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Abstract 
 

Composite material is a combination of two or more materials on a macroscopic scale to form a useful 

material. Composite find tremendous application in marine, automobile, sports & recreation equipments etc. Hence a 

quantum of research is going on in order to find the improvements in existing combination of composites. One of the 

most promising composite in the current scenario is Carbon Fabric Reinforced Polymers (CFRP). The validation of a 

composite under varied flaw condition is also an important aspect and Finite element approach is one of the methods 

for such process. In the current work an attempt has been made to evaluate the various stresses near the crack field 

using FEA approach. ANSYS 13 version is used for modelling & analysis. The composite with three volume fractions 

& various crack configuration & orientation are chosen. From the study of Analytical & Numerical results it can be 

seen that the line crack is more prone to failure than any other crack configuration. The Analysis carried out on 

Elliptical crack with axis orientation along and across the direction of loading shows that crack oriented along the 

direction of loading fails at early levels than other orientation. It can be seen that Numerical results are in agreement 

with Analytical Results. 

Keywords: composite materials, CFRP,  FEA analysis.  

 
1. INTRODUCTION 

Composite material is a combination of two or more materials on a macroscopic scale to form a 

useful material. Different materials can be combined on a macroscopic scale such as in alloying but the 

resulting material is macroscopically homogeneous. The advantage of composite material is that they 

usually exhibit the best qualities of their constituents. 

   
Fibrous Composite Laminated Composite Particulate Composite 
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1.1. IMPORTANCE OF COMPOSITE MATERIALS IN PRESENT DAY ENGINEERING 

The advent of advanced fiber reinforced composite materials has been called the biggest technical 

revolution since the jet engine. This claim is very striking because the tremendous impact of the engine on 

military aircraft performance is readily apparent. The adjective ‘advanced’ in advanced fiber-reinforced 

composite material is used to distinguish composites with new ultra high strength and stiffness fibers such 

as Carbon and graphite for some of the more families fiber such as glass. 

1.2. DEFECTS IN COMPOSITES 

Reinforced composites are prone to inherent cracks during phase of manufacture or crack may 

initiate in them during service conditions. The presence of defects in composite material will lead to 

deterioration in their mechanical properties. The types of failure in composite include- 

1.3. FRACTURE MECHANICS 

Fracture mechanics deals with the study of how a crack or flaw in a structure propagates under 

applied loads. Cracks and flaws occur in many structures and components, sometimes leading to disastrous 

results. The engineering field of fracture mechanics was established to develop a basic understanding of 

such crack propagation problems. To find stress field in the vicinity of the crack tip, it is important to realize 

that general state of deformation at the crack tip can be considered in terms of three basic modes of 

deformation identified in terms of the mode of crack surface displacement. The three basic modes are generally 

referred as Mode I, Mode II, and Mode III. The present problem is associated with Mode I type failure. Mode I 

type failure refers to a pure opening mode in which the crack tip  opens symmetrically with respect to their 

position under the load, known as opening mode. 

1.4 .FINITE ELEMENT METHOD 

The finite element method has evolved as a specialized technique for the general numerical 

solution method applicable to a broad range of physical problems. In general, the finite element method is 

based on a theory whereby an original object is viewed as an assembly of discrete building blocks called 

elements. The application of the method involves dividing the body into an optimum number of blocks. 

These blocks are connected to each other at specified points known as nodes, forming a network called 

mesh. The number of elements is determined by two factors; the capability of the computer being used and 

the accuracy of the results. 

1.5.OBJECTIVES OF THE PRESENT PROJECT  

The main objective of the present work is 

 To study the effect of stress field around the different defects like line crack, circular hole, 

elliptical hole and oval in a composite system for different volume fractions.  

 To study the behavior of singularity and oscillatory nature of the stress field near the crack tip. 
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 To study the effect of stress fields around these defects front-end Finite element commercial 

software ANSYS is used to carry out parametric analysis for different volume fractions. 

2. Related Work 

L. Sestakova, L. Nahlık, P. Hutar, Z. Knesl have studied crack propagation in the vicinity of the interface in 

layered materials, because of their better mechanical properties in comparison with the properties of 

individual materials components. A mathematical model was developed for the estimation of the service 

life of damaged structures. Cracks are mostly initiated in defective locations, i.e. in locations with a high 

stress concentration. The production of absolutely homogeneous materials without flaws is difficult, 

economically inconvenient and sometimes even impossible. Therefore technologists are trying to find other 

ways of avoiding failures caused by crack propagation in the structures. 

ancock and O’Dowd Carried out FE analysis of the stress and strain field in front of the crack and observed 

that the level of stress and its location depends on FE mesh and suggested that the crack tip radius should 

be smaller than the half of the crack tip opening displacement. 

L. Marsavina and T. Sadowski  studied  the effect of stress field near the crack tip for bimaterials interface 

has a major impact on the reliability of advanced materials, like fiber or particle reinforced ceramic 

composites, ceramic inter-faces, laminated ceramics. The understanding of the failure mechanisms is very 

important, as much as the estimation of fracture parameters at a tip of the crack approaching an interface 

and crack propagation path.  

Tan and Meguid used finite element analysis to investigate the crack tip parameters when the crack is 

perpendicular to bi-material interface in a finite elastic body and presented the complete solution of the 

stress field ahead of a crack approaching a bimaterials interface.  

3. PROPERTIES OF COMPOSITE MATERIALS 

The properties that can be improved by forming a composite material are: 

 Strength 

 Stiffness 

 Corrosion resistance 

 Wear resistance 

 Attractiveness 

 Weight 

 Fatigue life 

 Temperature dependent behavior 

 Thermal insulation 

 Acoustical insulation 
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      The impact of composite materials use on jet engine performance is also very substantial. 

Currently, with various metal alloys, thrust-to-weight ratios of 5 to 1 are achieved. Reinforced plastics may 

lead to ratios as high as 16 to 1. 

3.1. APPLICATIONS OF COMPOSITE MATERIALS 

Helicopter rotor blades: The rotor blades of a helicopter provide a good example of a component requiring 

excellent specific stiffness. The blades act as aerofoil, which generates lift. 

Sheet processing roles: High performance rolls are needed for many processes involving the handling of 

thin sheets such as news prints, plastic sheets, etc. In order to avoid excessive bending the rolls need to be 

relatively wide and so they need high beam stiffness. The excellent surface finish requires is obtained for 

the composite rolls by coating them with a thin layer of metal or rubber. 

Sports and recreation: There are many applications in the sports goods with a requirement for stiff, slender 

beams. These include fishing rods, tennis racquets, surfboards and golf clubs. 

Gas turbine combustor can: Components at the hot end (exhaust) of a gas turbine are often exposed to very 

high temperatures and serve thermal shock conditions. The combustor can provide a good example. 

Aircraft brakes: Aircraft brakes require a particularly demanding set of properties. During an emergency 

landing or aborted take-off, the brakes in a short time without disintegration or seizure must absorb a very 

large amount of energy. Carbon/Carbon brakes are used in most military aircraft and increasingly in civil 

airliners.  

4. CLASSIFICATIONS OF FRACTURE PROBLEMS  

4.1. Plane stress problem: A class of common engineering problems involving stresses in a thin plate or 

on the free surface of a structural element, such as the surfaces of thin-walled pressure vessels under 

external or internal pressure, the free surfaces of shafts in torsion and beams under transverse load, has one 

principal stress that is much smaller than the other two. By assuming that this small principal stress is zero, 

the three-dimensional stress state can be reduced to two dimensions. Since the remaining two principal 

stresses lie in a plane, these simplified 2D problems are called plane stress problems. 

4.2. Plane strain problem: Some common engineering problems such as a dam subjected to water loading, 

a tunnel under external pressure, a pipe under internal pressure, and a cylindrical roller bearing compressed 

by force in a diametric plane, have significant strain only in a plane; that is, the strain in one direction is 

much less than the strain in the two other orthogonal directions. If small enough, the smallest strain can be 

ignored and the part is said to experience plane strain. 
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          Plane stress problem          Plane strain problem 

                                             Fig.1.2 Types of fracture problems 

4.3. MODES OF FAILURE 

To find stress field in the vicinity of the crack tip, it is important to realize that general state of 

deformation at the crack tip can be considered in terms of three basic modes of deformation identified in 

terms of the mode of crack surface displacement. The three basic modes are generally referred as Mode I, Mode 

II, and Mode III as shown in figure. 

 

             Opening Mode              Shearing Mode   Tearing Mode 

                                                  Fig.1.3 Different modes of failures 

4.4. STAGES IN FEM MODELING 

The results obtained from Finite Element Method are approximate to the physical system which is 

represented by a discrete model (Finite Element Model) has a finite number of degrees of freedom. The 

degree of approximation in the calculated results depends on how closely the physical system is modeled. 

The modeling process involves many possibilities, the element type and shapes, the number of elements 

used and the mesh grading, the material and geometric properties and the applied loads and boundary 

conditions. The stages involved in FEM modeling are:                     

 Geometric Modeling 

 Fem Meshing 

 Geometric Boundary Condition 

 Load Boundary Conditions 

 Material Properties 

 Geometric Properties 
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Geometric Properties: The first step in the process of analyzing an object or process is to capture the 

geometric of the objects involved. To achieve this, one need to define location in space called GRIDS, 

straight or curved line segment called LINES, surface called PATCHES and solids called 

HYPERPATCHES. All these are referred to as Geometric Entities. Lower orders entities (like grids) may be 

used to construct higher order entities. 

FEM Meshing: Once the geometric domain of the object or model is described, the next step consists of 

discretizing this domain to define a mesh of models and elements. There are a variety of operations that 

accomplish finite Element Generation (popularly called meshing or figging), figging can be done manually 

of each geometric entity, resulting in maximum user control, over the resultant mesh, or the automatic 

meshing capabili ties  may mesh the complete geometric model automatically. 

4.5. COMPUTER IMPLEMENTATION 

The success of the finite element is largely due to the ease with which it can be implemented in 

digital computer. For different geometries, boundary and in itial conditions and problem data, simply 

supplying the required input data to the program can solve a specific problem consists of three basic steps: 

•    Pre processor 

•    Processor 

•    Post processor 

4.6. A NOTE ON ANSYS 13.0 

ANSYS 13.0 is front end commercial software extensively used for stress analysis. The ANSYS 

program has many finite elements analysis capabilities ranging from a simple, linear, static, analysis to a 

complex, nonlinear, transient dynamic analysis .A typical ANSYS analysis has three distinct steps 

 Build  the model and apply the boundary conditions 

 Obtain the solution 

 Review the results 

5.  PRESENT SCHEME OF INVESTIGATION 

Main objective of the project is to study the effect of stress field around the defect and stress at the 

matrix and fiber interface to check the debonding of the composite system. As a major part of project a 

series of finite element analyses are to be carried out on different defects in composite structures subjected 

to uniaxial loading on a micro-mechanical scale.  The following steps to be followed to carry out the 

analysis. 

5.1. MODELING OF A COMPOSITE SYSTEM FOR DIFFERENT DEFECTS 

Modeling of composite system with line crack 
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The details of the composite unit considered for the analysis is as shown in Figure.5.1 

                
                  Fig.1.4 Composite system considered for FE Analysis with a line crack 

5.2. FINITE ELEMENT ANALYSIS OF COMPOSITE STRUCTURE 

THE MODEL IS GENERATED USING KEY POINTS IN ANSYS SOFTWARE TO CARRYOUT STRESS 

ANALYSIS. IT CONSISTS OF FOLLOWING STEPS. The details of composite system unit considered for the 

analysis is shown in Fig.5.4 a. The fibers are aligned parallel to the direction of loading. 

                                                                         

Fig.1.5(a) Composite unit considered in the analysis     (b) Half-symmetry model of composite unit Material 

Properties 

                                                          Table No.1.1 Material Properties 
 

Material Young’s Modulus, GPa Poisson’s ratio 

CARBON FIBER 395 0.13 
EPOXY MATRIX 3.7 0.35 

The loading and boundary conditions with elements are depicted as shown in the figure (5.5)  
 

                                                                     
Fig.1.6 Force and Displacement boundary condition for FEA with enlarged elements at the crack tip  
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Table: 1.2. Shear stress near the crack tip for different volume fractions for a line crack 

Sl. No. Line crack Circular defect Elliptical defect Oval defect 

1 -0.0305 -0.0994 0.0006 -0.0586 
2 -0.0081 -0.0126 -0.0119 -0.0149 
3 -0.0073 -0.0126 -0.0101 -0.0127 
4 -0.0062 -0.0115 -0.0096 -0.0114 
5 -0.0049 -0.0101 -0.0086 -0.0102 
6 -0.0038 -0.0087 -0.0075 -0.0090 
7 -0.0030 -0.0078 -0.0067 -0.0082 
8 -0.0188 -0.0241 -0.0198 -0.0247 
9 -0.0273 -0.0283 -0.0277 -0.0284 
10 -0.0162 -0.0136 -0.0132 -0.0133 
11 -0.0136 -0.0107 -0.0105 -0.0104 
12 -0.0096 -0.0063 -0.0064 -0.0061 
13 -0.0051 -0.0013 -0.0017 -0.0012 
14 -0.0007 0.0035 0.0028 0.0036 
15 0.0027 0.0073 0.0064 0.0073 
16 0.0048 0.0096 0.0086 0.0108 
17 0.0791 0.0886 0.0834 0.0856 
18 0.0152 0.0166 0.0156 0.0166 
19 0.0121 0.0132 0.0124 0.0129 
20 0.0070 0.0077 0.0072 0.0075 
21 0.0000 0.0000 0.0000 0.0000 

 

 
 

Normal stress along X- direction 
 

Normal stress along Y- direction 
 

  
           Shear stress       Von Misses Stress 
                Fig.1.7 Stress distribution in a line crack for 20% volume fraction 
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              Fig.1.8 Normal stress (σ ) along the interface in line crack for different volume fractions. 
 

 
Fig.1.9 Normal stress σ  along the interface in line crack for different volume fractions. 
 

 
Fig. 1.10 Normal stress τ  along the interface in line crack for different volume fractions. 

  
 
Normal stress along X- direction 
 

 
Normal stress along Y- direction 
 

  
 
         Shear stress 

 
      Von Mises Stress 

 
            Fig.1.11 Stress distribution in an elliptical defect for 20% volume fraction 
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6. Conclusion and Future Work 
Composite materials are finding increasing application in the present day engineering design and 

development activities particular in aerospace, marine and automobile engineering field. This is because the 

offer very good attractive mechanical properties such as high strength to Wight ratio, high stiffness to 

weight ratio, higher thermal and wear resistance, corrosion resistance, etc. The presence of defects in 

composite material will lead to deterioration in their mechanical properties, particularly their tensile 

strength and fatigue life. The stress field around the crack will be singular in nature. It has been observed 

by both analytical and computational investigation that the stress field very near the vicinity of the crack is 

oscillatory nature. 
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