Theory of Elasticity

Bearbeitet von
Aldo Maceri

1st Edition. 2010. Buch. x, 716 S. Hardcover
ISBN 978 3 642 11391 8
Format (B x L): 15,5 x 23,5 cm
Gewicht: 2620 g

Weitere Fachgebiete > Technik > Werkstoffkunde, Mechanische Technologie >
Elastizitat, Plastizitat, Rheologie

schnell und portofrei erhaltlich bei
.

beck-shop.de

DIE FACHBUCHHANDLUNG

Die Online-Fachbuchhandlung beck-shop.de ist speziaisiert auf Fachbiicher, insbesondere Recht, Steuern und Wirtschaft.

Im Sortiment finden Sie alle Medien (Blicher, Zeitschriften, CDs, eBooks, etc.) aller Verlage. Erganzt wird das Programm

durch Services wie Neuerscheinungsdienst oder Zusammenstellungen von Biichern zu Sonderpreisen. Der Shop fihrt mehr
als 8 Millionen Produkte.


http://www.beck-shop.de/Maceri-Theory-of-Elasticity/productview.aspx?product=664840&utm_source=pdf&utm_medium=clickthru_ihv&utm_campaign=pdf_664840&campaign=pdf/664840
http://www.beck-shop.de/trefferliste.aspx?toc=9779
http://www.beck-shop.de/trefferliste.aspx?toc=9779

Contents

1 The Three-Dimensional Problem . . . . . . . ... ... ... ....

1.1

1.2

1.3

Analysisof Strain . . . . . ... ...
1.1.1 Components of Displacement . . . . . .. ... ... ...
1.1.2  Infinitesimal Deformation . . . . . .. ... ... ... ..
1.1.3 Elongation and Shearing Strain . . . . . . ... ... ...
1.1.4  Small Deformations . . . . . ... ... .. ........
1.1.5 Components of Strain . . . . .. ... .. ... ......
1.1.6 Principal Direction of Strain . . . . . ... ... .....
1.1.7 Invariantsof Strain . . . . ... ... ... .. ......
1.1.8 Plane Stateof Strain . . . . . .. ... ... .. ... ...
1.1.9 Equations of Compatibility . . . . ... ... ... ....
1.1.10 Measurement of Strain . . . . . . .. ... ... .. ...
Analysisof Stress . . . . . . ...
1.2.1 StressVector. . . . .. ... ... ... ...
1.2.2  Normal Stress — Shearing Stress . . . . . . ... .. ...
1.2.3 Components of Stress . . . . . . . ... ... ... ...
1.2.4 Symmetry of v — Differential Equations

of Equilibrium — Cauchy’s Boundary Conditions . . . . . .
1.2.5 Symmetry of Stress Vector . . . . . . ... .. ... ...
1.2.6 Relations Between Normal or Shearing Stress

and Components of Stress . . . . . . .. ... ... .. ..
1.2.7 Principal Direction of Stress . . . . . .. ... ... ...
1.2.8 Invariantsof Stress . . . . . . . . ... ... L.
129 Mohr’sCircle . . . . ... ... ... ... ... ... .
1.2.10 Mohr’s Principal Circles . . . . .. ... ... ... ...
1.2.11 Determination of the Maximum Normal Stress

or Shearing Stress by the Mohr’s Principal Circles . . . . .
1.2.12 Plane State of Stress . . . . . . . . .. ... ...
1.2.13 Uniaxial State of Stress . . . . . . . ... ... ... ...
1.2.14 Measurement of Stress . . . . . . ... ... ...
Principle of Virtual Works . . . . . .. ... ...
1.3.1 Principle of Virtual Works . . . . .. .. ... ... ...

& T SN NS

21
23
24
25
27
27
29
30

31
38

39
40
42
43
57

61
63
65
66
66
66

vii



viii

Contents

1.4 Relations Between Stress and Strain . . . . . ... ... .. ... 70
1.4.1 Tensile Breaking Test . . . . . .. ... ... ....... 70

1.4.2 Homogeneous and Isotropic Materials — Navier’s Relations 75

1.4.3 Bounds for the Elastic Modulus . . . . .. ... ...... 78

1.5 The Elastic Equilibrium Problem . . . . . . . ... ... ... .. 80
1.5.1 Classical Formulations . . . . ... ... .. ....... 80

1.5.2 Variational Formulations . . . . ... ... ... ..... 90

1.6 StrainEnergy . . ... ... ... ... ... 95
1.6.1 Elements of Thermodynamics . . . . . . ... ... ... 95

1.6.2 Thermodynamics of the Problem of the Elastic Equilibrium 101

1.6.3 StrainWork . . . .. .. .. ... 103

1.6.4 The Elastic Potential . . . . .. .. ... ......... 107

1.6.5 Work Theorems . . . . . .. ... ... ... ....... 110

1.7 Strength Criterions . . . . . . . . ... ... ... ... ..., 115
1.7.1 Structural Safety . . . . . . ... ... ... ... ... 115

1.7.2  The Maximum Shearing Stress Criterion . . . . . . . . .. 116

1.7.3 The Octahedral Shearing Stress Criterion . . . . . . . . . . 117

1.7.4 The Energetic Criterion . . . . . . . ... ... ...... 118

1.7.5 The Intrinsic Curve Criterion . . . . . .. ... ...... 124

The Problem of Saint Venant . . . . . . . ... ... ......... 127
2.1 Geometry of Areas . . . . . . . . . ... 127
2.1.1 Centroid . . . . . . . .. ... 127

2.1.2 Inertia Centroidal Ellipse . . . . . ... ... ... .... 131

2.1.3 Antipolarity . . . . ... ... 141

2.1.4 Inertia Centroidal Kernel . . . .. ... ... ....... 159

2.2 The Problem of Saint Venant . . . . . ... ... ......... 164
2.2.1 Introduction . . . . . ... ... ... ... ... ... 164

222 Stateof Stress . . . . . ... 169

23 Bending . . . ... 173
2.3.1 RightBendingof Axisx . ... .............. 173
2.3.2 RightBendingof Axisy . ... .............. 187

233 DeviatedBending . . . . ... ... ... oL 190

24 AxialLoad . ... .. ... ... ... .. ... 195
2.4.1 Centroidal AxialLoad . . . . .. ... ... ........ 195

2.4.2 Non Centroidal Axial Load . . . . . ... .. ....... 201

2.4.3 Material Non Resistant to Traction . . . . ... ... ... 215

2.5 Torsion . ... e e 219
2.5.1 The Exact Solution . . . ... ... ... ......... 219

2.5.2 The Circular Cross Section . . . . . ... ... ...... 226

2.5.3 The Stress Concentration . . . . . .. ... ........ 232
2.5.4 Closed Thin Walled Cross Section . . . . ... ... ... 240

2.5.5 Open Thin Walled Cross Section . . . . . ... ...... 250

2.5.6 Non Uniform Torsion . . . . ... ... ... ....... 264

2.6 Shear . . . . . . . ... 278

2.6.1 The ExactSolution . . ... ... .. ........... 278



Contents ix
2.6.2 The Approximate Solution . . . .. ... ... ...... 294

2.6.3 The Circular Cross Section . . . . . ... ... ...... 304

2.6.4 Open Thin Walled Cross Section . . . . . ... ... ... 308

2.6.5 Closed Thin Walled Cross Section . . . . ... ... ... 351

3 The Two-Dimensional Problems . . . .. ... ... ......... 359
3.1 Panels . . ... .. ... 359
3.1.1 The Problemof the Panel . . . . . ... ... ....... 359

3.1.2 Rectangular Panels . . . ... ... ............ 364

3.1.3 CircularPanels . ... ... ... ... .......... 370

3.1.4 EffectofaHole . .. ... ... ... ... .. ...... 387

32 Plates . . . . ... 392
3.2.1 Small Deflections of Thin Plates . . . . ... ... .... 392

3.2.2 Thin Plates on Elastic Foundation . . .. ... ... ... 402

33 Shells . . . ... e 403
33.1 Membranes . . .. . ... ... ... 403

332 ThinShells . .. ... ... ... .. ... ... 411

3.4 Plane Strain Problems . . . . . ... ... ... ... ....... 422
3.4.1 Plane Strain Problems . . . . . . ... ... ........ 422

4 The One-Dimensional Problems . . . .. ... ... ......... 427
4.1 Ropes . . . . . . 427
4.1.1 TheFunicular . . . ... ... ... .. .. ........ 427
412 TheRopes . . . . ... ... 430

42 Beams . . . . ... e e e 433
42.1 TheDeflectedBeam . . . .. ... ... .......... 433
4.2.2 The Analogy of Mohr . . . . . .. .. ... ... .. ... 449

4.2.3 Principle of Virtual Works . . . . ... ... L. 462
424 StrainEnergy . . ... ... ... oo 463

4.2.5 Deflected Beams on Elastic Foundation . . .. .. .. .. 481

43 Arches . . . . . . .. 482
4.3.1 Arches with Small Curvature . . . . ... ... ... ... 482
4.3.2 Arches with Great Curvature . . . . ... ... ...... 488

5 Thermoelasticity . . . . . . ... ... ... . ... ... .. .. ... 493
5.1 Mechanics of Continuous Media . . . . ... ... ........ 493
5.1.1 Introduction . . . ... ... ... . ... ... .... 493

5.1.2 Classical Thermodynamics . . . . ... ... ....... 494

5.1.3 The Equationsof Balance . . . . . . ... ... ...... 501

5.1.4 Thermodynamics of the Irreversible Processes . . . . . . . 503

5.2 FluidDynamics . . . . . . ... ... ... 506
5.2.1 The Mathematical Model . . . . .. ... ......... 506

5.2.2 The Characteristic Numbers . . . . ... ... ... ... 510

5.2.3 Non Dissipative Flows . . . . .. ... ... ....... 524

5.24 Dissipative Flows . . . ... ... ... ... ....... 537

5.3 Mechanicsof Solids . . . ... ... ... ... .......... 552

5.3.1 The Dynamic Thermoelastic Problem . . . ... ... .. 552



X Contents
5.3.2 The Thermoelastic Dissipation . . . . ... .. ... ... 562

5.3.3 The Uncoupled Thermoelastic Problem . . . . ... ... 563

5.3.4 Thermoelasticity . . . . .. .. ... ... ... ..... 566

5.3.5 The One-Dimensional Problem . . . . .. ... ... ... 573

6 Stability . . . . . ... 593
6.1 Stability of the Elastic Equilibrium . . . . . ... ... ... ... 593
6.1.1 TheBuckling . ... .. ... ... ... ......... 593

6.1.2 The Ultimate Strength . . . . . . . ... ... ... .... 595

6.2 EnergyMethod . . . ... ... ... ... .. ... ... ... 596
6.2.1 Introduction . . . ... ... ... .. ... ... .. ... 596

6.2.2 Some Elementary Application . . . ... ... ...... 598

6.3 StaticMethod . . . . . ... L o 607
6.3.1 The Beam Axially Loaded . .. ... ... ........ 607

6.3.2 Approximate Analysis . . . . .. ... ..., 607

6.3.3 ExactAnalysis . ... ... ... ... .. 618

6.3.4 Effect of the Imperfections . . . . .. ... ... ..... 622

6.3.5 LimitSlenderness . . . . . . ... ... ... ....... 624

6.3.6 Other Ways of Buckling . . . ... ... .......... 627

6.4 Second Type Instability . . . . . . ... ... ... ... ..... 629
6.4.1 TheSnapping . . .. ... ... ... .. .. ....... 629

7 Anisotropy . . . . . . ... 635
7.1 The Three-Dimensional Anisotropic Problem . . . ... ... .. 635
7.1.1 Introduction . . . . ... .. ... ... ... 635

7.1.2 Constituent Links . . . . . .. ... ... ... 0. 636

7.1.3 The Anisotropic ElasticBody . . . . . .. ... ... ... 639

7.1.4 Energetic Aspects . . . . . . .. ... 641

7.1.5 The Anisotropic Saint Venant’s Problem . . . . ... . .. 642

7.2 The Macroscopic AniSOtropy . . . . . v v v v v v v v v v v v 649
7.2.1 Composite Materials . . . . ... ... ... ....... 649

7.2.2  Structural Anisotropy . . . . ... ... 656

8 Nonlinear Elasticity . . . . . . ... ... ... ... ... ..... 663
8.1 Nonlinear Problems . . . . . . ... ... ... ... ....... 663
8.1.1 The Nonlinearity Causes . . . . . ... ... ....... 663

8.2 Finite Deformations . . . . . . .. ... ... ... L. 664
8.2.1 Three-Dimensional Problem . . . ... .. ... ... .. 664

8.2.2 Large Deflections of ThinPlates . . . . .. ... ... .. 669

8.3 Unilateral Problems . . . . . . . ... ... ... ... .. ... 673
8.3.1 Introduction . . . .. ... ... .. .. ... ... ... 673

83.2 ContactProblems . . . ... ... .. ........... 674

8.3.3 Unilateral Constraints . . . . . . .. .. ... ....... 684
Bibliography . . . . . . . ... 705
AuthorIndex . . . . . . . . . ... 707

SubjectIndex . . . . . . . . ... 709



