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adhesion 196

adhesive particles 189-209
aeolian sand transport 234-245
algebraic tails 89, 92
anisotropic interactions 282
anomalous velocity statistics 89

Barchan dune 247

bi-disperse granular gas 135

bifurcation 123-133

Bjerrum length 261

Boltzmann approach, to granular matter 61
Boltzmann equation, classical 59
boundary conditions 6, 13, 20

Boussinesq solution 13, 20

bubbles 213-215, 223

bulk elasticity 217

centrifugal force 224,228
chains 281-294
charged granular gas 260
clustering 117-136
clusters 282-294
coagulation 262
coarse-graining (averaging) 8
coarsening 127
coating process 256, 272
coefficient of restitution 199
adhesive particles 205
Padé approximation 204
cohesion 325, 340
cohesive forces 281
collision of particles 199
collision processes 89, 91, 106, 109
compaction 325, 341
compactivity 56
compartmentalized system 117-135
constitutive relations 4, 5

constraint forces 325, 331, 334
contact area 191, 195

contact dynamics 165-185, 325-341
contact ellipse 195

contact gain 182

contact loss 179

contact network 24, 334

contact problem 189

continuum description 165, 168, 169, 186
continuum mechanics 4, 8,9
convective instability 220

convex bodies 192

coordination number 170

Coulomb friction 165, 168, 329, 338
Coulomb interaction 255,258
critical exponents 123, 128

critical states 171

dilatancy 176

dilation angle 168, 169, 176
dipolar hard-sphere model (DHSM) 282
directed transport 135
displacement field 4, 9
dissipative force 199
dissipative interaction 281
dissipative system 122
drag force 213,217,218
dune simulation 247

dunes 246

dynamic wave 217

effective temperature 47
Ehrenfest urn model 118, 127
elastic interaction force 193
elasticity 9, 11, 23-25, 39
electrostatic force 255-272
elliptic PDE 23

energy dissipation 89, 96, 98, 99
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energy equipartition 89, 107
entrainment 242

entropy 56

escape time 134

event driven simulation 259, 299-321

fabric tensor 171

structural anisotropy 173
flow rule 168, 177
fluctuations 117, 130, 172—-174, 184
fluid—particle interactions 214
fluidization 213-218, 225
flux model 121-135
force chains 11
force distributions, in a jammed emulsion 67
force lines 341
force models 10
force statistics 19
force-displacement laws 301
friction 11, 23, 24
friction models 299, 303, 305
frictionless packings 23, 24
Froude number 215, 225

gas-fluidized bed 214, 221
Ginzburg-Landau equation 146
granular avalanches 147-152
granular gas 281

granular gases 89, 117-121
granular materials 281, 299, 300
granular piles 6

granular response 15

granular slabs 6

granular suspensions 260
granular temperature 117, 282, 284
Green functions 24, 28

hardening 169, 174

Hertz contact law 193

Hertz law 339

homogeneous cooling 307, 308

hydrodynamic description 117, 118
of a vibrated granular gas 133

hydrodynamic dispersion 217

hydrodynamics 112

hyperbolic models 3, 15

hyperbolic PDE 23

hyperstatic networks 26

hypostatic networks 25

Index

hysteresis 126, 131

inelastic collisions 117, 120, 134, 293

inelastic gases 89, 101, 109, 111, 112

internal angle of friction 168, 178

internal variables 165, 170, 171, 175, 176,
181, 183

isostatic jamming 76

isostatic networks 24-40

isostaticity 24-41

iterative solver 334

jamming 45
condition 49
in compressed emulsions 74
in glassy systems 46
in granular matter 48
JKR theory 196

kinetic theory 89, 91, 92
Kramers escape problem 118

lattice gas 109
Lennard-Jones interaction 197
liquid-fluidized bed 215, 216, 222, 224

Maxwell Demon effect 117-136

Maxwell model 89

micro—macro transition 299, 300, 315, 321

microstructure 165, 175, 176

minimum image method 258

mixtures 89,90, 102, 108, 109, 112

molecular dynamics 73, 299, 300, 321, 325,
326, 336

multi-particle contacts 305, 307-309, 321

multiplicative noise 29, 30, 32-34, 40

multiplicative process 24, 32, 33, 35

non-equilibrium gases 89
non-equilibrium system 120
non-smooth mechanics 326
non-uniqueness of force equilibrium 341
nonsmooth interactions 166

normal stress 217

order parameter 144-148, 152-160

out of equilibrium systems 46, 47, 50, 78
overdamped limit 260

overpopulated tails 92

overturning instability 223, 226
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parabolic PDE 23

particle pressure 219, 222
particle tracking 288

particle viscosity 227
particle—particle interactions 214
phase transition 123, 128, 130
plastic behaviour 168

plasticity 5

Poisson ratio 190

polygonal particles 341
positional disorder 33, 34, 36
Potts model 124

power-law distribution 23, 32, 37, 40
pseudo-elastic behavior 336

quasi-static approximation 204
quasi-static deformation 194
quasi-static loading 166, 183

reduced mass 328, 331, 334, 338

response functions 23, 24

restitution coefficient 327, 329, 333, 340, see
coefficient of restitution

Reynolds number 234

rheology of the particle phase 218, 222

rigid rotation 176

rigidity 24-26

ring structures 281

rolling friction 337-339, 341

roughness length 235

saltation 242

sand flux 244
saturation length 245
saturation time 245
sedimentation 215-217
self-assembly 282
self-focussing 265-267
separation bubble 239
separation occurs 238
shear band 143

shear deformation 318
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shear stress 234

shear stress perturbation 237

shear velocity 235

Shields parameter 241

Signorini graph 325, 328

slugs 214

Smoluchowski equation 262

solid fraction 168-181

stick-slip oscillation 143, 147, 159

sticking collision 206

strain field 8-10

stress field 12, 14, 16

stress tensor 190
dissipative component 194
elastic component 190

sudden collapse of a cluster 127, 131

superposition 17

suspensions 214,218

systems far from equilibrium 120

Tabor parameter 198

TC model 307

topological disorder 33, 35, 36
torsion friction 338, 340, 341
traffic jam formation 136
triboelectric charging 255, 257, 277
turbulent 234

two-phase governing equations 218

unilateral constraints 325
universal size distribution 262

velocity distributions 89-112, 284, 288
Verlet algorithm 259

virtual mass force 218

virtual work principle or theorem 27, 28
viscous interaction force 193

voidage wave 224,225

yield 5
Young module 190



