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In this study, a comprehensive investigation of the fracture 

parameters in a grooved rotating disc containing a three-

dimensional semi-elliptical crack under different working 

conditions has been investigated. In this regard, three models of 

radial, circumferential, and inclined crack with an angle of 45 

degrees have been considered in the rotating disk, and the 

fracture parameters under mixed mode loading (I, II, III) have 

been extracted. The effects of various parameters such as 

rotational speed, crack location, aspect ratio, material, and 

presence of grooves on SIFs and crack opening displacement 

have been studied simultaneously. The finite element results 

indicated that in the crack with a low aspect ratio (0.4 and 0.6) 

where the shape of the crack is more like a semi-elliptical, the 

maximum value of the mode I SIF occurs at the central point of 

the crack front, while the crack with a high aspect ratio (0.8 and 

1) where the shape of the crack is more like a semicircular, the 

maximum value of the mode I SIF occurs at the free surface of 

the crack. The mode II SIF for the rotating disk containing an 

inclined crack before the central point of the crack front has the 

highest value for steel, titanium, and aluminum rotating disk, 

respectively. Also, the numerical results indicated that the 

highest value of the SIF is related to the grooved rotating disk 

containing a circumferential crack, and the lowest value of the 

SIF is for the grooved rotating disk containing a radial crack. 

Keywords: Grooved rotating disk, 

Centrifugal force, Stress intensity factor 

(SIF), Semi-elliptical crack 
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Introduction 

Nowadays, studying and evaluating the useful life 

of rotating disks in industry is very important. One 

of the factors that greatly affects the life of rotating 

disks and can reduce their useful life is the 

initiation and propagation of cracks in these disks. 

Several factors expose the rotating discs to the 

initiation of cracks, the aggravation of which 

causes the crack to grow and cause irreparable 

damage. Therefore, it is very important to study 
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rotating disks from a fracture mechanics point of 

view. When the rotating disk is subjected to 

fluctuating loads and stresses for a long period, 

microcracks are formed inside the disk, which 

grow and connect as the load increases, forming a 

semi-elliptical crack [1]. In the field of studying 

rotating disks from the point of view of fracture 

mechanics and numerical calculation of fracture 

parameters, various investigations have been 

carried out so far. In this regard, Fekur and 

Ghoreishi [2] calculated the mode I stress intensity 

factor in a rotating disk with radial and 
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circumferential cracks. They also investigated the 

effect of composite patches on SIF values of SIFs 

in rotating disks. The effect of calculating  SIFs on 

cracked rotating disks containing mixed mode by 

the boundary element method was proposed by 

Park [3]. The results show that as the crack 

deviation angle increases, the first mode's SIF 

decreases, and the second mode's SIF increases. 

The accurate determination of the SIFs in a 

rotating disk containing an inclined crack with a 

desired position was carried out using the finite 

element method by Wilson and Migued [4].  They 

studied the accuracy of extrapolation methods, 

virtual crack development, and J-integral to 

evaluate the combined modes of SIFs using the 

rotating disk problem containing a radial crack. 

They showed that the two methods of virtual crack 

development and J-integral provide the most 

accurate results.  A numerical investigation of 

crack growth rate in three types of a cast iron 

rotating disk, compact core, and graphite was done 

by Shikida et al. [5]. They showed that the range 

of SIFs could not relate the crack propagation rates 

in the three disks to each other. Meanwhile, J 

integral can establish this relationship through 

finite element analysis. Finally, the range of the 

modified SIF was extracted by the material's 

tensile strength to correlate the crack propagation 

rate in all three disks. Aliabadi and Portella 

proposed the analysis of mixed-mode crack 

growth inside the rotating disk using the double 

boundary element method [6]. In this article, the 

incremental crack growth process based on the 

maximum principal stress criterion was simulated, 

and finally, the analysis of the incremental crack 

growth process was studied for several rotating 

disks containing edge cracks. Reference references 

include a review of other numerical methods for 

calculating failure parameters [7-11]. Extensive 

research has been conducted in the analytical 

calculation of failure parameters in rotating disks. 

In this regard, Qajar et al. [12] calculated the stress 

intensity factor in two thin and thick rotating disks 

containing surface cracks using two-dimensional 

weight functions. The purpose of this research was 

to develop a two-dimensional weight function for 

rotating disks containing semi-elliptical 

longitudinal cracks. The results showed that 

increasing the length-to-thickness ratio in rotating 

disks leads to an increase in the stress intensity 

factor for cracks with a high length-to-depth ratio. 

Tan has proposed the use of boundary integral 

equations for 3D linear elastic fracture mechanics 

analysis in rotating disks with corner cracks [13]. 

The study of the weight function of a boundary 

element for a rotating annular disc containing an 

internal edge crack with rotational speed and 

different lengths was carried out by Lorenzo and 

Cartwright [14]. The boundary element method, 

together with a general representation of the 

weight function, led to the emergence of integrals 

from which stress intensity coefficients and crack 

surface displacements can be obtained. Rook and 

Tweed [15] calculated the stress intensity 

coefficients in rotating disks with edge and internal 

radial cracks using two coupled single integral 

equations. A review of other numerical methods 

for calculating failure parameters is included in 

references [16-18]. Less research has been done in 

the field of experimental calculation of fracture 

parameters in rotating disks than in numerical and 

analytical methods. Among the research carried 

out in this field, the work of Bilawal et al. [19] can 

be mentioned for the calculation of SIFs in rotating 

disks with radial cracks using the photoelasticity 

method. Using the method of superposition and 

matching between the computational and 

laboratory results, as well as between the dynamic 

and static critical values, they proved that failure 

occurs when the value of the stress intensity 

coefficient is greater than or equal to the value of 

the fracture toughness of the material. The study of 

crack tip deformation in rotating disks was carried 

out by Azami and Nishimura [20] using the 

photoelasticity method and the shadowing method. 

They concluded that the higher the Young's 

modulus of the cavity inside the disk near the crack 

tip, the more the stress intensity factor decreases. 

The methods of calculating SIFs in non-isotropic 

materials with arbitrary geometry were studied by 

Banks et al. [21]. They obtained the results for a 

sample disk of isotropic material. Finally, they 

showed that the integral M method can be used as 

an effective and accurate method to calculate the 

SIFs, including the combined modes. Despite the 

breadth of research that has been done in this field, 

the simultaneous study of the effect of various 

parameters, such as the direction of the crack in the 

disk, the rotational speeds, the material of the 

rotating disk, and the ratio of various aspects of the 

crack on the fracture parameters and the opening 

of the crack opening under mixed mode loading 

has not been investigated. In rotating disks with 

grooves and notches, it has received less attention 

from previous researchers. Therefore, this article, 

a comprehensive study on the fracture parameters 
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in grooved rotating disks containing three types of 

radial, circumferential, and inclined cracks with an 

angle of 45 degrees and with different aspect ratios 

of 0.4 to 1 in grooved rotating disks with 

aluminum, titanium, steel and the rotational speed 

of 6000 rpm to 9000 rpm has been studied under 

the loading conditions of the combined mode. 

Equations governing the calculation of stress 

intensity factors in rotating disks 

The most important parameters in linear elastic 

fracture mechanics are the stress intensity factors. 

These factors are a function of the geometry, 

loading, and boundary conditions of the problem. 

The first step in calculating the stress intensity 

coefficients is to calculate the stress contour near 

the crack tip. In linear elastic fracture mechanics, 

the stress contour near the crack tip under mixed 

mode loading using William's solution is 

expressed as follows [22]: 
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In the above relationships, r and ϴ are the radial 

distance and angle from the crack tip shown in 

Figure 1. IK , IIK and IIIK  represent the stress 

intensity factors in the first, second, and third 

modes, respectively. The parameter T in the above 

relations represents the non-singular term of stress 

expansion, known as T stress. 

 

Fig. 1. A view of the crack tip coordinates 

The stress values in a rotating disk without cracks 

can be calculated using the following equations 

[23]: 
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where, in the above equations, R is the outer radius 

of the disk, υ Poisson's ratio,  specific mass, r 

inner radius, and ω is the angular velocity of the 

disk. For a cracked rotating disc, the SIF at each of 

the two ends of the semi-elliptical crack can be 

calculated using the following equations: 
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In the above equations, points a and b are 

considered as two crack ends. The core function 

( ),M t 
 can also be calculated according to 
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reference [15]. Using the Gauss-Chebyshev 

integral, relation (13) becomes the following form 

[15]. 
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The above equation represents n linear equations 

with n unknowns, and the unknowns are obtained 

by the usual methods. The calculation of ip  at both 

ends of the crack is also obtained according to 
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Therefore, stress intensity factors can be calculated 

using equations (17) and (18). 

Description of finite element modeling of radial, 

circumferential, and inclined cracks in a 

grooved rotating disc 

This part discusses the finite element modeling of 

grooved rotating discs with radial, circumferential, 

and inclined cracks. Ansys software is used for 

finite element modeling. The cracks generated in 

rotating discs are semi-elliptical and modeled in 

three dimensions. Three-dimensional modeling of 

cracks allows extraction of the values of SIFs at all 

points of the crack front and is much closer to the 

real values. In this paper, the crack in the rotating 

disk is studied in three different cases. Figures  2 to 

4, respectively, show the schematic shape of the 

grooved rotating disc containing radial, 

circumferential, and inclined cracks with an angle 

of 45 degrees. 

 
Fig. 2. Schematic figure of a radial crack in a grooved 

rotating disc 

 

Fig. 3. Schematic figure of a circumferential crack in a 

grooved rotating disc 

 

Fig. 4. Schematic figure of an inclined crack in a 

grooved rotating disc 

The grooved disc's geometric characteristics are 

considered the same for all three crack modes. All 

three figures show a grooved rotating disc with 

thickness t, outer radius RO, inner radius Ri, and a 

semi-elliptical crack with length 2C and depth a. 

The length of the grooves is assumed to be L, and 

the distance of the crack from the center of the disc 

is Rc. The large diameter of the ellipse indicates 

the length of the crack, and the small diameter of 

the ellipse indicates the depth of the crack. The 

disc can rotate clockwise or counterclockwise with 

angular velocity ω. In this article, the direction of 

rotation of the disc is assumed to be 

counterclockwise. The crack plane is 

perpendicular to the direction of the applied 

tangential stress. In Table 1, the values of the 

parameters mentioned for the modeling of the 

grooved rotating disc containing the crack are 

given. 
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Table 1. Parameters considered for modeling the 

cracked grooved rotating disc 

Value Definition Parameter 

25mm 
Inner radius of 

the disc 
Ri 

110mm 
The outer radius 

of the disc Ro 

10mm 
Thickness of 

rotating disc t 

0.2 

Ratio of the inner 

radius to the 

outer radius 

Ri/Ro 

0.4,0.6,0.8,1 Aspect ratio a/c 

10mm 
Length of the 

disc grooves L 

The singular element was used for crack meshing 

to simulate the singularity in the stress and strain 

region near the crack tip. These elements are 

suitable for simulating the high gradient of stress 

and strain in the regions around the crack. In order 

to determine the size and number of suitable 

elements for the meshing of the grooved rotating 

disc, the convergence of the results and the 

independence of the solutions with respect to the 

size of the element were analyzed. According to 

the analysis, it was observed that the maximum 

value of the stress intensity factor of the first mode 

in the grooved rotating disk has converged in the 

element size equal to 4 mm, and other fracture 

parameters are independent of the element size. 

Therefore, this article uses an element size of 4 mm 

to model grooved rotating discs with cracks under 

different working conditions. Figure 5 shows a 

view of the entire mesh of the grooved rotating 

disc containing a radial crack with an aspect ratio 

of 0.4. According to this figure, 86420 elements 

were used for the finite element modeling of the 

entire disc. Also shown in Figure 6 is the mesh 

around the inclined crack front with an aspect ratio 

of 0.6. 

 
Fig. 5. A view of the meshing of the entire disc 

containing a radial crack with an aspect ratio of 0.4 

 

Fig. 6. A view of the inclined crack front mesh with an 

aspect ratio of 0.6 

In order to calculate the SIFs, including the 

combined mode under different working 

conditions and to investigate the effect of different 

parameters on the mechanical failure behavior of 

grooved rotating discs, three different materials of 

aluminum, titanium, and steel for the rotating disc 

and four rotational speeds of 6000 rpm, 7000 rpm, 

8000 rpm and 9000 rpm and four aspect ratios of 

0.4, 0.6, 0.8 and 1 and three different crack modes 

are considered for the disc. The first state is the 

state where the disk contains a radial crack, and in 

the second state, the disk contains a 

circumferential crack, and in the third state, the 

crack is placed inclined with an angle of 45 

degrees, so a total of 146 different states are 

applied to the disc in each of the states. In the disc, 

in the presence of the stress gradient caused by the 

notch and groove, SIFs are calculated and 
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analyzed. Table 2 lists the mechanical properties 

of the materials used to model the grooved rotating 

disc. 

Table 2. Mechanical properties of the materials used 

in the grooved rotating disc 

 
3

 
Kg

m

 
 
   

( ) E GPa    
Material 

7850 200 0.3 steel 

2770 71 0.33 aluminum 

4620 96 0.36 titanium 

Verification of numerical results 

In this part, in order to ensure the process of 

modeling and analysis of cracked rotating discs, 

the validity of numerical results extracted from 

Ansys software is discussed using the method used 

in this article. In this regard, the research work 

presented by Nami and Eskandari [24], who 

calculated the SIFs in a rotating blade, is used to 

validate the modeling and analysis process in this 

article. They considered a rotating steel blade and 

calculated the SIFs using a 3D finite element 

model for a circumferential crack in the mentioned 

blade. The geometric dimensions and properties of 

the materials used by Nami and Eskandari [24] are 

listed in Table 3. 

Table 3. Geometric dimensions and properties of 

materials used by Nami and Eskandari [24] 

Value Unit Parameter 
140 mm Inner diameter 

414 mm Outer 
diameter 

120 mm 
Crack position 
(radial 
distance) 

6 mm thickness 

8500 rpm 
Blade 
rotational 
speed 

210 GPa Modulus of 
elasticity 

0.3 - Poisson's ratio 

7850 3

Kg

m

 
 
 

 density 

In order to validate the modeling and analysis 

process used in this article, the rotor blade 

considered by Nami and Eskandari [24] was 

modeled in the Ansys software exactly according 

to the specifications mentioned in Table 3, and the 

results of the present research are compared with 

the results presented by Nami and Eskandari [24]. 

The comparison of the results obtained using the 

present research method with those presented by 

Nami and Eskandari [24] is shown in Figure 7 for 

a crack with a fixed aspect ratio and different 

values of relative crack depth. According to this 

figure, it can be seen that there is a good agreement 

between the results of the present research and the 

results presented by Nami and Eskandari [24], 

which is valid for the modeling and analysis 

process used in this article. 

 
Fig. 7. Comparison of the results of the current 

research with the results presented by Nami and 

Eskandari [24] 

Results 

In this section, the results of the finite element 

analysis, including 146 different modes 

investigated, are presented. In order to better 

categorize and interpret the results, the results are 

presented below in the form of an investigation of 

the effect of various parameters such as disc 

material, crack aspect ratio, rotational speed, crack 

placement direction, and the presence of grooves 

on the fracture parameters and crack opening. 

Investigating the effect of disc materials on 

stress intensity factors 

Changing the material of a rotating disk affects its 

failure parameters due to the alteration of 

centrifugal force. This study examines the effect of 

disc material on the fracture parameters. Three 

materials, titanium, steel, and aluminum, are 

considered for the grooved rotating disc, and in 

each of the above cases, the values of the stress 

intensity coefficients are extracted in the combined 

mode. In the analysis conducted to compare and 

determine the impact of the material on the stress 

intensity coefficients, other variables such as the 

crack's aspect ratio, rotational speed, and crack 
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placement direction have been held constant. The 

stress intensity coefficients for modes I, II, and III 

in the inclined crack front with a rotation speed of 

8000 rpm and an aspect ratio of 0.6 were measured 

for various grooved rotating discs. The resulting 

diagrams can be found in Figures 8 through 10. 

The diagrams show that the steel rotating disc has 

the highest stress intensity factor values in modes 

I, II, and III, while the aluminum rotating disc has 

the lowest stress intensity factor values in the same 

modes. 

Additionally, the change in SIF at various points 

of the crack front in the steel disc is greater than in 

the aluminum and titanium discs. Therefore, the 

steel rotating disc proves to be more sensitive to 

different points in the crack front compared to 

titanium and aluminum discs, with a higher 

percentage of variations in SIFs across various 

points of the crack front. The SIF diagram of the 

second mode shows a downward trend, unlike the 

first and third modes. At the midpoint of the crack, 

graphs of different genders intersect. This 

indicates that the SIF of the second mode at the 

midpoint of the crack is not influenced by the disc 

material. 

 
 

Fig. 8. Diagram of changes in the SIF 𝑘𝐼 in the 

inclined crack front at a speed of 8000 rpm with an 

aspect ratio of 0.6 for different types of grooved 

rotating disc 

 
Fig. 9. Diagram of changes in SIF 𝑘𝐼𝐼 in the inclined 

crack front at a speed of 8000 rpm with an aspect ratio 

of 0.6 for different types of grooved rotating disc 

 

 
Fig. 10. Diagram of changes in SIF 𝑘𝐼𝐼𝐼 in the inclined 

crack front at a speed of 8000 rpm with an aspect ratio 

of 0.6 for different types of grooved rotating disc 

Investigating the effect of crack aspect ratio on 

stress intensity factors 

Crack aspect ratio is a crucial factor that impacts 

failure parameters. This section investigates the 

effect of crack aspect ratio on fracture parameters 

by examining a series of semi-elliptical cracks 

with aspect ratios ranging from 0.4 to 1. SIFs 

values for these cracks have been extracted for 

analysis. For this purpose, we consider the crack's 

primary radius to have a fixed value of 5 mm and 

its minor radius to range from 2 to 5 mm, based on 

the crack aspect ratio value. We conducted 

analyses to compare and determine the impact of 

the crack aspect ratio on SIFs while maintaining 

fixed parameters such as disc material, rotational 

speed, and crack placement direction. The SIF for 

modes I, II, and III at the inclined crack front at a 

rotational speed of 6000 rpm for steel discs with 

different aspect ratios are shown in Figures 11 to 

13, respectively. The graphs demonstrate that for 

cracks with a low aspect ratio of 0.4 and 0.6, where 

the cracks have a more semi-elliptical shape, the 

graph displays a concave trend. Consequently, the 

point of maximum value of mode I SIF occurs at 

the middle of the crack front. Conversely, the 

graph depicts a convex trend for cracks with a high 

aspect ratio of 0.8 and 1, where the cracks are more 

semicircular. This leads to the maximum value of 

the stress intensity factor of mode I at the crack's 

free surface. As the aspect ratio value decreases, 

the SIF also decreases. Also, the graphs 

demonstrate a direct relationship between the 

mode II SIF and the aspect ratio value prior to the 

midpoint of the crack front. But beyond the 

midpoint of the crack front, this relationship is 

inverted; as the aspect ratio decreases, the SIF 

increases until the two graphs converge at the 

midpoint. 
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Fig. 11. Diagram of changes in SIF 𝑘𝐼 in the inclined 

crack front at a speed of 6000 rpm for a rotating steel 

disc with different aspect ratios 

 
Fig. 12. Diagram of changes in SIF 𝑘𝐼𝐼 in the inclined 

crack front at a speed of 6000 rpm for a rotating steel 

disc with different aspect ratios 

 
Fig. 13. Diagram of changes in the SIF 𝑘𝐼𝐼𝐼 in the 

inclined crack front at a speed of 6000 rpm for a 

rotating steel disk with different aspect ratios 

Another crucial factor in fracture mechanics is the 

stress T, which represents the non-singular term of 

stress expansion around the crack. A positive T 

stress results in increased stress around the crack 

tip, leading to reduced crack growth. Conversely, 

a negative T stress causes stress around the crack 

to decrease, resulting in increased crack growth. 

The stress diagram for the inclined crack front with 

a rotational speed of 6000 rpm on a steel disc with 

varying aspect ratios is displayed in Figure 14. 

 

 
Fig. 14. The diagram of T stress changes in the 

inclined crack front at a speed of 6000 rpm for a 

rotating steel disc with different aspect ratios. 

Investigating the effect of rotational speed on 

stress intensity factors 

The rotational speed in rotating discs is the cause 

of the generation of centrifugal force and directly 

affects the failure parameters. In order to study the 

effect of rotational speed on failure parameters, 

four different rotational speeds of 6000 rpm, 7000 

rpm, 8000 rpm, and 9000 rpm are considered, and 

the values of SIFs are extracted in each of these 

modes. In the analyses performed to compare and 

obtain the effect of rotational speed on the stress 

intensity coefficients of different cracks on 

grooved rotating discs, other parameters such as 

disc material and crack aspect ratio were 

considered as fixed. The variation diagram of 

mode I SIF for titanium discs with an aspect ratio 

of 0.4 for radial, circumferential, and inclined 

crack fronts with different rotational speeds is 

shown in Figures 15 to 17, respectively. From the 

figures presented, it is clear that the increase in 

rotational speed significantly affects the values of 

SIFs in different types of cracks on rotating discs. 

From these figures, it can be seen that as the 

rotational speed increases from 6000 rpm to 9000 

rpm, the value of the mode I SIF in the rotating 

disk containing radial, circumferential, and 

inclined cracks increases by 124.6, 124.9, and 

124.8 percent, respectively. Therefore, it can be 

said that a 50% increase in rotational speed causes 

a 125% increase in the mode I stress intensity 

factor regardless of the type of crack. 
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Fig. 15. Diagram of changes in the SIF 𝑘𝐼 in the radial 

crack front with an aspect ratio of 0.4 for a titanium 

rotating disc at different speeds 

 
Fig. 16. Diagram of changes in SIF 𝑘𝐼 in the 

circumferential crack front with an aspect ratio of 0.4 

for a rotating titanium disc at different speeds 

 
Fig. 17. Diagram of changes in SIF 𝑘𝐼 in the inclined 

crack front with an aspect ratio of 0.4 for a titanium 

rotating disc at different speeds 

Investigating the effect of crack orientation on 

stress intensity factors 

The direction of the crack created in the rotating 

disk strongly affects the values of the SIFs. In this 

regard, in order to investigate the effect of the 

crack direction and also to identify the most 

critical type of crack inside the grooved rotating 

disk, three different types of cracks in the radial, 

circumferential, and oblique directions with an 

angle of 45 degrees are modeled inside the 

grooved rotating disc and the Mode I SIF values 

for different points of the crack front in these three 

types of cracks are extracted and compared with 

each other. Other parameters such as disk material, 

rotation speed, and aspect ratio of the crack were 

considered as fixed in the analyses performed to 

compare and obtain the effect of the crack 

direction on the SIFs. Figure 18 shows the 

variation of the Mode I SIF at a speed of 8000 rpm 

for a rotating aluminum disk with an aspect ratio 

of 0.6 for cracks with different placement 

directions. By comparing and checking the 

diagrams, it can be seen that the highest value of 

the SIF is associated with the grooved rotating disc 

with a circumferential crack, and the lowest value 

of the SIF is associated with the grooved rotating 

disc with a radial crack, and the oblique crack is 

located between the circumferential and radial 

cracks. Therefore, it can be said that the 

circumferential crack is known as the most critical 

type of crack in rotating discs. The reason is that in 

the circumferential crack, the load caused by the 

centrifugal force is exactly perpendicular to the 

direction of the crack and, therefore causes the 

maximum value of the SIF. 

 

Fig. 18. Diagram of the variation of the SIF 𝑘𝐼 with 

the rotational speed of 8000 rpm for an aluminum 

rotating disk with an aspect ratio of 0.6 for cracks with 

different placement directions 
 

Investigation of crack opening 

One of the important failure parameters when 

inspecting cracked parts is the degree of crack 

opening. To check the crack opening, by 

considering the rotation speed as 7000 rpm and, 

assuming steel material for the grooved rotating 

disk and considering the value of 0.4 for the crack 

aspect ratio, the crack opening parameter for three 

types of radial and circumferential cracks And the 

slope is checked with an angle of 45 degrees 

according to Figure 19. From the resulting figures, 

it is clear that the maximum opening of the crack 

opening is related to the circumferential crack, and 

the minimum is related to the radial crack. The 

reason is that in the circumferential crack, the load 

caused by the centrifugal force is exactly 

perpendicular to the direction of the crack and, 

therefore, causes the maximum opening of the 

crack opening. 
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Circumferential 

crack 

 

Radial crack 

 

Inclined crack at 

an angle of 45 
degrees 

Fig. 19. A view of the crack opening in three 

circumferential, radial, and inclined cracks at an angle 

of 45 degrees. 

Investigating the effect of grooves on stress 

intensity factor 

The presence of grooves and notches causes stress 

concentrations and high-stress gradients in the 

areas around the notches, and these stress gradients 

can affect the stress distribution in the whole piece 

and cause a change in the fracture parameters of 

the piece. In this regard, in this part, to investigate 

the effect of the presence of notches on the fracture 

parameters, a series of circumferential cracks on 

the rotating disk with and without notches were 

modeled, and the values of the SIFs at different 

points of the crack front were extracted. In the 

analyses performed to compare and obtain the 

effect of the presence of grooves on the SIFs, other 

parameters such as disc material, rotational speed, 

and direction of crack placement were considered 

fixed. Figure 20 shows the variation of the mode I 

SIF in the circumferential crack front for a 

titanium rotating disc at 9000 rpm in the state with 

and without grooves for cracks with aspect ratios 

of 0.4 and 1. This figure shows that the presence 

of the groove has caused the same increase in the 

values of the SIF inside the rotating disc regardless 

of the crack aspect ratio. From this figure, it is clear 

that the presence of the grooves has caused an 

increase of approximately 8% in the values of the 

SIFs. The closer the cracks inside the disc are to 

the groove, the greater the increase in the SIFs. 

 

Fig. 20  Diagram of changes in the SIF 𝑘𝐼 in the 

circumferential crack front for a titanium rotating disk 

at 9000 rpm in the grooved and ungrooved condition 

Conclusion 

Nowadays, the study and evaluation of the service 

life of rotating disks from the point of view of 

fracture mechanics is of great interest. Several 

factors, such as the presence of grooves and 

notches inside the rotating disc, can cause a change 

in the stress distribution inside the disc and 

subsequently change the fracture parameters. This 

paper has carried out a comprehensive study on the 

fracture parameters of cracks in rotating discs in 

the presence of stress gradients caused by grooves 

and notches. In this regard, after validating the 

process of modeling and analysis of cracked 

rotating discs, a total of 146 different modes were 

analyzed, and the effect of different parameters on 

the values of SIFs and crack opening was carefully 

studied and investigated. The main results of the 

current research can be summarized as follows: 

• The rotating steel disc is more sensitive to 

different points of the crack front, and the 

percentage of changes in the SIFs at different 

points of the crack front in this disc is higher 

than that of titanium and aluminum discs . 

• The second mode's SIF at the crack's center 

point is independent of the disc material . 

• In the low aspect ratio crack (aspect ratios of 

0.4 and 0.6), where the crack tends to have a 

semi-elliptical shape, the maximum value of 

the SIF of mode I occurs at the center point 

of the crack front, while in the high aspect 

ratio crack (aspect ratios of 0.8 and 1), where 

the crack tends to have a semicircular shape, 
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the maximum value of the SIF of mode I 

occurs at the free surface of the crack. 

• The value of the Mode II SIF at the center of 

the crack front is independent of the crack 

aspect ratio value, while the value of the 

Mode III SIF near the beginning and end of 

the crack front is independent of the crack 

aspect ratio value. 

• A 50% increase in rotational speed causes 

approximately a 125% increase in the mode 

I SIF, regardless of the type of crack. 

• The maximum value of crack opening and 

SIF is related to the circumferential crack, 

and the minimum value is related to the 

radial crack. The opening value of the crack 

opening as well as the SIF related to the 

inclined crack is between the circumferential 

and radial cracks. 

• The presence of grooves increases the values 

of SIFs by about 8%. 

Refrences 

[1]  Lin, X. B., & Smith, R. A. (1998). Fatigue growth 

prediction of internal surface cracks in pressure vessels, 

Journal of pressure vessel technology, Vol. 120, No. 1, pp. 

17-23. 
[2]  Fakoor, M., & Ghoreishi, S. M. N. (2017). Comprehensive 

investigation of stress intensity factors in rotating disks 

containing three-dimensional semi-elliptical cracks. 

Applied Mathematics and Mechanics, 38, 1565-1578. 
[3]  Park, S. O. (1996). Stress Intensity Factors for the Mixed 

Mode in Rotating Disks by Boundary Element 

Method. Journal of the Korean Society for Precision 

Engineering, 13(7), 148-157. 

[4] Wilson, R. L., & Meguid, S. A. (1995). On the 

determination of mixed mode stress intensity factors of an 

angled crack in a disc using FEM. Finite elements in 

analysis and design, 18(4), 433-448. 

[5] Shikida, M., Sakane, M., & Ohnami, M. (1995). Fatigue 

crack propagation for cast iron rotating disk. JSME 

international journal. Ser. A, Mechanics and material 

engineering, 38(1), 104-110. 

Disc. In Boundary Element Technology VII (pp. 607-615). 

Springer, Dordrecht. 

[6] Aliabadi, M. H., & Portela, A. (1992). Dual Boundary 

Element Incremental Analysis of Crack Growth in 

Rotating Disc. In Boundary Element Technology VII (pp. 

607-615). Springer, Dordrecht. 

[7] Ayhan, A. O. (2021). Stress intensity factor solutions and 

equations for radial surface cracks contained in rotating 

hollow disks. Theoretical and Applied Fracture 

Mechanics, 112, 102828. 

[8] Fakoor, M., Ghoreishi, S. M. N., & Khansari, N. M. 

(2016). Investigation of composite coating effectiveness 

on stress intensity factors of cracked composite pressure 

vessels. Journal of Mechanical Science and Technology, 

30, 3119-3126. 

[9] Ghoreishi, S. M. N., Fakoor, M., & Aminjafari, M. (2019). 

An automatic multi-objective optimization tool for the 

optimum design of a cracked pressure vessel with 

composite coating. Journal of Mechanical Science and 

Technology, 33, 4867-4875. 

[10] Ghoreishi, S. M. N., & Mehri Khansari, N. (2023). Mode 

(I, II, III) Stress Intensity Factors of Composite-Coated 

Gas Turbine Blade Using Semi-Elliptical Crack. Iranian 

Journal of Science and Technology, Transactions of 

Mechanical Engineering, 1-17. 

[11] Ghoreishi, S. M. N., Mehri-Khansari, N., & Rezaei, H. 

(2022). Mixed Mode (I/II/III) Stress Intensity Factors in 

Gas Turbine Blade Considering 3D Semi-elliptical Crack. 

Journal of Aerospace Science and Technology, 15(1), 1-

13. 

[12]  Ghajar, R., Davoodabadi, M., & Saeidi Googarchin, H. 

(2016). Stress intensity factor calculation for surface 

crack in a family of thin and thick rotating disks using two 

dimensional weight functions. Modares Mechanical 

Engineering, 15(12), 84-94. 

[13] Tan, C. L. (1983). Boundary integral equation stress 

analysis of a rotating disc with a corner crack. The Journal 

of Strain Analysis for Engineering Design, 18(4), 231-

237. 
[14] Lorenzo, J. M., & Cartwright, D. J. (1994). Boundary 

element weight function analysis of a strip yield crack in 

a rotating disk. Theoretical and applied fracture 

mechanics, 21(3), 241-250. 

[15] Rooke, D. P., & Tweed, J. (1977). The stress intensity 

factors for two collinear edge cracks in a rotating 

disc. Journal of Elasticity, 7(2), 185-194. 

[16] Xu, W., Rao, D., Wu, X., Tong, D., & Zhao, X. (2020). 

Wide‐range and accurate mixed‐mode weight functions 

and stress intensity factors for cracked discs. Fatigue & 

Fracture of Engineering Materials & Structures, 43(5), 

1022-1037. 

[17] Wu, X. R. (1991). The arbitrarily loaded single-edge 

cracked circular disc; accurate weight function solutions. 

International journal of fracture, 49, 239-256. 

[18] Akbardoost, J., & Rastin, A. (2015). Comprehensive data 

for calculating the higher order terms of crack tip stress 

field in disk-type specimens under mixed mode loading. 

Theoretical and Applied Fracture Mechanics, 76, 75-90. 

[19] Blauel, J. G., Beinert, J., & Wenk, M. (1977). Fracture-

mechanics investigations of cracks in rotating 

disks. Experimental Mechanics, 17(3), 106-112. 

[20] Ezumie, T., & Nishimura, K. (2006). Influence of 

inclusion on deformation of crack tip in rotating disc by 

photoelasticity and method of caustics. In Key 

Engineering Materials (Vol. 321, pp. 684-687). Trans 

Tech Publications Ltd. 



142/ 
 

 

 

Seyed Mohammad Navid Ghoreishi, Bahar Salimi 
Journal of  Aerospace Science and Technology 
Vol.17/ No. 1/ Winter-Spring 2024 

[21] Banks-Sills, L., Wawrzynek, P. A., Carter, B., Ingraffea, 

A. R., & Hershkovitz, I. (2007). Methods for calculating 

stress intensity factors in anisotropic materials: Part II—

Arbitrary geometry. Engineering Fracture 

Mechanics, 74(8), 1293-1307. 

[22] Gdoutos, E. E. (2020). Fracture mechanics: an 

introduction (Vol. 263). Springer Nature. 

[23] Timoshenko, S. P., & Goodier, J. N. (1970). Theory of 

Elasticity, 3rd Edn McGraw-Hill. New York, 23. 

[24] Nami, M. R., & Eskandari, H. (2012). Stress intensity 

factors in a rotating impeller containing semi-elliptical 

surface crack. Mechanics based design of structures and 

machines, 40(1), 1-18. 

 

 

 
 

 
 

COPYRIGHTS 
©2024 by the authors. Published by Iranian Aerospace Society This article is an open access article distributed under the terms and 

conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0)  

(https://creativecommons.org/licenses/by/4.0/). 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

HOW TO CITE THIS ARTICLE: 

Seyed Mohammad Navid Ghoreishi, Bahar Salimi, “ Numerical Calculation of Fracture Parameters in Grooved Rotating 

Disc Containing Three-dimensional Semi-elliptical Crack Under Mixed Mode Loading”, Journal of Aerospace Science 

and Technology,  Vol 17, No1,2024, pp, 130-142   

DOI: https://doi.org/10.22034/jast.2023.398765.1151 

URL: https://jast.ias.ir/article_180459.html 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/jast.2023.398765.1151
https://doi.org/10.22034/jast.2023.398765.1151
https://jast.ias.ir/article_180459.html

