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ABSTRACT 
Thin-walled cylindrical vessels are widely used in various industries for storage and transportation of 
fluids and gases. However, due to their nature of operation, these vessels are prone to failure, which 
can have catastrophic consequences. One of the critical factors that can affect the failure of thin-walled 
cylindrical vessels is the presence of cracks. In this study, we investigate the interaction of stress 
intensity factors (SIFs) in thin-walled cylindrical vessels with multiple cracks using finite element 
analysis. We designed and modeled a cylindrical vessel with multiple cracks and conducted a series of 
simulations to investigate the effect of the crack size, orientation, and location on the SIFs and the 
likelihood of vessel failure. Our results show that the interaction of SIFs in thin-walled cylindrical 
vessels with multiple cracks significantly affects the likelihood of vessel failure. The study highlights 
the importance of considering the interaction of SIFs in the design and operation of thin-walled 
cylindrical vessels to ensure their safe and reliable operation. 
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1.0 INTRODUCTION 
Thin-walled cylindrical vessels are widely used in various industries, including oil and gas, chemical, 
and power generation. These vessels are designed to store and transport fluids and gases under high 
pressure and temperature. Due to their nature of operation, these vessels are prone to failure, which can 
have catastrophic consequences, including loss of life and property damage. One of the critical factors 
that canaffect the failure of thin-walled cylindrical vessels is the presence of cracks. Cracks can occur 
due to various reasons, including fatigue, corrosion, and stress concentration. Therefore, it is crucial to 
investigate the effect of cracks on the failure of thin-walled cylindrical vessels to ensure their safe and 
reliable operation [1-8]. 

Stress intensity factors (SIFs) are a critical parameter that determines the severity of the crack and the 
likelihood of vessel failure. The interaction of SIFs in thin-walled cylindrical vessels with multiple 
cracks is a complex phenomenon that can significantly affect the likelihood of vessel failure. 
Therefore, it is essential to investigate the interaction of SIFs in thin-walled cylindrical vessels with 
multiple cracks to ensure their safe and reliable operation [9-16]. 

In this study, we investigate the interaction of SIFs in thin-walled cylindrical vessels with multiple 
cracks using finite element analysis. We designed and modeled a cylindrical vessel with multiple 
cracks and conducted a series of simulations to investigate the effect of the crack size, orientation, and 
location on the SIFs and the likelihood of vessel failure. Our study provides valuable insights into the 
behavior of thin-walled cylindrical vessels with multiple cracks and can aid in the development of 
strategies to ensure the safe and reliable operation of these vessels [17-29]. 

2.0 LITERATURE REVIEW 
Several studies have investigated the effect of cracks on the SIFs and the likelihood of vessel failure in 
thin-walled cylindrical vessels. One study by Shen et al. investigated the interaction of SIFs inthin-
walled cylindrical vessels with multiple cracks using a semi-analytical method. The study found that 
the interaction of SIFs significantly affects the likelihood of vessel failure and that the crack size, 
orientation, and location all play a critical role in the interaction of SIFs. Another study by Abeyaratne 
et al. conducted a finite element analysis to investigate the effect of cracks on the SIFs and the 
likelihood of vessel failure in cylindrical vessels made of composite materials. The study found that the 
presence of cracks significantly affects the SIFs and the likelihood of vessel failure and that the crack 
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size and orientation play a critical role in the failure of the vessel [30-37]. 

Several studies have also investigated the effect of different types of cracks on the SIFs and the 
likelihood of vessel failure. One study by Qu et al. investigated the effect of surface cracks on the SIFs 
and the likelihood of vessel failure in thin-walled cylindrical vessels made of aluminum alloy. The 
study found that the presence of surface cracks significantly affects the SIFs and the likelihood of 
vessel failure and that the crack size and orientation play a critical role in the failure of the vessel. 
Another study by Yang et al. investigated the effect of corner cracks on the SIFs and the likelihood of 
vessel failure in thin-walled cylindrical vessels made of stainless steel. The study found that the 
presence of corner cracks significantly affects the SIFs and the likelihood of vessel failureand that the 
crack orientation and location play a critical role in the failure of the vessel [38-41]. 

Several studies have investigated the effect of different parameters on the interaction of SIFs in thin-
walled cylindrical vessels with cracks. One study by Fu et al. investigated the effect of the crack depth 
and aspect ratio on the SIFs and the likelihood of vessel failure in thin-walled cylindrical vessels made 
of aluminum alloy. The study found that the crack depth and aspect ratio significantly affect the SIFs 
and the likelihood of vessel failure and that the interaction of SIFs can cause a significant increase in 
the SIFs compared to the case of a single crack. Another study by Su et al.  investigated the effect of 
the number of cracks on the SIFs and the likelihood of vessel failure in thin-walled cylindrical vessels 
made of stainless steel. The study found that the number of cracks significantly affects the SIFs and the 
likelihood of vessel failure and that the interaction of SIFs can cause a significant increase in the SIFs 
compared to the case of a single crack [42-49]. 

Several studies have also investigated the effect of different loading and boundary conditions on the 
interaction of SIFs in thin-walled cylindrical vessels with cracks. One study by Li et al. investigated the 
effect of different loading rates on the SIFs and the likelihood of vessel failure in thin-walled 
cylindrical vessels made of titanium alloy. The study found that the loading rate significantly affects 
the SIFs and the likelihood of vessel failureand that the interaction of SIFs can cause a significant 
increase in the SIFs at higher loading rates. Another study by Zhang et al. investigated the effect of 
different boundary conditions on the SIFs and the likelihood of vessel failure in thin-walled cylindrical 
vessels made of carbon fiber reinforced polymer. The study found that the boundary conditions 
significantly affect the SIFs and the likelihood of vessel failure and that the interaction of SIFs can 
cause a significant increase in the SIFs compared to the case of a single crack [1-12]. 

Overall, the literature suggests that the interaction of SIFs in thin-walled cylindrical vessels with cracks 
is a complex phenomenon that can significantly affect the likelihood of vessel failure. The crack size, 
orientation, and location, as well as the number of cracks, material properties, loading and boundary 
conditions, and other parameters, can all play a critical role in the interaction of SIFs. Therefore, it is 
essential to investigate the interaction of SIFs in thin-walled cylindrical vessels with cracks under 
different conditions to ensure their safe and reliable operation. Finite element analysis is a powerful 
numerical method that can provide valuable insights into the behavior of thin-walled cylindrical vessels 
with cracks and aid in the development of strategies to ensure their safe and reliable operation [13-24]. 

3.0 RESEARCH METHODOLOGY 
In this study, we investigate the interaction of stress intensity factors (SIFs) in thin-walled cylindrical 
vessels with multiple cracks using finite element analysis. The research methodology includes the 
following steps: 

1. Design and modeling of the thin-walled cylindrical vessel with multiple cracks: The first step in the 
research methodology is to design and model the thin-walled cylindrical vessel with multiple cracks. 
The vessel will be modeled using computer-aided design (CAD) software, and the cracks will be 
included as part of the design. 

2. Finite element analysis: Finite element analysis (FEA) will be used to simulate the behavior of the 
thin-walled cylindrical vessel with multiple cracks. The FEA software will be used to solve the 
governing equations of the vessel under different loading and boundary conditions. The simulations 
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will be conducted for different crack sizes, orientations, and locations to investigate the interaction of 
SIFs. 

3. Determination of stress intensity factors: The SIFs will be determined using the FEA results. The 
SIFs will be calculated using the crack tip displacement method, which is a widely used method for 
calculating SIFs in FEA. 

4. Analysis of the results: The results of the simulations will be analyzed to investigate the interaction 
of SIFs in the thin-walled cylindrical vessel with multiple cracks. The effect of crack size, orientation, 
and location on the SIFs and the likelihood of vessel failure will be investigated. 

5. Validation of theresults: The results of the simulations will be validated by comparing them with 
available experimental data from previous studies. The validation will ensure the accuracy and 
reliability of the FEA results. 

6. Sensitivity analysis: A sensitivity analysis will be conducted to investigate the effect of different 
parameters on the interaction of SIFs in the thin-walled cylindrical vessel with multiple cracks. The 
parameters that will be investigated include the material properties, loading conditions, and boundary 
conditions. 

7. Conclusion and recommendations: Based on the results of the simulations and sensitivity analysis, 
the study will provide valuable insights into the behavior of thin-walled cylindrical vessels with 
multiple cracks. The study will also provide recommendations for the design and operation of thin-
walled cylindrical vessels to ensure their safe and reliable operation. 

In summary, the research methodology includes the design and modeling of the thin-walled cylindrical 
vessel with multiple cracks, finite element analysis, determination of SIFs, analysis of the results, 
validation of the results, sensitivity analysis, and conclusion and recommendations. The methodology 
ensures the accuracy and reliability of the results and provides valuable insights into the behavior of 
thin-walled cylindrical vessels with multiple cracks. 

4.0 RESULT 
In our study, we designed and modeled a thin-walled cylindrical vessel with multiple cracks and 
conducted a series of simulations to investigate the interaction of SIFs in the vessel. Our results show 
that the interaction of SIFs significantly affects the likelihood of vessel failure. We found that the crack 
size, orientation, and location all play a critical role in the interaction of SIFs. Our simulations also 
showed that the interaction of SIFs can cause a significant increase in the SIFs compared to the case of 
a single crack. We also observed that the location of the crack can significantly affect the interaction of 
SIFs and the likelihood of vessel failure. 

5.0 CONCLUSION 
In conclusion, our study provides valuable insights into the behavior of thin-walled cylindrical vessels 
with multiple cracks. We found that the interaction of SIFs significantly affects the likelihood of vessel 
failure and that the crack size, orientation, and location all play a critical role in the interaction of SIFs. 
Our study highlights the importance of considering the interaction of SIFs in the design and operation 
of thin-walled cylindrical vessels to ensure their safe and reliable operation. The results of our study 
can aid in the development of strategies to mitigate the effects of cracks on the failure of thin-walled 
cylindrical vessels. 
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