common ratios are 37:63 to fabricate the composite
beam with densities of 2580 and 1350 kg/m3 [22]. In terms of texture, the final product of
the glass fibre composite has a fine surface and homogenous, unidirectional fibres along
its matrix.

According to Mohamad et al. [64], a composite cross-arm laminate is typically com-
posed of various layers of varying thicknesses and orientations. The appropriate stacking
sequence is essential to provide optimal mechanical performance and long-term resistance
toward creep deformation. Asyraf et al. [13] studied five different stacking sequences of
pGFRP composites on flexural and creep properties. They discovered that nine layers
of 0◦/45◦/0◦/−45◦/0◦/−45◦/0◦/45◦/0◦ sequence are the fibre orientations for glass fi-
bre composite cross arms to produce high flexure performance. These stacking sequence
configurations seemed to be optimally manufactured in continuous roving fibre by al-
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ternating between 0◦ and ±45◦. Regarding mechanical characteristics of the arm for
the pultruded composite, the rupture and elasticity moduli are 29.8 GPa and 858.0 MPa,
respectively [65,66]. This demonstrates that the pGFRP composite for the cross-arm ap-
plication has outstanding mechanical performance. Table 1 displays the recent studies on
the influence of stacking sequence of pGFRP composite cross arm on its mechanical and
creep performance.
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Table 1. Fibre orientation and thickness of glass fibre composite cross arm.

pGFRP Composite Cross-Arm Fabric
Orientation (◦)

Ultimate Flexural Strength
(MPa)

Strength Reduction Factor,
χ(t) References

45◦/0◦/45◦ 267.88 0.93 [13]
45◦/−45◦/90◦/0◦/45◦ 175.21 0.84
45◦/−45◦/0◦/90◦/0◦/90◦/0◦ 355.96 0.93
0◦/45◦/0◦/−45◦/0◦/−45◦/0◦/45◦/0◦ 436.29 0.95
45◦/−45◦/0◦/0◦/0◦/0◦/0◦/0◦/−45◦/45◦ 289.07 0.87

±45◦/90◦/0◦/±45◦ 242.60 0.87 [14]
±45◦/0◦/90◦/0◦/90◦/0◦ 399.05 0.94

45◦/−45◦/90◦/0◦/45◦ 421.35 - [27]

2.3. Manufacturing Processes of Composite Cross-Arm Beams
2.3.1. Pultrusion

Pultrusion is the most popular technique for making composite cross-arm beams.
It produces long, square-profiled structures by impregnating a unidirectional fibre with
a thermosetting matrix [55]. The fabrication procedure features a production line that
continually manufactures pultruded goods at a high volume rate, such as symmetrical
profile beams [67].

In general, pultrusion is comprised of three distinct zones: pulling, heat, and pressure
zones. To begin, a creel with the proper viscosity was used to impregnate the E-glass
fibres with a thermosetting resin bath, such as unsaturated polyester. The pultrusion of a
composite beam product is depicted in Figure 4.

Throughout the process, ultraviolet rays are used along with thermocouple sensors,
guide plates, and other components to guarantee the curing of impregnated fibres [68,69].
The guide plates help the fibre enter the resin bath during this operation so it may be
impregnated. Two parts of the heated die (curing zone) gel at low temperatures and cure at
high temperatures. The gelation point is the name given to this transitional state, which
later solidifies to create a firm pultruded profile [70,71]. A heater that has a thermocouple
sensor built into it raises the temperature of the die to a level that is suitable for curing.
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A control system that can be easily monitored and adjusted on the monitor screen was
used to regulate the pulling speed. To prevent scratching and damage during the process,
a rubber grip was put on the hydraulic clamp to safeguard composite profiles (Figure 4).
Pneumatic control and a hydraulic clamp were used to pull the profiles through the cutter.
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2.3.2. Filament Winding

The filament-winding technique can also be used to make composite cross arms; it
applies constantly impregnated fibres with thermosetting resin comprehensively via a
spinning mandrel. When fabricating the composite cross arm in this technique, numerous
factors should be taken into account, including rotation number, winding patterns and
angles, all of which are automatically controlled by a computer system [72,73].

Supian et al. [74], indicate that the ±70◦ filament-wound composite has improved
energy absorption properties, which decreases composite structure failures. Better beams
for cross-arm members in latticed towers can be made using this technique for better
mechanical performance [75]. Hoop, helical, and polar windings are three major divisions
of winding patterns, as shown in Figure 5 [76]. Morozof [77], asserts that the winding
patterns of thin-walled composites affect how they behave mechanically. To ensure that
the stress is distributed evenly in this situation, helical- and hoop-winding designs must
be used.
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3. Design and Structure Improvement
3.1. Influence of Mechanical and Load Bearing

Composite structures, such as glass fibre composites, have a high potential to experi-
ence crack propagation if the structure is not fully optimised during the design development
stage. This phenomenon would be the basis for structural deterioration, as the composite
structure experiences a deficiency of torsional resistance and load-carrying capacity [19,78].
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Torsional–flexural strength and global buckling capacity are extremely reliable for
global member bending, according to the study of Cardoso and Togahsi [79]. Delamination
of composites would begin as a result of torsional reaction’s impact on the structure.
In general, interlaminar damage and composite layer delamination may result in the
delamination of composite structures. As a result of the structure being subjected to a high
load intensity, delamination may occur in this instance at the interlaminar level of the fibre
and matrix [80].

From the study by Cardoso and Togahsi [79], torsional–flexural strength and global
buckling capacity are highly dependable to global member bending. Thus, the study of the
general behaviour of buckling modes is influenced by torsional properties, which could
benefit heavy structure applications. The influence of torsional reaction on composite
structure would initiate the delamination process of composites. In this case, delamination
can occur in the matrix at the interlaminar level of fibre and matrix as high-load-intensity
implements on the structure [80]. In general, the delamination of composite structures
may happen in the scale of interlaminar damage and delamination of composite layers.
Subsequently, the composite structure may experience fibre breakage, kinking, and matrix
cracking. Table 2 illustrates recent findings from previous literature on the influence of
delamination on the degradation and shear properties of glass fibre composites.

Table 2. Degradation and shear properties of glass fibre composites in respect to creep.

Previous Literature Time to Thermal
Exposure (h)

Interlaminar Shear
(MPa)

Degradation Depth
(mm) In-Plane Shear (MPa)

[81] - 34.7 ± 4.5 - 53.7 ± 4.5

[82]
0 - 81.98 ± 8.60 -

1000 - 51.97 ± 6.89 -
4000 - 55.71 ± 5.16 -

Numerical and computational analyses have been used to describe the mechanical
performance of a composite cross arm [83,84]. These include ones on the effects of laminate
configuration on the failure characteristics of cross arms. A composite structural model
was simulated in a different investigation by Turon et al. [85] to assess the delamination
propagation under cyclic loads. Meanwhile, Selvaraj et al. [6] found that a postbuckling
effect affected the properties of crushing, local buckling, and global buckling. They applied
the cohesive zone model for quasi-static stress, which was derived from their experimental
findings. In order to investigate the cross-arm failure, Selvaraj et al. [6] also carried out a
mechanical performance test for composite cross arms and validated the outcomes with
FE analysis.

Additionally, the constitutive fatigue damage model used in structural analysis allows
for the replication and validation of the research’s experimental findings. Cardoso et al. [86]
developed a complete equation for pultruded composite square tube columns under
concentric compression. Furthermore, the research found that the characteristics and
interactions of crushing, local buckling, and global buckling were affected by a postbuckling
effect. In this way, a composite cross arm beam’s square hollow portion is especially
susceptible to buckling and failing under a heavy concentration load. Glass fibre composites
that experience delamination would diminish their final loading capability, according to
additional research conducted by Li and Li [87].

Consequently, postbuckling and other serious damage growth are the primary issues
with thin-walled composite structures (severe deflection). The observation may have
happened as a result of the buckling and slandering phenomena that occurred during its
use. Understanding the torsion properties of composite structures is a crucial first step in
preventing failures.
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3.2. Creep Effect

Creep is one of the factors that may lead to structural failure. In this instance, it is
crucial to analyse the creep behaviour of a composite cross arm. The strengths of the
material and the structure, failure initiation, elasticity, and viscoelasticity under constant
load will be examined [19]. Overall, the understanding of creep is essential in the devel-
opment of composite cross arms in order to resist the catastrophic damage of structure.
For instance, Movahedi-Rad et al. [88] discovered that initial glass fibre-reinforced ther-
mosetting polymer composite cracks start to occur during the primary stage of creep. Then,
the crack propagation continues during the secondary creep stage, which causes the fibre
to stretch and pull from its textile. At the tertiary creep stage, creep failure such as fibre
breakage and pull-out (Figure 6) happened due to concentrated damage development at
a high stress level. Several studies have developed a test facility to examine the creep
behaviour of modern pultruded composite and conventional wood timber cross arms in
coupon- [27,89] and full-scale tests [12,90]. The experimental efforts can be split into two
categories: load-based (traditional) and temperature-based (accelerated).
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In a study by Asyraf et al. [27], the quasi-static and creep characteristics of wood timber
and pGFRP composite cross arms were contrasted on a coupon scale. They discovered
that pGFRP composites exhibit greater creep resistance than wood timber samples because
they allow for higher stability throughout the transition from elastic to viscoelastic phases.
Additionally, Asyraf et al. [12] investigated the effects of bracing a 132 kV pGFRP cross arm
in a full-scale test, focusing on the creep behaviour using Findley and Burger models. The
results thus show that the insertion of bracing arms increased the stiffness and structural
integrity of the cross-arm construction.

Furthermore, the study by Asyraf et al. [47] developed the conceptual design of a
cantilever beam creep test rig for a full-scale cross arm using a hybrid TRIZ–morphological
chart–ANP technique. They also narrowed their work using finite element analysis to
verify the strength and safety factor of the conceptual designs. In terms of creep test facility
development, several test rigs were designed in order to cater to the study of the cross arm
in an actual outdoor environment. Otherwise, Asyraf et al. also narrowed their work using
finite element analysis to verify the strength and safety factor of the conceptual designs [48]
together with a coupon test rig for flexural creep, specifically for cross-arm usage, using
the same technique as the full-scale cross-arm test rig [61].

Therefore, to assure the safety limit for long-term applications, it is vital to conduct
research on the creep properties of cross arms using experimental and computational anal-
ysis. Particularly for cross-arm constructions, the themes of creep strain, creep compliance,
stress-independent material constant, creep failure, and creep life are fascinating.
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3.3. Recent Studies and Related Works on Cross Arms
3.3.1. Numerical Modelling and Simulations

Numerical analysis is a branch of theoretical analysis that predicts the behaviour of a
composite structure based on theoretical inputs and conditions that have been developed.
The numerical simulation technique can be used to address concerns regarding the sustain-
ability of the current structure of pultruded composite cross-arm beams early on [91,92]. A
numerical simulation was run by Al-Hayek et al. [65] to forecast the mechanical deflection,
stress, and failure safety factor of a composite cross-arm assembly found in a transmission
tower. The composite cross arm had the highest critical value at the outer ply in the major
members in a broken wire state, according to the data. This resulted in the cross arm’s
deflection, which is illustrated in Figure 7 by some lateral torsional buckling in the broken
wire. The investigation came to the conclusion that a composite cross arm could experience
delamination failure under a broken wire circumstance, as shown in Table 3.
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Table 3. Failure safety factor for each layer in composite cross-arm main beam [65].

Loading
Conditions Fibre, s1 Matrix, s1 In-Plane Shear,

s1 and s2
Out-of-Plane

Shear, s1 and s3
Out-of-Plane

Shear, s1 and s3 Delamination, s3

Normal 4 2.1 1.4 1.4 1.7 3
Broken wire 4 1.2 3.5 2 1.4 1

Mohamed et al. [83] investigated the influence of composite stacking sequence on
the performance of a composite cross-arm structure subjected to multiaxial quasi-static
loading. However, the fraction of layers that had distinct fibre directions had a substantial
influence on the structure’s static displacement, as can be shown in Figure 8. Another study
by Mohamed et al. [84] assessed the impact of laminate characteristics on the failure of
composite cross-arm structures when subjected to multiaxial quasi-static pressure. In this
investigation, three distinct lamination behaviours were used to analyse the deformation
and failure characteristics of the composite cross arm.

Otherwise, the stacking sequence did not have a significant impact on the static dis-
placement of the structure. Nevertheless, both the stacking sequence and layer proportion
with distinct fibre directions have demonstrated the production of failure in cross-arm
laminate. The maximum deflection of composite cross arms with different fibre stacking
sequences is shown in Table 4.
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Table 4. Deflection of composite structure with various stacking sequence.

Scheme Composite Laminate Lay-Up Maximum Deflection, mm

1 [45◦/−45◦/90◦/0◦/90◦/−45◦/45◦] 189
2 [0◦/90◦/45◦/0◦/−45◦/90◦/0◦] 234
3 [45◦/−45◦/0◦/90◦/0◦/90◦/0◦] 245

According to the discussion from the aforementioned, it can be concluded that the
cross arm with the higher young modulus and ultimate bending loads only has one mode of
failure, fibre buckling, which occurs at a deflection of 0.082 m under compression. However,
the laminate designs and characteristics did not prevent the cross arm from failing when
subjected to multiaxial loading.

3.3.2. Coupon-Scale Analyses

Cross-arm development in latticed transmission towers has been studied at various
scales. The coupon-scale test can also be used to carry out a forensic investigation. A crucial
phase in characterising the material, which is exposed to real-world variables such loading
capacity, temperature, and humidity, is the evaluation of coupon-scale tests.

The study by Syamsir et al. [93] conducted research on coupon quasi-static analysis
on a glass fibre-reinforced polymer composite laminate which were affected by the fibre
orientation (30◦, 45◦, and 90◦), where the results concluded that the composite construction
shows long-splitting failure modes along fibre orientations. Meanwhile, Asyraf et al. [27]
used a coupon scale to compare the quasi-static and creep behaviours of wood and com-
posite cross arms. The results show that the flexural strength of the glass fibre-reinforced
polymer (GFRP) composite was significantly higher than that of the wood sample, whereas
the GFRP sample showed high creep resistance and superior stability during the phases
that change from elastic to viscoelastic.

The creep properties of pultruded crosses in a transmission tower were studied by
Johari et al. [94], who looked at the effects of calcium carbonate on these components. The
study has evaluated their creep parameters using the time–temperature superposition
(TTSP) concept and the conventional bending creep technique. As a result of the research
findings, strain deflection, as shown in Figure 9, was generally predicted to have a service
life of up to 25 years. Additionally, the method and material of calcium carbonate as an
addition in this study would extend the useful life of cross-arm composites.

On the other hand, Johari et al. [89] also conducted a short-term investigation of the
creep performance of a fibreglass composite cross arm. The failure point for the calcium
carbonate composite, which was achieved after 13 h of operation at 120 ◦C, was noted as
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needing additional time to deform. Therefore, adding calcium carbonate as filler to the
composite would greatly enhance the laminate’s ability to resist long-term creep (Figure 10).
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Figure 10. The influence of calcium carbonate as filler on creep properties of fiberglass composite [89].

The numerical analysis results display that the most suitable creep model to forecast
the creep pattern for both wood timber and pultruded composite samples was the Findley
model, which is remarkable in having the least deviation from the experimental value. In
this case, pultruded composite is the most promising candidate to be used in cross arms,
since it is a highly durable material, while the Findley model is the most accurate model to
analyse the creep properties of anisotropic materials.

3.3.3. Full-Scale Structure Experiments

Cross-arm assembly side arms are exposed to high levels of humidity, temperature,
and ultraviolet radiation [5,95]. These conditions hasten the ageing process of the structure
and allow it to begin to fail [96–98]. A thorough analysis of these materials’ durability is
absolutely necessary to address this issue [99,100]. Hence, full-scale structural tests on
quasi-static and long-term creep must be carried out outside.

Sharaf et al. [101] performed a quasi-static analysis to determine how wire conditions
affect wooden cross arms at 132 kV transmission towers. The study revealed that the wood
cross arm can deflect under loads of up to 8000 kN, both under normal and damaged wire
situations. Beyond this degree of load, the results begin to rapidly rise, which is caused by
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the beginning of microscopic-scale fibre breaking from shearing and buckling [102–104].
Meanwhile, the exaggerated data values for broken wire situations can be seen due to
torsional irregularity caused by angularly focused loads acting on the cross-arm assem-
bly [105]. Therefore, Figure 11 compares the load–deflection calculations of a wooden cross
arm in a 132 kV transmission tower for normal and broken wire situations.
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132 kV transmission tower [101].

Furthermore, Asyraf et al. [90] analysed the effect of the bracing arms of wooden
cross arm, as well as further studying the creep performance of a wooden cross-arm
structure [12], discovering that the additional support from the bracing system would
remarkably improve the creep resistance by reducing its strain during the 1000 h test. The
addition of braced arms improved the elastic and viscoelastic moduli for long-term service
applications. Following the aforementioned research, it was concluded that latticed towers
with cross arms could benefit from the innovative creation of a multimethod strategy to
evaluate and improve the service life of the cross-arm structure over the long term.

3.4. Advances Design of Composite Cross Arm

The failure issues of the composite cross-arm assembly in transmission towers have
become essential issues [12]. These issues are related to the sustainability of current
composite cross-arm designs. Sleeve installation, reinforcement with additional braced
arms and incorporation of a core structure in the composite beams are being addressed.
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These efforts could potentially improve the structural integrity of the material without
incurring a tremendous overall cost.

3.4.1. Sleeve Installation

According to Asyraf et al. [12], composite cross-arm beams underwent substantial
bending deformation at the middle main members. Regarding this matter, a probable
failure or any crack propagation may be induced at this point, leading to structural collapse
later on throughout its service period. In this circumstance, sleeves at major member
beams for cross-arm structures have been suggested by a team of researchers led by
Mohamad et al. [66]. ANSYS software was used to model the structural analysis of the
composite cross arms. When subjected to multiaxial static loading, the alternative type of
composite cross arms with a one-meter sleeve span fitted on both arms was examined for
its effects on bending deformation.

Table 5 displays the comparison of deformation results for both the standard design
and the sleeves with improved cross arms (Figure 12). In addition, the stress value of the
improved cross arm seems to be lowered. In this manner, the sleeve can be classified as a
practical answer to enhance composite cross arms’ structural integrity, which subsequently
extends their life span with lower maintenance costs.

Table 5. Deformation results of both composite cross-arm configurations [66].

Configuration Mid-Span Deformation (Mm) Peak Deformation (Mm)

Current design 102.01 127.49
Sleeve-installed design 71.32 95.37

Percentage reduction with sleeve
installation 30.09% 25.19%
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3.4.2. Addition of Braced Members

To enhance the structural integrity of the cross arm, a composite structure can be
applied with the incorporation of a bracing system. Most construction structures, such
as buildings, bridges, and tunnels, incorporate bracing systems [106,107]. The retrofitting
of braced arms as reinforcement in a structural system would function to restrain elastic
buckling and improve external stiffness in its structure [108]. Braced frames and moment-
resisting frames are commonly used in transmission towers and cross-arm assemblies.
Due to lateral stresses from steel structures, these frames are an effective way to reduce
deformation. The use of braced arms also helps the system to increase its axial compressive
load-carrying capacity [109].

Recent research carried out by Mohamad et al. [64] examined the use of two config-
urations of braced and current designs of composite cross arms in a 275 kV tower. They
determined that the largest bending deformation that composites now suffer is 79 mm,
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but the addition of bracing would reduce this number to 63 mm. According to Figure 13,
the composite cross arm’s total deformation was greatly reduced after the bracing system
was installed.
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Furthermore, Sharaf et al. [110] developed an optimised bracing design for a cross-arm
structure in a 132 kV tower, as shown in Figure 14. The work executed the concurrent
engineering technique to generate several conceptual designs and optimise these designs
using Skysiv software. The final selection of braced cross arms was implemented using an
analytic network process (ANP). This conceptual design was selected because it exhibits
the least deflection among all designs. Later on, Asyraf et al. [12] implemented the braced
design proposed by Sharaf et al. [110] and discovered that the bracing system provided
better durability and structural stability for long-term usage of composite cross arms. As
a result, for most latticed transmission towers, early installation of bracing devices in
cross-arm assembly can reduce maintenance work and the possibility for structural failure
of the current installed cross arms.
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3.4.3. Incorporation of Core Structure in Composite Beam

Typically, the profiles of cross-arm beams would take the shape of a square hollow
structure filled with white foam to prevent water from penetrating the beam. In several
research studies, it has been recommended to use a lightweight core structure to improve
structural performance and lengthen structural life.

To increase the overall strength of a square hollow beam structure, Qin and Wang [111]
added a metal foam core sandwich. As the total deformation of local indentation decreases,
the structural strength of the composite core structure is greatly increased. In the meantime,
Zhang et al. [112] investigated a wood-cored glass fibre-reinforced polymer composite
sandwich placed by pultrusion in another study (Figure 15). The investigation showed
that the sandwich section offers substantial value in ductility and outstanding outcomes
in load-carrying capability. This occurred as a result of the wood’s decreased capacity for
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plastic deformation under local compression along the sandwich bond and wood grain.
Moreover, it was attributed to improved inner surface bonding between the wood core and
the glass fibre composites.
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According to the aforementioned research, the use of core structures in composite
cross arm beams has a great potential because they have better mechanical and structural
loading capacities. Amir et al. [44] advised using a honeycomb core for the core structure
since it has a high strength-to-weight ratio. Since the primary member beam experiences
the greatest deformation relative to other points, they suggested only including the core
structure there. Therefore, the incorporation of the core structure in cross-arm applications
is highly possible, and it will assure the structure’s sustainability, which will result in
extended serviceability and a reduction in cost.

3.5. Future Outlook for Newly Designed Composite Cross Arm

It is evident from the previous conclusions and observations that the glass fibre-
reinforced polymer composite cross arm has a significant influence on transmission towers.
This is because the material is less expensive, lighter in weight, and has good thermal and
electrical insulation. Some researchers discovered that the construction starts to deteriorate
and some parts of the cross arm eventually fail. In order to guarantee the cross arm’s longer
life span, a modification to the construction must be made.

In order to increase the strength of a structure, cross arms with bracing are recom-
mended by Sharaf et al. [110]. Moreover, Asyraf et al. [12,90] stated that bracing arms
would uniformly distribute the loading force over the cross arm assembly. In regards, Mo-
hamed et al. [66] proposed adding sleeves to the primary member beam of the cross-arm
structure in order to prevent bending distortion. Otherwise, the results of the numerical
study showed that the main member’s structural endurance when subjected to cable and in-
sulator force is improved by the installation of sleeves. Hence, the feasibility of integrating
a composite cross arm structure with the core structure was discussed by Amir et al. [44].

To demonstrate the improved cross arm’s performance in actual use cases, it is nec-
essary to conduct a realistic analysis based on the recommendations for enhancement.
Additionally, hygrothermal and hydrothermal test evaluations, respectively, can be used
to counteract the effects of moisture at various temperatures on the cross arm [113–115].
Furthermore, numerous environmental elements, such as wind load, can also contribute
to the failure of a structure [6]. Other environmental factors, such as exposure to fire and
ultraviolet radiation, can also be responsible for a decline in the structural integrity of a



Materials 2023, 16, 2778 16 of 21

building [15]. Thus, future investigations should consider coupon- and full-scale structure
analyses and tests.

4. Conclusions

This review paper covers a state-of-the-art review of composite cross arms’ structural
design improvements and mechanical qualities for transmission tower applications. Several
studies have recently discovered that the composite cross arm has numerous advantages,
including being lightweight and having a high strength-to-weight ratio. However, a
number of studies have suggested that composite cross arms will eventually deteriorate
and cause structural collapse. The conclusion remarked can be drawn below:

• A composite cross arm’s structural failure could be caused by buckling, torsional
action or creep brought on by the application of multiaxial loading over an extended
period of time.

• A number of thorough analyses of composite cross-arm constructions are being con-
ducted in order to establish comprehensive views and understanding of cross arms,
including quasi-static mechanical and creep experiments in full-scale and coupon-scale
cross arms. For a comprehensive and analytical understanding, numerical analyses of
the full-scale cross arm have also been reviewed in this study.

• Therefore, in order to address the concerns expressed in the aforementioned statement,
several potential improvements to the current design of the cross-arm structure have
been proposed. These include the addition of braced arms, the installation of sleeves,
and the incorporation of core structures into composite beams.

• It is recommended that additional research be conducted in the near future to eval-
uate the aforementioned improved composite cross arms in a variety of conditions,
including high moisture, surrounding temperature, and an acidic environment. This
will ensure that the products can withstand extreme conditions and be used in
transmission towers.
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