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Hydrostatic (cont.)
strain (Spherical strain), 133-134
stress (see also Spherical stress, Hy-
drostatic pressure), 88, 90, 295,
304, 338
Hyperbolic partial differential equations,
424, 442, 444, 445
Hyperelastic material, 282-288,
397-398, 408-410, 497-566
Hysteresis, 329

292,

Ideal:
elastic solid (see Elasticity), 231, 274
gas (see Gas, ideal)
malterial, 273
ldealized stress-strain curves (piecewise
linear), 334

ldentities: .
between elastic constants, 280, 281,
293-294
veclor, with v, 56
Identity:

malrix, 35, 42, 86
tensor (sce Unit tensor), 35, 417
mage, 30
Incompressibility condition, 208, 337, 429
Incompressible:
flow (or fluid), 212, 274, 297, 300, 428,
429, 430, 448-462, 465, 475-494
material, 313, 331, 337, 349, 505
Incremental theories of plasticity, 339,
346-372, 373, 374
Independent (see Linearly independent)
Indices: raising, and lowering, 578, 584,
624, 633
Indicial notation, 14, 15, 18, 21-25, 54,
56, 571-588, 597, 599-640, 642-
666
Inelastic deformation, 254, 306-378
Inertia forces, 65, 428, 462, 464, 465, 471
Inhomogeneous media, 261
Initial:
conditions, 197, 424, 442
state, 120
value problem, 424, 442
Inner product, 35, 585
Integral transformations, 197-209, 214,
215, 219, 224, 227, 230, 238, 240,
241

Subject Index

Integrity basis, 409-414
Intensive variable, 253
Internal:
energy (sce Energy, internal)
entropy production (see Entropy pro-
duction)
Intrinsic angular momentum (see Spin
angular momentum)
Invariant:
scalar function of tensor components
(see Scalar invariant)
vector, 53, 576-577, 653
Invariants of :
deviator, 92-95, 135, 337, 338, 341,
350, 351, 355
rate of deformation, 148, 337, 338,
340, 342, 426
sirain, 133, 135, 160, 167
stress, 89-95
Inverse method in:
elasticity, 516-525
plane potential flow, 455-456
Inverse of:
deformation gradient, 157, 222, 661~
662
matrix, 42-43
tensor, 157, 174-176
laversion, ceatral, 285, 417
Irreducible integrity basis, 409-414
Irreversible;
forces, 269
process, 249, 253, 270
thermodynamics, 269
Irrotational:
flow, 148, 154, 212, 429, 435, 436, 437,
438, 441-462, 477
vector field, 56-57, 148, 548
Isentropic, 264, 282, 296, 379, 443, 446,
468
Isochoric motion, 212
Isomorphic, materially, 415, 416
Isomorphism, material, 415, 416
Isothermal, 259, 264, 271, 282, 292, 296,
305, 331, 379, 498
Isotropic:
elastic response, 274, 279-281, 28§,
288-290, 292-294, 409, 412, 413,
414, 420-422
fluid, 274, 298, 417
hardening (in plasticity), 347, 364-
370, 376, 377



Subject Index

Isotropic (cont.)
maderial, 2, 90, 274, 279-281, 285,
288-290, 292-294, 298, 350, 407
409, 412, 413, 414, 417-422
tensor, 276-278
tensor function of a single tensor ar-
gument, 413, 420
Isotropy (see also Isotropic), 2, 407
group (see Material symmeltry group)
transverse, 410, 412, 413, 419

Jacobian:
determinant, 168-170, 208, 597, 605,
636, 665
matrix (see Displacement gradient and
Velocity gradient matrices)
Johnson's apparent elastic fimit, 328

K

Karman-Pohlhausen mcthod, 491-492,
494
Kelvin's:
problem, $59-560
theorcm on circulidion, 434, 435, 436,
447
Kelvin-Voigt element or Kelvin-Voigt
material, 313-317, 325
Kinematic:
hardening, 370-371, 377
viscosity, 302, 428, 476
Kinematically admissible, 237-239
Kincmatics of continuous medium, §38-
145, 381-388, 400-406, 635, 639,
660, 668, 671
Kinetic:
equation of state, of fluid, 296, 425,
427
theory, 307, 468
Kinetic energy, 228, 230-231, 236, 249,
300, 452
flux, 204
Kirchhoff stress (see Piola-Kirchhoff)
Kronecker delta, 22, 23, 26-27, 276, 280,
573, 604, 622
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L
Lagrangian;
coordinates (see Malerial coordinates),
139
description of motion, 139, 144, 154-
160, 497, 636-637, 66(-662
formulation of finite strain, 154 -160,
221, 265, 275, 279, 393, 636-637,
662
small strain (see Strain, small)
stress tensor, 221
Lamé:
constants, 236, 280, 293, 294, 498, 506
solution for tube under internal and ex-
icrnal pressure, 532-533, 537, 538
strain polential, 552
Laminar flow, 302, 303, 305, 428, 466,
475-494
between parallel plales, 429-433
Laplace:
equation, 444, 449, 452, 455, 555, 624
transform, 322
Laplacian, 55, 59, 507, 531, 624, 654,
667, 670
of a vector field, 59, 654
Latent root (see Eigenvaluc)
Latent vector (see Eigeaveclor)
1eft;
physical components, 609
streteh tensor (see Streteh tensors)
1.ength, characleristic, 463, 472
Lévy-Miscs equations, 337, 339, 343, 344,
357, 358
Limit analysis and Limit load, 335
Line integral, 57, 189, 199, 201, 211, 434,
455
independent of path, 57, 189, 455
maderial derivative of, 211
Lincar:
amorphous  polymer
linked polymer)
dependence and independence, 571
hardening, 334, 343, 371
response, viscoclastic, 306-327
transformation, 31, 41
vector function (or operator), 8, 30-
37, 174, 385, 386, 569, 579
viscoelasticily, 306-327
finite, 323
Linecarity of plastic-strain increments as
functions of stress increments,
366, 367

(see  Uncross-
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Lincwization of:
acouslic witve equations, 439-442
clastic field cquations, 498
steady compressible flow, 444, 445-448
Linewly:
dependent vectors, 571
independent vectors, 571
Liquid (see also Fluid), 448, 465
crystals, simple, 418-419
Loading cycle, 274, 276, 360
Local:
action, principle of, 379-380, 390, 391
entropy production, 256, 268
Muauch number, 444, 448, 474
rate of change, 140, 142
sound speed (see Sound)
Logarithmic:
potentials, 456-461
strain (see Natural strain)
Loss:
compliance, 312, 321
modulus, 312, 322
langent, 313
Love's strain function, 554
Lowering indices, 578, 584, 624, 633

M

M:ich number:
free-stream, 446, 448
local, 444, 448, 474
reference, 468, 471
Macrostate, 250
Magnitude of vector, 11, 12, 572
Mass:
ux, 204, 206
conservation, 205, 209, 210
Material:
boundary, 205
courdinute, 139, 142, 155, 156, 208,
281, 408, 497, 629, 659, 661
derivative, 141 -144, 403, 635, 660
of line integral, 211, 435
of surface integral, 213
of volume integral, 210211, 213~
216, 228
description of motion, 138
differential type of, 406, 410-412
frame indifference  (objectivity), 7,
299, 380-390, 392, 399, 401, 402,
408, 410, 414, 417-418
isomorphism, 415, 416
response (see Response)

Subject Index

symmelry:
group, 285, 408, 411, 416, 417
restrictions  on  conslitutive  equa-
, lions, 406-422
volume integral, 205
Materially isomorphic, 415, 416
Matrices, similar, 44
Mautrix (see Column malrix, Row matrix,
Stress matrix, etc.; also Eigen-
vulues and Eigenvectors), 9, 28—
29, 40-47, 281, 577, 581, 609,
611
Matrix:
untltiplicition, 40-41
orthogonal, 44
product, 40-41
Miuximum:
normal and shear stresses, 86, 93, 96,
99-100, 338, 348
speed on boundary in potential flow,
451, 477
value of harmonic function, 451
Maxwell element and Maxwell material,
313-317, 325, 402
Mecan:
flow, 302
normal pressure, 90, 261, 274, 281,
296, 299, 430
nornvil stress, 90
Mecan value theorem for harmonic func-
tion, 451
Mechanical:
equation of state, 330
equivident of heat, 229, 466
Melting point, 276
Membrane forces in plates, 114-119
Mcmory:
maleriuls with, 319-324, 408, 414, 420
fading, 323, 420
Metal:
forming, 333, 335
plasticity:
combined siress, 336-378
uniaxial stress, 327-336
Metric:
quadratic form, 604
tensor (see ‘Tensor, melric)
Microstate, 250
Microstructure, 220
Minimum:
dynamic pressure, 452
value of harmonic function, 451



Subject Index

Minor of determinant, 20, 43
Mises yield condition, 337, 343, 344, 347,
348, 351, 352, 357, 358, 366, 370,
373, 374, 375
Mixed:
boundary conditions, 238, 499, 507
components of a tensor, 579--583, 588,
608-611, 619, 637
triple product (see Triple product)
Model:
analysis of flows (see Similarity)
distorted, 472, 474
Modulus, 274, 280, 282, 285, 291, 292,
293, 294, 308, 310, 318, 322, 501
complex, 312-313
loss, 312-313, 322
relaxation, 318
storage, 312-313, 322
Mohr's circles:
plane case, 102-112, 134, 148, 160
plate stress resultants, 116-119
three-dimensional case, 95-101, 133,
148, 160
Moment of momentum principle, 215-
216, 219
Moments:
bending, 113-119, 243-246, 356
body force, 66
surface force, 66
twisting (see also Torsion), 113-119
Momentum;
balance, 213-214
flux, 204
integral cquations of boundary layer,
487-489, 494
moment of, 215-216, 219
principle of, 76, 213-214
thickness, boundary-layer, 486, 489
Motion:
Cuuchy's equations of (see Equations
of motion)
equation (describing particle path),
138-139, 387
Multiple-valued function, 454, 456, 533
Multiplication of:
maltrices, 40-41
scalar and tensor, 33
scalur and vector, 11, 576
two veclors or tensors (see Cross, Dot,
and Tensor products)
Multipolar media, 220, 235, 407
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n-dimensional vector space, 571
Natural:
basis of curvilinear coordinates, 569,
598-600, 621 ’
state of elastic body, 155, 275, 292,
329, 340, 380, 497
strain, 150-151, 332-333, 335, 359
Natural-strain  increment tensor, 150-
151, 334, 339, 660
Navier equations of elasticity, 499, 500,
504, 514-516, 528, 532, 544, 548,
553, 554, 668, 671-672
plane cases, 514-516, 528, 532
Navier-Poisson law of a Newtonian fluid,
298-302, 425
Navicer-Stokes equations, 303, 305, 426-
430, 434, 462-465, 475, 478, 480,
629
generalized (with bulk viscosity), 426,
427
Necking in tension, 331
Nelwork polymer (see Crosslinked poly-
mer)
Neuber-Papkovich {se¢ Papkovich-Neu-
ber)
Neumann problem, 449, 452
Neutrally stuble material, 362
Newtonian viscous fluid, or Newtonian
viscosily, 236, 272, 273-275, 295~
305, 337, 340, 341, 380, 401, 423-
434, 462-495
Nominal strain and stress, 331-333
Nondimensional parameters (see Dimen-
sionless variables), 469
Nonlinear viscoelasticity, 309, 323, 324
Nonpolar cuse, 216, 227, 228, 232, 237
Nonsingular matrix, 42, 174
Nonsteady flow (see Flow, unsteady)
Normal:
force (see also Membrane forces), 113
stress component, 72, 80, 86, 95, 99,
113, 432
to yield surface (plastic potential the-
ory), 358, 362, 370, 375
Numbers, characteristic, 462, 464

o

Obijectivity (sce Material frame indiffer-
ence)
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Octahedral;
normil stress, 94
plane, 94
shear stress, 94, 343, 364
Offset yicld strength, 328
Onsager relalions, 269, 270
Open product of two veclors, 36, 38, 588
Operator equalion (viscoclastic), 317
Order of tensor, 30, 583
Ordered statc, 250
Oriented surface, 201, 202, 434
Origin of the planes (Mohr's circle), 107
Orthogonal:
basis, 11, 26-27, 574
curvilinear coordinates (see Curvilin-
ear coordinates)
eigenvectors, 45
group, 285, 409, 412, 417
matrix, 44
tensor, 383, 416
transformation, 27, 285, 408, 417
proper and improper, 27-29, 417
Orthogonality conditions, 27, 383, 535,
513
Orthonormal,
642
Orthotropic, 286, 288, 412
Outer product, 585

11, 22, 25, 27, 574, 592,

P

Papkovich-Neuber polentials, 322, 554-
564
formulas for displacement and stress,
556
Parabolic partial differential equations,
424, 444, 480
Parallel flow, 274, 302, 303, 429-433
Parameters, absorption of, 472, 482
Particle in maltcrial and referential de-
scriptions, 138-139, 156, 380
Particular solutions for body forces, 508
gravitational, 508
rotational incrtia, 508-509
Path, particle, 143
Péclet number, 467
Perfect fluid (see also Frictionless fluid),
429, 434-462, 476, 4717
Perfect gas (see Gas, ideal)
Perfectly plastic, 327, 334, 337, 358, 359,
362, 363-364

Subjeci hdex

Periodic:
loading, 306, 311-313
response function (viscoclastic), 306,
311-313, 321-322
Permanent sct, 327, 329
Permutation:
cyclic and acyclic, 60, 657, 658
symbol, 21, 23, 5§91-592, 622, 656, 657
Perturbations in flow, 445, 446
Phase shift, 312
Phenomenological equations, 269
Photoelasticity, 513, 534
Physical components; 525, 531, 569, 601,
606-613, 626
in orthogonal coordinates, 644-672
summary of equations, 659-672
Pi theorem, 469-474
Piola-Kirchhoff stress tensors, 220-224,
232, 246-248, 263, 265-267, 279,
393-398, 408, 410-414, 421, 497
498, 639, 665-666
Place (position of particle), 138-140
Plane:
deformation, 110, 134, 196, 344, 505-
511, 514, 515, 526
elasticity, 505-547
in polar coordinates, 525-547
reduction of plane stress equations
to plane strain equation, 512
flow, 432, 444, 446, 448, 452-462,
475-494
of symmetry (see Symmelry)
plastic strain, 344
strain, 110, 134, 196, 505-511, 514,
5185, 526
approximated in long cylinder or
prism, 507
stress  (see  also  Generalized plane
stress), 83, 102-112, 196, 511~
516, 612
approximate nature of, 5§12-513
dependence on elastic constants, 534
waves, 447
Plastic:
deformation: -
at constant volume, 331, 337, 349
contained, 333, 335
flow, uncontained, 333-334
potential, 356-358, 362, 366, 367, 369,
372, 375-371
strain, 329, 368, 369, 373
strain increment, 339, 357



Subject Index

Plastic (cont.)
cilective, 364-366
work, 159, 360, 364, 366, 368, 376
Plasticity, 90, 94, 120, 242, 267, 270,
327-378
Plates, stress resullants in bending of,
112-119
Pohthausen parameler, 492
Poiscuille flow, 432, 473
Poisson’s:
equation, 555
ratio, 280, 293, 294, 501
dependence of stress solution on, 534
Polar:
coordinates, 526-547
decomposition, 173,
637-638 *
vecijor, 20, 27-29
Pole (Moht's Circle), 108, 110
Polyad, 38-39, 588, 649
Polymer, 306-313, 334
Polynomial:
approximation of conslitutive func-
tions, 408, 409, 411, 422
scalar invariant (see also Scalar invari-
ant), 409, 411
solutions in plane elasticity, 516-519,
523
Position:
of particle (placc), 138, 144, 156
vector, 48, 51, 139, 382-383, 598, 632
Positive-definite:
matrix, 160
quadratic form, 158,
501, 604
tensor, 173, 175
Postulates of a purely mechanical con-
stitwtive theory, 379-380, 389-
390

178-181, 392,

160, 269, 291,

Postyield Lehavior, 337-342, 346, 156~ -

378
Potential:
acceleration, 435
body force, 435-437, 505
complex, 455-462
dissipation, 267-268, 270, 301, 305
elastic (see Strain-encrgy function)
energy, 249
flow, compressible, 438-448
flow, incompressible, 448-462, 477
function, scalar, 57, 154, 435-438,
441-463, 505, 548-552

140

Galerkin, 322, 552-554, 560
togarithmic, 456--461
Love's, 554
Papkovich-Neuber, 322, 554-564
plastic (see Plaslic potential)
thermodynamic, 263-267
vector, 548-553
velocity, 154, 438, 441-442, 443-461
Power, 227-229, 232, 234-235, 264,
266-267, 300, 356
Power;
input, 227-229, 234-235
serics, 455, 456, 458, 480, 484, 517
Powers of a second-order tensor, 175-
176
Prandtl number, 467, 468
Prandt)-Reuss cquations (clastic, plastic),
339, 374, 402
Pressure, 252, 261, 296, 304, 426, 449,
452, 460
dynamic, 449, 460
minimum, 452
funiction, 435, 437, 443, 448
gradicnt force, 428, 431, 462, 464, 465,
471
hydrostatic, 295, 304, 313 .
mean, 90, 261, 274, 281, 296, 299, 430
static, 296, 449
thermodynamic, 258, 261, 272, 286,
287-288, 299, 426
Principal;
axis or direction, 85-95, 105-112, 134,
148, 160, 167, 171, 175-177, 278,
287, 343, 350, 421, 610
plancs, 86, 105-112
strain, 133, 135, 160, 166167
stress, 85-95, 350-354
space, 352-354, 375
vialue of u tensor, 85-95,
610
Probability and entropy, 250
Projection, 12, 13, 18
Projection theorem, 79
Proper:
number or value (see Eigenvalues)
vector (see Eigenvectors)
right and feft, 610
Property, system (see State function)
Proportional limit, 327
Proportional or radial:
loading, 365, 368, 373, 374, 378
straining, 365, 374

175-176,
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Pseudo-stress (see Piola-Kirchhoff stress)
Pseudo-traction vectors, 222, 246
Pure:

shear, 274, 308, 338, 342

substance, 258-259, 271

Q

Quadratic form, 158, 160, 269, 284, 501

Quuasistatic process, 270

Quasi-lincar partial differential equation,
444

Quoticnt rule, 586

R

Radial (proportional):
loading, 365, 368, 373, 374, 378
straining, 365, 374
Rudially-symimetric  clasticity  solutions,
532-533, 538, 544 -547, 554, 559-
560, 563566
Raising indices, 578, 584, 624, 633
Rank, of tensor (see Ocder of tensor)
Rate of change of:
(eds)?, 148-14Y, 162-164, 636
deformation  gradicnt, 163,
266
deformation tensor, 162, 403, 404
density, 5§, 142, 207
Eulerian finite strain, 163-164
Lagrangian finite strain, 162, 232, 265,
403, 636
Rute-of-defornmiation  tensor, 120, 145-
154, 162-164, 182, 192, 228, 274,
276, 297, 334, 337, 400, 401, 425,
466, 635, 636, 660, 668, 671
differs from strain rate, 149-150, 162,
636

181-182,

Rate:

of stress, 402, 403

sensitivity in plasticity, 330, 340-343
Reciprocal:

basis (see Dual basis)

theorem of Cauchy, 79
Recoverable:

energy (or work), 231, 263-264, 305

part of stress, 267, 272, 300, 301
Recovery:

clastic, 309

Subject Index

creep (see Creep recovery and Re-
turded elastic response)
Rectangutar components or coordinates
(see Cartesian)
Reduced forms of constitutive equations,
393-400, 408, 410-412, 419421
Reference:
configuration, 138-139, 232, 275, 329,
340, 407, 408, 415, 416, 4117, 418,
497
frame, change of, 144, 381-390
state (see also Reference configura-
tion), 275, 329, 340, 497
chunge during plastic deformation,
329, 340
stress in (see Piola-Kirchhoff stress
tensors)
velocity (see Characterislic speed)
Referential description of motion, 138-
139, 144, 497, 636-637, 660-662
Reflection, 25, 285
Relative;
deformation gradient, 170, 181-183
deformation  tensors, 181, 183, 404,
419
description of motion, 138, 144, 170,
181183, 404, 419
displacement, 122-124, 129-130
flow, 423, 445
rotation tensor, 181-183
streteh tensors, 181-183
velocity, 50
Relaxation:
function, stress (see also Relaxation
spectrum), 319, 320
master curve, 310-311
modulus, 318
spectrum, 306, 318
stress, 276, 278, 306, 307, 310, 315,
317, 320
time, 315, 317
Representation  theorems  for  isotropic
tensor functions of one-tensor ar-
gument, 413, 420-421
Response;
function in finite claslicity, 392-398,
408-410, 413, 420-422
functional (see also Hereditary inte-
gral), 323, 398-400, 414-417
ideal material, 273-274, 309, 381
Resultant (see Stress resultant)



Subject Index

Retardation:
spectrum (creep), 306, 318
ttme, 315, 317
Retarded elastic response, 308-310, 315,
319
Reuss equations {see Prandtl-Reuss equa-
tions)
Reversible:
heat transfer, 264, 282
process, 251-254, 296
Reynolds:
equaltions, 303
number, 465, 467, 471, 475, 476, 479,
482, 487, 490, 491
stresses, 303
trunsport theorem, 210-211
Ricmann-Christoffel  tensor,
649
Right:
physical components, 608, 609
stretch tensor (see Stretch tensors)
Right-handed system, 19, 21, 22, 25-29,
88, 592, 594, 627, 656
Rigid-body motion (sce also Rotution),
122, 127, 131, 173, 275, 314, 382,
383
Rigid, linear hardening material, 334,
343
Rigid, perfectly plastic material, 334, 335,
337
Riviin-Ericksen tensors, 403-405
Rotation:
finite, not a vector, 15
maltrix, 125-127, 130-133
of axes, 25-30, 32, 285
relative velocity given by, S0

194, 623,

rigid-body, 121-123, 131, 173, 275,
285, 314, 383
small, 125-127, 130-133, 137, 279,

397, 635, 659, 669, 672
tensor R (finite), 160, 173-183, 323,
392-395, 637-638
tensor, small (see Rotation, small)
theorem, 173, 178-181, 637-638
vector, smail, 131, 549, 551, 669, 672
Rotational:
symmetry, 410
wave, 550
Roughness of boundury, 466
Row mutrix, 9, 42, 610
Rubber, 306, 307, 308
Rubbery-elastic region, 308, 309, 311

707
S

Saint-Venant's:
compatibility equations (see Compati-
bility)
principle, 508, 516, 519, 520
Scalar, 10, 11, 17, 37, 53-54, 57, 276,
397, 408, 409, 586, 602
Scalar:
field (see Scalar point function)
invariant, 37, 89-95, 133, 135, 160,
167, 337, 338, 341, 350, 351, 355,
409, 411, 426, 585, 586, 634
multiple of a vector or tensor, 11, 33,
570
point function, 53-54, §7, 602, 653
potential, 57, 154, 435-438, 441-463,
505, 548-552
product of two:
dyads, 38-39, 590
tensors, 35, 37-38, 228, 586
vectors, 17-19, 572
triple product (see Triple product) -
Scale fuctors in orthogonal curvilinear
coordiniales, 643-644, 646-648,
661, 667, 669
Second law (see Thermodynamics, sec-
ond law)
Separation, in fluid flow, 297, 460, 481
Series (see Power series and Trigonomet-
ric series)
Set, permaneny, 327, 329
Shape change, 91 '
Shear:
deformation in beam, 245
force in beam, transverse, 244
force in plates, 113-119
modulus, 274, 280, 293, 294, 506
pure, 274, 308, 338, 342
response, 308
strain;
as angle change, 120-121, 131, 308
as tensor component, 120
as unit lateral relative displacement,
126
stress component, 72, 77-78, 80, 95,
99, 100, 102, 109, 113, 114, 274
stress, maximum (see Maximum nor-
mal and shear stresses)
stress, octshedral, 94, 343, 364
test, simple, 308
wave, 550
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Shifter, 632-633, 637-638
Ship model analysls, 465, 471
Shock waves, 445, 446
Sign convention for;
Mohr’s circle, 102, 109
stress, 72, 102, 109
Similar matrices, 44
Similarity, 462-474, 482, 483
Similitude (se¢ Similarity) :
external, 472
internal, 472, 482, 483
Simple;
fluid, 418, 419
liquid crystal, 418, 419
material, 390-394, 398-400, 406-422
radial distribution (see Flamant solu-
tion)
solid, 418, 419
Simply connected, 57, 188, 202
Single-valued: [
"branch, 454, 457
function, 450, 452, 454
Singularity in flow, 451, 456-461
Sink, fluid, 451, 456-458
strength of, 457, 458
Sinusoidal stress, 311, 312
Skew (or skew-symmetric), 32, 43, 124,
146, 154, 182, 228, 234, 583
Skew Cartesian coordinates, 611-612
Stip:
plastic, in crystal, 137
theory of plasticity, 371-372
Soil mechanics, 72, 334
Solenoidal vector field, 212, 548
Solid, simple, 418, 419
Sonic (sce Sound)
Sound:
speed, 439, 440, 443, 447, 448, 477
local, 442, 443, 444, 445, 446, 468
waves (see Acouslic waves, Wave
propagation)
Source (see also Heat source):
fluid, 451, 456-458
strength of, 457, 458
point for Green’s formula, 557, 558
Spatial:
coordinate, 139, 142, 155, 208, 281,
504, 629, 668, 671
deformation gradient F', 157, 159,
222, 661-662
description of motion, 138-144, 154-

Subject Index

160, 207-208, 213-216, 298-305,
337, 339-340, 357, 423-496, 504,
636, 661-662, 668, 671
Speciilized theories, 3
Specific:
entropy (see Entropy)
heats, 236, 252, 258, 297, 466
ratio of, 258, 297, 467, 468
internal energy (see Energy, internal)
volume, 231, 233, 252, 258, 261
Spectrum, continuous (see Relaxation or
Retardation spectrum), 318
Speed:
characteristic  (reference
463, 464, 468
sound (see Sound)
Spherical:
coordinates, 84, 605, 606, 641, 644,
646
summary of formulas, 669-672
part of tensor, 90-91, 93, 133-134
strain, 133-134
siress, 88, 90-91, 338, 349, 351
Spin:
angular momentum, 218, 219, 234,
235, 236
tensor, 145-148, 153-154, 182, 228,
401, 429, 436, 635, 660, 671
Spring-and-dashpot models, 306, 313-
317, 342, 344
Stability (see Elastic stability)
Stable plastic material, 357, 359-362
Stagnation point, 446, 459, 477, 481
Standard linear solid, 315-316, 402
Star product, 200-202
State:
equation of (see Equation of slate)
function, 229, 233, 251, 252, 253, 264
initial (see Initial state)
natural (see Natural state)
of a plastic material, 347
variables, 227, 253, 260
Static pressure (see Pressure, static)
Statically admissible, 237, 239, 243
Statistical:
mechanics, 250, 270
physics, 252
Steady:
creep, 310, 314, 317
flow, 140, 143, 423, 424, 436, 437,
442, 464, 480
Sticltjes integral, 322

velocity),



Subject Index

Stokes:
condition, 299-301, 428
theorem, 201-202, 434
Stokesian fluid, 275, 298
Storage:
compliance, 312, 321
modulus, 312, 322
Strain, 120-196, 262, 264, 274, 279, 497,
526
deviator (see Deviatoric strain)
elementary definitions, 120-121
energy, 231, 236, 240, 248
energy function (see Hyperelastic mi-
terial), 240, 282-285, 291-293,
300, 397, 501, 640, 645
in plane elasticity, 513-5i4, 531
finite (sce Finile sirain)
function, Love's (see also Polential),
554
gradient, 407
hardening (see Hardening)
matrix, 125-126, 130-131, 133
natural (see Natural strain, Natural
strain increment)
plastic (see Plastic strain)
potential (see also Papovich-Neuber,
Galerkin)
Lamé, 5§52
Love's, 554
rale (sece Rate of change of strain and
Rate-of-deformation tensor)
small, 120-137, 183-189, 265, 279,
333, 373, 497, 526, 629, 635, 659
Stream function, 213, 448, 452-453, 455,
476, 483
Streamline, 143144, 437, 438, 453, 455,
457, 458, 459, 477
Streamlined body, 460, 477
Strength:
ultimate, 333
yield (see Yield)
Stress, 64-119, 155, 262, 264
biaxial, 348
components (see also Normal and
Shear stress), 71-85, 262, 264,
274, 425, 498
concentration, 331
around circular hole, 537-539
convected, 397, 406
couple (see Couple stress)
deviator (see Deviatoric stress)

09

dissipative part of, 267-268, 272, 301

cllective, 364-366, 373

cquations  of  elastostalics,
507, 509, 512

flux, 402, 403

frame-indifference of, 388, 389

function (sce Airy stress function), 504

function, torsion, 82--83, 196, 212, 225

generalized, 243, 256

gradient, 347

in reference state (see Piola-Kirchholl
slress tensors)

malrix, 73, 78, 87

maximum and minimum normal, 86,
96, 99-100

maximum shear, 93, 96, 99100, 338,
348

means, theorem of, 241.-242

plane (see Plane siress)

power, 228, 232, 234235, 264, 266-
267, 300, 356

recoverable part of, 267, 272, 300, 30}

rates, 402, 403

relaxation (see Relaxation)

502-505,

represenlation  plane  (see  Mohr's
circles)

resullant, 112-119, 243, 356

strain curves, 327-336, 359

tensor, 77-112, 38F, 388-390, 425,
498

thermal, 278, 290, 291
true (see True siress)
uniaxial, 5, 274, 327-336, 359
vector (see l'raclion)
Stretch:
of material element, 164-167, 171172
tensors, right and left, 172-183, 283,
392-397, 637-638
Stretching tensors (see Rate of deforma-
tion), 145, 404-405
Strouhal number, 465, 476
Subsonic flow, 444, 445
Substantial derivative (see Material de-
rivative)
Substate (see Thermodynamic substate)
Sum (see Addilion)
Summation convention, 14-15, 571, 600,
645
Supcerposition (see also Boltzmann super-
position principle), 278, 318-319,
322, 499, 507-509
Superposition integral, 306, 319-324
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Superscript, 571, 597
Supersonic flow, 444, 445
Supply of heat (see Heat source)
Swiface:
couples, distributed, 68, 217
¢lement in orthogonal curvilineur co-
ordinales, 665
force (see¢ also Traction), 64-65, 67,
69-70, 213, 226, 227, 305
free (of a flow), 465, 471
strains, 134
tension, 465, 471, 474
wives, 465, 471, 473
Symmetric:
function, 350, 351
malrix, 32, 43, 124, 130, 146, 216
tensor (sce also Symmelry of stress),
32, 146, 159, 216, 228, 234, 277,
583, 587, 609, 655
Symmetry:
crystal, 286, 410, 412, 419
clastic, 277, 285--290
of stress tensor, 77--78, 87, 216, 221,
228, 274, 279, 665
plane of, clastic, 277, 286-287, 410
plane of, for displucement distribution,
137
plane of, for stress state, 85, 112, 525
System property (see State function)

T

‘Tangent motion, 145
‘Tungential stress component (see also
Shear stress), 72, 83
Temperature (see also ‘Thermodynamic
lemperature), 231, 233, 251, 253,
256-258, 275, 278, 290, 306, 335,
379, 426, 466-46Y, 474
Temperature gradient, 231, 256-257
T'ensile stress, 72, 313, 327-333
Tension test, 120, 313, 327-333
‘I'ensions, thermodynamie, 261-267, 296
Tensor, 8, 30-63, 569-672
as linear vector function, 8, 30-37, 39,
174, 385, 386, 569, 579
calculus, 59-62, 614-629, 633, 650-
672
Cartesian, 33
components (see Carlesian, Covariant,
Contravariant, Mixed, and Physi-

Subject Index

cal components), 31-32, 580~
582
operational representation, 582
derivative of, 59-62, 620-621, 649
equations, 7, 381, 584
ficld, 59, 197, 614
fundamental (see Tensor, unit), 578
isolropic, 276-278
isotropic function of, 413, 420
melric (see also Tensor unit), 578, 603,
616, 630, 636, 643, 647
order of, 30, 583
order higher than two, 33, 583-584,
610, 620, 621
product of two:
tensors, 36-37
vectors, 36, 588
symmetric (see Symmetric tensor)
test, 37, 586-587
transformation under time-dependent
change of frame, 384-386
transformation, time-independent (see
Chunge of basis uand Component
transformation)
transpose (see Transpose)
two-point (see Two-point tensor)
unit (see Tensor, melric), 35, 276, 417,
573, 578, 636
Tetrahedron of stress (Cauchy), 73-76
with couple stress, 217
Thermal:
conductivity, 236
cquation of stute, 262, 296
expansion, 278, 290-291, 321
cocflicient, 291, 293
motion, 307
stress, 278, 290, 291
Thermodynamic:
equilibrium, 227, 253
stable, 292
polentials, 263-267
pressure, 258, 261, 272, 286; 287-288,
299, 426
restrictions on:
isotropic elustic modulj, 291-293
viscosily coellicients, 300
stale, 227, 253, 260
substate, 257, 260, 264, 266, 268
system, 227
lemperature (see also Temperature),
261-263, 268-269, 271-272
lensions, 261-267, 296



Subject Index

Thermodynamics, 226-236, 248-272,
292, 331
first law, 227, 229-230, 234, 248, 252,
253

second law, 248-256, 292, 300
Thermoelasticity, 233, 256, 271, 275,
290-291, 304
Three-element model, 315-316
Three-index symbol (see Permutation
symbol)
Time:
characleristic, 463
dependent transformation, 382, 384-
385
lapse, 320, 415
observed in reference frame, 381, 384,
385
Time-temperature superposition principle,
307, 310
Torsion of bar, 82, 84, 196, 212, 225
Total covariant derivative, 633
Total-strain theory of plasticity, 346,
373-374
Trace of matrix or tensor, 37, 90
Traction, 65, 69-79, 213, 227, 242, 305,
508, 634
Transformation (see Coordinate and
Component transformations, Lin-
ear transformation, Integra) trans-
formation)
Transient problems in fluid mechanics,
424, 438-442
Transition region (of polymer), 308-311
Translation, 173, 179-180, 637-638
Transonic flow, 444, 446
‘Transpose:
maltrix, 31, 42, 130
tensor, 31, 155, 156, 383, 582, 590,
618, 628, 657
Transverse isotropy, 410, 412, 413, 419
Tresca yield condition, 338, 344, 348,
351, 352, 358, 369, 375
Trigonometric series, 520-522, 524, 533,
534
for discontinuous tractions, 520
Triple product:
scalar (or mixed), 21, 27, 574
vector, 23
True:
strain (see Natural strain)
stress, 328, 331, 332-333, 3135, 359

111

Turbulence and turbulent flow, 144, 302-
304, 428, 460, 462, 466, 481
Twist, with couple stress, 235
‘Twisting:
of bar (see Torsion)
moment in plates, 113-119
Two-point tensor, 156, 157, 385, 631-
634, 636
partial and total covariant derivatives,
633

u

Ultimale strength, 333
Uncontained plastic flow, 333-334
Uncrosslinked polymer, 306, 310
Undistorted state of
isotropic material, 285, 417, 418, 420
solid, 418, 420
Uniaxial stress, S, 274, 327-3136, 359
Uniform flow, 295, 456, 459, 478, 481
Unimodular:
group, 416, 417, 418
tensor, 416
Uniqueness of:
elastostatic stress and strain field, 501-
502
incompressible potentiul flow, 452, 458
Unit: ‘ .
base vectors, 11-12, 18, 19, 26-27, 51,
383, 384, 569, 598, 642, 643
derivatives of, 646-648, 653, 667,
669
extension or elongation,
128, 164-165, 171
relative displacement (see Relative, dis-
placement)
tungent and normal to plane curve, 82
tensor (see Tensor, unit)
vector (see ulso Unit, base vectors), 11,
49
Universal plastic stress-strain curve, 364
366, 374, 376
Unsteady flow, 139, 143, 423, 438, 487
Upper-bound solutions (in metal form-
ing), 33§

121, 127-

\'4
van der Waals' gas, 258-259, 271
Variables:
complex, 312, 313, 453-462
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Variables (cont.)
conjugate (see Conjugate variables)
dimensionless (see Dimensionless)
extensive, 253
intensive, 253
state, 227, 253, 260
Variational:
method, 237
principle, 237
Vector, 7-63, 569-579, 642-652
addition, 10, 11, 13, 570
axial, 20, 595
calculus, 48-62, 197-213, 614-627
component, 11, §71-573
operational definition, 577
derivative of, 48-62, 617-620, 648
field, 48
identities with v, 56
invariant, 53, §76-577, 653
magnitude, 11, 12, 572
polar, 20
potential, 548-552
product, 17, 19-25, 574, 592-595, 626-
627, 656
quantities, 10, 29, 30
space, 34, 569--579
axioms, 34-35, 570
transformation under time-dependent
change of frame, 384-385
transformation, time-independent (see
Change of basis and Component
transformations)
zero, 11, 19, 570
Velocity, 48, 50, 140-143, 145-154, 387,
425-494
at infinity, 445
complex, 455, 459, 461
gradient tensors, 142, 146-147, 149,
163-164, 182, 228, 266, 401, 667,
670
potential, 154, 438, 441-442, 443-461
reference (see Characteristic speed)
strain (see Rate of deformation), 144,
148
Vertical shear force in plates, 113-119
Vibration, 264
Virtual:
displacement, 237-248
displacements, principle of, 237-248
work, 237, 238, 242, 243
Viscoelasticity, 276, 306-327
nonlinear, 309, 323, 324

Subject Index

Viscomeler, 302, 310, 432
Viscoplasticity, 276, 340-345, 349
Viscosity (see Newtonian viscous fluid):
bulk, 299-301, 425-427
coeflicient of, 274, 275, 299-303, 314,
342, 463
dynamic (see Viscosity, coeflicient of),
301
eddy, 303
kinematic, 302, 428, 476
temperature dependence of, 275, 302,
304
Viscous:
flow, 310, 423-434, 462-494
fluid (see Newtonian viscous fluid)
forces, 428, 462, 464, 465, 471
Voigt element (Kelvin-Voigt material),
313-317, 325-
Yolume:
change, 91, 134, 168, 313, 498, 549,
551, 636, 668, 672
constancy in plasticity, 332, 358
element in orthogonal coordinates, 664
expansion, coefficient of, 258
flux, 204, 452, 453
ratio, 167-168
response, 308, 313, 314, 320
specific, 231, 233, 252, 258, 261
strain, 134, 167-168, 274, 281, 320
viscosily (see Bulk viscosity)
Voriex, 456-458
strength, 458
Vorticity, 203, 428, 445, 475, 476, 477
tensor (see Spin tensor)
transport equation, 475, 476, 493
vector (see also Angular velocity), 203,
428

w

Wake, 460, 477, 482
Waals, van der (see van der Waals)
Warping function, torsional, 196, 225
Wave:
equation, 440-442, 447, 550-552, 566
propagation:
in fluids, 424, 438-442, 447, 448,
465, 471
elastic, 549-552
speeds, elastic (see also Sound speed),
550, 566



Subject ladex

Waves, gravity, 465, 471

Weber nuinber, 471

Work (see also Power and Plastic work),
227, 231, 243, 264, 305, 359

Work hardening (see Hardening)

Y

Yield, 327, 328, 337, 338, 340, 346-356,
375
condition (see also Mises and Tresca},
337, 338, 340, 346-356, 375
anisotropic, 352, 355
independent of spherical or hydro-
stalic stress, 349, 351, 352, 358
isotropic, 350-355

[ ]

curves for:
tension-lorsion, 344
biaxial stress, 348
function, explicit dependence on plastic
deformation, 368-371
sirength (uniaxial), 328-329
stress, 328, 338
in pure sheur, 338
surface in stress space, 347-355, 358,
363, 372, 375
corner on, 363, 372
Young's modulus, 280, 293, 294

z

Zcero veclor, 11, 19



