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Abstract: The current study compares and analyses the fly-ash–epoxy composite structure with alloys
for bracket applications. A dispersed reinforcement composite is created by combining epoxy and
fly-ash. Three different prototypical brackets are modelled and analysed using the finite element
method, and their results are compared to common alloys used in the manufacture of L-shaped
brackets. The mechanical properties of the composite material are calculated using a rule of mixtures,
and the properties of the composite material are modified by changing the percentage composition of
fly-ash. Based on equivalent stress and total deformation, all geometrical models are analysed and
compared. The analysis results appear to be appropriate for broadening the scope of the application
of epoxy-based composites for small-scale and large-scale applications. The results also show that the
composite material can be used to make a variety of structural elements with high design complexity,
such as bulkheads and other structural components.

Keywords: alloy material; epoxy; fly-ash; bracket; finite element method

1. Introduction

A bracket is an L-shaped architectural element that, depending on its application,
is typically used to provide support to [1,2] a part or a beam. Shelving, countertops,
dental brackets, flooring, satellites, and furniture section are the most common application
areas [3–7]. Currently, brackets used in household applications are typically made of mild
steel, aluminium, copper, or alloys of these metals. These are currently the only materials
with large-scale production, which primarily involves sheet metal fabrication [8,9].

L brackets are widely used in construction and building work due to their durability,
speed, geometry optimisation, and high performance. Brackets are primarily used to
connect, join, hold, and integrate the structure; therefore, a thorough understanding of
brackets through modelling with sustainable materials is required. Few researchers have
conducted numerical and experimental studies on bracketing behaviour [1,2]. An author in-
vestigated the shear and uplift direction behaviour of angle brackets under cyclic loads [10].
Several steel angle brackets were tested for monotonic and reversed cyclic periods, and
the results were compared to analytical methods [11]. The brackets ensure that the various
components of the building structure are joined tightly. These structures are made of solid
wood and cement blocks, and some steel blocks are joined through metallic brackets. When
compared to joining the product, these brackets have a relatively high mechanical strength.
Several models exist based on the mechanical performance of the brackets [12,13]. These
brackets can be used to secure the two structures while also strengthening and stiffening
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them. The main advantage of these brackets is the material’s durability, which can improve
the performance of the blocks.

Different approaches for simulation assembly on L brackets are available in the lit-
erature [14–16]. In this case, a single component model is required to analyse different
geometry and sustainable materials. In experiments, the L brackets connection is frequently
loaded in multiple directions. The combination of all load behaviour analyses is critical in
the angle bracket. One of the goals of this research is to model a single component with
different geometry and analyse its mechanical behaviour.

Epoxy resins, also known as poly-epoxides, have a wide range of applications in
industries, such as the automotive and aerospace industries. They can be used as coatings
and adhesives, as well as a matrix material in the composite manufacturing process [17].
Polymer matrix composite is a material made up of a polymer matrix (resin) and a dispersed
fibrous reinforcing phase. Significant research on polymer matrix composites has been
conducted in various industrial fields to improve the strength and electrical properties
while reducing weight, primarily through the addition of fillers [18]. The epoxy-fly-ash
composite can be considered as a potential replacement for commonly used materials in
house-hold applications. Fly-ash is a by-product of coal combustion in thermal power
plants. Because of its high strength and low cost, several researchers have used fly-ash as a
filler in polymer matrices [19–21].

Polymer matrix composites offer high tensile strength, stiffness, abrasion resistance,
and corrosion resistance and are relatively cheaper to produce when compared to sheet
metal fabrication, which involves heavy machinery leading to higher manufacturing
costs [22,23]. The finite element method is the simplest mode for obtaining nearly ac-
curate results. The mesh parameters can be modified in such a way that the maximum
number of elements can be obtained without increasing computational time. The objective
of this paper is to model a fly-ash-epoxy composite using the finite element method and
compare the simulation results with the properties of alloys that are majorly used in the
present market. Having cost-effectiveness and ease of fabrication, fly-ash-epoxy composites
can replace some of the alloy-made brackets where the load-bearing capacity is lesser.

2. Materials and Methods

The current work focuses primarily on optimising the geometry of the model and
comparing epoxy-fly-ash composites with varying fly-ash content. CAD models were
created using commercially available CATIA (Dassault Systems) software, and numerical
simulations were performed using ANSYS software. Material properties were added to
each geometry in ANSYS software after they were built and then optimised meshing and
boundary conditions were used for the analysis [14].

Using the mixture rule as the governing equation, different percentages of fly-ash
(5%, 10%, and 15% volume fraction) were added to the epoxy matrix. The obtained results
are compared in terms of deformation, equivalent stress, and maximum load-carrying
capacity [24]. Three geometries were considered for the current work, and because all
of the geometries were simple, program-controlled meshing was used. As the prototype
model developed is compared to currently available alloy brackets, general properties
of commonly available alloys are presented in Table 1 [25–27], and epoxy and fly-ash
properties are provided in Table 2 [25].

Table 1. Most commonly available alloys and their properties.

Material Density (kg/m−3) Youngs Modulus (GPa) Poisson Ratio

Stainless steel 7750 193 0.31
Magnesium alloy 1800 45 0.35

Titanium alloy 4620 96 0.36
Aluminum alloy 2770 71 0.33
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Table 2. Properties of fly-ash and epoxy material.

Material Density (kg/m−3) Youngs Modulus (GPa) Compressive
Modulus (GPa) Poisson Ratio

Fly-ash 1180 98 - 0.2
Epoxy 1200 3.2 2.8 0.3

2.1. Calculations

Typical material properties that are required for analysis are density, Poisson ratio,
and Young’s modulus or modulus of elasticity. By using the rule of mixture, the properties
of the composite material can be calculated from the following Equation (1) [28,29].

Ec = Ef (Vf/Vc) + Em (1 − (Vf/Vc)) (1)

where
Ec = Modulus of elasticity of composite;
Ef = Modulus of elasticity of filler (fly-ash);
Vf = Volume of filler;
Em = Modulus of elasticity of matrix (epoxy resin);
Vc = Volume of composite.

Using Equation (1), the properties of the epoxy and fly-ash polymer assembly (EFPA)
with varying volume fractions of fly-ash (5, 10, and 15%) were designed. Different geometry
models developed for the analysis are shown in Figure 1.
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2.2. Numerical Modelling

When compared to experimental testing, numerical modelling is one of the important
constituent methods that can provide a faster response to the component. Once the model
has been developed and tested under various conditions, then it can be compared to
experimental data. One of the authors used the numerical modelling method to assess the
load-bearing capacities of the angle bracket [18]. The angle bracket was modelled as a shell
element in their model, and the fasteners were modelled as connectors with pre-determined
properties. In another case, a load bearing composite bracket was created and analysed for
mechanical behaviour and optimisation, demonstrating the effectiveness of using FE as the
modelling approach [30].

Different geometries of the finite element model of the L bracket were established
in ANSYS to determine the mechanical behaviour of the brackets. The load bearing was
performed for the different geometric dimensions of the bracket, the performance of existing
alloy material brackets was compared with the epoxy-fly-ash composite, and the maximum
values of deflections and stresses were analysed.

The L bracket is studied by establishing various numerical conditions such as boundary
conditions and mesh elements. The steps involve connecting the brackets to the surface
where the load is to be positioned. Loads were applied from 10 N to 50 N with a 10 N
interval for Mode-1 and Mode-2 brackets. In Mode-3, the loads were increased tenfold due
to the model’s higher stiffness by design, resulting in a range of 100 N–700 N with 100 N
intervals. Because of the presence of gussets, Mode-3 remains an outlier among the other
modes. The loading conditions were chosen to allow for the failure of the weakest material,
and the load value at which any of the materials failed was chosen as the upper limit.

The bracket is fastened to a surface (usually a wall) with screws or adhesives, and the
required object is mounted on the open surface. The applied load is normal to the surface
and could be in either direction, but the behaviour is the same. The red area represents
where the load is applied, and the blue area represents the fixed support shown in Figure 2.
The factor of safety is not a priority in this study because it aims to understand mechanical
behaviours and observe the durability of composite materials.
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Figure 2. Shows the boundary conditions of all three models of the brackets.

Every time, the mesh settings were fine-tuned with an arbitrary boundary condition,
and optimisation was performed on all three geometries. Mesh size function was set to
proximity and curvature, and other metrics were slightly modified, such as growth rate
being set to 1.2 and span angle centre being set to medium. To obtain satisfactory meshing
conditions, the average numbers of elements obtained from Mode-1 to Mode-3 were 17,256,
47,446, and 39,658, respectively, and the mesh quality in all modes was desired to be above
80%. Figure 3 depicts the mesh model of all three brackets derived from the mesh result.
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3. Results and Discussion

The L-shaped clamp is designed and simulated to evaluate the strength of the com-
posite material. Three different modes of structures were designed and simulated using
ANSYS software. The simulated models are compared with the available alloy materials.

Figure 4 shows the simulation results of the Mode-1 structure of the L-shaped clamp.
As expected, the maximum stress was observed at the neck point and deformation was
observed at one of the tip positions. It indicates that stress is relieved at both surfaces based
on load conditions. Moreover, the maximum deformation occurs at the surface tip, which
has a maximum load.
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Figure 4. Simulation results of Mode-1 showing (a) maximum stress and (b) maximum deformation.

To compare the existing design with the alloy materials, the properties of alloy materi-
als were incorporated into the existing L-shaped clamp model. Figure 5 shows the variation
of stress and deformation with varied loading conditions for the Mode-1 clamp. As the
load varies from 10 N to 50 N, stresses on the clamp also increase. It is important to note
that epoxy and fly-ash polymer assembly (EFPA) composites reach the same stress level
with varied load conditions compared to alloy materials. Similarly, the deformation plot
shows that maximum deformation occurs at 5% fly-ash composite compared to other alloy
materials. The varied volume percentage of the fly-ash in the epoxy composite had a lower
deformation effect due to an increase in stiffness.
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The second mode of the structure has an additional joint at the neck position of the
L-shaped clamp. Figure 6 shows the simulated results of Mode-2, showing maximum stress
and deformation. In this case, the stresses are shifted to the additional joint of the L-shaped
clamp, and maximum stress occurs at both corners of the additional joint. In this case, the
deformation is reduced due to additional joints on the L-shaped clamp. In Mode-2, the
load-bearing capacity is increased and deformation is reduced in comparison to Mode-1.
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Figure 7 shows the simulation results of Mode-2 with varying fly-ash content and
models with different alloys with varying loads (10 N to 60 N). As the load increases,
stress on the additional joint of the L-shaped clamp increases with various alloy and
composite materials. Similar to Mode-1 the fly-ash/epoxy composite structure in Mode-2
can possess a nearly equal load-bearing capacity in comparison to alloy material. Moreover,
the deformation of the composite material is higher than that of the alloy material because
the composite material has more flexibility.
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To improve the strength of the clamp, the existing structure was modified into a
corner joint. FE simulation of the corner joint clamp (Mode-3) is shown in Figure 8. In the
modified design, the maximum stress of the clamp is shifted towards the corners of the
clamp. Moreover, the stress distribution was observed to be uniform as it is distributed
among all the edges of the clamp. The deformation of the corner joint clamp is further
reduced, and deformation is relieved towards the surface of the fixed point.
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Figure 8. Simulation results of Mode-3 showing (a) maximum stress and (b) maximum deformation.

Figure 9 shows the variation of stresses for the modified structure (Mode-3) concerning
variation in loads in comparison to alloys. As the geometry of the conventional L-shaped
clamp changes to the corner joint, the load-bearing capacity of the L-clamp increases. Even
if the load is applied from 100 N to 700 N, the stresses of the composite material on the
clamp are very near to alloy materials. Moreover, deformation is very low compared to
other modes of geometry. Ultimately, the present study concludes that fly-ash and epoxy
composite materials can be used as sustainable materials that can replace the conventional
materials used in the clamp structures.
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Figure 9. Graphs of Mode-3 showing (a) maximum stress vs. load and (b) maximum deformation vs. load.

4. Conclusions

In the present work, a clamp/bracket is modelled to replace conventional material
with sustainable composite material. Three different geometrical structures were modelled
and analysed for their load-bearing behaviour by varying load conditions. Further, the
models are compared with the existing alloy materials with similar loading conditions.
The FE analysis shows that as the load increases, the stiffness of the clamp increases due
to the change in the geometry of the bracket. It is observed that the Mode-3 clamp has
a higher load-bearing capacity than the other modes of the clamp. The Mode-3 clamp
was found to be 21 times stronger than Mode-1. Epoxy and fly-ash composites are sus-
tainable materials that can replace conventional materials used in the development of
brackets/clamps. From FE analysis, it can be adjudged that a varied percentage of epoxy
and fly-ash composite has almost the same effect as that of alloy material. Since composite
materials are more flexible and durable than the available alloy material, with the same load
condition composite material can also bare an equal load, as shown by the alloy material.
Moreover, composites are easily available and can be effortlessly used in the fabrication of
brackets/clamps. Hence, the present study shows that the epoxy and fly-ash composites
are more sustainable materials, in terms of cost, ease of manufacturability, and durability
compared to conventional alloy materials.

Author Contributions: Conceptualisation, A.B.R. and S.H.; methodology, D.S.C. and S.H.; software,
A.B.R.; validation, S.H., P.S. and H.M.V.; formal analysis, A.B.R. and S.H.; investigation, A.B.R. and
S.H.; resources, D.S.C. and S.H.; data curation, P.S.; writing—original draft preparation, S.H. and P.S.;
writing—review and editing, S.H., P.S. and H.M.V.; visualisation, D.S.C. and S.H.; supervision, D.S.C.
and S.H.; project administration, D.S.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

Acknowledgments: The authors acknowledge the Department of Mechatronics, Manipal Institute
of Technology, Manipal Academy of Higher Education, Manipal, Karnataka, for providing the
simulation facility.

Conflicts of Interest: The authors declare no conflict of interest.



J. Compos. Sci. 2022, 6, 358 9 of 9

References
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