CONTENTS
Subject

Title Page

Certificate of Approval
Certificate

Declaration
Acknowledgements

List of Symbols

List of Abbreviations
Abstract

Contents

Chapter 1  Introduction

1.1 Objectives
Chapter 2  Literature review

2.1 Introduction
2.2 Fracture mechanics- an outline

2.2.1  LEFM vis-a-vis EPFM
2.2.2  CTOD parameter

2.2.3  J-integral parameter
2.2.4  Tearing modulus
2.3 Cyclic J-R curve
2.3.1  Dowling’s low cycle fatigue analysis

2.3.2 CyclicJ-RcurveforR>0and R<0

2.4 Load-controlled cyclic fracture tests
2.5  Acoustic emission signal characterization
2.5.1  Principles and sources of acoustic emission

2.5.2  Types of acoustic emission signals
2.5.3  Acoustic emission during ductile fracture
2.6 AISI 304LN stainless steel used in nuclear power plant

2.7  Appraisal of the problem

Xi

Page
No.

Vi

vii



Chapter 3
3.1
3.2

3.3

3.4
Chapter 4

4.1
4.2

4.3

4.4

Chapter 5

5.1

The selected steel and its characteristics
Introduction
Experimental procedure

3.2.1
3.2.2
3.2.3

3.24
3.25
3.2.6

Chemical analysis
Metallographic specimen preparation
Metallographic examination

Hardness evaluation
Tensile testing

Fractographic examination

Results and discussion

3.3.1  Chemistry, microstructure and hardness
3.3.2  Tensile deformation behaviour
Summary

Displacement controlled fracture behavior of AISI
304LN stainless steel and its weldment
Introduction

Experimental procedure

421
4.2.2
4.2.3
4.2.4

4.2.5

Specimen preparation and fatigue pre-cracking
Monotonic J-integral test
Cyclic J-integral test

Generation of J-R curve under monotonic and
cyclic J-integral test
Fractography

Results and discussion

4.3.1  Determination of the monotonic J-integral fracture
toughness
4.3.2  Determination of the cyclic J-integral fracture
toughness
4.3.2.1 Effect of stress ratio on cyclic fracture
toughness
4.3.2.2 Effect of plastic displacement on cyclic
fracture toughness
4.3.2.3 Determination of critical J and dJ/da
under cyclic J-integral tests
4.3.3  Micro mechanisms of fracture in the investigated
steel
Conclusions

Load controlled fracture behaviour of AISI 304LN
stainless steel and its weldment
Introduction

xii

31
31
31
32
32
32

34
34

36
36
36
38
56
59

59
61
61
63
65
69

72
72
72

76

77

80

82

85

90

91

91



5.2

5.3

5.4
Chapter 6

6.1
6.2

6.3

6.4

Chapter 7

References

Experimental procedure

5.2.1  Specimen preparation and fatigue pre-cracking
5.2.2  Load controlled cyclic fracture tests

Results and discussion

5.3.1 Load controlled cyclic fracture behaviour of AISI
304LN SS and its weldments

5.3.2 Load controlled vis-a-vis displacement controlled
cyclic fracture tests of AISI 304LN SS and its
weldments

5.3.3  Master curve to account for cyclic tearing in
components and in specimens

Conclusions

A comparative assessment of acoustic emission and
conventional load-displacement analysis for detection of
crack initiation

Introduction

Experimental procedure

6.2.1  Acoustic emission during fracture toughness test
Results and discussion

6.3.1  Detection of the point of crack initiation by AE
characteristics

6.3.2  Determination of fracture toughness by AE
technique

Conclusions

General conclusions and suggestions for future work

Curriculum Vitae

Xiii

93
93
93
94
95

96

99

103
105

105
106
106
108
108

113

120

121

125



