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acceleration, gravitational, 75

activity, biologic, 55
analysis

limit, 247, 313-325, 328-331, 369-370

slope stability, 24
angle

contact friction, 253

friction, 64, 251

internal friction, 21, 247, 252

mobilized friction, 314
area

partial, 52

particle surface, 77

variable source, 52
attraction, van der Waals, 76

bands, shear, 247

barrier efficiency of capillary, 111

barriers
capillary, 106
dipping capillary, 110
flat capillary, 106
hydraulic, 112-114
behavior
brittle, 251
ductile, 251
hysteretic, 282
internal frictional, 251
non-linear, 248

Bishop’s effective stress, 215

bluffs, 21, 351
Puget Sound, 30
Seattle, 62

bonding, physical-chemical, 256

bubbles, occluded, 88

calcium carbonate, 65
capacity
diversion, 110
infiltration, 49, 52

specific moisture, 119, 120, 121

storage, 117
capillary barriers

dipping, 110-112

flat, 106-110
capillary rise

height of, 90-91
rate of, 91-92

catchments, 56
cell

Hadley, 27
Tempe, 283

cementation, 256, 259
chemical potential, see pressure
circle, Mohr, 165

circulation

atmospheric, 32
global atmospheric, 27

classification

climate, 29
landslide, 4, 9

soil, 43, 45-46
soil-AASHTO, 45
soil-ASTM, 45
soil-International, 45
s0il-USCS, 45
s0il-USDA, 45

clay, size of, 45
climate, classification, 29
coefficient

free vapor diffusion, 93
vapor diffusion, 93

cohesion, 64, 251, 258

apparent, 253-254, 261
capillary, 256, 260-261
cementation, 259-260
definition of, 256
drained, 256259
interlocking, 253

root, 256

soil, 21

colluvium, 40
column, sand, 86
compressibility

of bulk soil, 118
water, 118

concentration, solute, 78
conditions

displacement boundary, 170
drained, 271

hydrostatic, 83

K,, 273
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mixed boundary, 171 discharge
stress boundary, 170 specific, 86
undrained, 271 stream, 51
conductivity dissolution, mineral, 64—65
electrical, 79 distance
hydraulic, 86-87, 121 diversion, 110
unsaturated hydraulic, 92 threshold, 49
conjugate shear stresses theorem, 161 distribution

conservation of mass, 117
consolidated, 273

normally, 250

overly, 250, 251
constant

Lamé elastic, 164

universal gas, 78
constant flow, 284-285
constant head, 284-285
content, moisture, 21, 23
control, suction, 282
coordinates, Cartesian, 122, 161
costs

of landslide, direct, 14

of landslide, indirect, 14

of landslide, private, 14

of landslide, public, 14

types of landslide, 14
cracking, tensile, 66
creep, 9, 57, 65

soil, 65
crown of landslide body, 5
cycle, hydrologic, 27
cyclone, tropical, 35, 39

Darcy’s law, see laws, Darcy’s
death by landslide, 12—13
debris, 6
debris avalanches, 9
debris flow, 9, 41
degree of saturation, 279
density

relative, 254

relative dry, 254

saturated vapor, 81

vapor, 81

water, 75
deposition, colluvial, 40
depressions, bedrock, 55
diffusivity

effective water, 125

hydraulic, 119

water, 119, 121
digital elevation models, 43
dilation, local, 253
direction

flow, 133-137

lateral flow, 147

moisture, 159

root mass, 268
double-layer, electrical, 79
drained, 273

consolidated-, 273
drying, 77

state of, 136

earth, 6
earthflow at Mission Peak, 15
earthflows, 9

effective stress, 21, 24, 59, 61, 271, see also suction

stress
Bishop’s, 217
generalized, 59, 314
Luetal’s, 219,224
unified, 260
validation of, 227, 230
El Nifio, 35-36, 40
El Nifio Southern Oscillation, 15, 35
elastic, 249
energy
kinetic, 73
total, 84
equations
August-Roche-Magnus, 38
Beltrami—Michell field, 172
Clausius—Clapeyron, 38, 80
compatibility, 174
force equilibrium, 169
geometric, 170
Kelvin, 83
Laplace, 107
Navier, 171
Navier field, 171
of motion, 168
Richards, 119-122
Tetens, 80, 93
van’t Hoff, 78
equilibrium
chemical potential, 81
thermodynamic, 82, 84
erosion, 57, 66
soil, 66
eruptions, volcanic, 10
evaporation, 27, 29
rate of, 96, 105, 233
steady, 97
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evapo-transpiration, 46
experiments
Darcy’s, 85-86
ponding, 127

factor of safety, 21, 313, 336
infinite slope, 316
local, 366, 369, 371

failure
earth materials, 3
modes, 57, 364
post-, 249
pre-, 249
shallow, 23
tensile, 247

failure surface, translational, 67

falls, 7

field
effective stress, 66, 368, 399
local factor of safety, 371
of moisture content, 384
of suction stress, 384
of total stress, 365, 387, 399
scalar, 75
stress, 24
total stress, 175-176

flank, 4
of landslide body, 5

flow, 5, 7
debris, 3,7, 10, 17, 41
directions of, 54
downslope, 134136, 147
fluid, 86
gravity-driven, 74
groundwater, 27
horizontal, 123
Hortonian overland, 49
lateral, 134
one-dimensional transient, 122
overland, 46, 4849, 51-52
pipe, 52
preferential, 52
regimes, 137, 152
return, 52
stem, 49
stream, 49, 51-52
subsurface, 50-52
subsurface storm, 53
surface water, 40
transient saturated, 119
transient water, 117
unsaturated, 23
upslope, 134, 135-136, 147
vapor, 92-93
variably saturated, 23
vertical, 134, 147
vertical downward, 123

vertical upward, 123

vertical water, 93

wetting and drying, 137-138
foot of landslide body, 5
forces

adsorptive, 77

body, 159

hydration, 77

inertial, 160

particle-scale, 61

repulsive, 65

surface, 159, 160

van der Waals, 79
friction angle

of sand, 254

residual, 65
fringe, capillary, 54
front, wetting, 91

geomorphology
hillslope, 27
slope, 24
global climate patterns, 27-31
gradient
hydraulic, 285
of head, 86
of matric suction, 93
of moisture, 134
of potential, 87
of soil suction, 125
of totol potential, 94
topographic, 177
gravel, size of, 45
gravity, 75, 133, 159

head, see also potential

air-entry, 91, 109

landslide body, 5

total, 84

water-entry, 110
heterogeneity of soil, 112
hollow, 40, 41

of hillslope, 41

topographic, 40-41
horizon, low-permeability, 56
Horton equation, 49
humidity

absolute, 81

relative, 81, 83
humidity chamber, 284
humidity index map, 29-30
hurricanes, 35

Francis, 35

Ivan, 35

Mitch, 15
hydration surface, 76

hydraulic conductivity function, 89, 95
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hydraulic properties
drying, 293-294
wetting, 294-295
hygrometer, 284
hysteresis, 88
of soil water retention, 88
stress-strain, 249, 250
suction stress, 219

index of global humidity, 29
infiltration, 23, 27, 46-50, 52

horizontal, 124, 134

rainfall, 23

steady, 24, 73, 96, 103

transient, 24, 117, 123-128

transient vertical, 128—131

vertical, 93, 127
instantaneous profiles, 284, 286
insurance, landslide, 14
internal stress, see suction stress
invariant, stress, 168

La Nina, 35-36
Lahars, 10
landscapes, digital, 42
landslide analysis by digital elevation model,
43
landslide losses
Italy, 14
Japan, 14
United States, 14
landslides, 3
active, 6
classification, 4-6
costs, 14-15
earthquake-induced, 12, 14
extremely rapid, 7
extremely slow, 6
fossil, 6
frequency, 11-12
historic example, 15
illustration, 9
impacts, 12
inactive, 6
in unsaturated zone, 19-22
infiltration-induced, 325
initiation, 32, 56, 66
introduction, 3—4
magnitude, 11-12
North America, 15
precipitation-induced, 22
Puget Sound, 19, 30
rainfall-induced, 16-19, 24, 387
rotational, 4, 9
San Francisco bay region, 15
Serra do Mar, 19
shallow, 19, 22-23, 40, 41, 68

snowmelt-induced, 356, 395
socio-economic impacts, 12-14
stormflow-induced, 55-56
submarine, 12
transient infiltration-induced, 341
translational, 9
triggering mechanisms, 9—11
velocity, 67
very rapid, 7
very slow, 6

latent heat of vaporization, 93

lateral spreads, 9

laws
Coulomb friction, 252, 255, 261
Darcy’s, 85, 86-87, 94, 118, 120, 124
Fick’s, 92
Hooke’s, 163-165, 169, 172, 174
ideal gas, 80, 93
Newton’s second, 56

leaching, 65

limit-equilibrium method, 370
Bishop’s, 370
Janbu, 370
Morgenstern—Price, 370
ordinary, 370

liquefaction of soil, 59

loading, external, 56

loam, 46

losses
direct landslide, 16
landslide, 16

macropores, 55, 56
matric suction, 87, 93
measurement
hydraulic conductivity, 284
suction, 282
suction stress characteristic curve, 305
water content, 282
mechanics, continuum, 159
mechanisms
interlocking, 253
shallow landslide, 19
water movement, 73—75
water potential, 73
membrane, semi-permeable, 78
menisci, water, 77
method
Bishop’s factor of safety, 323
Fellenius’ factor of safety, 321
filter paper, 284
humidity, 284
limit equilibrium, 313, 365, 370
of slices, 321
pressure plate, 283
Tempe cell, 283
transient release and imbibitions, 287
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models

Culmann, 317

digital elevation, 42

fiber bundle, 266

finite slope, 317

Gardner, 128

Green—Ampt, 123

Horton, 52

infinite slope, 315

Luetal., 229

modified Green—Ampt, 127

Mualem, 293, 294

saturated finite slope, 317-320

saturated infinite slope, 315

unsaturated finite slope, 320

unsaturated infinite slope, 325-328

van Genuchten, 140, 229
modulus

bulk, 165

shear, 164

Young’s, 163, 249
Mohr circle, 165

failure, 252
Mohr-Coulomb criterion, 64, 259, 265, 277
moisture

antecedent, 23

soil, 54
molar volume of water, 75
molecular mass of water, 75
momentum balance, 169
Monsoons, 33-35

Asian, 34, 39

North American, 33
morphology, 4

hillslope, 40
movement

type, 5, 6

vapor, 74
mudslides, 9

noses of hillslope, 40
outflow, 284-285

patterns
evaporation, 27
flow, 143, 146, 150
precipitation, 27
wind, 27
perched water, 19
permeability, saturated, 91
piezometer, 84
Pineapple Express, 33
pipes, soil, 55-56
plane, failure, 247
Poisson’s ratio, 164, 175

pore structure, 77
potential

chemical, 74-75, 82

equilibrium of, 81-83

gravitational, 75, 93

osmotic, 78-79

pressure, 74, 7677, 82

total, 53, 73-74, 78, 81, 94

vapor, 80-81

water, 73

water vapor, 80
precipitation, 27, 48

and landslide, 22-23

annual, 27

antecedent, 51

characteristics, 22-23, 51

dependence of, 27

extreme, 3640

global annual, 27

heavy, 10

maxima, 27

mineral, 64—65

minima, 27

net, 29

orographic, 32

topographically induced, 32
pressure, 74

air-entry, 44, 84, 87-88

capillary, 76

compressive pore, 21

diffusion, 59

maximum vapor, 80

negative pore, 21

osmotic, 79

pore, 21

positive pore, 41, 55

prevailing vapor, 80

saturated vapor, 38, 80

vapor, 93

water-entry, 44, 89
processes

hydrologic, 27

mechanical, 56-57

pore pressure diffusion, 59—61

suction diffusion, 61-64
profiles

hillslope, 50

hydrostatic pressure, 83—85

in clays, 98

in clay—sand layer, 103

in clay-silt layer, 104

in layered soils, 98

in sand—clay layer, 101

in sands, 96

in sand-silt layer, 99

in silt—clay layer, 102
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in silts, 97

in silt—sand layer, 103

of soil moisture, 96, 103

of soil suction, 96, 99, 103

of suction stress, 234, 331

pressures, 83

saturation, 84

suction, 95, 102

suction stress in soils, 233

transient suction stress, 238

water content, 95, 102
psychrometer, 284

radius of curvature, 82
rainfall
antecedent, 22-23, 132
heavy, 18
Puget Sound, 30
storm, 22
rainfall excess, see flow, overland
reloading, 249-250
representative elementary volume,
118
resistance
frictional, 251
root shear, 264
shear, 251-252
ridging, groundwater, 52
rise
capillary, 6465, 74, 90
height of capillary, 90
rate of capillary, 91
rivers, atmospheric, 32-33
rock, 6
rockfall, 9
roots
decay, 65
growth, 65
strength, 267
structures, 263
runoff, 27, 46-50, 51-52
generation of, 50-52
source of, 52
storm, 52

sand, size of, 45
saturation, 279
scarp
main, 5
minor, 5
seeder-feeder mechanism, 32
shaking, seismic, 57-58
shallow landslide, rainfall-induced,
351
shrinkage, 67
shrink—swell, 57

silt, size of, 45
slickensides, 57, 65, 68
slides, 7
block, 9
flow, 7
translational, 5,7, 9
slope stability, vertical cuts, 373
slopes
cut, 375
finite, 175
infinite, 315, 326
local, 42
socio-economic impacts, 12—14
soil, 6
soil horizons, 4345
A, 44
B, 45
C, 45
0,43
soil mechanics
critical state, 247
unsaturated, 218
soil suction, see matric suction
soil water characteristic curve, 87, 95,
121
drying path, 88
wetting path, 88
solutions
finite element, 179
Richards equation, 128
Savage, 174
Srivastava—Yeh, 128
sorptivity, 125
spread, 5, 7
stability
sand slope, 346-347
silt slope, 349
slope, 313
stone
ceramic, 283
high air-entry, 287
storage, specific, 118
stormflow, 56
subsurface, 53-55, 56
strain
definition of, 159, 162
normal, 162-163
plane, 171-173, 255
plastic, 249
shear, 162
uniaxial, 163
unrecoverable, 249
volumetric, 164
stratigraphy, soil, 43—45
streamflow, 56
generation, 56
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strength
definition of, 247
hillslope materials, 3, 64, 247
isotropic tensile, 256
materials, 24, 57
mechanisms, 64
mobilized shear, 257
mobilized tensile, 265
of rooted soil, 278-279
peak, 249, 251
peak shear, 254
residual, 249-251
root, 65, 261
root tensile, 264, 266-267
tensile, 247, 256
understory root, 270
uniaxial, 247
uniaxial tensile, 256
unified shear, 278
stress, 58, see also suction stress
Bishop’s effective, 215
compressional, 247
definition of, 159
effective, 215
internal, 248
invariant, 168
Lu et al.’s effective, 218
normal, 161, 163, 176
plane, 171-172, 174
principal, 248
shear, 161, 165, 176
tensile, 178, 247, 251
Terzaghi’s effective, 215
total, 159, 160
volumetric, 164
stress-strain relation 163, 249
suction, 81
in clays, 62
in sands, 61
matric, 87, 93
osmotic, 78
silts, 62
soil, 59
suction stress, 21, 60-61, 67,
219
components of, 260
definition of, 221
determination of, 224
equation for, 228
in clays, 62
in clay—sand layer, 236
in clay-silt layer, 237
in sand—clay layer, 235
in sands, 61
in sand-silt layer, 235

in silt—clay layer, 236
in silts, 62

in silt-sand layer, 236
Luetal’s, 218
validation of, 227

surface

rupture, 4-5, 9
specific, 77

swelling, 67

tensile cracking, 57
tensile strength

of soil, 271
root, 65

tensiometers, 284

measurement range of, 284

tensor

hydraulic conductivity, 86
strain, 164
stress, 161, 164

test

consolidated-drained, 274
consolidated-undrained, 275
conventional triaxial, 273

direct shear, 273

shear strength, see direct shear test
triaxial, 273
unconfined-compression, 278
unconsolidated-undrained, 276
uniaxial compression, 247

theory

Coleman’s, 216-217
linear elasticity, 163, 169

thermodynamics, second law of, 73, 81-82, 85, 90

108

threshold

intensity-duration, 22
landslide, 22
rainfall, 22

toe

of landslide body, 5
of rupture surface, 5

topography, 4041

divergent, 40
planar, 40

topples, 5,7, 9
transformations

Boltzmann, 125
coordinate, 122
Kirchhoff, 95

transient release and imbibitions method (TRIM),

287

transpiration, 27
triggers, landslide, 3, 9, 10, 22
Typhoon Herb, 35
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undrained, 273
consolidated-, 275
unconsolidated-, 276

unit weight
dry, 254
maximum, 254
minimum, 254
moist, 326, 387
of water, 75

unloading, 249

vadose zone, 59, 61, 64, 68, 131, 358
vector
force, 160
stress, 160, 165
void ratio, 254
volume
landslide, 4
representative elementary, 117

water content
residual, 87-88

saturated, 89, 228

volumetric, 87
water table, 49, 61

rise of, 61
weathering, 64
wetness, soil, 44
wetting, 77

state of, 136
wetting front, 124

arrival time of, 126

progression of, 125

zones
arid, 29
dry—semihumid, 29
humid, 29
hyper-arid, 29
perched saturated, 56
semi-arid, 29
unsaturated, 19
vadose, 59, 61, 64, 68, 131,
358
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