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Abstract: In this article, we analyze the strength and buckling response in the plane shear load fixed at the corner of the
composite plate. The fem is formulated is done on the basis of first-order shear deformation theory and assumptions of von
Karman. The Newton-Raphson technique is considered to analyze the non-linearity algebraic equation. The effect of shape
memory alloy in shear load and buckling response is discussed. In this study we analyze the two cases in the first simple
carbon/epoxy plate is analyze and then we use the shape memory wire embedded in the plate which is about 1% of the
volume of the plate and studies the buckling response effect on the plate. In the second case we use Shape Memory Alloy
plate and loading but a circular cutout at the middle of the plate this case we analyze for both with the use of shape memory
alloy and without the use of shape memory. It is observed that the shape memory alloy increases the strength of the plate in
both cases. The whole simulations are done using Ansys workbench software v 2020R2.

Keywords: Shape Memory Alloy; Finite Element Method; Newton-Raphson method; ANSY'S work bench; carbon epoxy
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1. Introduction

In the last few years, the need for advanced structures promoted the evolution of Shape Memory Alloy
materials [1].

From those Shape Memory Alloy materials, shape memory alloys have their own identity. If we discuss the
shape memory alloy then there are two main features of shape memory alloy i.e. super elasticity and regain its
shape after deformation. The shape memory alloy could be used for control the shape of structural components
for large non-linear strain, undesirable vibrations, impact resistance, etc. in present time our industries uses that
components which are light in weight and has better strength. in the past decade most of the research work on
different Shape Memory Alloy materials which come under these categories, known as Shape Memory Alloy
material [2] [3]. Shape memory alloys are one of them. L.C Brinson (1993) developed a constitutive law for
analyzed the effect of shape memory alloy thermodynamically [4]. In this work, authors simulating different
cases for the stress-strain characteristic of shape memory bar in uniaxial loading as well as restrain recovery
response for different temperature. S.M.R Khalil (2013) studied the dynamic analysis of a Shape Memory Alloy
hybrid beam at impulse loading and show the material non-linear effect with the change in temperature [5][6]. A.
Shokhufar (2008) developed a model of for show a low-velocity effect on the hybrid composite plate [9] [7]
using the response surface method to show the effect of velocity impact on the surface of the plate and how the
plate resists the low velocity [8] [13].M.M. Ghomshei (2005) study the finite element model for dynamic
response of thick shape memory alloy composite beam [14]. He used a dimensional sinusoidal model for
analyses of the beam. He also used the different fiber to check the maximum strength of the beam [11] [12] [13].
A. Niknami (2016) [10] study the low-velocity effect with shape memory alloy wire and show the effect of
temperature on impact. Dinesh Kumar and S.B. Singh (2010) [15] study the buckling and post-buckling response
of plate with the different cutout in the plate.

2. Modeling and Simulation

For modeling and examination of laminated beam with shape memory alloy and carbon-epoxy, ANSYS
Workbench 15.0 version is to be used that depends on the Finite Element Method (FEM). ANSYS 15.0 has new
features for composites, bolted connections, and improved mesh tools. The ANSYS Workbench platform
provides a comprehensive and integrated system. ANSYS workbench provides higher productivity in product
development simulation because it has an in-built application and access to Multi physics and system-level
applications. In a simple carbon/epoxy plate there are about 98 nodes and 36 elements were used and in carbon
epoxy with shape memory alloy embedded there are 26352 nodes and 31030 elements were used and for cutout
cases, about 136 nodes and 55 elements with shape memory alloy wire used and with shape memory alloy 22416
nodes and 63749 elements were used to analyze. For the simulation work, first-order shear deformation theory
and Newton-Raphson technique are used to analyze the non-linearity algebraic equation. Figure 1 shows the
schematic of static analysis with buckling for all cases
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Figurel. Schematic of static analysis with buckling for all cases.
3. Geometry

SHAPE MEMORY ALLOY SMAs [16] belong to a class of metallic alloys, which can be restored to their
actual form (shape or size) once it undergoes to a memorisation process between two transformation stages,
which is either temperature or magnetic field based. This transformation principle is called as the shape memory
effect (SME). The use of SMA can be classified into various types depending on the application domain, like
automotive, aerospace, robotics and biomedical and also in other fields [17]. Shape memory alloys have
significant characteristics including, One-way shape memory effect (OWSME): The one-way SMA (OWSMA)
gets a malformed state once the external force is recoverd, and then restores its actual shape when heated. Two-
way shape memory effect (TWSME) or reversible SME: Along with the one-way effect, a two-way SMA
(TWSMA) can keep its shape in memory at both high and low temperatures. One more significant property is
pseudoelasticity, and here on heating a SMA, it starts to change from martensite into the austenite stage. The [16]
austenite-start-temperature (As) refers to the temperature where this change begins and the austenite-finish-
temperature (Af) stands for the temperature where this change is completed. When a SMA is heated more it
starts contracting and changes into the austenite structure i.e. to get back into its actual form. This change is
feasible even when high loads are applied, and hence, high actuation energy densities are observed.

In this study first, a carbon/epoxy plate is the model. The shape memory alloy is embedded in the plate. In
one more case simple carbon/epoxy plate with and without Shape Memory Alloy is model with a cutout at center
of radius 5mm is at the center of the plate as illustrated in the below Figure 2. Figure 3 shows the geometry of the
plate with and with no shape memaory alloy in the circular cut-out.
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Figure 3. The geometry of the plate with and with no shape memory alloy in the circular cut-out.
4. Loading and Boundary Conditions

In this analysis, we fixed the corner and apply the force of 10 Kn in positive plane shear as shown in the
below figure 4.
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Figure 4. Show the force and suppbrt in both with and without cutout.
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5.  Results

5.1. Static Analysis

Figure 5. Total deformation with and with no Shape Memory Alloy.

Figure 5 shows the total deformation with and with no Shape Memaory Alloy.
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Figure 6. Total deformation with and without Shape Memaory Alloy in cutout plate

Figure 6 shows the Total deformation with and without Shape Memory Alloy in cutout plate
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Graph 1. Total deformation in carbon epoxy plate with and without cutout.
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Figure 7. Equivalent elastic strain with and without shape memory alloy

Figure 7 shows the Equivalent elastic strain with and without shape memory alloy
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Figure 8. Equivalent elastic strain with and without shape memory alloy in cutout plate

Figure 8 shows the Equivalent elastic strain with and without shape memory alloy in cutout plate
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Graph 2. Max Equivalent strain with and without cutout.
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Figure 9. Equivalent stress with and without sma in carbon/epoxy plate.

Figure 9 shows the Equivalent stress with and without sma in carbon/epoxy plate
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Figure 10. Equivalent stress with and without sma in carbon/epoxy plate with cutout.

Figure.10 shows the Equivalent stress with and without sma in carbon/epoxy plate with cutout
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Graph 3. Max stress in with and without cutout plate.
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5.2. Buckling Analysis
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Figure 11. Total deformation after buckling in the carbon epoxy plate.

Figurell shows the Total deformation after buckling in the carbon epoxy plate
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Figure 12. Total deformation after buckling in carbon epoxy plate with cutout

Figurel2 shows the Total deformation after buckling in carbon epoxy plate with cutout
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Figure 13. Equivalent elastic strain after buckling in carbon epoxy plate.

Figure13 shows the Equivalent elastic strain after buckling in carbon epoxy plate.
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Figure 14. Equivalent elastic strain after buckling in carbon epoxy plate with cutout.
Figure 14 shows the Equivalent elastic strain after buckling in carbon epoxy plate with cutout.

6. Applications of SMA

The distinct features of SMASs have been used indifferent applications in civil engineering.

This section tries to analyze these applications in both newly constructed structures and retrofitted structures.

SMA in new structures

Considerable research has been performed on using SMA in building new structures as reinforcement, bolted
connections, restrainers, bracings, and prestressing strands.

Reinforcement in concrete structures

Bridges and buildings in seismic areas are vulnerable to critical deformation owing to excess lateral
movements. Earthquake tolerant structures must be designed to act flexibly under medium earthquakes. Under
high ground movements, it is not economically possible to construct structures, which will work elastically. In
traditional seismic design, steel is anticipated to be yielding in order to expel energy when undergoing
deformation permanently.

On the contrary, when SMA s utilized in the form of reinforcement, it will give up when coming under
excessive seismic loads, but will not exhibit substantial deformations permanently.

Bolted joints

Beam-column and column-foundation joints are generally the weakest link in a structure when earthquake
occurs. Super elastic-SMA materials can be efficiently used in these joints to decrease their susceptibility by
consuming high amount of energy via massive plastic deformation and thereafter retaining from it.

Bracings

Salichs et al. (2001) performed a numerical study using a one-story prototype-building model made strong
with super elastic-SMA (Ni-Ti) diagonal bracing wires which comes under a harmonic base excitation. The
results reveal that extra damping rendered by super elastic SMA hysteresis decreased the peak displacement and
avoided deformation in comparison with that of steel bracing with identical stiffness. Owing to a less degree of
deformation, this should also change the repairing of frames much convenient even if a big earthquake occurs.

Prestressing

Prestressing concrete and masonry structures with SMA strands/wires has been observed to be a feasible
choice. Both pretensioning and post-tensioning can be performed with the help of SMA. The advantages of using
SMAs in prestressing consists of a) active control on the amount of prestressing with improved extra load
carrying strength, b) no usage of jacking or strand-cutting, and c) none of elastic-shortening, friction and
anchorage-losses with the passage of time.

7. Discussion

In the scenarios of Carbon Epoxy with no shape memory alloy there is an increase of 47.49% in total
deformation as compared to carbon Epoxy with shape memory alloy. In the scenarios of Carbon Epoxy with no
shape memory alloy there is a decrease of 131.95% in Equivalent Elastic Strains compared to carbon Epoxy with
shape memory alloy. In the scenarios of Carbon Epoxy with no shape memory alloy there is a decrease of
160.26% in Equivalent Stresses compared to carbon Epoxy with shape memory alloy. In the scenarios of Carbon
Epoxy with shape memory alloy Circular Cut-out there is a decrease of 89.55% in total deformation as compared
to carbon Epoxy with no shape memory alloy. In the case of Carbon Epoxy with shape memory alloy Circular
Cut-out there is a decrease of 67.40% in Equivalent Elastic Strain as compared to carbon Epoxy without shape
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memory alloy. In case of Carbon Epoxy with shape memory alloy Circular Cut-out there is increase of 137.65%
in Equivalent Stress as compared to carbon Epoxy without shape memory alloy In case of Carbon Epoxy without
shape memory alloy Circular Cut-out there is decrease of 31.52% in total deformation as compared to Carbon
Epoxy with shape memory alloy Circular Cut-out In case of Carbon Epoxy without shape memory alloy Circular
Cut-out there is increase 0f384.92% in Equivalent Elastic Strain as compared to Carbon Epoxy with shape
memory alloy Circular Cut-out In case of Carbon Epoxy without shape memory alloy Circular Cut-out there is
decrease of 81.06% in Equivalent Stresses compared to Carbon Epoxy with shape memory alloy Circular Cut-out
In case of Carbon Epoxy with shape memory alloy there is decrease of 81.06% in total deformations compared to
Carbon Epoxy without shape memory alloy Circular Cut-out In case of Carbon Epoxy with shape memory alloy
there is decrease of 81.06% in Equivalent Elastic Strain as compared to Carbon Epoxy without shape memory
alloy Circular Cut-out In case of Carbon Epoxy with shape memory alloy there is increase of 784.38% in
Equivalent Stresses compared to Carbon Epoxy without shape memory alloy Circular Cut-out.
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