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Airy stress function, 146, 160, 168

angle of friction, 454

angle of twist, 267

antiplane shear, 228

areal strain, 37

assembled stiffness matrix, 418, 427

asymptotic stress field, 471

mode I crack, 211

mode II crack, 214

mode III crack, 241

axial stiffness, 407

axial strain, 31

axisymmetric problems, 354

beam bending equations, 411

beam element

nodal displacements, 415

nodal loads, 415

potential energy, 412

shape functions, 413

stiffness matrix, 414

Beltrami–Michell compatibility equations, 67, 82

bending

of a cantilever beam, 100, 150

of a curved cantilever beam, 175

by a distributed load, 152

stiffness, 313

bending of prismatic beams, 307

boundary conditions, 310

circular cross section, 316

differential equation, 310

displacement field, 312

elementary theory, 321

elliptical cross section, 314

hollow circular cross section, 331

multicell cross section, 339

multiply connected cross section, 329

non-principal axes, 343

rectangular cross section, 318

semi-circular cross section, 349

shear center, 314

skew bending, 328

thin-walled closed cross section, 333

thin-walled open cross section, 323

triangular cross section, 348

Betti’s reciprocal theorem, 395

biaxial loading, 196

biharmonic equation, 146, 163

axisymmetric problems, 172

solutions of, 169

biharmonic potential function, 354

bimaterial interface, 253

body force, 7

boundary conditions, 27, 85, 310, 411

boundary-value problem of elasticity, 82

Boussinesq problem, 358

Brazilian test, 186

Bredt’s formulas, 292

bulk modulus, 58

Burgers vector, 215, 244

cantilever beam, 100, 307

Castigliano’s theorem, 399

Maxwell–Mohr version of, 403

Cauchy equations of motion, 26

Cauchy relation, 6

center of twist, 284, 285, 314, 397

central crack, 212, 460

antiplane shear, 241

Cerruti problem, 381

circular hole, 189

antiplane shear, 234

non-axisymmetric loading, 176

circular inhomogeneity, 203

antiplane shear, 238

circular ring, 435

coefficient of internal friction, 454, 456

coefficient of lateral contraction, 53

coefficient of thermal expansion, 68

cohesive strength, 451, 454

compatibility conditions

Beltrami–Michell, 67

Saint-Venant, 43

compressive strength, 439, 452

concentrated force

half-plane, 178

half-space, 358

infinite plate, 218

infinite space, 355

configurational force, 246
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constitutive equations, 52

contact between of circular cylinders, 376

contact between spherical balls, 369

contact pressure, 371

contact radius, 373

contact stresses, 374

Coulomb–Mohr failure criterion, 453

crack

central, 460

edge, 465

Griffith, 461

mode I loading, 210

mode II loading, 214

mode III loading, 241

penny-shaped, 465

slanted, 466

crack growth, stability, 461

crack tip, stress field, 209

cylindrical circular indenter, 364

cylindrical coordinates, 354

dam problem, 165

deviatoric strain, 38

deviatoric strain energy, 393, 394, 445

plane stress and plane strain, 448

deviatoric stress, 22

diametral compression, 186

dilatation, 31

Dirichlet-type boundary conditions, 85

dislocation

edge, 214, 217

screw, 243

double-cantilever specimen, 462

double-torsion specimen, 466

doublet of concentrated forces, 219

Drucker–Prager failure criterion, 456

Duhamel–Neumann law, 69

eccentric loading of a prismatic beam, 102

edge crack, 211, 465

edge dislocation, 214, 217

elastic stiffness, 388

elasticity, 52

ellipsoidal cap, 457

elliptical hole, 201, 468

antiplane shear, 236

energetic force, 246

energy release rate, 459

relation to stress intensity factor, 465

engineering shear strain, 32

equilibrium equations, 26, 82

cylindrical coordinates, 104

polar coordinates, 168

Eshelby property, 205

failure criterion

Coulomb–Mohr, 453

Drucker–Prager, 456

fracture mechanics based, 459

maximum deviatoric strain energy, 445

maximum principal strain, 440

maximum principal stress, 439

maximum shear stress, 443

Mohr, 450

Tresca, 443

von Mises, 445

finite element method, 412

axial loading, 423

beam bending, 412

torsion, 437

truss structure, 428

Flamant problem, 178

flexural center, 314

fracture toughness, 460, 465

frame, 474

rectangular, 434

structure, 404

Gauss divergence theorem, 389

generalized Hooke’s law, 54, 83

geomaterials, 453

Griffith crack, 211, 461

grooved plate, 202

half-plane

concentrated tangential force, 181

concentrated vertical force, 178

distributed load, 183

half-space

antiplane shear, 232

concentrated force, 358

ellipsoidal pressure, 360

uniform pressure within a circle, 366

harmonic functions, 163

Hertz problem, 369

hinged beams, 436

Hooke’s law, 52

cylindrical coordinates, 113

plane strain, 79, 80, 158

plane stress, 79, 80

strains in terms of stresses, 83

stresses in terms of strains, 84

hoop stress, 172, 173

hydrostatic axis, 446, 456

image dislocation, 247, 253

incompressibility, 58

indentation

circular cylinder, 364

flat cylindrical punch, 368

spherical ball, 363

isotropy, 52

J integral, 470

Kelvin problem, 355

Kirsch problem, 189

Kolosov constant, 80, 162
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Lagrangian multiplier, 11, 16

Lamé constants, 62

Lamé problem, 117, 174

pressurized sphere, 134

Laplace’s equation, 229, 268

polar coordinates, 229

linear elasticity, 52

load potential, 461

longitudinal strain, 31

maximum principal strain criterion, 440

maximum principal stress criterion, 439

maximum shear strain, 36

maximum shear stress

2D state of stress, 14

3D state of stress, 19

maximum shear stress criterion, 443

Maxwell coefficients, 397

Maxwell–Mohr version of Castigliano’s theorem,

403

membrane analogy, 270

Michell problem, 186

misfit, 128

mixed-type boundary conditions, 86

Mohr failure criterion, 450

Mohr’s circle

2D state of stress, 15

3D state of stress, 20

multicell cross section, 298, 339

multiply connected cross section, 288, 329

Navier equations

in cylindrical coordinates, 114, 354

of equilibrium, 84, 99

of motion, 85

Neumann-type boundary conditions, 86

nonlinear force–indentation relation, 364

normal stress, 4, 7

Obreimoff’s experiment, 475

octahedral plane, 23

octahedral shear stress, 23, 447

path-independent integral, 471

penny-shaped crack, 465

perforated plate

biaxial loading, 196

uniaxial stretching, 189

plane strain, 157

governing equations, 160

with temperature effects, 73

plane stress, 143

approximate character, 153

compatibility equation, 146

equilibrium equations, 146

plastic yield, 443

Poisson’s equation, 261, 310

Poisson’s ratio, 53

potential energy, 401

bent beam, 410

cracked plate, 461

rod element, 423

Prandtl stress function, 260

pressure–torsion test

thin-walled tube, 434

pressure–volume relation, 58

pressurized circular hole, 127

pressurized closed-ends hollow cylinder,

131

pressurized hollow cylinder, 117

pressurized hollow sphere, 134

pressurized thin-walled cylinder, 124

principal strains, 36

principal stresses

2D state of stress, 12

3D state of stress, 17

principle of superposition, 86

principle of virtual work, 401

beam bending, 411

propped cantilever beam, 417

pure bending

curved beam, 172

prismatic beam, 92

skew bending, 94

thin beam, 147

PVW, see principle of virtual work

quadruplet of forces, 221

radial stress, 172

Rayleigh–Ritz method, 421

reciprocal theorem, Betti’s, 395

rectangular frame, 434

rigid inhomogeneity, 206

rigid-body motion, 46

ring cracks, 374

rod element

potential energy, 423

shape functions, 424

stiffness matrix, 425

rotating disk, 207

rotation tensor, 44

Saint-Venant compatibility equations,

43, 67

cylindrical coordinates, 111

Saint-Venant principle, 87

screw dislocation, 243

Burgers vector, 244

in a half-space, 245

near a bimaterial interface, 253

near a circular hole, 247

near a circular inhomogeneity, 252

sectorial coordinate, 285, 344

semi-inverse method, 87, 260, 307

shape functions

beam element, 413

rod element, 424
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shear center, 285, 314, 326, 336, 346, 397

shear flow

in bending, 324, 339, 344

in torsion, 290, 298

shear modulus, 55, 392

shear strain, 32

maximum, 36

shear stress, 4, 8

conjugacy, 5

maximum, 14, 19

octahedral, 23

shrink-fit problem, 128, 135

simple shear, 45

skew bending, 94, 96, 328

slanted crack, 466

spherical part of strain, 38

spherical part of stress, 22

spherical symmetry, 132

statical indeterminacy, 27

stiffness matrix

assembled beam elements, 418

beam element, 414

rod element, 425

twisted rod element, 437

strain

areal, 37

compatibility, 43

deviatoric part, 38

longitudinal, 31

principal directions, 36

shear, 32

spherical part, 38

tensorial nature, 33

thermal, 68

volumetric, 37

strain energy, 388

axial loading, 407

bending, 402

density, 387, 389

deviatoric part, 393, 394

gradient properties, 387, 390

in terms of curvature, 406

in terms of principal stresses, 392

in terms of strain, 390

in terms of stress, 390

pure shear, 390

torsion, 406

volumetric part, 393

strain–displacement relations, 41

cylindrical coordinates, 107

stress

2D state, 8

3D state, 5

deviatoric part, 22

invariants, 11, 17

normal, 4

principal directions, 12, 17

shear, 4

spherical part, 22

tensorial nature, 9

thermal, 69

stress concentration

circular hole, 193

circular inhomogeneity, 205

elliptical hole, 202

in torsion, 275, 282

stress concentration factor, 193, 198

antiplane shear, 236, 237

stress function

axisymmetric problems, 354

in bending, 310

in torsion, 260

two-dimensional problems, 146

stress intensity factor, 464

effective, 465

inclined crack, 227, 257

mode I, 211

mode II, 214

mode III , 241

relation to energy release rate, 465

stress tensor, 104

stress–strain relations, 52

stretching of a rod by its own weight, 88

structural mechanics, 402

superposition principle, 86

surface energy, 459

temperature, 68

tensile strength, 439, 452

tension–torsion test

thin-walled tube, 449

thermal expansion, 91

thermal strain, 68

thermal stress, 69

thermoelasticity, 69

thin-walled closed cross section, 290, 333

thin-walled cylindrical pressure vessel, 469

thin-walled open cross section, 284, 323

thin-walled tube

bending–torsion test, 472

closed, 434

pressurized, 473

tension–torsion test, 449

three-point bending test, 467

torsion constant, 269

torsion of prismatic rods, 260

boundary conditions, 261, 263

circular cross section, 96, 273

differential equation, 261

elliptical cross section, 270

finite element method, 437

grooved circular cross section, 275

multicell cross section, 298
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multiply connected cross section, 288

rectangular cross section, 277

semi-circular cross section, 276

strain energy, 406

stress concentration, 282

thin rectangular cross section, 279

thin-walled closed cross section, 290

thin-walled open cross section, 281

thin-walled open/closed cross section,

297

triangular cross section, 273

torsional stiffness, 269

toughness of material, 460

traction boundary conditions, 27, 83

traction vector, 3, 7

transition from plane strain to plane stress,

161

Tresca criterion, 443

truss structure, 407

finite element method, 428

two-dimensional problems of elasticity, 143

unit load, 403

variational principle, 401

virtual displacement, 399

virtual work, 399

volumetric strain, 37

volumetric strain energy, 393

von Mises criterion, 445

warping, 264

elliptical cross section, 272

multicell cross section, 301

rectangular cross section, 279

thin-walled closed cross section, 295

thin-walled open cross section, 284

wedge problem, 222

work, 387, 388, 395

virtual, 399

yield cone, 459

yield stress, 443

yield surface, 446

Young’s modulus of elasticity, 52
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