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A simulated model was developed in order to design and simulate the mechanical properties of a cantilever beam creep testing rig
for a full-scale size crossarm in transmission towers. Currently, the Malaysian power grid system is implementing several
materials, such as Chengal wood, polymeric composite, and galvanised steel, as crossarm structures. However, there is a lack of
study regarding the long-term mechanical behaviour of heavy structures in the literature. Hence, this article explains the design
development of creep test rig for a full-scale crossarm structure using CATIA and mechanical simulation (deformation and safety
factors) of the product via ANSYS. The test rig will be used to predict the creep life of the cantilever beam structure. In this study, a
tall and large base area structure was designed and replicated from an actual tower to elevate the crossarm above the ground level.
In order to select the best performance model, a baseline conceptual test rig was generated in CAD modelling, and the finite
element analysis was carried out by using a static structural analysis in ANSYS. Four different bracing configurations were
incorporated in the baseline model, and the modified structures were then analysed. The results show that the hybrid bracing
configuration has enhanced the mechanical properties and safety factors in the baseline model.

1. Introduction

The creep phenomenon occurs on a solid material that
deforms permanently in a slow process under constant
stress [1, 2]. It transpires due to prolonged, constant stress
that is applied to the material below its yield strength.
Hence, it is exposed to deformation of the material
structure since static load is continuously acting on it 3, 4].
Moreover, large deformations may occur due to exposure
in a higher magnitude of applied stress and longer period of

time [5-7]. Consequently, it will contribute to the me-
chanical failure of the material, including excessive de-
flection, crack propagation, as well as wear and tear. For
instance, moderate creep can possibly induce a cracking
phenomenon that subsequently changes the behaviours
and properties of a material structure [8]. Consequently,
this leads to an operational dysfunctional, as it cannot fulfil
its purpose through its mechanical and structural behav-
iours [9-11]. Therefore, the understanding of the creep
phenomenon is crucial to ensure long service life of the
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current crossarm that is expected to be in service for more
than 24 years of operation [12].

The current crossarm is mainly composed of Chengal
wood (Neobalanocarpus heimii) and has been operating in a
132-kV transmission tower since 1963. The wooden-based
material is selected based on its outstanding performance in
terms of mechanical properties and arc quenching in
lightning protection devices [13-16]. However, a study in the
late 1990s has demonstrated that a matured Chengal wood
has a lower mechanical performance as a crossarm [17, 18].
In addition, more studies have proven that the old wood
crossarm began to experience a failure after 24 years of
service due to aging factor. According to Liew, the finding
showed a defective wood crossarm that was found after only
14 years of service [19]. This happened due to the natural
defects in timber, as the wood was exposed to a continuous
operation in a prolonged period of time. As discussed earlier,
there is an urgency in finding the alternatives for wood
crossarm to cater these problems based on previous reports.
To fulfil the requirements of these alternatives, a team of
researchers have studied on introducing glass
fibre-reinforced polymer (GFRP) composite crossarm into
these towers to replace the current crossarm used [20]. This
is because the polymeric material has a better mechanical
performance that is capable of sustaining in longer time
duration [16, 21-23].

A large number of numerical simulations were conducted
to obtain the theoretical data of the properties of composite
crossarm [24, 25]. In addition, several experimental studies
were also carried out by using coupon specimens of com-
posite crossarm material to identify these properties [26, 27].
Despite the extensive literature on coupon tests of composite
crossarm, the studies on full-scale crossarm are still lacking.
Hence, there is a need to perform the mechanical analysis on
an actual composite crossarm to have a holistic view of their
properties. Composite crossarms are still comparatively new
to the market in comparison to their predecessors (wood and
steel), and their service life in transmission towers is yet to be
fully explored. Performing the creep analysis on a full-scale
product can eliminate various exaggerated factors that are
usually incorporated in structural designs with lower scale
limits. Moreover, the product geometry and material profile
may be ignored in these coupon tests. This is due to the
coupon scale test is only compute the test in single parameter
and condition without understanding full potential of the
structure [28]. Therefore, to fully understand the creep
properties and obtain a more reliable prediction of the service
life of composite crossarm, mechanical tests on actual-scale
crossarm structures are crucial. To perform various me-
chanical analyses, a test rig that is specifically built for actual-
sized composite crossarm is required [29]. The creep test will
help obtain the bending strain and stress. These properties can
aid in evaluating the life expectancy of the composite
crossarm. In addition, the study of deflection and deforma-
tion of member components of the crossarm will also provide
a more intuitive and holistic view in predicting the creep
behaviour of the whole structure [30].

In this study, a test rig base model will be designed using
CATIA software. This baseline model will consist of only
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braced frames, where it will be analysed using FEA.
Moreover, various other bracing systems will be adopted in
this model to enhance the structural performance of the test
rig. Furthermore, these conceptual designs will be analysed
using FEA for comparison purposes. This article will cover
the simulation modelling and analysis of various designs of
the test rig. Instruments that are needed in the test rig and
for calibration of the complete test rig will also be discussed
in this paper.

2. Methodology

The methodology explains the three stages involved in this
work: design module, premodule, and static structural
module. Figure 1 displays a clearer picture of the structural
optimisation of creep test rig.

The modelling of the test rig configuration is developed
based on the fundamentals of brace frame and bracing
systems. In the preliminary design stage, five design con-
figurations of the test rig were proposed for final evaluation.
These designs followed the basic theories of bracing on other
structural elements, such as bridge and building, among
others. Initially, a benchmark model with the simplest design
is proposed for other configurations, which used the concept
of brace frame system. Based on several relevant literature
works, several bracing systems, such as single diagonal, cross
bracing, and V-bracing, are listed for their application in
these test rig configurations [31-33]. Then, these bracing
systems were integrated with the benchmark model to form
single diagonal, cross bracing, and V-bracing models to be
tested in the FEA. To improve these existing models, these
bracing systems were combined and incorporated in the
brace frame model to form a hybrid configuration. This
model will be compared and analysed in terms of its per-
formance with other structural designs. All configurations
were simulated in the FEA for comparison and to select and
fabricate the best model. The simulation was conducted in
ANSYS, specifically in static structural analysis, to verify and
validate its mechanical behaviour and safety performance.

3. Design Module

In order to fulfil the requirement for developing a creep test
rig, a baseline CAD modelling is essential in this stage. For
this purpose, a CAD modelling software tool, CATIA V5,
was used to set the dimensions of the design. The total length
of the test rig was determined at 5.43 m and the height was
4.10 m, all of which were generated in the CAD modelling.
The specific height was chosen based on a consensus
achieved in a brainstorming session after going through the
relevant literatures. Souza Pippi et al. reported that most
transmission towers are designed and fabricated in the form
of latticed steel structure to transmit a high-voltage current
to the consumers [34]. In the last few decades, the latticed
steel transmission tower was used in the transmission grid
due to its better mechanical strength and greater structural
integrity. The transmission tower is made up of steel frame
with truss systems, where the angled members support the
compression and tension loads. Other literature also stated
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FiGURe 1: Flowchart of structural optimisation of creep test rig.

that the height of transmission towers, especially for 132-kV
towers, is generally between 60 m and 100 m [35-37]. Ad-
ditionally, the transmission towers are usually heavy, since it
has to support the heavy electrical cables and other external
loads. To construct a test rig for an actual crossarm, the
material should be selected based on the length and width of
the existing 132-kV transmission tower. Since the height of a
crossarm is roughly 2 to 3 m, the test rig should be designed
to have a height of roughly 4m to replicate the actual
condition in a smaller scale [38-40]. Figure 2 displays final
CAD drawing of cantilever beam creep test rig for crossarm
using CATIA V5.

4. Concepts

The presented concept of test rig will employ the cantilever
beam test, as shown in Figure 3. For the main structure, it is
made up of two parts: tower (a) and base (b). Moreover, the
fittings (c) and measuring instrument (d) are associated with
the test specimen to be mounted on the test rig.

4.1. Tower Frame. The tower part functions to maintain the
position of the crossarm at 4 m high from the ground. This
will help the rig to perform the creep cantilever beam test on
the crossarm at an elevated height, replicating its service life
operation at a smaller scale [41]. This component is designed
by using a low carbon steel alloy frame with bracing systems.
The system allows the frame structure to sustain and support
the high stress loading (compression and tension) while
distributing the load to the bracing members [42].

4.2. Test Rig Base. Apart from the tower design, the test rig
will also be supported by a base component. This will help
maintain the whole assembly in a stable and upright posi-
tion, while preventing any stability failures. The base is made
of low-carbon steel alloy, and it extends in the direction of

FIGURE 2: Final creep test rig design for actual 132kV composite
crossarm.

the crossarm specimens to provide stability and avoid the rig
from toppling when heavy and full-scale specimens are
loaded.

5. Structural Configuration for Creep Test Rig

As mentioned in the previous section, the major structural
components of the creep test rig include the tower and base parts.
These structures are made up of individual member of square
hollow section. The attachment of each member is connected by
an arc welding, whereby this type of joint is considered as a
continuous member without any constraint measures.

5.1. Mesh Generation. The accuracy of predicting the actual
behaviour from the finite element model can be obtained by
finite element mesh. The model is segmented into smaller
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FiGUre 3: Concept of the test setup.

elements that are subjected to mesh refinement. It is essential
to generate mesh in order to validate the finite element
model analysis for the test rig structure. To produce a good
mesh, there are guidelines to ensure the accuracy of the
obtained results, where the following criteria are met [43]

(i) The mesh has to denote the geometrical areas and
loads accurately

(ii) The mesh should sufficiently represent the large
displacement or stress concentration in the gener-
ated solution

(iii) The mesh must contain elements that are suffi-
ciently small and in an expected ratio

In this study, it has been found that the total number of
elements used in the finite element analysis was less since the
creep test rig was of symmetrically design. Subsequently, the
mesh grid generation for the model was performed using
mesh function in the ANSYS structural analysis. A body
sizing with an element size of 50 mm was executed in a slow
transition during meshing. Moreover, a smoothing effect
was performed to ensure the simulated result is accurate.
Subsequently, a mesh was generated in a form of triangle
shape to define the stress concentration area, particularly in
intricate profiles. Around 592,556 elements with corre-
sponding 907,552 numbers of nodes were created in the
simulation to produce accurate results, as shown in Figure 4.

5.2. Premodule. The subsequent stage in the finite element
simulation was the premodule stage, where the overall
process of constructing creep test rig was carried out in the
ANSYS Workbench 16.1. The geometrical model has been
updated in the form of shell model.

5.3. Static Structural Module. The static structural module is
a necessary part, where the creep test rig design will be
analysed to determine the structural response subjected to
the structures to external influence of applied load. Several
assumptions should be made prior to performing the
analysis [44]:

(i) The test rig material is isotropic and has homoge-
nous properties

(ii) The material has a linearly elastic structure

FIGURE 4: Mesh elements for the test rig analysis.

(iii) Deformation is continuous and small in the acting
force areas

In this work, the test rig is designed in a form of shell
element in ANSYS. A constraint condition is defined at the
bottom surface of the model, where it is positioned as a fixed
support, as displayed in Figure 5. In addition, the loading
conditions are installed in the simulation at the connection
points of the test rig and the crossarm. Table 1 demonstrates
the loading conditions of a full-scale crossarm in a 132-kV
transmission tower.

In this stage, the material of the creep test rig will be
defined based on the material used and the thickness of the
structural member. There are no intricate components in the
structure, which made the structure easier to be simulated.
Furthermore, the structure had fully used a low-carbon steel,
and the assignment replicated the actual fabrication of steel
structure test rig. Moreover, the structural member of the
test rig had implemented square hollow section with a cross
section dimension of 100 mm x 100 mm x 1.9 mm. The
material properties of the used items are tabulated in Table 2.

6. Results and Discussion of Simulation Studies

The test rig configurations are designed according to the
integration of actual dimensions of crossarm and the fun-
damental of the truss systems. Hence, to have an appropriate
design configuration, several listings of bracing types have
been created. For the first configuration, the basic brace
frame was created as a benchmark model in the design series
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FiGure 5: Constraints for the test rig analysis.

TaBLE 1: Loading condition of a 132-kV composite crossarm under
normal conditions.

Main member A Main member B

Tie member (tension)

(compression) (compression)
15 10 10
20 15 15
35 20 20
40 25 25

TaBLE 2: Specifications of material of creep test rig.

Items Specifications
Material Low-carbon steel
Tensile strength (MPa) 766

Yield strength (MPa) 572

Pipe shape Square hollow section

100/100/1.9
1525 430/4100

Pipe size (width/height/thickness) (mm)
Total size (width/length/height) (mm)

of test rig. Single diagonal, cross-bracing, and V-bracing are
the three bracing systems incorporated to the subsequent
configurations for comparison purposes through dis-
tinguishment from the first model. To improve the existing
models, a combination of the three bracing systems was
implemented to form a hybrid bracing configuration. Five
configurations were simulated under a static structural
analysis in ANSYS to verify the mechanical performance and
safety conditions. The analysis was also conducted by
implementing three specific horizontal forces (one tie and
two main members of the mounting areas) with tension and
compression forces applied onto the configurations. The
outcomes were compared and examined for the selection
and fabrication of model.

7. Deformation Analysis

Figure 6 depicts the simulation results of each test rig
configuration after a range of loading was implemented. The
brace frame configuration (a) displays the top horizontal

frame of the tower structure that experienced maximum
deformation. This is attributed to the applied tension loading
from the crossarm, in which the structure was incapable of
withstanding the lateral tension load. Furthermore, the
deformation experienced by the structure had led to the
swaging and distortion of the upper section of the tower.
This induced the structure to have a poor stability, which
might cause a structural failure. For the single diagonal (b)
and cross bracing (c) configurations, the deformation is
concentrated at the tie and main member mounting areas
but without distorting the upper part of the tower com-
ponent. This indicates that the additional member of the
bracing members had provided an accessibility to excess
loading, which is exhibited by the crossarm to be transferred
to the ground. Apart from that, the V-bracing (d) and hybrid
(e) configurations had lesser deformation occurrence at the
tie member mounting area. This improvement was possible
due to the capacity of the V-bracing system in reducing the
tension yield capacity at the area, thus providing a better
structural stability compared to using other types of bracing
systems.

The effect of deformation on the bracing system in the
test rig configuration was investigated, and the results are
depicted in Figure 7. The hybrid configuration in static
structural analysis had a noticeable effect on deformation
when the static loading was applied. Overall, the installation
of bracing system in the brace frame model depicted a trend
of reduced deformation reduction effect in the deformation
numerically.

The brace frame configuration recorded the highest
deformation at the tie member mounted area when a series
of tension forces was executed from 15 to 30 kN. This in-
dicates that the horizontal frame was insufficient to dis-
tribute the force to be grounded in order to maintain the
structure integrity. However, the deformation was re-
markably reduced after the installation of bracing systems in
a form of brace frame model, as shown in the configuration.
Figure 7(a) depicts a decrease in the deformation of a single
diagonal configuration based on the previous model, in
which the reduction was up to 0.24 mm, almost 80% reduced
at 15 kN of tension loading. The deformation in the series of
test rig configurations had decreased in sequence, from
single diagonal to cross bracing, V-bracing, and hybrid
models between 15 and 30 kN of tension loadings. This was
attributed to the properties of the brace frame model that
only supports vertical loading; however, it has poor resis-
tance for lateral loads (horizontal forces) [45]. On the other
hand, the hybrid configuration depicts a reduction in de-
formation about 97%, as compared to that of the benchmark
model. This improvement was achieved due to the integrated
bracing systems in the model that allowed for additional
functions and support to provide a better stability to the
structure. The combination of these bracing systems has
allowed for better bending characteristics, thus stabilising
the frame and reducing the tension yield capacity of the
mounting areas [42, 46, 47].

According to Figure 7(b), the single diagonal system
exhibited the maximum deformation at the main member
mounting area from 10 to 25kN of compression loadings.
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FIGURE 6: Simulation results comparison of proposed design (a) brace frame, (b) diagonal bracing, (c) cross bracing, (d) V-bracing, and (e)
hybrid bracing test rigs.
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FIGURE 7: Deformation analysis at the (a) tie member (tension force) and (b) main member (compression force) joining.

This indicates that the additional members of single diagonal
had produced a system of intricate and complex structure
instead of providing structure stability. The structure has the
ability to perform elastically rather than plastically, following
its less energy dissipation capacities in the structure. This
induces to a higher deformation occurrence in the model
[47]. Meanwhile, the brace frame model performed showed
the least deformation when the same force was executed at
the same location. This could be explained by the vertical
frames of the brace frame model that assisted the excess force
to transferring the horizontal force to the foundation.
Moreover, the horizontal frame was employed to offer an
additional support to the vertical frame and provide suffi-
cient building resistance to the progressive collapse of
buildings [31, 46].

8. Safety Factor Analysis

Figure 8 shows the safety analysis on various designs of the
test rig. Generally, the design of the bracing systems that
were embedded in the test rig had shown a visible influence
on the safety levels of these configurations.

According to Figure 8(a), a positive effect on the safety
analysis was observed immediately after the single diagonal
bracing system was introduced. In the simulation analysis,
the tension force was applied in a range of 15 to 30 kN. The
safety factors were analysed at the tie member mounting
areas. The simulated graph shows that the safety factor had
steadily increased from the brace frame to single diagonal
and cross bracing models. Meanwhile, the trend of safety
factor had tremendously increased up to its maximum limit
in the V-bracing and hybrid models. This attributes display
the incorporation of V-bracing model, which connected the

tie member, thus directly assisting the structure to decrease
its tension yield capacity [31]. The reduction of the capacity
eloquently provided a higher mechanical strength, sup-
posedly to increase the safety standards of the test rig. In
addition, the hybrid model had remained constant at a
maximum safety factor between 15 and 20 kN tension force.
Yet, the safety factor values for hybrid configuration had
suddenly reduced when the 20 and 30KkN of tension forces
were executed. A noticeable change was observed due to the
high loading rate, in which the structure was less capable of
withstanding the energy absorption from the excess static
loading at the crossarm. Meanwhile, the safety factor in the
V-bracing experienced was maintained at its maximum in
the simulation process. This observation proved that the
acting force in the tie member mounting area was distrib-
uted with the additional bracing members acting directly
onto the foundation of structure [47]. This could have been
the improvement of structural stability and integration,
causing a mechanical improvement at the critical point.
Figure 8(b) explains the safety factor at the main member
mounting areas when a series of compression forces (10 to
25kN) were applied. The trends exhibited the same pattern
as that of the tie member mounting area, where the safety
factor had increased from brace frame to cross bracing
models. However, the simulation showed that the safety
factor had slightly decreased in the V-bracing model
through the application of a series of forces. On the other
hand, the hybrid configuration has the highest safety factor
at this location, which was 11.25 at 15kN of compression
loading (approximately 152% increase from the brace
frame model). As discussed above, this improvement was
possible due to the hybrid design that was made up of three
bracing systems (single diagonal, cross bracing, and
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V-bracing), all of which support high compression loading
from the main member of the crossarm. The individual
bracing system has its own specific functions in main-
taining and stabilising the structure. For instance, the single
diagonal aids in high compression forces that act in vertical
components; cross bracing resists sideway forces
depending on the direction of the loading; and V-bracing
reduces the tension yield capacity of the tension brace
[42, 46-48].

9. Conclusions

As a conclusion, the modelling of creep test rig was de-
veloped and designed in a configuration of bracing members
to support the structure. From the finite element analysis, it
was found that the hybrid configuration had shown a sig-
nificant reduction in deformation as compared to that of the
benchmark model. This occurred due to the integrated
bracing systems in a single structure model, which in turn
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allowed for additional functions and support to provide a
better stability to the structure. The combination of these
bracing systems has allowed for better bending character-
istics, hence, stabilising the frame and reducing the tension
yield capacity of the mounting areas. Moreover, the hybrid
design also has the highest safety factor at this location,
which was 11.25 at 15kN of compression loading due to its
capability of supporting high compression loading from the
main member of the crossarm. Hence, the hybrid model has
the optimal outcomes in terms of its mechanical strength
and safety performance with respect to the forces applied.
This indicates that the integration of the three bracing
systems (single diagonal, cross bracing, and V-bracing) was
able to stabilise the structure by distributing the loads and
restraining the excess forces from the crossarm.
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