Contents

TRRBRONE oot A B 0 S P A O N Ao o
13t ol mostfrequently wsed symbols:  vasnenssssmiemaraR B 9

1. Instability of homogeneous plastic strain and localized necking of thin sheets and shear
band growth in three-dimensional bodies. Basic considerations for incompressible

materials with pressure independent yieldsurface ........ ... ... ... ... ... ... 14

1.1. Relation between strain localization and fracture initiation  .................... 14
1.2. Localized necking as a two-dimensional problem  ............... ... ...l t5
1.3. Stability and instability of homogeneous strain in three-dimensional bodies  ...... 18
14: StraindocalizavoninBands .. oo ememesammmsmn i v s e s s 20
2. Three-dimensional constitutive equations of incompressible materials ............. 22
2.1. Classic constitutive equations based on plastic flow theory, with isotropic expansion

BEVIBIISIRIAEE! oo i s e A S A 22
2.2. Constitutive equations of deformation theory as a model of polycrystalline materials

behaviour at small deviations from the proportional loading  ................... 23
23. Constitutive equations with more complex properties under gcneraily

non-ProportionALICEINE cusuimesares i e s e S 25
3. Constitutive equations of void-containing materials based on the plastic flow theory 27
3.1. Yield surface and deduction of the differential form of constitutive equations  ..... 27
3.2. Determination of material parameters in Gurson-Tvergaard equations  .......... 32
33 Nucleahonofwbids cossvenssrim i ranir s s o Sae SR BaiE S o iy 33
4. Constitutive equations of void-containing polycrystalline materials ............... 34
4.1. Physical mechanisms promoting strain localization ............................ 34
4.2. Constitutive equations permitting to model superposition of effects of both principal

THECHEDIINS  immnevmns rovsessinssnes s i s s s S S oo R Y i 35
5. Localized necking of thin sheets of incompressible materials for different strain

PEOMIBHENE . v omammmisme e ST A i S S e R R 40

5k ISOHOPICMEBEIAE v s S S R 2 40
5.2. Anisotropy - simple mode] with quadratic yield surface  ....................... 43
5.3. Non-conventional yield surface models ..ot 47
54. Influence of inhomogeneities on localized necking of thinsheets  ................ 50
6. Shear band formation in three-dimensional bodies for different strain geometries ... 52
6.1. Materialgwith-volume dilatation’  cuosvismrvmaaeaau iy v o vien i 52
6.2. Incompressible materials with pressure independent yield surface ............... 55

7. Influence of inhomogeneities of different types on shear band initiation at plane
deformation of incompressible material . ... ... ... ... ... ... . .. .. .. ... 59

Zl. hhemogeneitievinaformoef bands:  uiiiiviiiiss s iiivav s i s S 60



7.2. Inhomogeneities bounded in plane section  ..........iiiiiiiiiiiiiiiian 67

7.3. General conclusions valid for both idealized geometries of inhomogeneities ...... n
8. Applications — comparison of theory and experiments  .......................... 06}
8.1. Interpretation of morphology of ductile fracture and of sequence of processes leading
(75 008 FLT 1110 o2 o 1113 U SO SR 73
8.2. Prediction of ductile fracture of polycrystalline materials in form of thin sheets ... T4
8.3. Prediction of ductile fracture of polycrystalline materials in form
of three-dimensional bodies o ccuinnusrpmmms e s e s e 76
8.3.1. Incompressible materials with pressure independent yield surface  ............. 76
8.3.2. Void-containing materials ...ttt i 79
9. Correlation of constitutive properties and fracture toughness and simulation
of crack growth resiStanCe CUEVES  ............iiiiueoraaron i 88
9.1. Principal knowledge obtained from calculations by the finite element method  .... 88
9.2. Simple correlations of conventional characteristics of tensile properties and fracture
BOUBNTIEES .. vooieimimis simsie iaioi misiimn sis s s aais sweae s im s st pins s tsae 008 60 4 8140 90
9.3. Constitutive equations involving gradient of strain and characteristic size
of the process zone at thecrack Hip:  susuaiviimimmmnn fossamvimsiersi i i 92
9.4. Correlation of constitutive properties and fracture toughness based on analysis
of strain localizationinbands ... ... ... 96
9.5. Simulation of crack growth resistance curves based on both constitutive properties
and local fracture Griteria . we st s o mv s Bes s S s B S0 100
10. Conclusions and perspectives  .............c.coveiiiarianr i, 105
10.1. Constitutive equations development ... ciiiiiiiiiiiiiiiiiie e, 105
10.2. Bifurcation analysis for homogeneous strain rate insensitive materials
and ductile fracture prediction: .. . ovisisiiaisaites iy av e b e 105
10.3. Inhomogeneities and strain rate sensitivity of stress in relation to the ductile fracture
PIETHELION. o s e o008 8 01808 T R 00850 M0 6 W 0 106
10.4. .Reiation of constitutive properties and parameters of fracture mechanics  ....... 106
RREECERIITES oo s S e R W A o o S S P 108
CeskYSOURIN. ,..ooivs oosiiotion s b a0 s s A T SRR s i 112

1 L=, < APPSR 115



