Index

a

aerosol 97

aggregation 97, 126

Airy stress function 31, 41, 185
Alternating field (AC) 270
aluminium 112

ancient fossil peds 189
anisotropic crack pattern 248
apparent viscosity 210

arching crack 154
area—perimeter scaling 157, 158, 330
argillic horizon 156

array of edge cracks 48
auto-phobic polymers 123
auto-stratification 123
azimuthal stress 40

b

Beltrami—Mitchell equation 31

bending moment 50

bentonite bentomite clay 112, 306

biharmonic equation 31, 41

Bingham fluid 242

Bingham model 241

Bingham model for 1D deformation 221

Bingham model of plasticity 54, 214

biofluid droplet 290

Biot—Willis coefficient/parameter 81, 82

birefringence 69

Bjerrum length 104

blood 290

Boltzmann distribution 126

box-counting method 329

Bragg diffraction patterns 125

brittle crack 44, 56, 159

brittle fracture 45, 53, 55, 147, 159, 172,
173,223

brittle glass 39

brittle material 36, 39-41, 59, 158, 159,
170, 179, 180, 197, 224

brittle solid 36, 147, 207, 298

Brownian motion/isolated particles 70, 101

buckling 24, 53,177,296

bulk modulus 26, 28, 33, 79

C

calcium carbonate 181, 227, 239, 242, 245,
258

capillary interaction 97

capillary number 185

capillary pressure 87,90, 93,117-121, 127,
130-133, 149, 186, 280, 282, 287, 296

carbon nanotube 286, 290

Carman-—Kozeny equation/model 139, 151

Carnahan-Starling 109

Cauchy stress tensor 18

cell method 103

cellular crack patterns 243

ceramic 1, 3,49, 98,279-283

channel cracking 47, 49, 90

channelling 49

chaotic branching 59

circular hole 40

clamped bar 59

1:1clay 110

2:1clay 110

clay 2,6,36,52,54,70,73,74,97-114

clay liners 286

clay particles 268

coffee-ring effect 136

co-ions 102

colloid 97

colloid chemistry 152

colloidal crystal 126
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Index

colloidal dispersion 90

colloidal gold 107

colloidal stability 6, 98,108

columnar joints 48, 84, 154, 188

composites 1,170, 171, 191, 196, 277,
279-290

compressibility factor 70

conductive zone 299

constitutive equations 207, 210, 213

contact line 117, 120-122, 136, 141, 290

continuum models 135

contraction cracks 53

corona 293

correlation length 56, 158-161, 165

Coulomb—Mohr criterion 223

Coulombic repulsive interaction 261

counter-ions 101, 102

covalent bond 35

crack opening displacements 42

crack opening mode 42

crack path instability 63

crack path prediction 60, 63

crack patterns 1, 114

crack propagation 59, 196, 223

crack saturation 47

crack spacing 49, 52

crack speed/velocity 228, 233, 237

crack tip splitting 59

cracking number 52

critical condition for cracking/fracture 39,
47,53, 58

critical cracking conditions 53

critical cracking stress 37

critical cracking thickness (CCT) 52, 148
280

critical film thickness 151

critical pore pressure 90

critical strain energy release rate 39, 44

critical stress intensity factor 44
Crocodiles 309

d

2D spring model 195

Darcy’s law/for porous flow 70, 74-76, 84,
139

DC electrical field 269

Debye length 103, 104, 107

Debye —Hiickel approximation 103, 105,
108

deca-hydronaphthalene (DHN) 288

decay length of the stress 52

delamination 89, 150, 176, 189, 197, 296

democratic load sharing 191

dendrite 182, 183

depletion interaction 98,110

Derjaguin—Landau— Verwey—Overbeek
(DLVO) 98

desiccation crack 1,48, 60, 172, 176, 227,
271,286

desiccation crack pattern 238, 256

desiccation fracture 3, 6, 84, 88, 118

desiccation shrinkage 246

deviatoric strain 17

deviatoric stress 54, 220

dialysis 102

dielectric fluid/medium 100, 101

diffusion equation 84, 86

dilational plastic deformation 222

dilational symmetry 327, 331

2-dimensional network model of rheology
237

dipole—dipole interaction 97

dipole—dipole potential 98

direct field 268

directional cracks 224

directional drying 52, 59, 60, 154

dislocations 54

dispersion 70, 97

dispersion force 101

displacement 11

dissipative fracture 54

divider-step method 329

DLVO 98-111, 127

drained bulk modulus 80

drained elastic moduli 87

drained elasticity tensor 81

drying droplet 271

drying paste 54

drying process 117

drying rate 230

drying starch 302

drying stresses 87

ductile material/metal 41, 54, 147

dynamic fracture 58, 63

dynamical crack instabilities 59

e

edge crack 48

Edinburgh hard spheres 97
effect of magnetic field 274
effective crack length 55
effective stress 86, 91

Einstein’s equation for viscosity 209
elastic energy density 219
elastic energy release rate 59
elastic instability 53

elastic moduli 27, 28, 40

elastic strain energy density 250



elastic wave 59

elasticity tensor 24

elastomers (gels) 180

elastoplastic crack 55, 57

elastoplastic linear decomposition
246

elastoplasticity 216

electric field 98,99, 106—109, 182,
267 -274

electrical double layer 105, 106

electrodes 268

1-1 electrolyte solution 104

electromagnetic field 97

electrophoresis 105

electrophoretic mobility 109

electrostatic barrier 107

electrostatic effects 103

electrostatic potential 101

3-element model of rheology 238

elliptical crack 37

elliptical hole 41

emulsion 97

en echelon cracks 174, 175

energy dissipation 212

energy dissipation rate 236, 237

energy release rate 38-41, 44, 46-52,

55-62, 64, 89, 150, 173
engineering shear strain 14
entropy 23
equation of motion for a crack 62
Euler’s theorem 164
evaporation process 293

f

far-field stress 39, 45, 60

far-field tension 41

far-field uniaxial stress 37

Faraday waves 255

ferrofluid gel 274, 275

fibre bundle model 191

Fick’s laws/for diffusion 73, 74, 287
finite strain 14

first law of thermodynamics 21, 44
flocculation 97

force balance equation 73

forensic investigation 296
Fourier’s law 85

fractal 56, 155

fractal dimension 156—159, 185, 186,

327-332
fractal structures 157
fracture energy 35
fracture speed 59
fracture toughness 40, 44, 53

Index

fragmentation process 164

free energy 23, 37

free energy density 78

Frenkel model 283
funicular-pendular transition 134

9

geometric charge 161

Gibbs—Donnan effect 102

Gibbs free energy 219

Gibbs—Marangoni effect 292

gradient percolation 171

green bodies 98

Green’s function 47

Green’s theorem 56

Griffith criterion 150, 179, 195

Griffith energy 238

Griffith’s energy balance 57

Griffith’s energy release rate 44

Griffith’s energy-based fracture mechanics
40, 64

Griffith’s theory 48

h

H* 101

hackle 181, 189

Haines jumps 133, 141

halloysite nanotubes (HNTs) 286

halloysite/PMMA films 287

Hamaker constant 99, 119

hard-sphere repulsion 108, 109

hardening 221

heated bimetallic strip 53

height-averaged stress 52

Hele—Shaw cell (HSC) 131, 183-185,
187

Helmholtz free energy 219, 234

Hertzian spring 9

Hill- Mandel maximal-dissipation principle
220

hindered settling coefficient 72

Hooke’s law 9, 10, 193

Hooke’s spring/Hookean spring 9, 25

hoop stress 40, 42

horizontal vibration 245, 254

house-of-cards platelet/structure 74, 113,
126

Hurst exponent 158, 331

hydraulic conductivity 172

hydraulic diffusivity 84

hydrodynamic radius 72

hydrogen bond 35

hydrostatic compression 26, 80
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Index

i
illite 111
in-plane stress 88
incompressibility condition 249
index of refraction 100
inertia 58
infinitesimal deformation 208, 218
Inglis crack 37
interface crack 49, 50, 89, 90
intermediate-field stresses 53
internal free energy 44
invasion percolation 182, 185, 187
ionic bond 35
irreversible strain 54
Irwin’s fracture mechanics 54, 61
Irwin’s near-field solution 43, 57
Irwin’s stress intensity factor 91
Irwin’s theory 35
isoelectric point 101
iterative conformal mapping

185

J

J-integral 56-58

k

kaolin 258

kaolinite 110
Kelvin—Voigt model 211
kinked crack 63

Koch curve 328

I

lacunarity 156

Lagrangian strain 14

Lamé parameter 26, 28, 81
lamellar crack pattern 240
Landau moduli 25

Langer model 231
Laponite/gel 74, 110, 156, 181
leaf veins 309

Lee decomposition 217
Lennard-Jones potential 109
lifting Hele —Shaw cell (LHSC) 184
linear decomposition 218
linear elastic deformation 25

linear elastic fracture mechanics (LEFM)

160, 180

linear elasticity 5, 24, 29, 43, 50, 53,
147

linear isotropic theory 93

liquid limit 222, 241, 260

local load sharing 191

London constant 99

London dispersion/force 98, 100, 109
loss modulus 213

low permeability clays 190
lubrication approximation 184
Ludox 107,129

m

magnesium carbonate hydroxide paste
Marangoni effect 178,292

mass fractal 328

matric suction 122

maximum energy release rate 63

Maxwell - Boltzmann distribution 102

Maxwell model 211

Maxwell’s relation 81, 85, 86

mechanical energy release rate 38

memory effect 62,239

memory effect of vibration 253

memory of flow 258

memory of vibration 240, 258

menisci 132

Minkowski number 165, 166

misfit strain 49

misfit stress 49, 52

mixed mode fracture 43, 46, 57, 59,
224

mobility 72

mode 42,44

mode I cracks 47, 54, 63, 224

mode II 42

mode-II crack 49

mode IIT 42

modified cam clay model 222

moist clay 146

momentum balance 58

montmorillonite 111

mud cracks 223, 304

multi-fractal 160

multi-phase 69, 97

multiple channelling cracks 52

n

nano-fabrication 276
nanoscopic precursor film 121
nanotubes 286

natural clay 268

Navier equations 51
Navier—Stokes equations 139
nematic gel 113, 114
neo-Hookean elasticity 250
network stress 82

Nile crocodile 309

non-linear analysis 254
non-linear behaviour 56

260



non-linear elastic effects 58

non-linear Poisson—Boltzmann equation
108

Non-Newtonian fluid 209, 210, 255, 291

normality law 221

normalized elastic strain energy density
250

no-slip boundary condition 72

o

OH™ ions 101

Onsager’s variational principle 213
oscillating cracks 277

oscillations of the crack tip 59
osmotic pressure 70, 107, 110, 127
osmotic stress 97

p
Péclet number 124, 303
paint 69

paint cracks 1

parallel channel cracks 52

ped 148,150, 153, 157, 161-163, 166, 176,
189, 190, 195, 285, 309

peeling 50, 88

pendular state 135

percolation theory 169, 170

percolation threshold 169, 170, 187

periodic branching 59

permafrost soils 305

permeability 74, 86, 113, 123, 131, 139, 140

pervadic pressure 70

phase field model 59, 196

phylosillicate 110

planar crack 63

plane elasticity 30, 43

plane strain 29, 30

plane strain elastic modulus 44

plane strain mode-I crack 57

plane stress condition 36, 45

plastic deformation 54, 152, 216

plastic dissipation 58

plastic horizontal shrinkage 253

plastic limit 222, 242

plastic relaxation 234, 237

plastic work 39

plastic yielding zone 55

plumose structure 181, 223

Poiseuille flow 139

Poisson ratio 27, 30, 32, 46, 50, 59, 83, 302

Poisson’s equation 101

Poisson—Boltzman cell (PBC) 101, 103, 108

Poisson—Boltzman equation 104, 105, 108

polar liquid 101

Index

poly(ethylene oxide)(PEO) 284

poly(methylmethacrlyate) (PMMA) 100

polygonal terrain 311

polymer 157,280

pore opening processes 132

pore pressure 47, 74, 81, 84, 90, 92, 237

poroelastic 59, 190

poroelastic deformation 90

poroelastic driving forces 59

poroelastic expansion coefficient 83

poroelastic moduli 78, 82

poroelastic processes 133

poroelasticity 23,47, 69, 309

porous materials 130

potassium bentonite 112

pottery glazes 48

pre-crack strain energy density 49

pre-crack tension 90

principal axes 16

principal strain 15, 16

principle of local symmetry 62

principle of maximum energy release rate
63

process zone 39, 41

pseudoscalar 63

q

quasi-linear analysis 248

quasi-static crack 62

quasi-2 dimensional spring network model
193

r

radial crack pattern 240
Rayleigh wave 59,179
refractive indices 100

relative humidity (RH) 135, 295
relative permittivity 101
relaxation equation 252
relaxation time of plastic deformation 236
residual tension theory 244, 245
reversible deformation 53
reversible process 22

rheology 147,207

roughness 331

s

Saffman— Taylor instability 184

sand-box method 329

scale-invariance 327

scanning electron microscopy (SEM) 274
screening layer 105

sedimentation 69

sedimentation factor 72
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Index

self-affine 332

self-similar 145, 155-160, 327 -332

separation of length scales 53, 54

shear modulus 24, 27, 69, 81, 126, 148, 183,
283

shear rate 242

shear strain 14

shear stress 242

shear thickening 209

shear thinning 209

simple shear 13

simple shear deformation 207

singularity of energy dissipation 216

sinusoidal forcing function 246

sliding mode 42

slipping plane 105

slit island method 331

slow deformation 207

small-scale inhomogeneities 61

small-scale plastic yielding 56

smectite clay 112

smectites 111

sol 97

sol-gel transition 293

solid mechanics 33

solid volume fraction 70, 72

solvation force 111

spalling 88, 188

spiral cracks pattern 176, 262

spring constant 9

spring network 148,171, 192

spring network model (SNM) 171, 193, 194

spring network simulations 148

starch paste 229

steady shear flow 246

steric stabilization 98, 109

Stern layer 105

stiffness 9

Stoke’s drag 70

Stokes—Einstein diffusivity 74

storage modulus 213

strain energy 37

strain energy density 47, 50, 52, 56, 57, 250

strain energy release rate 38, 41, 46, 47, 58,
89,176

strain rate 209

strain tensor 9, 14-16, 26, 32, 50, 218

stress 17, 19, 26, 70, 149

stress concentration 35, 40

stress continuity 54

stress divergence 42

stress equilibrium 19, 26, 31, 58, 72, 76, 84

stress intensity factor 42, 48

stress intensity function 47

stress singularity 44, 57

superficial fluid velocity 76

surface energy 54

surface fractal 328

surface tension 36,118

surfactant 178, 182

susceptibility 99

swelling and non-swelling clay 111
symmetry-breaking mechanism 61
synchrotron radiation 132

t

table-top experiments 60

tangential force 17

Taylor series approximation 79

tearing mode 42

tensor methods 7

Terzaghi effective stress 82

theory for the deformation of a porous
medium 75

theory of flocculation 127

theory of poroelasticity 76

theory of thermoelastic deformation 84

thermal contraction 49, 53

thermal diffusion equation 86

thermal gradient 47

thermal noise 61

thermal quenching experiment 63

thermodynamic pressure 23, 70, 75

thermodynamics 6, 21

thermoelastic 59, 85

thermoelastic driving forces 60

thermoelastic theory 85

thermoelasticity 47, 83, 309

thin-film assumption 52

thin-film fracture 47, 59

three modes of cracking 42

through-thickness crack 48

titration 105

topological charge 161

topology 161

traction 20

transient branching 59

triboluminescence 53

u
uniaxial stress 28, 41
uniform shear deformation 207

v

vadose zone transport rate 286

van der Waals force 35, 97, 98, 100, 109,
110,119

vapour deposition 53



variational approach 62

variational principle 61

variational principle to plasticity 216
vertical vibration 255

Vicsek fractal 328

viscoelastic viscoelasticity 6, 88, 176, 211
viscous fingering 183, 184, 198
volumetric strain 9, 15

von Mises failure criterion 54, 220

w

water-rich dilute colloidal suspension
239

wavelength selection 63

wavy cracks 62,177

weight-function method 56

Westergaard function methods 42

wet paste 207, 214

Index

Wiener—Hopf method 238
wrinkling of films 53

X
x-ray tomogram 130

y

yield condition 219

yield stress 54, 214, 242, 243, 260

yielding zone 54

Young’s modulus 11, 27, 32, 50, 82, 128, 188
Young-Laplace equation 120
Young-Laplace law 235

z

zeta potential 105, 106, 109
zone of plastic yielding 54
zooming out process 145
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