Adiabatic conditions, 80
- Angle of internal friction, 126
Anisotropic elasticity, 84
Approach, 607
Autofrettage, 405
Axially loaded members, 1
Axial strain, 2
Axial stress, 2
Axis:
of bending, 264
neutral, 266, 267, 274, 275
principal, 32
moments of intertia, 266, 665
strain, 55, 60
stress, 30, 32
of twist in torsion, 3, 200

Bauschinger effect, 106, 246
Beams,
bending, 3, 263
displacement, 4
shear stress, 4
stress, 4, 272
curved, 319
Bleich’s correction factors, 338,
340
circumferential stress, 320, 322
correction of, 338
deflections, 343
fully plastic load, 350
vs. elastic load, 351
neutral axis of cross section, 326
radial stresses in, 333
anisotropic materials, 334
stain energy density, 344, 345
statically indeterminate, 348
on elastic foundations, 357
boundary conditions for, 360
on equally spaced elastic supports,
364
finite length beam, 361
general solution, 357
table of coefficients for, 362
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infinitely long, 358

subject to concentrated load,

360

subject to distributed load, 369

subject to triangular load, 371
semiinfinite, 374, 376

loaded at end, 374

loaded near end, 376
short, 377

figure of solutions for, 379
thin-wall circular cylinder, 378,

380
flexure formula, 158, 265-267
straight,

bending axis, 264, 266, 267
deflection, 280, 281
flexure stress, 158, 266, 267, 275
geometry of deformation, 280, 281
inclined load effects, 284
load-stress relation, 273
nonsymmetrical bending, 268, 272

unsuitable cantilever, 284
plane of load(s), 263, 268

Bending, pure, 6

axis of beams, 264, 266, 267
deflections, 280, 281
load-stress relation, 273
nonsymmetrical, 268, 272
fully plastic load (moment), 285,
286
plane of loads, 263, 268
stresses, 272
symmetrical, 265, 267
an unsuitable cantilever, 284

Binomial expansion, 435
Boundary conditions,

beams on elastic foundations, 360
essential, 438

forced, 80, 437, 475

geometric, 438

kinematic, 438

natural, 437, 438, 475

torsion, 211

Brittle materials, 15
Bulk modulus, 87, 120
Buckling of columns, see Columns

Castigliano’s first theorem, 149
Castigliano’s second theorem (on
deflections), 152, 164, 343
linear load—deflection relations, 155
Coaxing, 571
Cohesion, 126
Columns,
boundary conditions, 437, 438
buckling load, 19, 424
critical load, 424
deflection response, 425
effective length, 438
factor, 438, 439
empirical column formulas, 446, 447
Euler’s formula, 426, 428
eigenproblem formulation, 430
energy method, 443
equilibrium method, 428
for general end conditions, 436,
437
higher buckling modes, 430, 431
imperfection method, 432
ideal,
definition of, 425
elastic buckling of, 425, 426
imperfect, 427
inelastic buckling, 442
direct tangent-modulus method,
443, 444, 446
double-modulus method, 443, 444
Engesser’s formula, 444, 445
tangent-modulus method, 444, 445
jamming, 425
large deflections, 426
load-deflection curves, 425
local buckling, 440, 441
slenderness ratio, 426, 427
Compatibility relations, 5, 62, 63, 391,
392
Complementary energy, principle of, 152




Conservative system, 148
Constitutive relations, 5, 7, 8, 71, 79,
84,91, 93, 108
Contact stresses, 589, 590
approach, 607
assumptions, 591
computation of, 598
friction, effect of, 616, 618
geometry of contact surface, 591
shape after loading, 592
line contact between bodies, 611,
613,619
with friction, 613, 619
without friction, 611, 619
notation for, 596, 597
octahedral shear stress, maximum,
599, 600, 603, 613, 617
orthogonal shear stress, maximum,
599, 600, 603
point of contact, 592, 606
deflections at, 606, 607
principal stresses, 590, 597, 598, 600,
613,616
roller on plane, 614
shear stress, maximum, 599, 600,
613,617
range of, 619
table of values of, 620
Continuum mechanics, method of, 7
Coordinates,
cylindrical, 52
elliptic, 509
generalized, 147
orthogonal curvilinear, 52, 457
polar, 53
spherical, 53
Corrosion fatigue, 568, 575, 576
Cracks, see also Fracture and Fracture
mechanics
atomic model of, 506
blunt, 553
elastic stress at tip, 553
critical length, 558
extension force, 556
critical value of, 558
growth analysis, 562
propagation of, 555
sharp, 554
elastic stress at tip of, 555
stationary, 551
surface displacement of Modes 1, II,
111, 545
Creep,
aging (time) models, 636

application to metals, 649
definition, 624
equation of state approach, 639
failure, 624
formulas for uniaxial stress, 626, 627
constant stress and temperature,
626
table of, 630, 631
variable stress and temperature,
631, 635
multiaxial stress, 640, 641
flow rule, 643, 647
for nonsteady creep, 648
for steady-state creep, 644
theory of inelasticity for creep, 643
nonmetals, 650
asphalt, 650
concrete, 651
wood, 652
rate, 627, 633, 635, 643
recovery, 627
relaxation, 627
rheological models, 652
specific creep, 652
steady-state, 632, 633, 636
models, 635
strain-hardening models, 637
tension test, 631
constant load, 631
constant stress, 631
time-hardening models, 636
Creep curves (strain—time plots), 624,
625, 628, 634
isochronous, 633
similarity of, 633
three ranges of, 625, 626
Cubical strain, 86
Curved beams, see Beams, curved
Cylinders, thick-wall, 389
autofrettage, 405
basic relations, 389
of brittle materials, 399
compatibility condition, 391
composite, 401-403
criteria of failure, 399
displacements, radial, 395, 396
for closed ends, 395
for open ends, 396
of ductile materials, 400
equations of equilibrium, 391
fully plastic pressure, 405
material response data, 392, 400
shrink fit, 398
strain—displacement relations, 391
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stress components for, 391, 392, 394,
395
closed ends, 392
open ends, 394
solutions for steady-state temperature
distribution, 410
stress—strain—temperature relations,
392
Tresca material, 406
von Mises material, 406

Deflections,
beams,
curved, 165, 361
straight, nonsymmetrical bending,
280, 281
by energy methods, 7
statically determinate structures, 163
statically indeterminate structures,
163, 180
Deformation,
beam bending, 273
of deformable body, 50, 54
geometry of, 273
Design,
inequality, 17
limits on, 16
modes of, 16
Direction cosines, table of, 31
Dislocations, 21
Divergence theorem, 81
Ductile materials, 104
Dummy load method, 170, 171
Dummy unit load method, 170, 171

Eigenvalue problem, 33
Elastic coefficients, see Material prop-
erties
Elastic limit, see Material properties
Elastic membrane method, 216, 217,
228
Elastic response, 8
Ellipsoidal cavity, 512
Elliptical hole, 508, 511, 516, 517, 552
Elliptic integrals, 597
Elongation, 2
percent, 11
Endurance limit, 569
Energy, strain, see Strain energy
Equations of equilibrium, 5, 272
Equations of motion, 5, 50
of a deformable body, 50
Euler’s buckling formula, 426, 428
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Factors of safety, 17
Failure, 16
of columns, 22
buckling, 19
creep, 624
excessive deflection, 19, 20
fatigue, 19, 22
fracture, 19, 21
general yielding, 20
modes, 19
plastic deformation, 19
Failure criteria, 16
Fatigue, 567
coaxing, 571
corrosion, 568, 575, 576
cross-over number of cycles, 582
e—N relation, 580, 581
effects of mean stress, 572
effects of stress range, 577
endurance limit, 569
fatigue life design, 580, 581
hysteresis loop, 580
low-cycle, 568, 580-584
o-N (S-N) diagrams, 569
strain-controlled testing, 580
strain-life curves, 583
strength, 22
Finite difference method for the torsion
problem, 241, 242
Flat plates, see Plates, flat
Flexure formula, 158, 266, 267, 275
Flow rule, 113
Forces,
body, 27
external, 80
normal, 25
shear, 26
vectoral summation of, 29
Fourier heat equation, 409
Fourier series, 434
Fracture mechanics, 543
brittle fracture, 545
crack-growth analysis, 562
design of test specimens, 547, 549,
558
elastic-plastic, 562
fracture toughness, K¢, 547
table of values, 548
linear elastic, 561, 569
load spectra, 562
notch toughness, 544
stationary crack, 551
stress history, 562

stress intensity factor, K7, 546
critical, 546, 548
definition of, 546, 547
table of, 550
testing, 547
specimen design, 547, 549, 558

Gages, strain, 70
Gerber relation, 572, 573
Goodman relation, 572, 573
Green strain, 55
components, 56
total, 56

Haigh-Westergaard stress space, 114
Hardening rule, 113
Hooke’s Law, 84
anisotropic elasticity, 84
isotropic elasticity, 84, 85
orthotropic elasticity, 93
Hydrostatic stress, 34

Inelastic response, 8, 104
Instability, structural, 22
Internal energy,
density, 79, 81
complementary, 79, 82, 83
elastic, 81
variation of, 81
Invariants,
strain, 61, 86
stress, 33, 86, 120

J, materials, 122

Kirchhoff shear, 476
Kirchhoff approximation, plates, 462, 463

Lamé’s elastic coefficients, 86, 87
Limit states, 18
design, 16, 18
Load—deflection relations, 5
Load factors, 18
Load-stress relations, 5

Magnification factor, 56
Material properties, 10
elastic coefficients, 11, 13, 84, 87
elastic limit, 10
homogeneous, 85
isotropic, 85
yield strength, 11
tables of, 658, 659

Mechanics of materials method, 6
review, 1
Membrane analogy (Prandtl), 216, 217,
228
Methods of analysis, 5
Metric coefficients, 52
Modulus,
of elasticity, 11
of resilience, 12
of rupture, 13, 134
of toughness, 13
Mohr’s circle, 40, 41
three-dimensional, 43
two-dimensional (plane), 40, 41
Moment—curvature relations, plates,
470, 471
Moments of plane area, second, 266,
660
common areas, 661, 662
parallel axis theorem for, 661
polar moment of inertia, 660, 661
principal axes for, 266, 665
transformation equations for, 664
Motion, equations of, 5, 50
Multi-axial stress state, 106
Multiply-connected cross section, 218,
230

Necking, 13

Nonlinear material response, 107
Notch sensitivity index, 531-536
Notch toughness, 544

Octahedral,
plane, 37
stress, 36
normal, 36
shear, 36
Orthotropic materials, 93
axes for, 93
coefficients for, 93
Poisson’s ratios, 94
stress—strain relations, 94

Parallel axis theorem, 661
Paths, loading and unloading, 109
Plane, stress, see Stress, plane
Plane of loads, 263

effect of small inclination of, 284
Plane, principal, 32
Plastic load, 130
Plastic moment, 130
Plasticity, 104, 107, 113



Plastic moments for beam cross sec-
tions, 132
Plates, flat, 457
boundary conditions, 457, 473
forced, 475
natural, 475
circular,
clamped (fixed) edges, 488
with circular hole, 489
large deflections, 492, 496, 497
simply-supported edges, 488
solution for, 486, 488-491, 493
table of solutions for, 491, 493
classification of, 457
differential equation for, 476
displacement components, 462
equilibrium equations, 466468
flexural rigidity of, 470
general theory, 466
kinematic relations, 461
Kirchhoff approximation, 462, 463
Kirchoff shear in, 476
Levy method, 477
membrane stiffening, 492, 493, 497
moment—curvature relation, 470, 471
Navier method, 477, 500
pure bending, 472
rectangular,
clamped (fixed) edges, 481
deflections, 482
large deflections, 498
other type edges, 482
simply supported edges, 480
solution for, 477, 479483
table of solutions for, 483
rotation of surface element, 464
small displacement rotation of a vol-
ume element, 464, 465
strain—displacement relations, 461
strain energy of, 472
bending, 472
membrane, 472
stress components, 472
stress resultants, 460, 461
stress—strain—temperature relations,
469
tractions, 459
transverse shears, 460
twisting moments, 460, 461
Poisson’s ratio, 13, 87
Prandtl membrane analogy, 216, 217,
228
Prandtl stress function, 216, 217, 228

Principle planes, 32
Principal axes, 32
of moments of inertia, 266, 665
of strain, 55, 60
of stress, 30, 32
Principal stresses, 32
Product of inertia of plane area, 664
Progressive fracture, see Fatigue
Proportional limit, 10
Pure bending, 6
n-plane, 122, 123

Rayleigh’s method, 434
Redundant member, 177
Redundant reaction, 177
Reentrant corners, torsion, 219
Reliability concepts, 17
Resilience, modulus of, 12
Resistance, 17

factors, 18
Review of elementary mechanics of

materials, 1

Rigid-perfectly plastic material, 15
Rotating disks, 411

plastic deformation, 415

residual stresses, 417, 418
Rupture, modulus of, 13

§-N (o-N) diagrams, see Fatigue
Safety, factor of, 17
Saint-Venant principle, 203
Sand heap analogy, 251
Section modulus, 130
elastic, 130, 268
plastic, 130
Semi-inverse method, 209
Shear center, 263, 265
axis of antisymmetry, 265
axis of symmetry, 265
beam with thin-wall, 295
channel section, 298
box beams, 306
composite beams, 303
definition of, 264
table for, 300
Shear correction coefficient, 159, 160,
345
Shear flow, 229, 296
cut, 307
in torsion, 229
Shear stress at yield, 118, 119, 121
N (5-N) diagrams, see Fatigue
Simply connected cross section, 218

SUBJECT INDEX 679

Soap-film analogy, 216, 228
Soderberg relation, 572, 573
Stationary potential energy, 147, 148
Steel cross sections, properties of, 668—
671
Strain,
compatibility relations of, 62, 63
cubical, 86
elastic, 11
engineering, 55, 62
extensional, 60, 62
gages, 70
Green strain, 55
components, 56
total, 56, 62
hardening, 21
invariants, 61, 86
of line element, 55
magnification factor, 56
measurement of, 70, 71
offset, 11
permanent, 10
plane, 62, 63
Mohr’s circle of, 67
principal, 55, 60
rosettes, 70, 71
delta, 71
rectangular, 71
shear, 58, 59
tensor, 59
theory of, 25, 55
transformation of, 55
true, 9
volumetric, 86, 92
Strain—displacement relations,
in cylindrical coordinates, 64
finite displacement, 57
in orthogonal coordinates, 63
in polar coordinates, 64
small displacements, 61
integration of, 69
in spherical coordinates, 64
Strain energy,
axially loaded members, 156
axially loaded springs, 157
bending of beams, 158
complementary, 152
density, 13, 81
complementary, 82, 83
elastic, 81
for isotropic elastic material, 85
shear in beams, 158
for torsion, 160
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Strain hardening, 11
Strength,

experimental techniques, 522524
for fillet in torsion, 525, 527

fatigue, 22
ultimate, 11
yield, 11, 12

Strength reduction factor, 546, 554
Stress,

array of plane stress, 38
components of, 27
on arbitrary plane, 29
normal, 30
on oblique plane, 30
shear, 30
symmetry of, 28
contact, see Contact stresses
definition of, 25
deviator, 37, 38
effective uniaxial, 106, 114
hydrostatic, 34
invariants of, 33, 86, 120
mean, 37, 38
multi-axial, 106
notation, 26, 28
octahedral, 36
normal, 36
shear, 36
plane stress, 38
array, 39
Mohr’s circles in, 40, 41
tensor, 39
principal, 30, 32
principal stress space, 114
shear, pure, 38
tensor, 28
deviator, 38
mean, 38
theories of, 25
transformation, 31
true, 9
ultimate, 11
vector, 26
normal, 26
shear, 26
yield, 11, 12

Stress concentration factors, 504, 551,

573
atomic model of a crack, 506
in beams, 527
calculated, 504
combined loads, 515
effective, 504, 505, 530, 575
repeated loads, 532, 533, 575
elastic membrane method, 525
for ellipsoidal cavity, 512

for grooves and holes in bars, 513,
520
inelastic strains, 536
Neuber’s theorem, application of,
537,538
for infinite plate, with circular hole,
507, 515
with crack, 512
with elliptical hole, 508, 511, 516,
517, 552
methods of reducing, 577
nature of, 504
Neuber’s nomograph, 514
notch sensitivity index, 531-536
theory of elasticity, 507
Stress intensity factors, 546, 554
critical, 546, 559
definition, 556
Model I, 545, 546
Modes II and 111, 545, 546
Stress—strain data, 104, 105
limitations on use of, 104
standard tests for, 105
Stress—strain relations, 8, 79, 108
diagram, 9, 14, 15
linear, 2, 79
orthotropic materials, 94
Stress—strain—temperature relations, 71,
91
isotropic linear elastic, 91
Superposition, method of, 363
Supports, settling of, 180

Tensor,
deviator stress, 38
mean stress, 38
of plane stress, 39
second order symmetric, 32
strain, 59
stress, 28
Thermal expansion coefficient, 91, 411
Thermodynamics, first law, 79
Thermoelasticity, for isotropic linear
elastic material, 91
Torsion, 200
angle of twist, 200, 201, 209, 237
per unit length, 201, 203, 214, 237
angular velocity, 204
axis of twist, 200
Bauschinger effect, 246
boundary conditions, 211
circular cross section, 200

constant, 215, 216, 220, 221, 224,
230
elastic-plastic, 244
boundary, 246
elliptical cross sections, 214
equations of equilibrium, 210
frequency of rotation, 204
fully plastic, 244, 246, 250
sand heap analogy, 251
tables for, 251-253
general cross section, 250
geometry of deformation, 209
of hollow thin-wall member, 228,
230
inelastic torsion, 243
linear elastic solution, 213, 214
maximum shear stress in, 225
membrane analogy, 216, 217, 228
modulus of rupture in, 244
of multiply-connected cross section,
218, 228, 230
of narrow rectangular cross section,
219
cross section made up of long nar-
row rectangles, 221
numerical solution, 239
power, 204
rectangular cross sections, 222, 225
reentrant corners, 219
residual shear stress, 246
restrained ends, 234
I-section, 235
tables for, 240
rigidity factor for, 203, 215, 216, 220,
224
Saint-Venant’s principle, 203
semi-inverse method, 209
shear flow, 229
simply-connected cross section, 218
soap-film analogy, 216, 228
stress function, 211, 214, 240, 253
transmission shaft design, 204
unit angle of twist, 201, 203, 214,
237
warping, 210, 234
function, 210

Torsionally loaded members, 3

angle of twist, 3
shear strain, 3
shear stress, 3

Toughness,

modulus of, 13
notch, 544



Unit vector, 29

Virtual displacement, 147
Virtual work, 148
Viscoelasticity, 107
Viscoplasticity, 107
Volumetric strain, 86, 92

Warping, restraint of, 234
Winkler foundation, 357
Work, 80
hardening, 21
virtual, 148
external, 148
internal, 148

Yield,
deviatoric plane, 122

of ductile metals, 117
effective stress, 116-118, 121
function, 114~118, 121, 128
hydrostatic axis, 122
hydrostatic stress, effect of, 122
load, 129
locus,

Haigh-Westergaard stress space,

114

principal stress space, 114
moment, 129
7-plane, 122, 123
stress, 11, 12
surface, 114, 115, 117-119, 127

Yield criteria, 106, 113, 114

Beltrami’s, 116
comparison of, 139, 140

distortional energy density, 119, 120
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Drucker-Prager, 127, 128
general concepts, 113
Hill’s, 128
maximum octahedral shear stress,
119, 121
maximum principal strain, 116
maximum principal stress, 114, 115
maximum shear stress, 118
Mohr-Coulomb, 126
for orthotropic materials, 128
Rankine’s, 114
Saint-Venant’s, 116
strain-energy density, 116
Tresca, 118, 119
von Mises, 119-121
Young’s modulus, 11, 87



