Contents

1 Introduction 1
2 Mathematical preliminaries 9
2.1 Notation . . . . . . . .. o 10
2.2 Vector measures and vector-valued functions of bounded variations . . . . 12
2.3 Variational methods . . . . . .. ... oo 15
2.3.1 T-convergence . . . . . . . . . . .o 15

2.3.2 Embedding theorems and inequalities . . . . ... ... ... ... 16

2.3.3  Approximations of WP(Q) and L4(0, T; WP (Q))-functions . . . . 20

2.3.4  Characterization of certain variational inequalities . . . . . . . .. 26

2.4 Shrinking sets and admissible subsets . . . . . ... ... L. 28
2.4.1 Covering and representation results . . . . . . . ... .. ... ... 29

2.4.2 Local Sobolev spaces on shrinking sets . . . . . .. ... ... ... 33

3 PDE modeling and thermodynamic consistency 35
3.1 Phase separation and coarsening processes . . . . . . . . . .. .. ... .. 36
3.2 Partial damage processes . . . . . ..o e 40
3.3 Complete damage processes . . . . . . . v v v v e i e e 44
3.4 Phase separation coupled with damage processes . . . . . .. .. ... .. 47

4 Cahn-Hilliard systems with polynomial chemical potentials coupled
with damage processes and homogeneous elasticity 51
4.1 Assumptions . . . ... 52
4.2 Weak formulations and existence results . . . . . . ... ... ... .. 54



xii CONTENTS
4.2.1 Regularization . . . ... ... o o 55
4.2.2 Limit problem . . . . .. ... . 60
4.3 Proofs of the existence theorems . . . . .. .. ... ... ... .. .... 61
4.3.1 Existence of weak solutions for the regularized system . ... ... 61
4.3.2 Existence of weak solutions for the limit system . . . . . ... ... 83

5 Cahn-Hilliard systems with logarithmic chemical potentials coupled

with damage processes and inhomogeneous elasticity 91
5.1 Assumptions . . . .. ... 92
5.2 Weak formulations and existence results . . . . . . .. ... ... ... .. 93
5.3 Proofs of the existence theorems . . . . .. ... ... ... ... ..... 98

5.3.1 Existence of weak solutions for the regularized system . . .. ... 98

5.3.2 Existence of weak solutions for the limit system - polynomial case 107
5.3.3 Higher integrability of the strain tensor . . . ... ... ... ... 110

5.3.4 Existence of weak solutions for the limit system - logarithmic case 115

6 Complete damage processes 119
6.1 Assumptions . . . . ... 120
6.2 Weak formulations and existence results . . . . . .. ... ... ... ... 120
6.3 Proofs of the existence theorems . . . . ... ... ... ... ....... 126

6.3.1 TI-limit of the regularized energy . . . . .. ... ... ... .... 126
6.3.2 Degenerate limit of the regularized system . . . . . ... ... ... 131
6.3.3 Local- and global-in-time existence results . . . . . . ... ... .. 138

7 Cahn-Hilliard systems coupled with complete damage processes and
homogeneous elasticity 145
7.1 Assumptions . ... oo oo 146
7.2  Weak formulations and existence results . . . . . . ... ... ... ... 147
7.3 Proofs of the existence theorems . . . . . .. ... ... ... ....... 150

7.3.1 TI'-limit of the regularized energy . . . . ... ... ... ... ... 150
7.3.2 Degenerate limit of the regularized system . . . . . ... ... ... 152
7.3.3 Local- and global-in-time existence results . . . . . .. ... .. .. 160
8 Conclusion 163
References 167

List of Figures 173



2 Springer
http://www.springer.com/978-3-658-05251-5

Phase Separation Coupled with Damage Processes
Analysis of Phase Field Models in Elastic Media
Heinemann, C.; Kraus, C,

2014, XIl, 173 p. 11 illus., 10 illus. in color., Softcover
ISBEMN: 978-3-658-05251-5



	Contents



