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Abstract: As Stress Intensity Factors (SIF) may be used to measure the fracture force 

of the faulty structure quantitatively, the engineering application of fracture 

mechanics relies largely on knowledge of stress intensity factors. Many researcher 

methods have so far been proposed to measure stress intensity factors. Over the past 

few years, because of their reducing structural integrity, the issue of extended 

operations of aging aircraft structures is becoming pressing. Therefore, this study 

aims to investigate the SIF for multiple cracks growth by using software such 

Microsoft excel. It detailed about the existing study of multiple cracks and how to 

formulate the empirical mathematical model to predict the SIF. The findings of 

relationship between independent variable and dependent variable of multiple cracks 

with different load types. The parameters of the model are a/D and a/b which are crack 

depth ratio and cracks aspect ratio respectively. By using different cracks shapes of 

0.1,0.2,0.3 and 0.4. For a/b, the range are from 0.2 and 1.2 with the increment of 0.2. 

The variable of c/l is 0.005, 0.01, 0.02,0.04, 0.08,0.16, 0.32. In conclusion, the 

equation has been made for SIF. The objective was achieved with seven equations are 

shown in this thesis from different C/L, a/D, a/b values 
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1. Introduction 

 Researchers have done a lot of work to boost the fracture strength of ceramic materials over the 

years. One of the results is the microcracking technique, which has increasingly been used as a 

mechanism to improve the fracture strength of ceramic materials. This toughening effect typically 

occurs as a result of the contact between microcracks. Microcracks may either strengthen or shield a 

macrocrack, depending on the location and orientation of the microcracks. As a result, the issue of 

interaction effects between multiple cracks in fracture mechanics has drawn the attention of many 

researchers [1]. In most situations, due to corrosion and fatigue several cracks are possibly initiated. 
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Conventional tests are focused on the concept of fracture mechanism based on a single crack 

configuration for multiple crack problems. Multiple cracks are usually re-evaluated as one bigger crack, 

following strict rules & requirements, even though they use current design code like BS7910 [2]. Over 

the past few years, because of their reducing structural integrity, the issue of extended operations of 

aging aircraft structures is becoming pressing. This reduction is primarily due to many damages at the 

site, this also occurs in riveting riveted longitudinal and circumferential joints, beginning with the 

initiation and propagation of crack at multiple locations of fuselage pressure cycling fatigue loads [3]. 

These numerous cracks may interact, and rapid crack bonding may occur, decreasing the overall 

structural integrity of the system, which may even lead to catastrophic failure. Prediction of structural 

residual strength and of the crack rate of growth demand correct measurement of the stress intensity 

factor (SIF), as it is one of the key parameters in the mechanical analysis of fractures. It determines the 

stress field close to the crack tip adequately and provides basic details about how the crack propagates. 

 

2. Multiple cracks and Methods 

From previous study, A tensile fatigue test was carried out in a servo fatigue electric [4] SDS-100 

with maximum tensile strength of 72 KN and frequency of 10 Hz in the air at room temperature. A 

tensile fatigue test under load control was performed [5]. Two tensile loading block sequences were 

applied on the specimen in order to create consistent beach marks on the fatigue fracture surface. In the 

10th base line block the specimen ultimately failed, suffering a total of 157.8 x 10^4 cycle [6], with the 

last beach mark matching the 9th beach loading block. Figure 1 indicates that the fatigue fracture can 

easily be found in the fatigue zone and the immediate fracture zone. 

 

Figure 1: Multiple cracks at specimen 

2.1 Multiple regression  

The method of statistical analysis used to forecast a consequence of the variable, based on two 

or more variables, is a multilinear regression. It is also known as multiple regression, and an extension 

of linear regression. The predictable variable is the dependent variable and is known as the independent 

or explanatory variables to predict the value of the dependent variable. The multiple linear regression 

helps analysts to evaluate the model variance and the relative contribution of each independent variable. 

There are two distinct types of multiple regression, linear and nonlinear. 
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Figure 2: Scatter plot of multiple regression 

2.2 Regression analysis 

Using Microsoft Excel software, go to data tab data analysis and click regression. Choose the 

independent variable and dependent variable from the data. Then select the output in the output range 

box. From the data analysis, the regression table will come out to predict the interaction between the 

independent variable and dependent variable. 

 

3. Results and Discussion 

This chapter presents the findings of relationship between independent variable and dependent 

variable of multiple cracks with different load types. The parameters of the model are a/D and a/b which 

are crack depth ratio and cracks aspect ratio respectively. By using different cracks shapes of 0.1,0.2,0.3 

and 0.4. For a/b, the range are from 0.2 and 1.2 with the increment of 0.2. The variable of c/l is 0.005, 

0.01, 0.02,0.04, 0.08,0.16, 0.32. In the beginning, the data was taken from Ansys and import into excel 

to find the relationship between both variables 

3.1 Significant regression analysis for multiple cracks 

      As we can see, Figure 3 is the summary output from a/D = 0.1 and a/b=0.2 with C/L=0.005. From 

the figure 3, The Multiple R is 95 %, the R Square is 92% and the Adjusted R Square is 90% from 14 

observation from this model The Significance F in Anova table shown the regression is equal to 9.01E-

07. The P-value is 0.5147(intercept), 0.1319(variable 1), 0.0128 (variable 2). Figure 4 is the summary 

output from a/D=0.1 and a/b=0.2 with C/L=0.04. From the figure 4, The Multiple R is 98 %, the R 

Square is 97% and the Adjusted R Square is 97% from 14 observation from this model. The Significance 

F in Anova table shown the regression is equal to 4.69E-10. The P-value is 0.0044(intercept), 

0.001(variable 1), 0.0002(variable 2) Figure 5, R is 98 %, the R Square is 97% and the Adjusted R 

Square is 96% from 14 observation from this model. The Significance F in Anova table shown the 

regression is equal to 3.63E-09. The P-value is 4.75E-06 (intercept), 0.004 (variable 1), 0.0001 (variable 

2). 



Ariffin M.N.C. et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 2 No. 2 (2021) p. 311-317 

3
14 

 

 
Figure 3: Summary output a/D = 0.1 and a/b = 0.2 for C/L = 0.005 

 
Figure 4: Summary output a/D = 0.1 and a/b = 0.2 for C/L = 0.04 

 
Figure 5: Summary output a/D = 0.2 and a/b = 0.2 for C/L = 0.01 
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From the regression statistic, we can see Multiple R, R square and Adjusted R square are below 

98% to show the model is significance in the 14 observations of variable. From the Anova table, the 

significance F is below than 𝛼 = 0.05 so that we would rejecting our null hypothesis and we should 

have a good regression. The value of P-value is lower than 0.05 so the variable is acceptable to put in 

the equation 

3.2 Non-Significant regression analysis for multiple cracks 

Based on the Figure 6, it shown the summary output from a/D = 0.2 and a/b=0.6 with C/L=0.01. 

From the figure 6, The Multiple R is 52%, the R Square is 27% and the Adjusted R Square is 13% from 

14 observation from this model The Significance F in Anova table shown the regression is equal to 

0.1756. The P-value is 4.8E-08(intercept), 0.1639(variable 1), 0.0834 (variable 2). Figure 7 is the 

summary output from a/D=0.3 and a/b=0.2 with C/L=0.32. From the figure 3.5, The Multiple R is 65 

%, the R Square is 43% and the Adjusted R Square is 32% from 14 observation from this model. The 

Significance F in Anova table shown the regression is equal to 0.0452. The P-value is 7.81E-

05(intercept), 0.5199(variable 1), 0.3985(variable 2). Figure 8 is the summary output from a/D=0.4 and 

a/b=0.2 with C/L=0.005. From the figure 8, The Multiple R is 86 %, the R Square is 75% and the 

Adjusted R Square is 70% from 14 observation from this model. The Significance F in Anova table 

shown the regression is equal to 0.000461. The P-value is 0.1202(intercept), 0.5684(variable 1), 

0.4448(variable 2). 

 

Figure 6: Summary output a/D = 0.2 and a/b = 0.6 for C/L = 0.01 

 

Figure 7: Summary output a/D = 0.3 and a/b = 0.2 for C/L = 0.32 
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Figure 8: Summary output a/D = 0.4 and a/b = 0.2 for C/L = 0.005 

From the regression statistic, we can see Multiple R, R square and Adjusted R square are below 

90% to show the model is not significance in the 14 observations of variable. From the Anova table, 

the significance F is over than 𝛼 = 0.05 so that we would cannot rejecting our null hypothesis and we 

should not have a good regression. The value of P-value is above that 0.05 so the variable is not 

acceptable to put in the equation. 

 

4. Conclusion 

      The results of SIFs were obtained before regression analysis been done, then were normalized to 

generalize the results to put in the analysis. Before the analysis been done, dependent and independent 

variables have to choose to predict Stress Intensity Factor (SIF). The objective was achieved but the 

results were inconsistent. Half of the results were found significant and the other half or non-significant 

because of the P-value is above 0.05. From the significant regression analysis, the equation has been 

made for Stress Intensity Factor (SIF). The objective was achieved with seven equations are shown in 

this thesis from different C/L, a/D, a/b values. 
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