
Contents

Preface
xv

Acknowledgments
xvii

Chapter 1. Invariant Imbedding

1. Introduction 1

2. An Elastic String 2

3. Classical Imbedding 3

4. Representation of the Solution 4

5. An Analytical Example 4

6. Variable Coefficients 6

7. Numerical Aspects, Stability 8

8. Invariant Imbedding 9

9. Discussion 12

10. Semigroup Properties 12

11. Reciprocity Relation 16

12. Computation of u ,. A Two-Sweep Method 16

vii



CONTENTSVlil

13. A One-Sweep Method 17

14. A Continuous Analog 18

15. An Infinite String on Elastic Foundation 20

16. Buckling. Classical Approach 21

17. Buckling. Invariant Imbedding " 24
NOTES, COMMENTS, AND BIBLIOGRAPHY 26

Chapter 2.
Differential Equations

1. Introduction 29

2. Vector-Matrix Notation 29

3. Systems of Ordinary Differential Equations 32

4. Linear Homogeneous Systems. Superposition 34

5. Linear Inhomogeneous System 35
6. Variation of Parameters 36

7. Constant Coefficients 37

8. Higher-Order Equations 37
9. Discussion 38

10. Physical Systems. State Variables 39

11. Initial-Value Systems 40
12. Numerical Solutions 41

13. Stability of the Numerical Process 42
14. Two-Point-Value Problems 43

15. Linear Two-Point-Value Problems 44
NOTES, COMMENTS,AND BIBLIOGRAPHY 45

Chapter 3.
Beamlike Structures

1. Introduction 48

2. The Elementary Beam 49

3. Higher-Dimensional Models. Cylindrical Shells 50

4. Semigroup Properties of Generalized Beams 54

5. Invariant Imbedding. Perturbation Analysis 56
6. Matrix Riccati Transformations 58

7. Validation of the Results 61

8. Discussion 62

9. A Two-Sweep Computational Method 63

10. Invariant Imbedding. A One-Sweep Method 63

11. Self-Adjoint Systems 65

12. Numerical Stability 67

13. General Two-Point Boundary Conditions 70

14. Difference Equations 73

15. Transfer Matrices 74



CONTENTS ¡X

16. The Scattering Matrix 75

17. The Flexibility Matrix 78
NOTES, COMMENTS, AND BIBLIOGRAPHY 79

Chapter 4.
Partial Differential Equations I

1. Introduction 84

2. Poisson’s Equation 85
3. Finite Elements 86

4. Difference Equations 88

5. Solution of the Equations 90
6. Discussion 92

7. Semidiscretization. The Elastic Plate 94

8. A Stiffness Matrix 97

9. Prescribed Displacements at Opposite Edges 99

10. A Flexibility Matrix 100

11. Numerical Example 101

12. Buckling Problems. Critical Lengths 102
NOTES, COMMENTS, AND BIBLIOGRAPHY 103

Chapter 5.
Partial Differential Equations II

1. introduction 106

2. Formulation of the Problem 107

3. Initial-Value Formulation 109

4. Reciprocity Relations 113

5. Integral Riccati Transformations 114

6. Computational Aspects 116

7. Influence of Poisson’s Ratio 117

8. Invariant Imbedding Solution 119
NOTES, COMMENTS, AND BIBLIOGRAPHY 1 2 1

Chapter 6.
Dynamic Programming

1. Introduction 123

2. A Linear String 124

3. The Principle of Optimality 125

4. An Analytical Solution 126

5. Constraints 128

6. A Nonlinear String 128

7. A Routing Problem 130

8. A Continuous Analog 133

9. Euler Equations ] 35



X CONTENTS

10. Convexity 137

11. Numerical Aspects 139

12. Discussion 141

13. Partial Differential Equations 142

14. The Biharmonic Equation ~ 144

15. Theorem of Castigliano 146

16. Euler Equations 147

17. Natural Boundary Conditions 148

18. Solution of (14.17). Betti’s Theorem 148

19. A Statically Indeterminate Structure 149

20. The Theorem of Complementary Energy 152

21. Linearity 152
22 . An Identification Problem 155

23. The Error Measure 156

24. A Numerical Example 157

25. Discussion 158
NOTES, COMMENTS, AND BIBLIOGRAPHY 159

Chapter
7. Quasilinearization

1. Introduction 161

2. Approximation in Policy Space 162

3. Quasilinearization 164

4. A Nonlinear Fredholm Operator 166

5. Successive Approximations—Monotonicity 169

6. Quadratic Convergence 170
7. Green’s Function 171

8. Beam on Nonlinear Foundation 173

9. Numerical Example 177

10. Lower and Upper Bounds 179

11. Nonlinear Systems 181

12. The Linear Associated Problem 183

13. Computational Aspects. Storage 184

14. An Alternative Quasilinearization Procedure 185

15. A Matrix Riccati Equation 185

16. A Parametric Design Problem 187
NOTES, COMMENTS, AND BIBLIOGRAFY 189

Chapter 8.
Elements of Optimal Structural Design

1. Introduction 192

2. Objective Functions and Constraints 193

3. Elastic Trusses 193

4. Sufficiency. Prager’s Device 195



CONTENTS Xi

5. Discussion 196

6. Dual Loading 196
7. Kuhn-Tucker Conditions 197

8. Prescribed Displacements 198

9. Dual Loading in Statically Determinate Elastic Trusses Subject

to Displacement Constraints 199

10. Beam Optimization 201
11. Sandwich Beams 203

12. Discussion 204

13. Example 205
14. Piecewise Continuous Stiffness 207

15. Prescribed Deflections 208

16. An Example 210

17. Rotating Disks 212
NOTES, COMMENTS, AND BIBLIOGRAPHY 214

Chapter 9. Control Theory

1. Introduction 217

2. Dynamical Equations 219

3. Control Variables. Objective Functionals 221
4. Constraints 221

5. A Control Problem 222

6. A Fundamental Equation 222

7. The Optimality Condition 224

8. Optimal Loading of a Creeping Bar Axially Stretched 224

9. Linear Dynamics and Quadratic Criterion 227

10. Smoothing, Filtering, and Prediction 229

11. Euler-Lagrange Equations 232

12. The Minimum Principle 234

13. Optimal Loading Policy for a Voigt Model 236

14. Optimal Design as a Control Process 237

15. Discussion 239

16. The Necessary Conditions 239
NOTES, COMMENTS,AND BIBLIOGRAPHY 240

Chapter 10. Optimal Beam Design

1. Introduction 244

1. Dynamic Programming

2. Max-Min Optimization Problem 245

3. Dynamic Programming 246



CONTENTSxii

4. Constant Curvature 249

5. Euler-Lagrange Equations 250

6. Design Constraints. Successive Approximations 251

7. Numerical Example 253

II. Invariant Imbedding

8. Alternative Formulation 256

9. An Alternative Derivation of the Optimality Condition 259

10. Optimum Cantilever under Prescribed Displacement 260

11. Invariant Imbedding 261

12. A Two-Sweep Iterative Procedure 263
13. Inertia Forces 265

14. Stability Considerations 265

15. Numerical Examples 266
NOTES, COMMENTS, AND BIBLIOGRAPHY 273

Chapter 11.
Optimal Design of Rotating Disks

1. Introduction 276

1. Minimum Potential Energy

2. The Problem 277

3. Dynamic Programming 279

4. Numerical Aspects 282

5. Design Constraints. Successive Approximations 282

6. Equilibrium and Compatibility—Euler Equations 285

II. Prescribed Displacements

7. Optimization 286

8. Successive Approximations 290

9. Numerical Examples 292

10. Conclusions 296
NOTES, COMMENTS,AND BIBLIOGRAPHY 296

Chapter 12A.
Modeling and Identification
of Hereditary Processes

1. Introduction 298

2. Modeling Aspects in Viscoelasticity 299

3. Hereditary Processes 307

4. Dissipation of Hereditary Effects 310

5. Time-Invariant Processes 311



CONTENTS xiii

6. Aging Processes 312

7. Bounds and Asymptotic Behavior 313

8. Asymptotic Stability of Linear Viscoelastic Structures 316

9. Aging Spring 319

10. Nonconstant Loading, Bounds 321

11. Almost Periodic Loading. Time Averages 323

12. Stochastic Aspects 324
13. Nonlinear Models. Generalities 325

14. System Identification 325
15. Formulation of the Identification Problem 327

16. Identifiability. Hidden Variables 328
17. An Alternative Formulation 329

18. Differential Approximation of Functions 330

19. Controlled Inputs. Discussion 332

20. Nonlinear Filtering and Sequential Identification 332
NOTES, COMMENTS, AND BIBLIOGRAPHY 335

Chapter 12B. The Identification Problem
in Viscoelasticity

1. Introduction 339

2. The Identification Problem 340

3. Quasilinearization 341

4. Computational Aspects 342

5. Computation of the Derivatives 343

6. Computation of the Convolutions 344

7. Prediction. Inversion of a Nonlinear Volterra Equation 345

8. Identification of Solid Polyurethane from General o-e Data 347

9. Another Example: Low-Density Polyethylene 352
.10. Discussion 356

NOTES, COMMENTS, AND BIBLIOGRAPHY 358

Index
361


	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]
	[Seite 7]


