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ABSTRACT 

FINITE ELEMENT ANALYSIS OF HYBRID BORON-CARBON 

COMPOSITES 

Nemani Amruta Rupa, M.S. 

The University of Texas at Arlington, 2017 

 

Supervising Professor: Dr. Andrey Beyle 

Adaptability to different situations and the ease of combination makes composites 

one of the most extensively used materials in the engineering industries. One of 

the ways of managing properties of composites is hybridization of different fibers 

in one composite. 

This work merely focuses upon the analysis of effective stiffness of Hybrid 

materials which is carried out using Finite Element Method. 

A series of models were experimented in a sequence by imposing various 

conditions on each of them. Boron and Carbon fibers were used primarily for 

these experiments because of their better compatibility than other combinations of 

fibers.  Due to the difference in diameters of the fibers it was possible to achieve 

very high volume concentration of fibers. Longitudinal properties of hybrid 

composites are studied well in literature but prediction of transversal properties 

was a challenge. The results of FEM modelling were compared with the 

theoretical predictions and conclusions were drawn. 
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Chapter 1 

INTRODUCTION 

 

1.1 Composites: Definition and Classification 

 

Advanced composites are a blend of two or more distinct constituents or phases, 

of which one is made up of stiff, long fibers, and the other, a binder or matrix 

which holds the fibers in place. The composites thus formed are generally 

composed of layers or laminates of fibers and matrix. They have enhanced 

properties as compared to the constituents which retain their individual identities 

to influence the final properties. The fibers are tough and rigid relative to the 

matrix, with different properties in different directions, which means they are 

orthotropic. For the modern structural composites, the length to diameter ratio of 

fibers generally varies over 100 [1]. 

If well designed, a composite material usually exhibits the best qualities of its 

components or constituents. Composite materials are formed to get the best 

refined properties. Some of the properties that can be improved by forming a 

composite are strength, stiffness, corrosion resistance, wear resistance, 

attractiveness, weight, fatigue life, thermal insulation, thermal conductivity, and 

acoustic insulation. Not all these properties are upgraded at the same time but, 

depending on the task to be performed, characteristics are taken into  

consideration [2]. 

Examples: The fibers and matrices are made from various materials. The fibers 

are typically glass, carbon, silicon carbide, or asbestos, while the matrix is usually 

plastic, metal, or a ceramic material. 
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1.2 Classification of Composite Materials 

Based on the type of reinforcements, the composite materials are primarily 

classified into two broad categories as Fiber Reinforced Composites and Particle 

Reinforced Composites. 

In a Fiber Reinforced Composite, also known as a Fibrous Reinforcement, the 

length is much higher than its cross-sectional dimension. The ratio of length to 

cross-sectional dimension is known as aspect ratio. Single- layered fibers with 

high aspect ratio are called Continuous Fiber Reinforced Composites whereas, 

those with low aspect ratios are called Discontinuous Fiber Reinforced 

Composites. Depending on the orientation of the continuous fibers, the 

reinforcement can be either Unidirectional or Bidirectional. These bidirectional 

reinforcements can also be termed as Woven Reinforcements. Similarly, the 

discontinuous fibers may be Random oriented or Preferred oriented. 

Multilayered Composites, being another group of the Fibrous Reinforcements, 

can be sub-grouped as, Laminates and Hybrids. By stacking layers or plies in a 

specific sequence, the Laminates are obtained. These are usually unidirectional. A 

typical laminate may have 4 to 40 layers, of which the fiber orientation changes 

from layer to layer. Multilayered composites with mixed fibers result in Hybrids, 

which are now becoming commonplace. These hybrid composites are designed to 

benefit from the properties of fibers employed. Here, the fibers can be mixed in a 

ply or layer by layer. Also, some hybrids have a mixture of fibrous and particulate 

reinforcements. 
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However, the particle reinforced composites have dimensions approximately 

equal in all directions. In this case, the shape of the particles is important which 

can be any regular or irregular geometry such as, spherical, cubic or platelet. 

Same as in Discontinuous Single-layered composites, the particulate 

reinforcements can also be arranged in a Random or Preferred manner [3]. 

 

 

 

Figure 1.1 In-Layer and In-Ply hybridization 
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1.3 Previous Studies on Hybrid Composites 

The term ‘Hybrid composite’ was coined in the fifties of the twentieth century 

and since then they have been studied and utilized till present. In the 1970s and 

1980s, the theoretical analysis on hybrid composites was done. This was the time 

when most of the frequently used fibers like carbon, boron, Kevlar, and other 

fibers came into commercial existence. To analyze the materials for which the 

layers are made from different fibers, was a simple task but analyzing the case of 

in-ply hybridization, where different types of fibers are used to make 

unidirectionally reinforced materials, was intricate. Formerly, a number of 

experiments were conducted on in-ply hybrid composites for the estimation of 

longitudinal and transversal properties. In all these approaches, the results of 

theoretical modeling of usual unidirectional composites were used. In this case, 

longitudinal stiffness of such material was estimated with sufficient precision 

using the ‘mixture rule’ and for the prediction of effective strength, the difference 

in ultimate strains is usually considered. Three types of models were considered 

for analysis, namely,  

• Anisotropic Matrix Model  

• Four-Phase Model 

• Double Periodic Model 

These models were being experimented for the longitudinal and transversal 

properties. Results obtained from these models were close enough to the 

theoretical results. 
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1.4 Objectives of Present Study 

The principal objective of this work is to study the properties of hybrid 

composites and to determine the longitudinal and transversal characteristics by 

numerically computing the shear moduli. To accomplish this, a combination of 

fibers and matrix are examined by launching certain boundary conditions.  

Here, boron and carbon are considered because they combine excellent 

mechanical properties as compared to the other fiber combinations. In the case of 

boron and carbon, the difference between the ultimate strains is relatively less due 

to which the chance of breaking is also less. Apart from this, their elastic 

properties are closer. Boron being highly resistive to compression, and carbon 

being highly resistive to tension, together they exhibit better strength towards both 

compressive and tensile effects.  

Experiments are done for shear moduli on various models with different volume 

concentrations of fibers, and effect of this is studied on all the models. This 

comprises of numerically computing the values, and comparing with the 

theoretical results. 
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Chapter 2 

LITERATURE REVIEW 

Hybridization is one of the effective and efficient ways of ameliorating the energy 

absorption capability of the fiber reinforced composite materials. Hybrid 

composite laminates reinforced with carbon, Kevlar, glass, natural fibers and 

other types of fibers have been studied over time [6]. 

Earlier, Carbon fiber reinforced composites were utilized tremendously, because 

of their excellent mechanical properties making them popular for lightweight, 

high-performance applications. But because of their limitations such as low 

tensile failure strain and high-cost, hybrid composites came into existence. This 

was a method in which the drawbacks of one fiber can be balanced out by the 

virtues of the other. 

Carbon and glass being the low and high elongation fibers respectively, is the 

most common combination of hybrid composites. Moreover, the properties of 

some hybrid composites go beyond the expected on the basic of consideration of 

rules-of-mixture, referred to as the hybrid effect. This was discovered by Hayashi 

in 1972. His findings deduced that the failure strain of an all-carbon fiber 

composite could be increased by 40% by introducing glass fibers. Finally, it was 

quoted that the three main causes for hybrid effect are residual thermal stresses, 

fracture propagation effects and dynamic stress concentrations. 

The attempts of many authors to model hybrid composites were not always 

successful. They could analyze some of the influencing parameters but the 

conclusions were not straightforward and sufficient for them to interpret the 
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results [8]. Later, a global load-sharing model was developed and study for 

carbon/glass fibers was carried out. This study gave out the directions for 

designing optimal hybrid composites [7].  

Numerous investigations were done on hybrid laminates subjected to low velocity 

impact but very few dealt with ballistic impact on hybrid composites. One of 

which was the effect of hybridization with E-glass fabric on carbon/epoxy 

laminates [9]. Also, the influence of Kevlar 29 fibers on E-glass reinforced 

laminates was examined [10]. A work on basalt fibers reported to offer 

mechanical properties comparable with those of traditional glass ones while 

displaying advantages in terms of environmental sustainability and chemico-

physical properties [11,12]. In addition to this, investigations were done by 

replacing glass fibers with basalt fibers to study the impact resistance, which 

proved to be successful. It was inferred that basalt fibers act as good impact 

resistance improvers for composite laminates with a view to enhance the 

environmental sustainability to such composites [7,13-15]. A further work on 

hybrid composites was done on the impact of high velocity behavior of hybrid 

basalt-carbon/epoxy composites. In this experiment, interply hybrid specimens 

with four stacking sequences were tested and compared to laminates made of 

either only carbon or basalt layers. The result was that the ballistic limits of all 

stacking sequences were enhanced when compared to those of either only carbon 

or basalt. Eventually, the response to impact in this case was largely improved. 

Also, since the basalt fibers are far less-expensive when compared to carbon, 

therefore the hybridization made it cost-effective [16]. 
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Besides, there were also researches carried out on polymer matrix composites and 

metal/ceramic composites, which are generally used for the spacecraft 

applications. These were tested for hypervelocity impact behaviors since the 

spacecrafts have to overcome the force of the particles and meteoroids which 

move with high velocities in space. However, it was concluded that once the 

composites are affected by hypervelocity impact, spallations and delaminating as 

well as adiabatic shear tended to form [17,18]. In all these experiments, Ti was 

used as one of the fibers, since they can strengthen the anti-penetration ability for 

aluminum alloys. The combination of Ti and M40 was also tried on hypervelocity 

impact and the behavior of composites thin targets were observed. Results were 

positive as the composites presented high impact resistance [19].  

Apart from spacecraft applications, hybrid composites in the form of tendons are 

widely used in civil infrastructures, buildings, and offshore infrastructure services 

as well. These are used as tension members and use high-tensile-strength steel 

wires, bars, and rebars which are ought to get corroded. To avoid this, the use of 

fiber-reinforced polymer matrix composites, especially carbon-fiber-reinforced 

polymer matrix composites was proposed [20,21]. Later, novel carbon/glass 

hybrid thermoplastic composite rods consisting of unidirectional PAN-based 

carbon fiber, braids of E-class glass fibers, and thermoplastic epoxy matrix was 

developed and checked for the tensile properties and fracture behavior. The 

tensile modulus and strength increased with the increasing carbon fiber volume 

fraction [22]. 
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Chapter 3 

MATERIAL SPECIFICATION 

The primary requirement to carry out a simulation in Ansys is the characterization 

of materials and its properties. Since this analysis was on hybrid composites, two 

fibers and a matrix have been used whose properties are highlighted below. To 

make a hybrid composite, the fibers and matrix must be selected in such a way 

that, it gives good properties in both longitudinal and transverse direction. In this 

study, Boron and Carbon were selected in combination with epoxy, due to better 

compatibility. Carbon being weaker in the transversal direction, becomes good 

when combined with boron, which exhibits better properties in both axial and 

transversal directions. The properties of these materials have been discussed 

below: 

Resin Epoxy: Epoxies are polymerizable thermosetting resins and are available in 

a variety of viscosities from liquid to solid. Epoxies are used widely in resins for 

prepreg materials and structural adhesives. The advantages of epoxies are high 

strength and modulus, low levels of volatiles, excellent adhesion, low shrinkage, 

good chemical resistance, and ease of processing. Epoxy resins are often used as a 

matrix because they have excellent mechanical properties and good handling 

properties, including fabrication. 

 

Table 3.1 Properties of Resin Epoxy Matrix 



10 
 

Boron: Boron fibers are very stiff and have a high tensile and compressive 

strength and possess excellent resistance to buckling. These fibers have relatively 

large diameters (usually 100-130µm) and do not flex well. They are usually 

considered for their light weight. Boron fibers are primarily used in military 

aviation applications, especially for the repair of cracks and patches. 

 

Table 3.2 Properties of Boron Fiber 

Carbon: Carbon fibers are very stiff and strong, 3 to 10 times stiffer than glass 

fibers. Carbon fibers are used for structural aircraft applications. Advantages 

include, high strength and corrosion resistance. 

 

Table 3.3 Properties of Carbon (T300) Fiber 

 

 

 

 

 



11 
 

Chapter 4 

FE MODELING AND SIMULATION 

The finite element method (FEM) is a numerical method for solving problems of 

engineering and mathematical physics. Typical problem areas of interest 

include structural analysis, heat transfer, fluid flow, mass transport, 

and electromagnetic potential. The formulation of the problem using finite 

element method results in a system of algebraic equations which yields 

approximate values of the unknowns at discrete number of points over the  

domain [4]. In this process, a model is subdivided into various small and simple 

geometries which become easy to solve. The subdivision of a whole domain into 

simpler parts has several advantages [5]. 

• Accurate representation of complex geometry 

• Inclusion of dissimilar material properties 

• Easy representation of the total solution 

• Capture of local effects. 

4.1 Modeling Steps 

In this research work the modelling was carried out using SolidWorks whereas the 

simulation was done in ANSYS (workbench). The process flowchart is as 

outlined below. 
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Figure 4.1 Steps in modeling 

4.2 Cases Studied 

A total of three models were experimented in this work each of them with varying 

volume concentrations of fibers and matrix. Boron and Carbon fibers were taken 

for hybridization and Resin Epoxy was taken as the matrix. Diameters of fibers 

were kept constant throughout the process, for boron fibers it was 100µm and for 

carbon it was 7.5µm and the length of the body was 2000µm. 
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In the first model, the volume of carbon fibers is relatively low when compared to 

the volume of boron fibers which in turn produces high buckling effect. 

 

 

Figure 4.2 Orthogonal and front view of Model 1 
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The volumes concentrations of boron fibers and carbon fibers is approximately 

the same in the second model, which produces relatively low buckling effect as 

compared to the first model. 

 

 

Figure 4.3 Orthogonal and front view of Model 2 
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In the final model, the effect of buckling becomes too low because of the high 

concentration of carbon fibers as shown in the figure below. 

 

 

Figure 4.4 Orthogonal and front view of Model 3 
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4.2.1 Triangular Models 

These models have been derived from the parent models which have been already 

illustrated in 3.2. For simplification, 1/6th part of the models were cut using 

symmetry tool and analysis was performed on these models. For analysis, 

different pressures were applied in a way that it gets deformed in the longitudinal 

or axial direction and displacements were also applied to the bodies. 

Deformations and elastic strains were deduced. 

Triangular Model 1: 

In this case, the model was fixed on one surface and allowed to get displaced from 

the opposite surface by applying a pressure of 10MPA on the lateral surfaces. The 

model was then allowed to run on fine mesh which gave about 102706 nodes and 

33277 elements in total. 

 

Figure 4.5 Symmetry cut view of Triangular Model 1 
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Figure 4.6 Front face meshing of Triangular Model 1 

 

Figure 4.7 Boundary conditions on Triangular Model 1 
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Triangular Model 2: 

With the same boundary conditions, the second model was also analyzed with an 

increase in the number of elements to 62652 which resulted in 308228 nodes. This 

increase was due to the increase in the number of carbon fibers. 

 

Figure 4.8 Boundary conditions on Triangular Model 2 

Triangular Model 3: 

Model 3 was experimented in the same way by applying similar boundary 

conditions but due to large number of parts it resulted in almost triple the number 

of nodes i.e.,866366 when compared to the second model and as much as 413704 

elements. 

All the above cases were used to analyze the Young’s modulus and Poisson’s 

ratio by numerical calculations using the normal stresses and strains which were 

inferred from the analysis. 
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Figure 4.9 Symmetry cut view of Triangular Model 3 

 

Figure 4.10 Meshing on Triangular Model 3 
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Figure 4.11 Front view of Triangular Model 3 

 

Figure 4.12 Fine meshing of carbons and matrix 
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Furthermore, Triangular Model 2 was also experimented by increasing the length 

of the bar to 4000µm which was 2000µm previously. This was done to test the 

effect of strain the bar when the length goes on tending to infinity. Results were 

quite satisfactory. Below is the figure which shows the Triangular Model 2 but 

length 4000µm. The boundary conditions were the same as before. 

 

Figure 4.13 Direct compressive pressure applied on Model 2 by increasing the 

length to 4000µm 

Until now, the pressure was applied on the models in such a way that the 

deformation of body was in longitudinal direction, means the pressure applied 

was compressive. In addition to this, with similar boundary conditions, pressure 

was applied in such a manner that the body was subject to deformation in the 

direction perpendicular to the axis and results were compared. This was done to 

analyze the behavior of the bar on the application of tensile pressure. Just like the 

previous case, this comparison was also done on both 2000µm and 4000µm bar. 



22 
 

 

Figure 4.14 Direct tensile pressure applied on a Model 2 by increasing the 

length to 4000µm 

In addition to this, the transversal properties were also estimated by taking the 

same models but with different boundary conditions. In the previous case, i.e., in 

the calculation of longitudinal properties, the body was allowed to deform in the 

axial direction whereas in this case, the body was allowed to move in the 

transversal direction and restricted in the axial direction. From this, the bulk 

modulus was computed and simultaneously the Young’s modulus and Poisson’s 

ratio were calculated. 

4.2.2 Hexagonal Models 

Same as the triangular models, the hexagonal models were also derived from the 

parent models. For this, two types of analysis were carried out on each of the 

three hexagonal models. In the first case, shear forces of varying magnitudes were 

applied on the lateral surfaces of the bodies in axial direction.  
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Hexagonal Model 1: 

The first model constituted of 32 parts. As shown in the figure, the bottom surface 

was fixed and a pressure of 1MPA was applied on the top surface in such a way 

that it shears in the axial direction. On the remaining 4 sides, a pressure of 

τcos60° was applied in opposite directions. Because of fewer parts, meshing was 

done fine. 

 

Figure 4.15 Hexagonal model 1 

Hexagonal Model 2: 

Likewise, model 2 was subjected to the above mentioned boundary conditions. 

With almost thrice the number of parts in the first model, it ran smooth on fine 

mesh. 
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Figure 4.16 Hexagonal Model 2  

Hexagonal Model 3: 

This model consists of the highest number of parts amongst all the three models. 

Due to this huge number, it was very difficult to simplify using fine mesh. 

Therefore, medium mesh was considered in this regard. Besides this, all the other 

conditions imposed were the same. 

 

Figure 4.17 Hexagonal Model 3 



25 
 

Apart from the longitudinal shear force, another type of shear force was applied 

on the body as well which is called transverse shear force which acts exactly in 

the direction perpendicular to the axis. This operation was implemented on model 

2, because of the same volume concentrations of both Boron and Carbon fibers. 

In this analysis, again the bottom side is fixed and a force of 1MPA is applied on 

the top surface but in transverse direction, which allows shearing in transverse 

direction. Additionally, a shear force of τcos60° magnitude is applied on the rest 

of the lateral faces in opposite directions. Moreover, compressive and tensile 

forces were also allowed to act as detailed in the image below. The magnitude of 

these pressures were approximately τcos30°.  

Due to the complexity in the calculation of shear forces to be applied on the 

lateral surfaces of the hexagonal body, meshing was done but simulations could 

not be carried out and therefore, these models were replaced by the rectangular 

models, which will be discussed in the next section. 

4.2.3 Rectangular Models 

A couple of experiments were conducted on a series of rectangular models and       

the longitudinal and transversal shear moduli were determined. This was done to 

analyze the shear stiffness in both the directions. The meshing was done on these 

models as illustrated below. A superfine mesh was generated near the matrix and 

carbon fibers using ‘body sizing’ with a size of about 2.5µm whereas, a regular 

mesh was generated for the boron fibers. 
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Figure 4.18 Meshing of Rectangular Model  

Estimation of Longitudinal Shear Stiffness: 

In the first experiment, the bottom surface was fixed and a pressure of 100MPa 

was applied on the top surface in axial direction. Due to this pressure, there is 

force created on the fixed support in the opposite direction which eventually 

creates a shear in the axial direction. This causes the body to get deformed and the 

surface displacements were then determined using probe. With these 

displacements, the longitudinal shear modulus was calculated by various 

formulae. 
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Figure 4.19 Boundary Conditions on Rectangular model 1 in longitudinal 

directions 

Estimation of Transversal Shear Stiffness: 

In the next experiment, the same boundary conditions were taken but the only 

difference was in the application of pressure. Here, the pressure was applied in the 

transversal direction due to which there was a shear force generated in the 

transversal direction and hence the displacements were recorded as done before. 

Using these displacements, the transversal shear modulus was deduced. In this 

case, due to the deformation, the body turns into a skewed shape. With this 

skewed angle, the shear angle and other properties were determined. 
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Figure 4.20 Boundary Conditions on Rectangular model 1 in longitudinal 

directions 

In both longitudinal and transverse directions, analysis was carried out to obtain 

shear modulus for both Model 2 and Model 3. Considerable results were obtained 

for the second model, but, in the case of third model, because of limitation of 

number of nodes and elements, the model failed to run, as it contained 452 parts. 
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Chapter 5 

RESULTS AND DISCUSSION 

The results of all the models have been discussed in this chapter.  

5.1 Results of Triangular Models  

The first phase of simulations was done to determine the longitudinal and 

transversal properties. 

5.1.1 Estimation of Longitudinal Properties 

 

Figure 5.1 Distribution of Normal Stresses on Triangular Model 1 
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Figure 5.2 Distributtion of Normal stresses on all the three Triangular Models 

The stresses induced in the body is proportional to the concentrations of fiber, was 

induced from the above analysis. As the volume of carbon and matrix keep 

increasing gradually, the model tends to become weak because of the low strength 

of carbon fibers and epoxy as compared to boron fibers.  
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The strains induced in all the directions are picturized below.  

      

 

Figure 5.3 Distribution of Normal Elastic Strains on Triangular Model 1 in 

Transversal and Longitudinal directions 

Here, in the strains the transversal directions grow with a considerable difference 

but in axial direction, they almost remain constant since it is a linearly elastic 

model.  

Distribution of stresses and strains due to compression on all the three triangular 

models are tabulated below. 
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Table 5.1 Table with Normal Stresses and Normal Strains based on the 

concentration of fibers and matrix for all the Triangular Models  

Taking these values into consideration, the longitudinal properties were 

determined by numerical computations. The calculated results were then 

compared to the theoretical ones. 

 

Table 5.2 Comparison of Theoretical and FE Model values of Young’s modulus 

and Poisson’s Ratio in axial direction for all the three Triangular Models 
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From the table, it can be concluded that, the results from the Finite Element 

Analysis of the model are close enough to the theoretical values, which means 

that the model has good longitudinal properties. Bar graphs are plotted for the 

same. 

Theoretical Results:  

Following plots demonstrate the theoretical results of the longitudinal and 

transversal properties for Triangular Model 1. 

 

Figure 5.4 Plot between Total Concentration of Fibers and Young’s Modulus in 

Longitudinal Direction 

So, it can be deduced that, with the increase in concentration of fibers, the 

Young’s Modulus is gradually decreasing. This graph shows the dependency of 

elastic strain on concentration of fibers. 
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Figure 5.5 Plot between Total Concentration of Fibers and Poisson’s Ratio in 

Longitudinal Direction 

The Poisson’s ratio keeps on increasing with the increase in the total 

concentration of fibers. 

 

Figure 5.6 Plot between Total Concentration of Fibers and Young’s Modulus in 

Transversal Direction 
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From the graph, it is observed that, with the increase in concentration of fibers, 

the Young’s Modulus decreases drastically. 

 

Figure 5.7 Plot between Total Concentration of Fibers and Poisson’s Ratio in 

Transversal Direction 

Here, it can be derived from the graph that, with the increase in the concentration 

of fibers, there is a gradual decrease in the Poisson’s ratio. 

5.1.2 Behavior of Elastic Strain on Infinite Lengths 

The variation of elastic strains also depends upon the length of the bar considered. 

Among the two models, one was of 2000µm in length and the other one was 4000 

µm which is double the length of the first model. For the first model, there was a 

considerable difference between the strains whereas for the second model, the 

difference between the strains was negligible, which means that as the length of 
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the model tends to infinity, the effect of elastic strains reduces and eventually 

becomes constant. The simulation models are shown below with the strain values. 

Figure 5.8 Normal Elastic Strain of Triangular Model 1 in Axial Direction

 

Figure 5.9 Normal Elastic Strain of Triangular Model 1 increased to length 

4000µm in Axial Direction 

5.1.3 Estimation of Transversal Properties 

Some numerical computations were performed to calculate the transversal 

properties. First the bulk modulus was found based on the pressure applied on the 

lateral surfaces and this bulk modulus was used to calculate the Young’s modulus 

and Poisson’s Ratio. 
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Table 5.3 Comparison of Theoretical and FE Model values of Young’s modulus 

and Poisson’s Ratio in Transversal Direction for all the three Triangular Models 

5.2 Results of Rectangular Models 

5.2.1 Estimation of Longitudinal Shear Stiffness 

By applying pressure in the longitudinal direction, the deformations in the axial 

directions were drawn. The deformations at the fixed supports were found to be 

maximum and the minimum deformations occurred at the ends. This was because 

there were no forces applied on the side faces of the bar and the bar was restricted 

to move in all the three directions. 

 

Figure 5.10 Deformation of Rectangular Model 1 subjected to Longitudinal Shear 

force 
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Also, the surface displacements were recorded since these were used to calculate 

the shear modulus. A set of values were taken from the surface using probe and 

by averaging them the shear modulus was computed. 

 

Figure 5.11 Surface Displacements of Rectangular Model 1 subjected to 

Longitudinal Shear force 

5.2.2 Estimation of Transversal Shear Stiffness 

Since, the pressure was applied in the transversal direction, the deformation 

resulted in a skewed body wherein the skew angle could have been measured to 

calculate the shear angle. 

 

Figure 5.12 Deformation of Rectangular Model 1 subjected to Transversal Shear 

force 



39 
 

The average of the displacements was taken from the top surface to calculate the 

shear modulus by probing technique. Below figure indicates the surface 

deformation. 

 

Figure 5.13 Surface Displacements of Rectangular Model 1 subjected to 

Transversal Shear force 

On tabulating the results, it was found that there was a considerable variation in 

the shear modulus between the theoretical and FE model in the axial direction. On 

the other hand, there was a huge variation in the transversal shear modulus. 

 

Table 5.4 Comparison of Theoretical and FE Model values of Shear Modulus in 

Longitudinal and Transversal Direction for Rectangular Model 1 and 2 
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Figure 5.14 Plot between Total Concentration of Fibers and Shear Modulus in 

Longitudinal Direction 

It can be inferred from the graph that, the shear modulus increases till the 

concentration of fibers is 15% and decreases gradually thereafter. 
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Figure 5.15 Plot between Total Concentration of Fibers and Shear Modulus in 

Transversal Direction 

This graph shows a rapid decrease in the shear modulus till the concentration of 

30% and a gradual decrease thereafter. 
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Chapter 6 

CONCLUSION 

6.1 Summary and Conclusion 

The experiment on Finite Element Model based on the prescribed loads acting on 

the cell gave results close to theoretical ones, where loads distribution acting on 

the cell is not prescribed but calculated from known loads applied to the infinite 

ensemble of the cells. 

It can therefore be deduced that Finite Element Method can be applied to more 

complicated geometries to find compressive strength due to buckling of fibers. 
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6.2 Future Work 

Compressive strength of hybrid composites inside polymer matrix can be 

investigated further due to buckling of fibers. Because the tensile and compressive 

strengths of unidirectional fiber reinforced plastics are significantly different, the 

eddying of boron fibers can support carbon fibers preventing them from buckling.  

Finding the optimal combination of carbon and boron fibers is the ultimate goal. 

The presented work was the first step on this part. 
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