Table of Contents

TR~ R (RSN Ty G I M Y &G

Preface v
Acknowledgement vii
Abstract ix
Résumé Xi
Zusammenfassung xiii
ouS xv
Table of Contents xvii
List of Figures xxi
List of Tables xxvii
Chapter 1 | Introduction 1
1.1 Context and motivation 1
1.2 Objectives 4
1.3 Methodology 5
1.4 Thesis organization 6
1.5  List of publications 8
References 9
Chapter 2 | Continuous fatigue behavior 13
2.1 Introduction 13
2.2 Experimental procedure 16
2.2.1 Material and specimen preparation 16
2.2.2 Experimental set-up and instrumentation 17
2.2.3 DMA experiment 19
2.3 Experimental results 20
2.3.1 Quasi-static behavior 20
2.3.2 Fatigue behavior 21
2.3.2.1 Fatigue life 21

2.3.2.2 Stress-strain loops, dissipated energy and stiffness
degradation 22
2.3.2.3 Self-generated temperature evolution 26
2.3.2.4 Fatigue damage growth 28
2.3.2.5 Fatigue failure mode 30
2.4 Discussion 31
2.5 Conclusions 32

xvii



Table of Contents

References

Chapter 3 | Stress ratio effect on fatigue behavior

81
32

3.4
35

Introduction

Experimental procedure

3.2.1 Material and specimen preparation

3.2.2 Experimental set-up and instrumentation
Experimental results and discussion

3.3.1 Fatigue life

3.3.2 Specimen translucency and self-generated temperature
3.3.3 Stress-strain loops and fatigue stiffness
Effect of stress ratio

Conclusions

References

Chapter 4 | Creep-fatigue behavior

4.1
42

43

44

Introduction

Experimental procedure

4.2.1 Material and specimen preparation

4.2.2 Experimental set-up and instrumentation
4.2.2.1 Pure creep
4.2.2.2 Creep-fatigue

Experimental results and discussion

4.3.1 Pure creep experiments

4.3.2 Creep-fatigue experiments
4.3.2.1 Fatigue life

4.3.2.2 Creep strain, hysteresis loops, and stiffness degradation

72
72

4.3.2.3 Damage evolution and self-generated temperature evolution 78

4.3.3 Fracture surfaces and failure mode
Conclusions
References

Chapter 5 | Interrupted fatigue behavior

51
52

5.3

5.4

5.4

Introduction

Experimental procedure

5.2.1 Material and specimen preparation

5.2.2 Experimental set-up and instrumentation
Experimental results and discussion

5.3.1 Effect of stress level

5.3.2 Effect of interruption

Comparison to continuous fatigue

5.4.1 Accumulated damage and distribution
5.4.2 Damage retardation and distribution mechanisms
5.4.3 Reliability analysis

Conclusions

References

Chapter 6 | Modeling of fatigue behavior

6.1
6.2
6.3

Xviii

Introduction
General constitutive equation
Recovery solution and application

81
83
84

101
104
104
108
109
110
111

115

115
17,
118

Table of Contents

6.3.1 Experimental investigation and recovery results
6.3.2 Recovery solution
6.3.3  Estimation of viscoelastic parameters
6.4  Fatigue solution, application and validation
6.4.1 Material Fatigue solution
6.4.2 Validation of implemented solutions
6.5  Conclusions
References
Annex [
Annex II

Chapter 7 | Conclusions and future work

7.1  Conclusions
7.2 Original contributions
7.3 Recommendations for future work
7.3.1 Study the effect of loading pattern on other types of composite
7.3.2 Study the effect of loading pattern in compressive-compressive
fatigue loading
7.3.3 Study the temperature and moisture effect on the sensitivity of
laminated composites to the applied loading pattern
7.3.4 Finite element analysis of the crack tip in viscoelastic materials
7.3.5 Study the effect of loading pattern on repeatability of fatigue
results

7.3.6 Study the evolution of inter-lamina stress during cyclic loading
References

Annex A | Continuous-fatigue at R=0.1

Annex B | Continuous-fatigue at R=0.5

Annex C | Creep-fatigue

Annex D | Interrupted-fatigue

Annex E | DSC results

Annex F | Localized measurements of strain in creep-fatigue experiments
Annex G | Study the effect of damage on viscoelasticity using DMA

Annex H | Experimental study of crack blunting effect in viscoelastic media

Curriculum Vitae

118
121
122
124
124
125
129
130
133
135

139

139
142
142
142
143

143
143

144
144
145
149
173

193

249

277

279

283

285

Xix



