
(i) 
 

Contents 
List of Figures……………………………………………………………………………..(v)-(ix) 

List of Tables…………………………………………………………………………………..(x) 

Nomenclature……………………………………………………………………………(xi)-(xvi) 

List of Publications……………………………………………………………………….....(xvii) 

List of Conferences…………………………………………………………………..(xvii)-(xviii) 

PREFACE…………………………………………………………………………...(xix)-(xxviii) 

 

Chapter 01. Introduction and literature review ................................................... 1 

1.1. High temperature structural materials and micromechanical deformation modelling ..... 1 

1.2. Empirical based flow stress models ................................................................................. 2 

1.2.1. Johnson–Cook  Model, 1983 .................................................................................... 2 

1.2.2. Zerilli–Armstrong Model, 1987 ................................................................................ 3 

1.2.3. Y.C Lin and X.M. Chen Model, 2010 ...................................................................... 3 

1.3. Physics Based Flow Stress Model .................................................................................... 4 

1.3.1. Y. Bergstr𝒐m Model, 1970 ....................................................................................... 4 

1.3.2. F. Barlat et al. Model, 2002 ...................................................................................... 5 

1.3.3. Y.C. Lin and D.X. Wen Model, 2014, 2016 ............................................................. 6 

1.3.4. X. Tang et al.  Model, 2016 ...................................................................................... 7 

1.3.5. L. E. Lindgren et al.  Model, 2017 ............................................................................ 8 

1.3.6. R. Wang et al. Model, 2018 .................................................................................... 10 

1.3.7. H. Li et al. Model, 2019 .......................................................................................... 10 

1.3.8. Surya D. Yadav et al. Model, 2019 ......................................................................... 12 

1.4. Empirical based creep models ........................................................................................ 13 

1.4.1. M. McLean and B. F. Dyson Model, 2000 ............................................................. 13 

1.4.2. Y. Yin and R.Faulkner Model, 2006....................................................................... 13 

1.4.3. N. Bonora and L. Esposito Model, 2008 ................................................................ 14 

1.4.4. B. Xiao et al.   Model, 2019 .................................................................................... 14 

1.5. Physics-based creep models ........................................................................................... 15 

1.5.1. N.M. Ghoniem et al.  Model, 1990 ......................................................................... 15 

1.5.2. H. Magnusson et al. Model, 2007 ........................................................................... 15 

1.5.3. H. Semba et al.Model, 2008.................................................................................... 17 

1.5.4. B.F. Dyson Model, 2008 ......................................................................................... 17 



(ii) 
 

1.5.5. F. Krumphal et al. Model, 2009……………………………………………………18 

1.5.6. M. Basirat et al. Model, 2012 ................................................................................. 18 

1.5.6. Y.K Kim et al. Model, 2016 ................................................................................... 19 

1.5.7. Surya D. Yadavet al.  Model, 2016, 2018 ............................................................... 19 

1.5.8. C.Ó Murchú et al. Model, 2017 .............................................................................. 21 

1.5.9. S. Wu et al. Model, 2022 ........................................................................................ 21 

1.6. Problem definitions ................................................................................................. 22 

Chapter 02. A meso-scale model to predict flow stress and microstructure  

                      during hot deformation of  IN718WP ............................................25 

2.1.  Introduction ....................................................................................................................... 25 

2.2.  Materials and Methods ...................................................................................................... 29 

2.3.  Model Formulation……………………………………………………………………….31 

2.3.1. Constitutive equations……………………………………………………………..32 

2.3.2. Microstructural rate equations…………………………………………………….35 

2.3.3. Mean free path of glide ........................................................................................... 38 

2.3.4. Discontinuous dynamic recrystallization (DDRX) ................................................. 39 

2.4.  Solution for constitutive equations and optimization of parameters…………………….43 

2.5. Results and discussion……………………………………………………………………47 

2.5.1. Flow curves……………………………………………………………………….47 

2.5.2. DDRX fraction and average grain size ................................................................... 50 

2.5.3. Evolutions of dislocation density………………………………………………….55 

2.5.4. Glide velocities and climb velocities………………………………………………58 

2.6.  Summary and Conclusions ................................................................................................ 60 

Chapter 03. Microstructure based flow stress modelling of superalloy 718 ....63 

3.1.    Introduction ..................................................................................................................... 63 

3.2.    Methodology ................................................................................................................... 64 

3.3.     Model Formulation ......................................................................................................... 65 

3.4.     Results and discussion .................................................................................................... 67 

3.5.     Conclusions .................................................................................................................... 71 

Chapter 04. An improved dislocation density reliant model to address the        



(iii) 
 

                   creep deformation of reduced activation ferritic martensitic steel.72 

4.1.   Introduction ...................................................................................................................... 72 

4.2.   Materials and methods ..................................................................................................... 77 

4.3.   Model formulation............................................................................................................ 78 

4.3.1. Representation of the microstructure ...................................................................... 78 

4.3.2. Framework of microstructure based hybrid model ................................................. 79 

4.4.  Results and discussion ....................................................................................................... 86 

4.4.1. Creep Strain ............................................................................................................ 86 

4.4.2. Substructure evolution led by creep ........................................................................ 87 

4.4.3. Creep led changes in internal stress, effective stress, climb stress, glide velocity,    

              climb velocity and dipole capture spacing .............................................................. 93 

4.4.4. Evolution of subgrain boundary mobility, boundary dislocation spacing and  

               boundary pressure ................................................................................................... 97 

4.4.5. Occurrence of damage due to precipitate coarsening and cavitation ...................... 99 

4.4.6. Influence of applied stress on model parameters .................................................. 101 

4.5. Significance and effectiveness of the model ................................................................ 104 

4.6. Summary and conclusions ............................................................................................ 105 

Chapter 05. A dislocation density reliant mean-field model to describe the  

             creep response and microstructure evolution of superalloy IN-718 ..109 

5.1. Introduction .................................................................................................................. 109 

5.2. Experimental ................................................................................................................ 112 

5.2.1. Material and uniaxial tensile creep testing ............................................................ 112 

5.2.2. Microstructure characterization ............................................................................ 112 

5.3. Model formulation........................................................................................................ 113 

5.3.1. Microstructure conceptualization .......................................................................... 113 

5.3.2. Precipitates and other obstacles ............................................................................ 115 

5.3.3. Constitutive equations: internal and effective stresses and creep strain ............... 117 

5.3.4. Glide velocity, climb velocity and climb stress and the influence of SFE ........... 118 

5.4. Model set up ................................................................................................................. 119 

5.5. Results and Discussion ................................................................................................. 121 

5.5.1. Creep strain ........................................................................................................... 121 



(iv) 
 

5.5.2. Substructure evolutions ......................................................................................... 122 

5.5.3. Evolution of mean free path .................................................................................. 125 

5.5.4. Evolution of internal stress, effective stress, climb stress and glide velocity ....... 126 

5.5.5. Microstructure ....................................................................................................... 130 

5.6. Conclusions .................................................................................................................. 133 

Chapter 06. Microstructure-based creep strain modeling of steel 316LN at  

                      140-275 MPa / 600-650 oC… .........................................................136 

6.1. Introduction ...................................................................................................................... 136 

6.2.  Material and input parameters ......................................................................................... 140 

6.3. Creep model for steel 316 LN .......................................................................................... 141 

6.3.1. Microstructure consideration and its evolution ..................................................... 141 

6.3.2. Internal stress and effective stress......................................................................... 143 

6.3.3. Dislocation velocity and dislocation mobility ...................................................... 144 

6.3.4. Damage ................................................................................................................. 145 

6.3.5. Creep strain ........................................................................................................... 147 

6.4. Results and discussion .................................................................................................. 147 

6.4.1. Creep curves.......................................................................................................... 147 

6.4.2. Microstructure evolution ....................................................................................... 148 

6.4.3. Internal stress, effective stress, dislocation velocity, and dislocation mobility .... 152 

6.4.4. Damage evolution ................................................................................................. 155 

6.4.5. Applicability and usefulness of this model ........................................................... 159 

6.5. Summary and Conclusions ........................................................................................... 160 

Chapter 07.  Summary and conclusions……………………………..……...163 

7.1.     Summary and Conclusions ........................................................................................... 163 

7.2.     Outlook ......................................................................................................................... 167 

References………………………………………………………………….....168 

 

 

 

 


