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A
adiabatic deformation, 21
austenitic phase, 348, 358, 363–

364, 369, 371
auto-accommodating groups, 351
average strain theorem, 110
average stress theorem, 109
axial stress, 261–263

B
Bain strain, 351–352, 354–356,

377
body force, 15, 17, 35, 37, 53–54,

109, 113, 127, 285
bound

Hashin-Shtrikman lower, 143,
340

Hashin-Shtrikman upper, 143,
144

Poisson’s ratio, 220
Reuss lower, 123, 138, 330
Voigt upper, 123, 138, 330

boundary value problem, 35–36,
41–43, 54–55, 127

bridging fibers, 261, 264
Burgers vector, 57, 58, 62

C
Cauchy

formula, 15–17
strain, 14
stress, 15–16, 18, 20, 22, 24, 33

characteristic function, 105–107
coefficient of thermal expansion,

28–29, 52–53
cofactor, 37, 74

compatibility condition, 50, 352,
354–356, 377–378

composite sphere model, 196, 198,
200, 203, 205

concave surface, 32
concentration tensors, 118–119,

154–155, 158, 175, 333
conjugate pair, 20
conservation of energy, 20, 273
consistency condition, 105, 304,

375
constitutive law, 22
continuity of displacement, 245,

354, 359
coordinate rotation, 215
correlation function, 105–108
crack density, 268–269, 271–272,

274, 276, 277
crack opening displacement, 263–

266, 269–272
crack tip, 2, 259, 261, 264
creep behavior, 325
creep function, 29–31
critical shear stress, 303, 309, 312,

316, 325–326, 371
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polycrystal, 100, 173–174, 176–
177, 179, 281, 284–286, 291–
294, 296–299, 306–307, 310–
312, 314, 316–318, 373

single, 176, 179, 281, 283, 285–
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D
debond, 246
deformation tensor, 14, 20, 22–33
deformed configuration, 12–13,

15–17, 20, 50
deformed surface, 17
determinant, 37, 74, 353
Differential Scheme, 179, 195, 213
dilute case, 160, 185, 187, 225
dilute concentration, 185
dislocation

dipole, 370
edge, 58
general, 62
loop, 62–64, 66
pile-ups, 370
screw, 56

displacement boundary condition,
111, 116, 121–123, 126, 133,
135–136, 138, 147, 151–152,
155, 159–160, 169, 174, 198,
257, 284, 328–329

distribution function, 177–178
distribution of the inhomogeneities,

161, 183
divergence theorem, 18–19, 41, 55,

82, 109–122, 128, 247, 248
dot product, 6
double dot product, 6
dyad, 6

E
effective compliance, 114, 116,

118–119, 161, 168, 174, 232,
257

effective modulus, see also
effective stiffness, 113–114,
120, 165, 179, 183, 185, 187,
190, 198, 202, 204, 221, 267–
268, 297

effective stiffness, see also
effective modulus, 114–115,
117, 119, 122, 125, 126, 138,
140, 159, 160, 162, 166, 169–
171, 174, 176, 177, 179, 180,

183, 194, 257, 258, 268, 273,
277, 280, 332, 334

elastic distortion, 64, 365
elastic polarization strain, 49
elasticity, 22, 34, 35, 47, 120, 153
elastic-plastic material, 32, 34
elastoviscoplasticity, 312
ellipsoidal inclusion, 71, 77, 79,

81, 86, 177, 247, 252, 292,
297, 317

ellipsoidal inhomogeneity, 84, 156,
158, 164, 174, 177

energy
dissipated, 290
elastic, 289
Gibbs free, 21
Helmholtz free, 21
momentum tensor, 365, 367
release rate, 272–273

engineering constants, 217, 219,
224–226, 233, 266

ensemble average, 103–105, 107,
108–109, 285, 296

enthalpy, 21
equivalent inclusion equation, 87,

89, 156, 157, 255
equivalent inclusion method, 85,

91, 155–156
ergodic hypothesis, 104, 106, 107
Eshelby

energy momentum tensor, 365,
367

estimate, 160–161, 185, 190,
193

method, 158, 184
modified, 247, 252
modified tensor, 252
solution, 40, 80, 86–89, 155,

157, 251, 315, 316
tensor, 79, 80, 83, 139, 141,

157, 159, 162, 170–171, 175,
177, 183, 223–235, 251–252,
255, 257, 293, 297, 307, 309,
352

Euler
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angles, 176–177
configuration, 12, 17
coordinate, 12
strain, see also Cauchy strain,

14
evolving microstructure, 360
extensional stiffness matrix, 240
external heat flux, 20

F
Fiber, 113, 212–214, 217, 243,

244, 259, 278, 279, 317
fiber bridging, 259
fiber-reinforced composite, 100,

155, 214–215, 221, 223–224,
226, 234, 240, 259–261

flow rule, 32–33
fluctuating field, 319, 375
fracture criterion, 2, 267, 272
fracture toughness, 259, 260, 266

G
geometric singularity, 262
global strain concentration, 159,

166, 173, 333
grain, 100, 173–174, 176–177,

179, 281, 283, 292–294, 296,
297–299, 306–307, 309–310,
315, 359, 370

Green
function, 38, 40–43, 55, 63, 64,

77, 79, 127–128, 132, 138,
139, 147–148

strain, 14
theorem, 18

H
habit plane, 352–354, 356
Hashin-Shtrikman variational

principle, 133, 136
hereditary nature, 280
hierarchical approach, 226, 239
high concentration, 185
Hill

constraint tensor, 90, 175, 194,
299

lemma, 111, 115, 290, 330,
338–339

polarization tensor, 78
homogeneous polynomial, 39
homogenization scheme, 283,

287, 294, 328, 332, 335–336,
339–340, 350

Hooke’s law, 24, 30, 35, 50–53,
58, 62, 74, 75, 80, 85–86, 88,
117, 122, 147–148, 174, 227,
234, 285, 288, 308

Hutchinson’s calculation, 307
hyperelastic material, 22

I
incompressibility, 34, 294, 306
incompressible material, 283, 327,

336–337
incremental formulation, 326, 359
indicial notation, 5
inelastic behavior, 280, 348
initial configuration, 12, 13, 17
interface

imperfect, 246, 247, 257, 258
inclusion-matrix, 75
inhomogeneity-matrix, 76
perfect, 73, 245–246, 251, 257–

258
sliding, 246
spring model, 246
velocity, 368

internal energy, 19, 20, 21
internal heat source, 20
internal variable, 291, 321, 342,

358, 364, 367–368, 372, 377
interphase incompatibility, 285
intra-phase fluctuation, 280
isentropic deformation, 21, 22
isothermal deformation, 21–23

J
jump condition, 354
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K
kinematic tensor, 14
kinematically admissible

displacement, 112, 120–123,
126–127, 131–132, 258

kinematically admissible strain,
329

kinetic energy, 19
Kirchhoff assumption, 237
Kronecker delta, 9, 23, 52
Kröner approach, 282, 296
Kröner model, 294, 296

L
Lagrange

description, 12
strain, see also Green strain, 14

lamina, 234
latent hardening, 371
lattice, 70, 350–354, 356, 363,

371, 377
left stretch tensors, 13
linear comparison composite, 320,

332–333, 335, 338–340, 343

M
Mandel-Hill condition, 112
martensite-martensite interfaces,

354
martensitic microdomains, 368,

369
martensitic variant, 349–350, 356–

357, 362–364, 368–370, 378
mass density, 17, 19
material

asymmetry, 218
coordinates, 16
cubic, 45, 46
isotropic, 25–26, 37, 40, 58, 61–

62, 69, 74, 83, 204, 323, 326,
328, 338, 340, 342

orthotropic, 44
transversely isotropic, 45–46

matrix cracks, 266, 268

minimum complementary energy
theorem, 121

minimum potential energy
theorem, 120

mocrohomogeneity, 102
modulus

bulk, 187, 196–198, 201, 203–
207, 213, 219–220, 258, 307,
323

effective, 261, 268, 269, 271–
273, 277

longitudinal shear, 199
longitudinal Young’s, 199
shear, 26, 126, 162, 188, 190–

192, 198, 200–202, 204–206,
208, 218–220, 226, 233, 235,
258, 293, 307, 323–324, 327,
342

transverse bulk, 199
Young, 51, 214, 221–223, 225,

233, 240
monoclinic material, 229, 243
Mori-Tanaka Method, 163, 184
moving boundary, 359
multicoated inclusion, 204
multilayer composites, 226
Mura formula, 65

N
nonlinear behavior, 280–282, 291,

319–320, 331–333, 336–337
non-perfect interface, see also

imperfect interface, 113

O
one-point correlation, 105–106
orientation tensors, 302

P
perfect interface, 73, 245–246,

251, 257–258
perfect plasticity, 305, 309, 316
permutation tensor, 9, 37, 74
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phase transformation, 49, 53, 347–
351, 354–360, 362–364, 368–
373, 377–379

physical entity, 5, 19
plane strain, 219–220, 238, 260,

273–274
plastic behavior, 280, 305
plastic distortion, 302
plasticity, 31, 316–317, 323, 347,

379
Poisson’s ratio, 199
polar decomposition, 13
potential

convex, 322, 326
dissipation, 321, 322
effective, 328
macroscopic, 319, 338
thermodynamics, 18, 20, 21,

321, 325
probability distribution function,

105

Q
quadratic equation, 188, 191
quasi-static problems, 246

R
reciprocal theorem, 39, 41
recrystallization, 359
reduced stiffness matrix, 235
reference configuration, 14, 20, 21,

23
relaxation function, 29, 31
representative volume element,

102, 108, 197, 198, 200–201,
204, 227, 228, 229, 242, 253–
254, 283, 284, 285, 330, 350,
373, 376

resolved shear stress, 300, 302,
312, 371

right stretch tensor, 13
right stretch tensors, 13
rigid particles, 186
rotation matrix, 176

rotation tensor, 13, 24
rule of mixture, 223, 240
RVE, see also representative

volume element, 102, 103,
108, 111, 113, 319, 324, 328,
350, 357, 359, 360, 364, 369,
378

S
scalar function, 8, 18, 19
secant

approach, 312, 331
compliance tensor, 314–315
moduli, 326
viscoplastic compliance, 313

second order elastic constant, 23
self-adjoint operator, 129, 145
self-consistent method, 169, 173,

184
self-equilibrium stress field, 287
size distribution, 196
size-dependent propertiy, 183
slip plane, 62, 66, 300
slip system, 300–308, 310, 312,

325, 353, 364, 371, 377
spatial coordinates, 16
spin tensor, 14
statically admissible stress, 112,

121–124, 126–127, 134–136,
146, 149, 198, 259, 286

statistically homogeneous medium,
106, 108, 109, 113, 139, 285

steady-state creep, 282, 312
step function, 357
Stokes’ theorem, 19, 64
strain concentration tensor, 117,

166, 174, 180, 182–183, 224,
307

strain energy, 19, 23, 81–82, 112,
114–116, 122–123, 133, 135–
136, 151–152, 268–269, 273,
282, 289, 290, 336

strain hardening, 300, 303, 306,
309
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strain rate, 284, 295, 297–300,
302, 304–306, 312–315, 322,
325, 363, 374

stress
Cauchy, 15–16, 18, 20, 22, 24,

33
deviatoric, 31, 33
first Piola-Kirchhoff, 16
power, 20–21, 290
second Piola-Kirchhoff, 16, 23

stress concentration tensor, 118,
160, 167, 170, 174, 182, 255–
256, 287, 307

stress intensity factor, 259–261,
266

stress polarization, 80, 90–91, 127,
132–133, 135–136, 149

stress-free transformation strain, 49
stress-strain relationship, 28, 29,

31–33, 50, 234, 236, 280, 311
summary convention, 5
symbolic notation, 7, 26, 83, 129,

162–163, 168, 293

T
tangent compliance tensor, 297–

299, 314–315
tangent modulus, 294–299, 305–

307, 309, 314, 327–328, 376
Taylor expansion, 23, 27, 314
Taylor-Lin model, 296, 311
tensor transformation, 24
texture, 281, 316
thermoelasticity, 26
third order elastic constant, 23
threshold strain, 276, 277
traction boundary condition, 109,

110, 118–119, 146–147, 155,
160, 169, 175, 254, 284–286,
289, 328–329

traction vector, 16, 17, 18, 246,
366

transform
Fourier, 36, 37, 54, 57, 58

Laplace, 30–31
Legendre, 322

transverse matrix crack, 266, 269,
273

Tresca yield function, 33
TRIP, 347, 349–350, 379
twinning, 351–354, 356, 359
two-point correlation function,

105–106

U
unit outward normal, 16, 248
unit sphere, 39, 78, 92, 93, 139

V
variant, 282, 357–358, 362–364,

368, 370, 378
velocity of the interface, 361–362,

366
viscoelasticity, 29, 48
Voids, 190
Voigt

elastic constant, 25, 44, 216,
220, 227, 232, 233

Volterra formula, 63
volume average, 104, 106–109,

111, 112, 284, 285
volume fraction, 103–104, 107,

117, 125–126, 137, 140, 154,
160–162, 173, 178–180, 182,
185, 188, 192, 194, 196, 197,
200–201, 205, 208, 214, 225,
228, 240, 242, 258, 261, 268,
285, 320, 342, 349, 358, 364,
367–369, 376, 378

Von Mises criterion, 323
von Mises yield function, 33

W
work-hardening, 34

Y
yield function, 32–33
yield surface, 32–33, 291


