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 Background: The engineering materials have a wide scope and application in day to 
day life. The materials are undergoing series of study and research on the possible way 
by which material fail when exposed to wide range of application. While considering 
those the selection of material plays a vital role for its flawless functioning in the area 
of application. Cracks are major source of failures. Objective: This work deals with 
stress intensity factor of Al 7075-T651. Results: Impact of crack length, with respect to 
position of the hole and stress intensity factor with respect to BETA function is 
analyzed. The variations of stress intensity factor with respect to load conditions are 
studied. Conclusion: The stress intensity factor values are obtained and compared for 
though straight crack model. The crack emanating from a hole and propagating towards 
the other has a larger impact on the stress intensity factor compared to that of the plate 
containing a crack emanating from a single hole. 
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INTRODUCTION 

 
 The technological advancement in the creation of new materials has enabled a wide scope for the material 
selection for different application, the problem of fracture and susceptibility of the material towards crack 
propagation poses a serious threat in the usage of material in the long run. The material used for engineering 
application is considered as homogenous and flawless, but the material formed by manufacturing does have 
some flaws and defects.  These materials shall fail before the estimated life cycle. Small defects such as scratch, 
blow holes and micro cracks have a major impact under a particular environment and loading condition. These 
defects under repeated loading and environmental change develop into cracks that pose serious problems during 
service. The fracture mechanics deals with the crack analysis, the behavior of the crack and the propagation of 
the crack in a particular environmental condition. Understanding of fracture mechanics is essential in dealing 
with the problems. This work deals with the study of the stress intensity factor along the crack.  The stress 
intensity factor defines the stress field around the crack. The aerospace industries faced a serious threat in the 
early years of aviation history as the sudden failures of the structures were unexplained. The aircraft structures 
are made of material with high strength to weight ratio and the design safety factor close to unity. The sudden 
failure of the components or structure risks the life of many people travelling in the aircraft and billions of 
dollars poured to make the aircraft. The model described in the study is the plate made of Al7075-T651 with 
two holes at the centre and the crack formed around the hole. These plates are specifically used for aircraft 
structures with riveted holes. The environment in which the plates are going to use is susceptible to temperature 
change and the loading effect. Kettle and Borvick have conducted a series of tests to understand the behavior of 
the particular Al7075-T651 aluminium alloy (Newman and Raju, 1984). The environment can transform the 
micro cracks into major cracks and cause sudden failure of the material. The impact of temperature and 
moisture is not discussed in this work. The study of stress intensity factor helps define the stress field around the 
crack tip. The stress intensity factor provides the necessary details for failure of the material under tensile 
loading. When the stress intensity factor values increase beyond the critical value, the crack starts to open up, 
propagate and leads to failure of the plate. 
 
II. Properties of Plate Model: 
II.1 Material Properties: 
 The material being used for the analysis is Al7075-T651 Aluminum Alloy [ASM HANDBOOK-Properties 
and Selection, 1990].  Aluminum alloy which has a high strength to weight ratio finds its major application in 
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the field of aerospace and missile engineering.  This corresponds to the series of 7075 Al alloys and it is a 
tempered Aluminium Alloy. 

 
II.2 Chemical Composition: 
 The chemical composition of plate model is given below in table 1. 

 
Table 1: Chemical Composition of AL7075-T651. 

Compounds Weight Percentage 
Aluminium 87 – 91.4 

Zinc 5.1 – 6.1 
Magnesium 2.1 – 2.9 

Copper 1.2 – 2.0 
Iron 0.5 Max 

Silicon 0.4 Max 
Manganese 0.3 Max 
Chromium 0.18 – 0.28 
Titanium 0.2 Max 

 
II.3 Material Properties: 
 The material properties of AL7075-T651 are given in the table 2. 
 
Table 2: Properties of AL7075-T651. 

Properties Units Value 
Density g/cc 2.81 

Modulus of elasticity GPa 71.7 
Poisons ratio  0.33 

Ultimate tensile strength MPa 572 
Yield strength MPa 503 

Fatigue strength MPa 159 
Brinell hardness BHN 150 
Shear modulus GPa 26.9 

 
II.4 Stress strain Plot: 
 The Figure 1 shown is referred from the ASTM catalogue [C. Moosbrugger, 2002].  The specimen taken is 
a rolled bar of Al 7075-T651. The load applied is tensile load at room temperature to attain the plots. Since the 
fracture analysis is to be carried out under tensile loading, the stress strain curves for tensile loading are 
considered for evaluation. 

 
 
Fig. 1: Stress Strain Plot of AL7075-T651. 
 
 The nonlinear relation of stress- strain is used in finite element model and analysis. The material is linear 
till it attains yield stress and the nonlinear properties are introduced after the yield point stress. Fatigue analysis 
is carried out on the model by considering the material properties which is considered as multi linear kinematic 
plasticity. Due to Bauschinger effect the yield stress changes every time with respect to fatigue loading on the 
model. The kinematic hardening plasticity with Bauschinger effect helps in producing the exact results for these 
models. 
 
III. Plate Model: 
 The plate with two holes as show in figure 2 and 3 is modelled using ANSYS.  The plate is symmetry with 
respect to Y- axis along the centre of the hole and crack is modeled horizontally at the ends of the hole. Due to 
symmetry of the model only one half of the plate is considered to introduce the crack and find the stress 
intensity factor. The plate has two clamped portions which are not modelled using ANSYS.  The plate 
dimensions are modeled using the relations given below. R/t = 0.075, 0.1, 0.2, 0.333, 0.5, 1.0, 2.0, 3.0, 6.0,   L = 
1D, 2D, 3D, 4D, D1/D2 = 0.5, 1.0, 2.0, 
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B = 1D, 2D, 3D, 4D 
 

 
 
Fig. 2: Plate Model (front view). 
 

 
 

Fig. 3: Plate Model (Section along Centre). 
 

III.1 Dimensions of the Plate: 
 The dimension of plate model is tabulated below in table 3 and also shown in figure 4 and 5. 

 
Table 3: Dimension of the Plate. 

t  6.350 mm 
r 0.5t 3.175 mm 

D1 1 D2 6.350 mm 
L 4D 25.40 mm 
B 4D 25.40 mm 

 

 
 
Fig. 4: Plate Dimension (Front View). 
 

 
 
Fig. 5: Plate Dimension (Section along Center). 
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IV. Crack Model: 
 The crack analysis of plate depends on how the crack tip and the crack front of the model are defined.  The 
model is made in such a way that it is symmetric in nature along the crack face. The stress intensity factor of the 
crack model is found by making the crack tip as a singularity element. Singularity elements are defined as the 
quadratic elements with the mid-side nodes placed at the quarter point of the crack tip. 
 
IV.1Through Crack Two Dimensional Model: 
 Through cracks are cracks that parallel to the direction of thickness and runs throughout the thickness of the 
plate. These cracks are uniform throughout the model of uniform thickness. In this case, the plate has a uniform 
thickness and crack is parallel to the thickness of the model emanating from the hole, so the plate is modelled 
along with the crack in a two dimensional environment in ANSYS.  Singularity elements are formed at the crack 
tip and the stress intensity factor is obtained. The through crack model is modelled with respect to the 
dimensions given in Figure 4 and 5.  The key points in the global co-ordinate system are defined and this forms 
the edges of the model.  The key point corresponding to the crack tip is defined along with other key points. The 
lines are generated and area is formed using the lines. The holes are drilled using the Boolean operation- 
subtract in ANSYS command. The locations of the holes are based on the global co-ordinate system. The crack 
is perpendicular to the XY plane and parallel to Z direction.  The element type used for the crack analysis is 
Plane 82 [ ANSYS Element Reference Release 10, 2005] as shown in Figure 6. This comes under the category 
of structural solid. These are 8 node 2 Dimensional element and can have quadrilateral and triangular mesh. 
More accurate results can be obtained for irregular elements formed at the edges and at the curved boundaries of 
the model. The element supports plasticity and large strain results.  It has two degrees of freedom in 
translational X and Y direction. This element supports structural symmetry along the X direction and they are 
capable of handling the nonlinear material properties of the model. The element has an option to include the 
thickness in the plane stress condition. 

 
Fig. 6: Plane 82 Element. 
 
 The singularity elements in Figure 7 are generated using KSCON command in ANSYS at the location of 
the Crack tip key point defined previously[ D M Kulkarni et al 2004, X. B. Lin et al 1998]. The material 
properties and the element type are defined in the model. The crack tip key points and the radius of the first row 
and second row elements are given as inputs to KSCON command. The AMESH command is used to generate 
the Mesh in the model. Using the REFINE command the mesh near the crack and the hole is refined. The 
meshed model is shown in Figure 8 and 9. 
 

 
 
Fig. 7: Two Dimensional Singularity Mesh. 
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Fig. 8: Meshed Two Dimensional Plate Model. 
 

 
 
Fig. 9: Mesh Showing Singularity Mesh. 
 
V. Stress Intensity Factor Analysis: 
 There are different methods for obtained of obtaining the stress intensity factor for the crack namely Finite 
Element Analysis, Finite Element Alternating, J-Integral method of analysis, Weighted Function Method etc.,[ 
Newman and Raju, 1984]. Each has its own advantages and disadvantages of determining the stress intensity 
factor under different conditions. Lots of theories were proposed to determine the stress intensity factor using 
numerical methods but none of the methods prove to be universal for all conditions and all materials. The work 
is based on the crack emanating from a fastener or riveted hole in a finite plate of Al7075-T651 material. 
 
V.1 Loads and Constraints: 
 The meshed model is applied with loads and constraints for the analysis to be carried out.  Load is given in 
the form of step input and the constraints specified under each load step. The tensile loads are applied in the 
increasing order as shown in Figure 10. The figure represents load along with time for each load step and the 
number of iterations is provided for the analysis. 
 

 
 
Fig. 10: Loading Condition. 

 
 In the two dimensional through crack model, the crack tip path is parallel to the global co-ordinate system 
and the KCALC command can be directly issued to get the stress intensity factor result. In order to obtain the 
stress intensity factor, the global co-ordinate system is converted to the local co-ordinate system by specifying 
the nodes along the crack tip using CS command. Prior to the conversion to the local co-ordinate system, the 
NROTAT command is used to convert the nodal co-ordinate system to active co-ordinate system at desired 
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node.  The nodal co-ordinate system is parallel to the global co-ordinate system. The crack tip node points are 
selected as inputs for the NROTAT command.  For each crack tip, the NROTAT command, PATH command, 
CS command along with KCALC command is used to find the stress intensity factor at each node. 
 
V.2 Plane Stress Condition: 
  The plane stress and plane strain conditions are differentiated mainly on the thickness of the model [ D M 
Kulkarni et al 2004, X. B. Lin et al 1998]. The thin plate model as shown in figure 11 is considered under plane 
stress condition. The model should have dimension in Z axis lesser than the dimension in the X and Y direction. 
The mid-plane direction forms the plane XY direction. The plane normal to the mid plane is Z direction. The 
forces and the constraints are being applied in the mid-plane direction. The plate material should be made using 
a same material. The plate should preferably have uniform thickness throughout the length of the plate. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11: Three Dimensional Plate Model and Loading Condition. 
 
VI. Background of the Analysis: 
  The fracture analysis is carried out to obtain the stress intensity factor at the crack tip of the model. The 
stress intensity factor values for mode I vary with the change in the beta function. The beta function describes 
the geometry and shape of the crack model [ D. Broek, et al.,1986].  
 

BETA Function, (β) 
K= βσ √πc 

K STRESS INTENSITY FACTOR 
Β BETA FUNCTION 
σ APPLIED TENSILE LOAD 
c CRACK LENGTH 

 
 The Stress intensity factor obtained from the ANSYS FEM software is used to find the beta function. The 
beta function changes with respect to the change in the geometry and shape of the crack. The value of tensile 
load is constant throughout the model and the crack length is same. 
 
VII. Two Dimensional Through Crack Analysis: 
 The two dimensional through crack model as discussed is analyzed to find the stress intensity factor. The 
analysis is done by Constant Load Method. 
 
VII.1 Constant Load Method: 
  In this method, the pressure acting on the crack plate is maintained constant under tensile stress condition. 
The 2-Dimensional model is generated with different crack length and they are subjected to uniform loading. 
The Stress Intensity factor is calculated for each crack length. 

 
VII.1.1 Constant Load Method: 
VII.1.1.1 Case with single crack emanating from a hole: 
 The model is generated with the crack formed on the sides of the hole as shown in Figure 12, 13 and 14. 
The singularity points are generated around the crack tip and the Stress intensity factor is calculated. The tensile 
load acting on the plate is 50MPa. Individual cases are divided into numerous sub cases as shown in Table 4The 
cracks Length for different cases are given below. 
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Table 4: Sub Cases for Different Crack Length. 

Case Crack Length (Mm) Crack 
Length 

Beta Function 

 1   
1.2 2  CASE I CASE II CASE III 
1.3 3 1 1.4528 1.4467 1.3369 
1.4 4 2 1.1342 1.1454 1.0798 
1.5 7 3 0.963 0.9646 0.9199 
1.6 10 4 0.8965 0.8895 0.8494 
1.7 13 7 0.7819 0.792 0.7998 
1.8 16 10 0.7493 0.7804 0.777 

  13 0.7456 0.8143 0.9053 
 

 
 
Fig. 12: Crack Location for Case I. 
 

 
 
Fig. 13: Crack Location for Case II. 
 

 
 
Fig. 14: Crack Location for Case III. 
 
VII.1.2. Results: 
 The value of Stress intensity factor for three different cases corresponding to Crack length is given in table 
5. 
 
Table 5: Stress intensity factor for a single crack from a hole. 

Crack Length Stress Intensity Factor 
CASE I CASE II CASE III 

1 128.75 128.21 118.48 
2 142.15 143.56 135.34 
3 147.83 148.07 141.21 
4 158.91 157.66 150.55 
7 183.33 185.71 187.53 

10 210.01 218.7 217.77 
13 238.24 260.21 289.29 
16 270.44 327.89 375.28 

 
 The relationship between crack length and Stress Intensity Factor is represented in the figure 15. 
 The relationship between crack length and BETA function is represented in the figure 16. 
 The analysis shows the non linear change in the stress intensity factor value with the change in the crack 
length. The Beta value obtained from the stress intensity factor results have inverse square root curve. The 
change in the crack length shows a gradual decrease in the value of the Beta. The stress intensity factor is 
obtained for the plane stress criteria. The stress intensity factor is linear for case I and the SIF value deviates 
from case I with the increase in the crack length from case II and case III. The increase in the value is due to the 
closeness of the crack to hole 2 in case II. The SIF value for Case III is more than the Case 2 due to the 
closeness of the crack to the end of the plate. The closeness of the crack to the end of the plate has a larger 
impact compared to the closeness to the hole of the plate. The same can be found from the change in the Beta 
function for different crack length. 
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Fig. 15: Stress Intensity Factor for Single Crack from a Hole. 
 

 
 
Fig. 16: BETA Function for Single Crack from a Hole. 
 
VII.2 Crack emanating from both sides of the hole: 
 The model is generated with the crack emerging from both sides of hole as shown below. The singularity 
points are generated around the crack tip and the Stress intensity factor is calculated. The tensile load acting on 
the plate is 50MPa.  

 
 
Fig. 17: Crack Location for Case IV. 

 
Crack Length for the cases are given in table 7. 
 
Table 7: Sub cases for different crack length. 

CASE CRACK LENGTH (mm) 
4.1 6 
4.2 7 

 
RESULTS AND DISCUSSION 

 
Table 1: Stress intensity factor values for case IV 

Case Crack Length 
(Mm) 

Stress Intensity Factor 
K 

Stress Intensity Factor 
K 

Stress Intensity Factor 
K 

Stress Intensity 
Factor K 

  CRACK I CRACK II CRACK III CRACK IV 
4.1 6 246.84 279.37 297.1 258.3 
4.2 7 289.63 359.43 368.88 311.91 
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 The stress intensity factor of cracks (II and III) between the two holes is more than the stress intensity factor 
of the crack (I and IV) outside the hole. The stress intensity factor of crack IV is more than the stress intensity 
factor of Crack I due to the proximity of Crack IV to the edge of the plate. 
 
VIII. Comparison of Stress Intensity Factor for Single Holed and Double Holed Model: 
VIII.1 Case (V) Location of Crack on Left Side of hole:  
 The model as shown in figure 18 consists of single hole with the outer dimensions of the plate similar to 
that of the dimension of the model discussed in Case I. The crack starts at the left side of the hole. The crack 
length under each case starts increasing with the constant tensile load of 50MPa applied at the ends of the plate. 
The results are compared with the results of the Case I (Plate with double hole). 
 

 
 
Fig. 18: Crack Location for Case V. 
 
 Stress Intensity factor and BETA function for Single and double hole with different crack length is given in 
table 9. 
 
Table 2: Stress intensity factor values for Case V & Case I. 

Case Crack Length 
(Mm) 

Stress Intensity Factor 
K 

Beta Stress Intensity Factor 
K 

Beta 

  Single Hole Double Hole 
5.1 1 127.39 1.4374 128.75 1.4528 
5.2 2 137.12 1.0940 142.15 1.1342 
5.3 3 144.36 0.9404 147.83 0.9630 
5.4 4 151.61 0.8553 158.91 0.8965 
5.5 7 177.65 0.7576 183.33 0.7819 
5.6 10 204.02 0.7280 210.01 0.7493 
5.7 13 233.85 0.7318 238.24 0.7456 
5.8 16 266.1 0.7506 270.44 0.7629 

 
 The relationship between Crack Length- Stress Intensity Factor for single and double crack is represented in 
the figures 19. 

 
 
Fig. 19: Comparison of Stress Intensity Factor for Single and Double Crack. 
 
 The relationship between crack Length and BETA Function for single and double crack is represented in 
the figure 20. 
 The comparison of the stress intensity factor of the single and the double crack is similar. The deviation in 
the stress intensity factor is found to be less than 2%. The impact of the hole on the left side crack of Hole 1 is 
found to be less. The plot of stress intensity factor and the Beta value is almost same as shown in Figure 14 and 
15. 
 
8.2 Case VI Location of Crack on the right side of hole 1: 
 The model consists of single hole with the outer dimensions of the plate similar to that of the dimension of 
the model discussed in Case II. The crack starts at the right side of the hole. The crack length under each case 
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starts increasing with the constant tensile load of 50MPa applied at the ends of the plate. The results are 
compared with the results of the Case II (Plate with double hole).  
 

 
 
Fig. 20: Comparison of BETA Function for Single and Double Crack. 
 

 
 
Fig. 21: Crack location for Case VI. 
 
Table 10: Sub cases for different crack length. 

Case Crack Length (mm) 
6.1 1 
6.2 2 
6.3 3 
6.4 4 
6.5 7 
6.6 10 
6.7 13 
6.8 16 

 
Table 11: Stress intensity factor values for case VI & Case II. 

Case Crack Length 
(Mm) 

Stress Intensity Factor K Beta Stress Intensity Factor 
K 

Beta 

  SINGLE HOLE DOUBLE HOLE 
6.1 1 125.9 1.4206 128.21 1.4467 
6.2 2 136.83 1.0917 143.56 1.1454 
6.3 3 144.01 0.9382 148.07 0.9646 
6.4 4 152.04 0.8578 157.66 0.8895 
6.5 7 177.74 0.7580 185.71 0.7920 
6.6 10 203.77 0.7271 218.7 0.7804 
6.7 13 229.97 0.7197 260.21 0.8143 
6.8 16 258.71 0.7298 327.89 0.9249 

 
 The relationship between crack length and Stress Intensity Factor for single and double crack is represented 
in the figure 22. 

 
 
Fig. 22: Comparison of Stress Intensity Factor for Single and Double Crack. 
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 The relationship between crack length and BETA Function for single and double crack is represented in the 
figure 23. 

 
 
Fig. 23: Comparison of BETA function for Single and Double Crack. 
 
 The comparison of the stress intensity factor of the similar crack in the single holed plate and double holed 
plate is made. The stress intensity factor for the crack close to the hole 1 is same in both the case. The stress 
intensity factor of the double holed plate varies as the crack from the hole 1 moves closer to the hole 2. The 
change in the stress intensity factor occurs only when the crack moves close to the hole 2. The deviation is more 
than 25% as it moves closer to the hole 2. The beta value is also found to provide the similar results. 
 
IX. Conclusion: 
 The research involves the fracture analysis of the plate with crack emanating from the hole made of 
Al7075-T651. The stress intensity factor values are obtained and compared for though straight crack model.  
The impact of the hole in a plate shows with the change in the stress intensity factor between the single hole and 
double holed model. The variation in the stress intensity factor with the location of the crack and the dimension 
of the crack in the plate is discussed. The through straight crack model, the impact of the crack length and the 
tensile load is analyzed for the validation of the FE model and the correct approach to determine Stress intensity 
factor. The study provides the clear description of the parameters such as crack length, location of the crack, 
number of holes, the number of cracks and the loading conditions that changes the value of the stress intensity 
factor. The stress intensity factor increase with the increase in the crack length and the tensile load applied. The 
crack emanating from a hole and propagating towards the other has a larger impact on the stress intensity factor 
[M. Bhipwapure et al 2007] compared to that of the plate containing a crack emanating from a single hole. 
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