
Index

E(t), see also Young’s modulus, relaxation, 6

AC coupling, 159
Acoustic emission, 255
Activation energy, 31

in asphalt, 215
in CdMg, 223
in experiment, 194
in metals, 219
in polymer, 210

Active material, 37
artery, 247
ear, 249
muscle, 241
stress strain curve, 67
tissue, 233

Active structures, 409
Adaptive materials, 36
Aging materials, 35
Alfrey approximation, 96
Aluminum, 208, 216, 219
Aluminum alloys, 217
Aluminum-zinc alloy, 220, 223
Andrade creep, 28, 323
Anelastic material, 1, 299
Anisotropy, 33, 111, 170, 325, 342, 343, 358
Arrhenius equation, 30, 172, 194, 215, 253, 296
Arteries, 247
Asphalt, 214
Asphalt as a composite, 360
Attenuation measurement, 184
Attenuation of waves, 77

Baby heads, 393
Baseball, 422
Bending, 112

bar damping layer, 134
by correspondence principle, 116
cell ribs in foam, 363
experiment, 181
Gorsky relaxation, 299

in nonlinear material, 133
plant seeds, 252
plate, 138
satellite structure, 428
thermoelastic damping, 220, 277, 329
waves, 128
waves in experiment, 186

Biological composites, 233
Biot theory, 281
Birnboim apparatus, 179
BKZ relation, 39
Bolts, 382
Boltzmann superposition integral, 16
Boltzmann superposition principle, 14
Bone, 234
Bordoni relaxation, 303
Bounds on composite moduli, 346
Bounds on composite viscoelasticity, 353
Box spectrum, 93
Brain, 243
Brass, 216
Bridge vibration, 398
Broadband viscoelastic spectroscopy, 180
Building sag, 378
Building tilt, 385
Building vibration, 398
Bulk modulus, 35, 111, 119, 123, 141, 212, 451

from shear and tensile properties, 196
waves, 213

Bulk relaxation, 212
Bumpers, 418

Cadmium, 223
Capacitive transducers, 153
Cartilage, 244
Cavendish balance, 413
Cellular solids, 120

damping calculation, 369
damping due to air flow, 281
experiment, 181
stiffness, 364

457

www.cambridge.org© Cambridge University Press

Cambridge University Press
978-0-521-88568-3 - Viscoelastic Materials
Roderic Lakes
Index
More information

http://www.cambridge.org/9780521885683
http://www.cambridge.org
http://www.cambridge.org


458 Index

Cellular solids (cont.)
structure, 363
theoretical damping, 285

Ceramics, 227
piezoelectric, 232

Clang, 102
Coefficient of restitution, 84, 421–423
Collagen, 236
Compliance, 1

bulk, 119
creep, 3, 17
related to spectrum, 92
structural, 68, 69, 71

Composites, 341
asphalt, 360
biological, 233, 356
cellular, 363
extremal, 354
fiber inclusions, 349
fibrous, 361
Hashin–Shtrikman, 346
inclusion shape, 350
localized resonance, 367
metamaterials, 367
metal matrix, 362
nanofillers, 359
piezoelectric, 366
platelet inclusions, 349
Poisson’s ratio, 357
Reuss, 345
spherical inclusions, 347
Voigt, 341, 345
wave dispersion, 366

Compression of a block, 151
Concrete, 229, 378
Constant strain rate, 20
Constrained modulus, 130, 141
Constraint in compression, 141
Convolution, 102, 449

Boltzmann integral, 16
definition, 446
inversion, 450
theorem, 446, 448
theorem, Laplace transform, 19

Copper, 216
Copper-manganese alloy, 219, 401
Correspondence principle, 114

composites, 345
Coupled fields, 273
Creep, 3, 391

experiments, 146
compliance, 3
compliance in Boltzmann integral, 17
damage, rupture, 394
in nonlinear media, 148
primary, 5
relaxation relation, 99
secondary, 5

standard linear solid, 25
tertiary, 5

Creep-resistant alloys, 224, 326, 381, 382, 387
Crystalline polymers, 213
Cushions, 388

Damping layer analysis, 134
Damping layers, 399
Damping measures, 79
Damping, 59, see also tanδ

Dashpot, 22
Deborah number, 7
Debye peak, 62, 71, 87, 93, 107, 109, 223, 234, 236,

273, 277, 285, 296, 299, 303, 312, 314, 370, 429
Decay of vibration, 74, see also free decay
Deformation mechanism maps, 323
Delta as phase between stress and strain, 59, see

also tanδ

Dental materials, 389
Dielectric relaxation, 35
Dirac delta, 442
Disk drive, 384, 397
Dislocation kinks, 303
Dislocation motion, 300
Dispersion, 64, 78, 87, 88, 98, 101
Distributed oscillator, 71
Doublet, 443
Droop, 2, 102, 392
Durometer experiment, 188
Dynamic compliance, 58, 64, 97, 101
Dynamic modulus, 57, 58, 62, 77, 98, 100, 101
Dynamic response, 8

Ear, 248
Earplugs, 377
Elastin, 236
Electromagnetic methods, 155, 157, 158, 163, 164,

176, 177, 180
Energy storage and dissipation, 65
Experiment, 145

creep, 146
environmental control, 157
low loss materials, 166
nonlinear, 160
phase errors, 159
rebound, 161
resonant, 161
resonant ultrasound spectroscopy, 168
subresonant, 158

Exponential response, 21, 22, 27, 84, 273, 285, 312
Eye, 249

Fading memory, 18
Fat, 243
Fluctuation–dissipation relation, 182
Fluid flow relaxation, 280
Foam, 120, see also cellular solids
Fourier transform, 63, 64, 76, 103, 115, 402, 446
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Index 459

Fractional derivatives, 27
Free decay of vibration, 74
Functionals, 441

Gamma function, 42, 99, 445
Gaskets, 390
Glass, 231, 425
Glass sag, 380
Glassy region, 286
Golf ball, 423
Gorsky relaxation, 299
Grain boundary relaxation, 292
Granato–Lücke relaxation, 300
Granular materials, 402

Hand strength exerciser, 424
Hashin–Shtrikman bounds, 343, 346
Hashin–Shtrikman composite, 346
Head, 393
Heart muscle, 240
Heaviside step function, 3, 20, 28, 40, 50, 96, 122,

441, 443
Helmets, 418
Helmholtz coil, 175, 180
High-temperature background, 254, 314
Hooke’s law, three-dimensional, 33
Hysteresis loop, 59, see also Lissajous figure

Ice, 231, 385
Impact absorption, 414
Indentation analysis, 117
Indentation experiment, 183, 188
Indium, 223
Indium tin alloy, 224
Interface motion, 292
Iron, 218, 224

Kidney, 246
Kramers–Kronig relations, 63
Kuhn model, 29
Kuhn model tanδ, 99

Laplace transform, 19, 26, 448
to relate creep, relaxation, 19

Layer in compression, 140
Layers for damping, 134
Layers in composites, 342, 352, 361
Lead, 208, 216, 217, 219, 223, 402
Lead metaniobate, 220, 232, 402
Lead titanate zirconate, 222, 232, 408, 429
Ligament, 237
Light bulbs, 387
Liquids, 7
Lissajous figure, 59

active material, 67
experimental phase measurement, 158
negative stiffness, 67
saturation, 193

tanδ, 61
wiggly, 193

Liver, 246
Load application, 157
Load cell, 156
Lock in amplifier, 158, 181
Log decrement, 75, 79, 168
Logarithmic creep, 29
Lognormal spectrum, 93
Loss modulus, 62
Loss tangent, 57, see also tanδ

Lumped oscillator, 67
Lung, 248
LVDT, 152

Magnesium, 221
Magnetic media, 316
Master curve, 31, 172, 179, 211–213, 215, 225, 252
Maxwell model, 22
Measurement of displacement, 152
Measurement of force, 156
Measurement of phase, 158
Measurement of strain, 152
Metals, 215

high-damping, 219
low-damping, 225

Molecular rearrangement, 286
Muscle, 240
Musical instruments, 390

Nanofillers, 359
Nanograin structure, 226
Nanoscale resonators, 414
Nickel, 222, 317, 318
Nickel titanium alloy, 222
NiTi alloys, 222
No-slip floor, 425
Noninearity, sinusoidal input, 79
Nonlinear superposition, 38
Nonlinear viscoelasticity, 37
Nose, 392

Optical methods, 154, 167, 181

Particle inclusions, 342, 347, 348, 352–354, 359,
360, 362

Passivity, 17
Period of waveform, 8
Phase between stress and strain, 57, see also tanδ

Phase errors, 156, 159, 166, 197
Phase measurement, 158
Phase transformations, 305
Piezoelectric damping, 401, 404, 407, 409, 429
Piezoelectric materials, 232, 402

table of properties, 233
Piezoelectric oscillator experiment, 164
Piezoelectric polymers, 214
Piezoelectric relaxation, 318
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460 Index

Piezoelectric semiconductors, 226
Plazek apparatus, 180
PMMA, 208, 210, 211
Poisson’s ratio, 35, 451

in deformation analysis, 121
of composites, 357

Polyethylene, 213, 214
Polymer matrix composites, 358
Polymers, 208
Power law

in stress, 218, 236, 382
in time, 28, 30, 218, 253, 286, 323, 378

Primary creep, 5
Prony series, 26
PUCOT, 164
PZT, 232, see also lead titanate zirconate

Q, quality factor, 70, 79, 168, 406, 412–414
QLV, 38, 148
Quartz, 164, 185, 208, 225, 233, 315, 320, 402,

412

Rayleigh scattering, 316
Rebound, 82, 414
Rebound experiment, 161
Recovery, 14, 377
Relaxation, 6

modulus, 6
modulus in Boltzmann integral, 16
standard linear solid, 24

Relaxation instrument, 174
spectrum, 92
strength, 25, 62, 107, 273, 276, 278, 280, 284, 285,

296, 299, 312, 319
Resonance, 67
Resonance experiment, 161
Resonant ultrasound spectroscopy, 168
Retardation spectrum, 92
Reuss composite, 341, 345
Riemann integral, 15
Risetime, 146, 198
Road rutting, 380
Rock, 227, 385
Rolling, 409
Rubber elasticity, 289
Rubbery region, 289
RUS, 168

Sapphire, 208
Satellite stability, 426
Schrag apparatus, 179, 180
Secondary creep, 5, 382
Selenium, 225
Servohydraulic devices in experiment, 173
Shape memory materials, 222, 306, 355,

408
Shear modulus, 14, 34, 67, 71, 151, 170, 184, 190,

210, 212, 214, 342, 411, 451
Shoe insoles, 211, 419

Shoes, 381
Silicon, 208
Silly Putty, 10, 425
Sinusoidal load, 55
Skin, 392
Smart material, 36, 37, 274, 407
Snoek relaxation, 294
Solder, 219, 223, 386
Solids, 7
Sound and tanδ, 102
Spacecraft explosion, 390
Specific damping capacity, 65
Spectra, 92
Spectral hole-burning experiment, 160
Spinal discs, 244
Sports, 422
Squash ball, 423
Standard linear solid, 22

and spectra, 94
comparison of creep, relaxation, 103
Debye peak, 95
dynamic behavior, 62

Steel, 208, 217, 224, 225, 255, 295, 380, 382
Stieltjes integral, 17, 20, 40, 441
Stiffness-loss maps, 208, 209

of composites, 350
Storage compliance, 61
Storage modulus, 57, 61
Strain gages, 152
Stretched exponential, 29

causes, 322
in complex materials, 315
in polymers, 286

Subresonant experiments, 158
Super ball, 423

tanδ, 57
and energy, 65
and Lissajous figure, 61
and rebound, 82
and resonance, 69
and waves, 78
from creep curve slope, 100
from modulus change, 100

Temperature control, 157
Temperature effect, 30, see also time temperature

superposition, WLF equation, Arrhenius
equation

Tendon, 239
Tertiary creep, 5
Thermal properties, 280
Thermoelastic relaxation, 274
Thermorheologically simple, 31
Thud, 102
Time–temperature superposition, 31

in experiments, 172
Zener relaxation, 310

Timepieces, 412
Tin, 219
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Index 461

Tires, 388, 409
Torsion, 67, 71, 146, 160, 162–164, 170, 174, 176,

179, 180
Torsion pendulum, 174
Transition region, 287
Tuning forks, 10, 76, 101, 413
Turbine blades, 381

Ultrasonics, 184, 402, 407, 409, 412
Uterus, 246

Vibration, 67
control, 394
distributed system, 71
free decay, 74
in experiment, 161, 163, 164, 166
in musical instruments, 390
isolation, 388, 394
lumped system, 67

musical instruments, 73
rotating equipment, 397
transmission, 394
width of amplitude curve, 70

Voigt composite, 341, 345
Voigt model, 22

Watches, 412
Wave scattering, 316
Waves, 77, 124
Waves in experiment, 184
Wedge spectrum, 93
WLF equation, 30
Wood, 252, 378

Young’s modulus, 6, 34, 210, 342, 451

Zener relaxation, 298, 309
Zinc, 217, 220
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