
Determination of Stress Intensity Factor for Arc-shaped Tension Specimen 
by Using Finite Element Analysis 

By 

Nurulain bte Marjono 

Dissertation submitted in partial fulfilment of 

the requirements for the 

Bachelor of Engineering (Hons) 

(Mechanical Engineering) 

DECEMBER 2008 

Universiti Teknologi PETRONAS 
Bandar Seri Iskandar 
31750 Tronoh 
Perak Darul Ridzuan 



CERTIFICATION OF APPROVAL 

Determination of Stress Intensity Factor for Arc-shaped Tension 
Specimen by Using Finite Element Analysis 

Approved by, 

by 

Nurulain bte Marjono 

A project dissertation submitted to the 

Mechanical Engineering Programme 

Universiti Teknologi PETRONAS 

in partial fulfilment of tbe requirement for the 

BACHELOR OF ENGINEERING (Hons) 

(MECHANICAL ENGINEERING) 

(Dr. Khairul Fuad) 

UNIVERSITI TEKNOLOGI PETRONAS 

TRONOH, PERAK 

July 2008 

i 



CERTIFICATION OF ORIGINALITY 

CERTIFICATION OF ORIGINALITY 

This is to certify that I am responsible for the work submitted in this project, that 

the original work is my own except as specified in the references and 

acknowledgements, and that the original work contained herein have not been 

undertaken or done by unspecified sources or persons. 

NURULAINBTE~ONO 

ii 



ABSTRACT 

Fracture mechanics is a method for predicting failure of a structure containing a 

crack which divided into linear elastic fracture mechanics and nonlinear fracture 

mechanics. The most important parameter in fracture mechanics, Stress Intensity 

Factor (SIF), K, is used to more accurately predict the stress intensity near the tip of 

a crack caused by a remote load or residual stresses. Fracture Toughness, Kc is a 

property which describes the ability of a material containing a crack to resist fracture 

when load is applied to the material. Fracture occurs when K1 ~ Kc. 

The crack tip parameter K is useful tool to calculate the crack growth up to fhllure 

for different crack geometry and loading conditions. The advancement of finite 

element source codes allows the crack tip parameters (SIF and stress distribution) to 

be computed nearly accurate without being overly dependent on purely experimental 

work which is time and cost consuming. 

The aim of the present work is to investigate the SIF of Mode-I crack type specimen 

used in general applications. The SIF for different loading value and varied 

parameter which obtained from ANSYS software will be analyzed and compared 

with the calculation method. The modeling work is carried out using Arc-shaped 

Tension specimens. 

In this study, the Arc-shaped Tension specimen was modeled to carry aluminum 

properties, which exhibit linear-elastic behavior under stresses. This specimen was 

modeled to be plane-strain and finite-width exerted with opening mode loading 

(Mode-l). The ANSYS finite element software is employed to model this specimen 

and obtain the value ofSIF to compare and validate through theoretical calculation. 

The modeling results have exhibit proper linear-elastic behavior and stress 

distribution. From the numerical data and theoretical considerations, it shown that 

the Mode-l SIF are dependent of the loading applied to the specimens. All of all, the 

results show that increasing the load applied, ring segment distance, crack length or 

decreasing the thickness can significantly increase the SIF. 
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1.1 Background of Study 

CHAPTER I 

INTRODUCTION 

Fracture in science and technology is understood as the total or partial separation of 

an originally intact body or structure. Fracture mechanics is a method for predicting 

failure of a structure containing a crack by approaches requires that an initial crack 

size be known or assumed. Fracture mechanics may be classified from different 

points of view. Usually it is divided into linear elastic fracture mechanics and 

nonlinear fracture mechanics. 

Linear Elastic Fracture Mechanics (LEFM) first assumes that the material is 

isotropic and linear elastic. Based on the assumption, the stress field near the crack 

tip is calculated using the theory of elasticity. When the stresses near the crack tip 

exceed the material fracture toughness, the crack will grow. In LEFM, most formulas 

are derived for either plane stresses or plane strains, associated with the three basic 

modes ofloadings on a cracked body; opening, sliding and tearing. 

Stress Intensity Factor (SIF), K, defines the magnitude of the local stresses around 

the crack tip [4]. SIF is used to more accurately predict the stress state or stress 

intensity near tbe tip of a crack caused by a remote load or residual stresses [5]. 

Fracture Toughness, Kc is a property which describes the ability of a material 

containing a crack to resist fracture when load is applied to the material [6]. The 

subscripts/, II, and III denote tbe mode of the crack. Fracture occurs when K1 ~ Kc. 

Finite element analysis (FEA) is a computer simulation technique used in 

engineering analysis by using a numerical technique called the finite element method 

(FEM). Development of the FEM in structural analysis can help one to study on the 

crack behavior and propagation, and to obtain the value ofSIF. 
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