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D. Perić/D. R. J. Owen

1 Introduction 515
2 Continuum Constitutive Modeling 516
3 Implicit Finite Element Solution Strategy 523
4 Contact–Friction Modeling 525
5 Element Technology 530
6 Refined Constitutive Models for Inelastic Solids at Finite

Strains 535
7 Thermomechanical Coupling 538
8 Adaptive Strategies for Nonlinear Problems 539
9 Explicit Solution Strategies 546
10 Thin Sheet Forming Operations 549
11 Bulk Forming Operations 551
12 Metal Cutting Operations 557
13 Concluding Remarks 561

Acknowledgments 562
Notes 562
References 562
Further Reading 565

O

R S
CREE

N V
IE

W
IN

G
 IN

 B
PA

 O
NLY



Contents vii

15 Explicit Finite Element Methods for Large
Deformation Problems in Solid Mechanics 567
David J. Benson

1 Introduction 567
2 The Hyperbolic Equations for Solids 570
3 Explicit Integration Methods 574
4 Time Step Size Estimation 580
5 Operator Splitting 584
6 Architecture of Explicit Finite Element Methods 586

7 Element Technology 589
8 Shock Viscosity 601
9 Mass Matrices 603
10 Recent Developments and Future Research 605

References 606

Contents for Volumes 1, 2, 4–6 611

Subject Index 623



FO
R S

CREE
N V

IE
W

IN
G

 IN
 B

PA
 O

NLY



Contents

VOLUME 4: SOLIDS AND STRUCTURES – PART 2

Contributors to Volume 4 ix

Preface xi

16 Shakedown and Safety Assessment 731
Nestor Zouain

1 Introduction 731
2 Basic Notation 734
3 Classical Static and Kinematic Shakedown

Formulations 736
4 Extremum Principles for Elastic Shakedown 740
5 Discrete Models for Elastic Shakedown 741
6 Preventing Alternating Plasticity 745
7 Preventing Simple Mechanisms of Incremental Collapse 746
8 Extensions Concerning Hardening and Temperature

Effects 748
9 Other Extensions of Shakedown Theory 751
10 An Algorithm for Shakedown Analysis 753
11 Numerical Procedures for Shakedown Analysis 757
12 Finite Element Discretizations for Shakedown Analysis 763
13 Applications 764
14 Conclusions 774

References 775

17 Damage, Material Instabilities, and Failure 779
René de Borst/Clemens V. Verhoosel

1 Introduction 779
2 Damage Mechanics 780
3 Material Instabilities and Mesh Sensitivity 785
4 Cohesive-Zone Models 793
5 Enhanced Continuum Descriptions 799
6 Discrete Failure Models 813
7 Concluding Remarks 824

References 825

18 Computational Fracture Mechanics 829
Anthony R. Ingraffea/René de Borst

1 Introduction 829
2 Approaches for Representation of Cracking Processes 830
3 Geometrical Representation Approaches 831

4 Nongeometrical Representation Approaches 845
5 Summary 850

Acknowledgments 851
References 851

19 Homogenization Methods and Multiscale Modeling 855
Tarek I. Zohdi

1 Introduction 855
2 Fundamental Micro–Macro Concepts 857
3 Testing Procedures 857
4 The Hill–Reuss–Voigt Bounds 859
5 More Refined Micro–Macro Approximations 860
6 Computational Homogenization 861
7 Microgeometrical Manufacturing Idealizations 862
8 Numerical Discretization 864
9 Overall Testing Process: Numerical Examples 865
10 Increasing Sample Size 868
11 Hierarchical/Multiscale Interpretations 869
12 Closing Comments and Future Directions 873
13 Related Chapters 874

Notes 875
References 875
Further Reading 878

20 Homogenization Methods and Multiscale Modeling:
Nonlinear Problems 879
Marc G. D. Geers/Varvara G. Kouznetsova/
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