
International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-9 Issue-2, December, 2019 

892 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A1895109119/2019©BEIESP 
DOI: 10.35940/ijeat.A1895.129219 
Journal Website: www.ijeat.org 

Abstract: The 3D finite element software ANSYS Workbench 
software has been employed for simulation of engineering 
geometries which are containing a pre-cracks and holes. The new 
feature in this software is using the smart crack growth procedure 
and the mesh smoothing technique which provides an adaptive 
and smooth mesh around the crack path as well as the higher 
stresses area.  Under the assumption of LEFM, the stress intensity 
factors was used as a crack growth criterion which provided as 
indicators of failure compared to the fracture toughness or 
threshold stress intensity factors (SIFs) in both static and dynamic 
loading respectively. The stress intensity factors were calculated 
for every crack growth step and the fatigue life time was predicted 
according to the number of cycles. The effect of the nominal notch 
position of the crack was illustrated. Simulations performed with 
Ansys show an identical crack path on structures that is in line 
with that of the experimental and numerical results performed by 
other researchers. 
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I. INTRODUCTION 

over the past few decades, disasters caused by fracture 
failures in various structures caused numerous deaths, 
injuries and economic losses. In 1978, the estimated annual 
cost of these failures in the USA was $119 million dollars. 
This led the engineers to develop numerical methods to 
prevent these failures which in turn would also reduce the 
finical loses by $63 billion dollars [1].  In today’s century, 

crack modelling on structures has become a fundamental 
topic in the analysis of fracture mechanics. This has become 
an important step due to the failures in automobiles, aircraft, 
marine, structural buildings, just to name a few. These 
failures have caused many losses of life, injuries, damage to 
the environment, and economic losses. One of the most 
popular methods used for the crack propagation analysis is 
the finite element. This method is used for predicting crack 
trajectories, stress intensity factors at different crack lengths, 
and other fracture mechanics parameters that occur on 
structures. 
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The stress intensity factors is an important parameter in the 
crack growth analysis which used as criteria for crack 
initiation and propagation.  Numerous handbooks of stress 
intensity factors calculation are available ([2], [3]) for 
specific geometries and loading. Due to the limitation of the 
analytical solution of stress intensity factors, as well as the 
experimental cost is high, the numerical analysis is the best 
alternative if the precision of the computational software is 
achieved [4]. Stress intensity factors can be computed by 
various methods like the boundary element and finite element 
methods [5]. There exist two categories of commercial FEM 
programs, finite element programs such as ANSYS, 
ABAQUS, NASTRAN, etc. can be used to add elements 
manually and perform analysis on complex structures. The 
other type is professional FEM programs, such as 
NASGROW, AF-GROSS, etc. these are more expensive but 
provide a high precision calculation [6]. However, there are 
limitations when it comes to more complicated geometries 
and loading conditions. This is due to the density of the 
generated mesh as well as the element type used. Other 
researchers developed their own two-dimensional source 
code program to simulate fatigue analysis and crack growth 
in both quasi-static and cyclic loading as well as the 
prediction of stress intensity factors using adaptive mesh 
strategy  [7-11]. There are many existing analytical equations 
for the  stress intensity factors in the literature [12], [2], [13]. 
These equations are only limited for standard geometries 
under specified loading.  For nonstandard geometries, the 
numerical methods like finite element was used for the 
prediction of SIFs   [14]. The objectives of this paper are 
using the ANSYS workbench software for the simulation of 
crack growth path and show the effect of the nominal notch 
position on the crack trajectory.  

II.  ANSYS MECHANICAL 

ANSYS workbench is a computational software for 
simulation of engineering structures using finite element 
method. the new version of ANSYS 19.2 implements a new 
feature known as SMART CRACK GROWTH, for the 
analysis of the stress intensity factor, crack propagation, 
number of cycles, etc [15, 16]. The fatigue analysis was 
performed using the Paris’ law equation under constant 

amplitude loading. Based on the Paris’ Law [17], the fatigue 
life time is predicted according as: 
 

                                                  (1) 
where da/dN is crack propagation rate as a function of the 
number of cycles, C and m are experimental testing constant 
for materials and ΔK is the range of SIFs through a life cycle.  
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III. NUMERICAL RESULTS AND DISCUSSION 

In this section, the simulations performed by using 
Ansys Workbench were compared to the experimental and 
numerical results performed by other researchers for three 
different geometries of the modified compact tension 
specimens with five holes.  
 
3-1 Modified Compact Tension Specimens with five holes 

The dimensions for this geometry is shown in Figure 1 
with different notch tip position as shown in Table 1. These 
different in the notch tip position produced three different 
curvilinear  crack growth configuration as well as  the stress 
intensity factors also affected by these configuration. 
Furthermore, the contour stress distribution like Von-Misses 
stress, maximum principal stress, minimum principle stress 
and shear stress will be different in each case.  

The material for this geometry is nickel-based superalloy 
rolled sheet which has the Young’s modulus E =211 GPa, the 
Poisson’s ratio (ν = 0.3) yield stress = 422 GPa and ultimate 
stress = 838 GPa). The applied load is a point load of 3.6 KN 
with a load ratio  R=0.1. 
 

Table.1 Nominal notch tip positions 
Specimen Number Nominal Notch Tip (mm) 

(H) (x) (y) 

Case 1 22.4 -32 25.6 

Case 2 25.6 -32 22.4 

Case 3 23.2 -32 24.8 

 

 

 
Fig.1: Geometric dimension of the specimen (all 

dimensions are in mm) (a) 2D (b) 3D 

Based on the nominal notch positions there are three different 
cases which are: 

Case 1  
In this case the position of crack with height of H=22.4 mm. 
the geometry and the initial mesh is shown in Figure 2. The 
number of nodes are 18363 as well as the number of elements 
are 11064. 

 
Fig.2: Case 1 (a) geometry (b) initial mesh 

 
Figure 3 shows the simulated crack growth path 

predicted by using Ansys compared to the experimental 
(Figure 3b) and numerical crack growth path (Figure 3c) 
obtained by [18] and [19] which almost identical. Wagner [18 
and 19] used a hypercomplex finite element method (ZFEM) 
to predict the crack path through a two-dimensional 
quasi-static model of a linear-elastic isotropic homogeneous 
solid object after extending the real-valued nodal coordinates 
of a finite element model into a high-order hypercomplex 
domain. Wagner [18] also compared his numerical results for 
crack path produced by FRANC3D as shown in Figure 3(c). 
Obviously, the curvature crack grow toward the hole based 
on it nominal position and sink in the hole.  
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Fig.3: Case 1, crack path by a) ANSYS b) Experimental 
crack bath obtained by [18] and [19] c) Numerical crack    

path obtained by [19] 
 

Case 2 
In this case, the nominal crack tip position is H=25.6 mm. the 
geometry and the initial mesh is shown in Figure 4. The 
number of nodes are 18430 as well as the number of elements 
are 11093. 

 
 
 
 

 
Fig. 4:  Case 2 geometry and initial mesh 

The difference on the nominal crack tip position between this 
case and the previous case was only 3.1 mm but the crack 
growth path is totally different and goes toward another hole 
as shown in Figure 6. The simulated curvature crack path is 
also compared to the experimental and numerical study 
performed by [18] and [19]. The simulated crack path is 
almost identical to the experimental and numerical paths 
even also with the FRANC3D simulation program results as 
shown in Figure 5c.  
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Fig.5: Case 2, crack path by a) ANSYS b) Experimental 
crack bath obtained by [18] and [19] c) Numerical crack 

path obtained by [19] 
 

Case 3 
In this case, the nominal crack tip position is H=23.2mm. The 
geometry and the initial mesh is shown in Figure 6. The 
number of nodes are 19620 as well as the number of elements 
are 11283. 
 

 
Fig. 6:  Case 3 (a) geometry (b) initial mesh 

 
In this case the nominal notch position in between both 

cases one and two which shows different crack path even 
though the different in nominal notch position is not much. 
As seen in Figure 7, the agreement between the predicted 
crack path using  Ansys and the experimental  study 
performed  by [18] is very good. Furthermore, the predicted 

crack path by in the present study is more accurate than that 
of the simulation results obtained by  [18] as shown in Figure 
7c. 

 
Fig.7: Case 3, crack path by a) ANSYS b) Experimental 
crack bath obtained by [18] and [19] c) Numerical crack 

path obtained by [19] 
Figure 8 shows the first mode of stress intensity factors 

(KI) in the three cases versus the crack length. As shown in 
this figure, the influence of the upper hole in increasing the 
values of the stress intensity factor is clear. For the same 
reason due to the effect of the lower hole which effect the 
crack path direction to growth toward it, the values of KI is 
also higher than that of case three. In case three, the influence 
of the last small hole is lower compared to the upper and 
lower holes in the previous holes, so that the KI is the lowest. 
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Fig. 8: Mode I stress intensity factor for the three cases 
 
Figure 9 shows the values of mode II of stress intensity 
factors (KII). As seen in this figure there is a higher values of 
KII in case one only where as a very small values in both case 
two and three due to the different in the straight and curvature 
crack paths. 
 

 
Fig. 9: Mode II stress intensity factor for the three 

cases 
 

The fatigue life cycle for the three cases are shown in 
Figure 10. As shown in this figure the number of cycles is 
also related to the values of stress intensity factors. Higher 
stress intensity factors leads to increase the fatigue numbers 
of cycles. In order to show clearly the effect of crack nominal 
tip position on the stresses distribution as it were affected the 
stress intensity factors, Figures 11, 12 and 13 show the 
equivalent Von-Mises stress distribution for the three cases. 
It can be noticed that the equivalent Von-Mises stress is 
higher for case 1 compared to the other two cases as which 
are related strongly to the values of stress intensity factors 
shown in Figures 9 and 10. 

 
Fig. 10: Fatigue life cycles versus crack length for the 

three cases 

 
Fig. 11. Equivalent Von-Mises stress distribution for case 1 

 

Fig. 12. Equivalent Von-Mises stress distribution for case 2 
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Fig. 13. Equivalent Von-Mises stress distribution for case 3 

 

IV. CONCLUSION 

Three-dimensional simulations of the crack growth in 
modified compact tension specimens with five holes and 
different nominal notch tip positions have been performed 
using Ansys Benchmark software. The presence of the hole 
in the plate affects the crack to change its direction towards 
the hole based on the nominal notch tip position and the hole 
and position. These different of the nominal notch tip 
positions are also affects the values of stress intensity factors 
as well as the fatigue life cycles. Validation of the simulation 
results of the crack path was performed with experimental 
results with good agreements. 
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