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Abstract—The Finite Element Analysis (FEA) of a Compact Specimen (CT Specimen) is carried out and presented in this 
work, for Fracture-toughness assessment. The criterion for the fracture toughness assessment of the CT specimen is chosen 
to be J-Integral, as its direct calculation provides the fracture toughness of the material. The material used for this 
investigation is Low Alloy Steel, and the Young’s Modulus and the Poisson’s ratio are assumed to be constant throughout 
the investigation. The analysis is carried out using ANSYS 14.5. FE analysis is performed at different displacement loading 
conditions and the values of J-integral at these loads are obtained. The J-integral value is obtained for 10 contours, and the 
fifth contour value is considered. Comparison is made between the obtained FE values and ASTM standard values, which 
are obtained by experimental investigations. It is shown that the two set of values obtained are in close conformance with 
each other. This study has been further extended to investigate the fracture behavior of two more materials viz., aluminum 
7050-T6 and allegheny ludlum altemp A286. 
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1. INTRODUCTION 
 
Fracture is defined as the separation of a material into 
two or more parts under the influence of stress. 
Fracture in majority of the cases is initiated by a 
small crack which develops into a major separation to 
cause failure. It therefore becomes very important to 
study the influence of the crack on the structural 
integrity. Stress intensity factor(K) is one of the most 
common parameter which is used for this task. But 
one of the limiting factors of the stress intensity 
factor is that, it is applicable in the cases in which the 
material exhibits only elastic behavior. In ductile 
materials the elastic region is accompanied by the 
presence of the plastic region near the crack-tip zone. 
Hence it exhibits elastic-plastic behavior which 
cannot be represented by the SIF. A different 
parameter is to be used like J-integral. It considers 
both elasticity and plasticity present around the crack 
tip. Hence J-integral is most widely accepted 
parameter for fracture behavior study of different 
types of materials. At the point when considering 
material fracture resistance, the appearance of 
developing crack should be accounted for. With split 
developing from introductory length “a‟ the J-
integrals is to be acquired for various crack lengths. 
Hence crack driving force can be represented using 
the values of J-Δa, which results in crack extension. J 
integral values are generally obtained and examined 
for developing cracks in research facilities with well 
equipped laboratories by conducting experiments 
according to standard set of guidelines provided, such 
as ASTM E1820. The tests commonly involve a 
single standard specimen such as Single Edge 
Notched Bend (SENB) or Compact Type (CT)  

 
specimen, for determining J-Integral. In experimental 
procedure the length of crack extension is estimated 
from the compliance of the material at certain pre-
determined deflection. The load-deformation curve is 
drawn and its slope is used to determine the 
compliance. This deformation observed is described 
by the crack opening displacement. The values thus 
obtained represent crack resistance curves. Most of 
the experimental methods related to fracture behavior 
study are expensive. The finite element analysis 
results can be used as a substitute for experimental 
methods, properties near the tip of the crack.  
 
II. METHODOLOGY 
 
In the present work, the evaluation is carried out 
using the FEA software ANSYS 14.5 version. This 
software can be used to carry out different types of 
analysis such as thermal, structural, fluid etc. But in 
this study the type of the analysis to be carried out is 
structural. The two dimensional model is considered 
to be of solid type, and thus it is defined by 8 node 
183 element type. Since the material exhibits both 
elastic and plastic properties near the crack tip during 
this evaluation, the material is defined as linear, 
elastic, isotropic to attribute elasticity and as non-
linear inelastic to attribute plasticity. The plasticity is 
further assumed to be rate independent. It is evaluated 
for bilinear, mises plasticity. The tangent modulus is 
considered to be along the crack plane, hence the 
angle is zero.  
The model is then created in the active co-ordinate 
system, according to the dimensions evaluated for 
analysis to be carried out. The displacement load is 
applies using a pin. This is represented by a contact-
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pair in the ANSYS software. The model is symmetric 
along the horizontal. Hence only top half of the 
model is created and the symmetry feature is used to 
obtain the full model. However this does not affect 
the accuracy of the results obtained. The model is 
meshed and it needs to be uniform and organized, to 
obtain accurate result. This requires experience to 
determine the size of the element, type of the element 
and the type of mesh. Here Quad-elements are chosen 
for free meshing of the model, then the mesh is 
modified so as to carry out fracture mechanics 
analysis using the KSCON command. The KSCON 
command is used to define the stress field singularity 
present at the crack tip. 
The boundary conditions which are to be applied on 
the model is determined in advance and aptly applied 
on the model at the predetermined nodes. The 
displacement of the model is constrained only along 
the x-axis. The model contains a contact-pair which 
represents a pin, through which the loads are applied 
on the model. The displacement load is applied on the 
node at the centre of the contact-pair created. Once 
the boundary conditions and loads are defined, the 
model is solved. The results are then obtained for the 
J integral value at all the 10 contours. The 5th contour 
J-integral values are then compared with the values 
obtained experimentally. 
 
III. GEOMETRY AND MATERIAL 
DETAILS 
 
3.1  Geometry Of The Specimen 
A rectangular specimen with a notch, a cleavage and 
a crack on the left side, at the center with following 
specifications is created. This specimen dimensions 
are set as defined by the American Society for 
Testing Materials. However a more general model 
description has been presented by  T. L. Anderson. 
Since we are carrying out the analysis for the two 
dimensional specimen the thickness of the specimen 
is to be taken as zero, i.e. the breadth of the specimen 
B is zero.  The distance of the loading point P to the 
free edge of the specimen is taken as 50mm. This is 
the basic dimension, which helps in determining the 
lengths of all remaining parameters. ‘a’ is the crack 
length, and W gives the width of the specimen. 
The ASTM [13] has specified the dimensions of the 
CT specimen with respect to the width of the 
specimen as shown in the figure below. 

 
Fig 3.1.1: CT specimen as specified by the ASTM standards 

The distance between the opening wedge edge and 
the horizontal centre line is allowed to be 0.21W, but 
in our present work we consider it to be 0.18W. 
Considering the width of 50 mm, all the remaining 
dimensions are calculate. The calculations made are 
tabulated below. 
Considering W=50mm 

1.25*W 62.5mm 
0.1*W 5.0mm 
0.1*W 5.0mm 

0.25*W 12.5mm 
0.375*W 18.75mm 
0.18*W 9.0mm 

Table 3.1.1: The calculated dimensions of the 
specimen 

The specimen dimensions obtained by using the 
above specifications are depicted as below. 

 
Fig 3.1.2: The specific dimensions of the model to be analyzed 

 
3.2    DETAILS OF THE MATERIALS USED 
3.2.1 Low Alloy Ferritic Steel 
The material used in the current study is Low Alloy 
Ferritic Steel. The material is isotropic. The 
mechanical properties of the material which are 
required to carry out the investigation are tabulated 
below: 
 

ELASTIC MODULUS, E1 213 GPa 
POISSON’S RATIO, 1 0.3 
YIELD STRESS,  1 715 MPa  
TANGENT MODULUS 0 

Table 3.2.1: Properties of the material 
 
3.2.2   Aluminium Alloy 7050-T6 
Aliminium alloy 7050-T6 is a non ferrous metal, 
belonging to the aluminium alloys of series 7000, 
which is tempered. The homogenizing of the metal-
cast is done for few hours and is followed by aging 
for the next 24hrs. The mechanical properties of the 
material are tabulated below: 
 

ELASTIC MODULUS, E2 71.7 GPa 
POISSON’S RATIO, 2 0.33 
YIELD STRESS,  2 503 MPa 
TANGENT MODULUS 0 
 Table 3.2.2: Properties of the material 
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3.2.3 Allegheny Ludlum Altemp A286 
The Allegheny Ludlum altemp A286, is a Iron Base 
Super alloy. It is an age-hardenable iron base super 
alloy for applications requiring high strength-320°F 
up to 1000°F long time, 1300-1500°F short time. 
Its mechanical properties are tabulated below: 
 

ELASTIC MODULUS, E3 201 GPa 

POISSON’S RATIO, 3 0.3 

YIELD STRESS,  3 275 MPa  
TANGENT MODULUS 0 

Table 3.2.3: Properties of the material 
 
IV. FINITE ELEMENT SIMULATION 
 
4.1 Model Development 
The software provides modules to carry out various 
types of analysis. The current study involves study of 
mechanical properties of the material hence the type 
of study is of Structural evaluation type. The 
evaluation involves plain strain. Hence the type of the 
element selected is SOLID 8 node 183.  The element 
has two degrees of freedom. The element is Quad 
type, having 4 edges. This is because the quad 
elements provide more accurate and reliable results, 
as compared to the tri-elements. The material details 
are defined using the material model menu. The 
inelasticity analysis is considered to be rate 
independent and the isotropic hardening plasticity is 
assumed. During the evaluation of the Aluminium 
Alloy 7050-T6 and the Allegheny Ludlum Altemp 
A286, their respective mechanical properties are 
applied. The model is created using Key Points in the 
active co-ordinate system. The coordinates of the 
key-points are calculated and tabulated as shown 
below. 
 

Key Point Number X (mm) Y (mm) 
1 0 0 
2 5 0 
3 30 0 
4 30 30 
5 -32.5 30 
6 -32.5 12.35 
7 -20 9 
8 -20 5 
9 -15 5 
10 -15 1.25 
11 -2.165 1.25 

Table 4.1.1: Coordinates of the key points 
 
The Key points created in the active c.s. are as shown 
below. The key points are joined by lines to create 
outline of the model. The area of the model is created 
trough these lines. The model is of the form of a 
plate. Holes are to be cut in the plate to apply loads. 

This is to simulate the loads applied on the specimen 
using the pin-clevis arrangement. This is done by 
creating circle of the defined area for the pin, on the 
plate and subtracting the circle area from it. This 
gives a hole in the plate as required. The area thus 
created is divided into smaller elements, known as 
meshing. This is done using the mesh tool available 
in ANSYS. The size of the element used for meshing 
is 2mm. The mesh is finer at the crack tip. KSCON 
command is used to define the crack tip and the 
elements are defined to be symmetric and are 
discretized to satisfy the J integral contour for 
accurate analysis of the plastic zone near the crack 
tip. The Following figure shows the Meshed Model: 
 

 
Fig 4.1.1: The model after meshing. 

 
The model is meshed to have uniform symmetric 
elements to study the plastic region accurately. This 
is because the J-integral is calculated along the 
contours around the crack tip. The region of study is 
small circular region around the crack tip as shown in 
the figure below: 
 

 
Fig 4.1.2: Mesh around the crack tip 

 
A surface contact is to be established between the 
circular hole and the plate by creating a contact pair 
using the contact wizard module. Once the contact 
pair is created, the load can be applied using the node 
present at the centre of the circular hole. 
 
4.2 Application Of Boundary Conditions 
We have modeled only upper half of the specimen for 
ease of calculation, since the specimen is symmetric 
about the horizontal middle line. Hence now we have 
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to represent the lower half of the model. For this we 
use the symmetry option about the nodes present at 
the lowest edge of the created model. The completed 
model along with the nodes, boundary conditions is 
shown in the figure below: 
 

 
Fig 4.2.1: Nodes and applied Boundary conditions 

 
The displacement loads are applied by the contact 
pair created, on node at the centre of the hole. Since 
the load to be applied is vertical it is applied only in 
UY direction. 
 
V. RESULTS AND DISCUSSION 
 
5.1 Low Alloy Steel 
The stresses induced in the specimen on application 
of load can be seen in the following figure. Here the 
von-mises stresses are considered.  

 
Fig 5.1.1: The stresses induced in the specimen on application 

of load. 

The J-integral values obtained for the displacement 
loading of are obtained and tabulated. The j-integral 
values are calculated for 10 contours.  
The values at the first contour for each load condition 
can be seen to deviate from the remaining values at 
different contours. Hence in most study cases it is 
ignored. The fifth contour j-integral values are taken 
into account. These values are best for the evaluation. 
Hence they are compared with the standard 
experimental values. 
The table below shows the comparison made between 
the values obtained from ANSYS evaluation of the 
fifth contour and experimental evaluation carried out 
by ASTM standards.  
 

 
Table 5.1.1: Result Comparison-Low alloy steel 

 
The percentage of error between the two values is 
also shown in the table. It can be seen that the 
percentage of error for the first load applied is 
considerable. This behavior can attributed to the 
errors because of incomplete surface to surface 
contact between the pin and the inner surface of the 
specimen. 
The percentage of error in further comparison can be 
noticed to decrease gradually and then increase. 
However the error percentages are below 6 in all the 
remaining cases. Hence this provides enough 
evidence for acknowledging the efficiency of the FE 
method in evaluating the J-integrals. Graph of J-
integral values observed is plotted, fig 5.1.2. 
The analysis of the Aluminium alloy 7050-T6 and 
Allegheny Ludlum Altemp A286 was carried out. 
The dimensions of the specimen were kept same.  
The material properties of the specimen were altered 
in accordance with the properties of the two metals in 
each analysis. The observations and results obtained 
during are presented further. 
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Fig 5.1.2: Comparison of J-integral values evaluated by both 

methods  
 
5.2  Aluminium Alloy 7050-T6 
The stresses induced in the specimen on application 
of load can be seen in the following figure . The 
stresses depicted are developed when the 
displacement loading of 0.399 is applied on the 
specimen. Here the von-mises stresses are considered.  
The values of the fifth contour were considered for 
validation in the previous section. Since the results 
were found to be in good accordance with the value 
obtained experimentally by the ASTM standards, the 
aluminium alloy values considered are also of the 
fifth contour. 
 

 
 

Fig 5.2.1: The stresses induced in the specimen on application 
of load. 

The following table shows the J-integral values at the 
fifth contours observed for different load conditions. 
 

Displacement Loads ANSYS 
evaluation 

0 0 
0.0797 2.2783 
0.159 9.0597 
0.239 20.364 
0.319 36.179 

0.399 56.148 
0.479 80.010 
0.559 107.13 
0.639 136.75 
0.719 168.13 
0.800 201.92 

Table 5.2.1: J-integral values evaluated for the fifth 
contour- aluminium alloy 

 
5.3 Allegheny Ludlum Altemp A286 
The von-mises stresses induced in the specimen on 
application of load of 0.399 can be seen in the 
following figure. 
 

 
Fig 5.3.1: The stresses induced in the specimen on application 

of load. 
 
The table shows the values at the fifth contour. 
 

Displacement Loads ANSYS evaluation 
0 0 

0.0797 6.1573 
0.159 21.862 
0.239 41.195 
0.319 65.887 
0.399 91.614 
0.479 117.59 
0.559 143.70 
0.639 169.92 
0.719 196.42 
0.800 223.67 

Table 5.3.1: J-integral values at fifth contour 
 

CONCLUSION 
 
The finite element method for evaluation of J-integral 
of low alloy steel is performed using 5mm pre-
cracked CT specimen. Controlled displacement 
loading was applied and the values were obtained. 
The fifth contour values are compared with the 
ASTM standard values. It was observed that 
percentage of error between the two values was less 
than six percent for all load condition except first 
load condition. The results were hence validated. 
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Thus the study showed that FE analysis provides 
reliable J-integral values with satisfactory accuracy. 
Thus it can be used as a good alternative method to 
evaluate the fracture toughness of all the metals 
exhibiting plasticity. Further the same method was 
applied to evaluate the J-integral values of two 
materials, namely Aluminium alloy 7050T6 and 
Allegheny Ludlum Altemp A286. The J-integral 
values of the two materials were obtained. 
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