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AASHTO classification, 14
Active earth pressure:

Coulomb, 246–248
Rankine, 242–245

Activity, 14
A-line, 15–16
α-method, 291, 310, 304
Angle of friction:

consolidated-undrained, 181
definition, 168
drained, 175

Anisotropic soil, flow net, 354
Associated plastic flow:

Cam clay, 40, 61
cap model, 64

Atterberg limits, 8, 12, 14
Average degree of consolidation, 127, 134, 135,

137

Bearing capacity of shallow foundations:
depth factor, 225
effect of water table, 229
factors, Meyerhof, 224
factors, Terzaghi, 212
general equation (Meyerhof), 224
inclination factor, 225
shape factor, 224
Terzaghi’s equation, 211

β-method, 297, 304
Boussinesq’s solution, 102
Bulk modulus, 38–39

Cam clay model (see modified Cam clay and
Extended Cam clay models)

Cap model (see modified cap model)
Capillary rise, 99–101
Characteristics equation:

strain, 57
stress, 53

Chemical weathering, 1–2
Classification, 8, 13–15, 18
Clay mica, 2, 11
Clay mineral, 11, 14
Coefficient:

consolidation, 126, 130
Coulomb’s active pressure, 246
Coulomb’s passive pressure, 252
earth pressure at rest, 236
gradation, 10
Rankine active pressure, 242
Rankine passive pressure, 249
volume compressibility, 125

Cohesion, 168
Compaction:

compaction effort, 17
general principles, 16
modified Proctor test, 16
maximum dry unit weight, 17
optimum moisture content, 17
relative, 18
standard Proctor test, 16

Cone penetration test, 187
Consistency, 11
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Consolidated-drained triaxial test, 172
Consolidated-undrained triaxial test,

180
Consolidation:

Coefficient of consolidation, 126
degree of consolidation, 126
laboratory test, 127
logarithm-of-time method, 130
overconsolidation ratio, 30, 129
preconsolidation pressure, 129
secondary consolidation, 128
settlement calculation, 131
square-root-of-time method, 130
time rate of consolidation, 125
void ratio-pressure plot, 129

Constitutive equations, 21
Constrained modulus, 135
Continuity equation, Laplace, 346
Coulomb’s earth pressure:

active, 246
passive, 252

Coupled analysis, 132, 136, 188
Critical hydraulic gradient, 99, 346
Critical state definition, 34
Critical state line, 33

Darcy’s law, 337
Decomposition:

strain, 57
stress, 55

Degree of consolidation, 126–127
Degree of saturation, 4
Density:

relative density, 7
water density, 1

Depth of tension crack, 244
Determination of parameters:

Lade’s model, 77
modified cam clay, 39–40
modified cap model, 198

Deviatoric strain invariants, 57
Deviatoric strain matrix, 58
Deviatoric stress invariants, 53
Deviatoric stress matrix, 55
Dilation, 62, 86, 166, 200
Direct shear test, 163
Drained friction angle, 175
Drilled shaft foundation, 313
Drucker-Prager model, 61
Dry unit weight, 4

Earth dam, seepage, 332, 355
Earth pressure at rest, 236
Effective stress, 93,189

Elastic:
behavior, 39, 61, 68, 75
material, 11, 23, 38
strain, 22, 23, 28

Elevation head, 333
Empirical relations for permeability, 337, 338
Equipotential line, 349
Equivalent coefficient of permeability, 340–342
Extended Cam clay model, 58

Failure criterion:
cap model (Drucker-Prager), 66
extended Cam clay, 58
Lade’s model, 68
modified Cam clay, 35
Mohr-Coulomb, 35, 162

Falling head test, 340
Failure surface, 211, 228
Field unit weight:

nuclear method, 19
rubber balloon method, 18
sand cone method, 18

Field vane shear test, 187
Flow channel, 349–350
Flow line, 349
Flow net, 349
Flow rule:

cap model (Drucker-Prager), 63
extended Cam clay, 58
Lade’s model, 69
modified Cam clay, 40

Generalized Hooke’s law, 23, 24
Geotextile, 276
Geosynthetics, 271
Geosynthetic-reinforced retaining walls, 271
Gravel, 2

Hardening:
cap model (Drucker-Prager), 62
extended Cam clay, 59
Lade’s model, 68
modified Cam clay, 36

Hazen’s equation, 337
Head:

elevation, 333
pressure, 333
velocity, 333

Heaving factor of safety, 353
Hooke’s law (generalized), 23, 24
Hydraulic gradient, 334–335
Hydrometer analysis, 10
Hydrostatic compression, 65, 75
Hydrostatic stress matrix, 55
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Igneous rock, 2
Illite, 11
Index:

compression index, 31
liquidity index, 13
plasticity index, 13
swelling index, 31

Initial yield surface:
cap model (Drucker-Prager), 67
extended Cam clay, 58
Lade’s model, 72
modified Cam clay, 36

Invariants:
strain invariants, 57
stress invariants, 53

Isotropic consolidation (compression), 21, 30, 31,
42

Kaolinite, 11
Kozeny-Carman equation, 338

Laboratory test, consolidation, 127
Lade’s model, 68
Laminar flow, 337
Laplace’s equation of continuity, 346
Line load, 104
Linear elastic, 23
Liquidity index, 13
Liquid limit, 12
Logarithm-of-time method (consolidation),

130

Magma, 2
Major principal stress, 177
Mat foundation, 209
Maximum dry unit weight, compaction, 17–18
Mean effective stress, 29
Metamorphic rock, 2
Minor principal stress, 53, 214, 236
Modified Cam clay model, 28
Modified cap model, 61
Modified Proctor test, 16
Modulus of elasticity, 23
Mohr-Coulomb failure criteria, 35, 66, 168–169,

175
Mohr’s circle, 175
Moist unit weight, 101
Moisture content, 4
Montmorillonite, 1, 11, 14

Nonaccociated flow (cap model), 64
Nonwoven geotextile, 271
Normally consolidated clay, 30, 174
Normal stress, 22, 177

Normality rule, 40–41
Nuclear density method, compaction, 19

Oedometer (see consolidation laboratory test)
Optimum moisture content, 17, 18
Overconsolidated clay, 30, 129
Overconsolidation ratio, 129

Particle shape, 333
Particle size distribution curve, 2, 8
Passive pressure:

Coulomb, 252
Rankine, 249

Peak shear strength, 166, 175
Percent finer, 8, 14
Permeability test:

constant head, 338
falling head, 339
pumping from wells, 339

Piezometer, 124
Pile:

end-bearing, 286
friction, 286
group, 301
load capacity, 291

Plane strain, 25
Plane stress, 27
Plastic behavior, 61, 75
Plasticity chart, 13
Plasticity index, 13
Plastic limit, 12
Plastic potential function:

cap model (Drucker-Prager), 63–64
extended Cam clay, 61
Lade’s model, 69
modified Cam clay, 37

Pneumatic roller, 16
Point load, stress, 102
Poisson’s ratio, 24
Poorly graded soil, 9, 14
Pore water pressure:

definition, 93
in zone of capillary rise, 99–100

Porosity, 3
Potential drop, 350
Preconsolidation pressure:

definition of, 30, 129
graphical construction for, 129–130

Pressure head, 333
Principal stress, 55
Principal stress space, 58, 59, 69

Rankine active state, 242
Rankine theory:
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Rankine theory: (continued )
active pressure, 242
coefficient of active pressure, 244
coefficient of passive pressure, 249
depth of tension crack, 244
passive pressure, 249

Rectangular loaded area, stress, 116
Relative compaction, 18
Relative density, 7
Retaining wall:

cantilever, 233, 234, 253
counterfort, 233, 234
geosynthetic-reinforced soil, 271
gravity, 233, 234

Roller:
pneumatic, 16
sheepsfoot, 16
smooth-wheel, 16

Rubber balloon method, field unit test, 19

Sand, 2
Sand cone method, 18
Saturation, degree of, 4
Secondary compression (consolidation), 128
Sedimentary rock, 2
Seepage:

force, 97, 345–346, 373
through earth dam, 355
velocity, 342

Settlement calculation (consolidation), 131–132
Shallow foundation:

general shear failure, 209–210
local shear failure, 211
punching shear failure, 211

Shear modulus, 24, 38, 51, 72
Shear stress, 22
Sheepsfoot roller, 16
Shinkage limit, 12
Sieve analysis, 8, 10
Sieve size, 8
Silica, 1, 2
Silt, 2, 10, 13
Slip plane (failure surface), 211, 228
Smooth roller, 16
Softening behavior:

Lade’s model, 74
modified cam clay, 36
modified cap model, 62–64

Specific gravity:
definition, 4
typical values for, 4

Specific surface, 11
Square-root-of-time method, 130
Standard penetration number, 187

Standard Proctor test, 16–17
State boundary surface, 33, 36
Stoke’s law, 10
Strain:

decomposition, 57
deviatoric, 58
invariants, 57
matrix, 57

Stress:
decomposition, 55
deviatoric, 55
invariants, 55–57
line load, 104
matrix, 22
Mohr’s circle, 175
path, 29, 47
point load, 102
principal, 177
rectangularly loaded area, 116
shear plane (failure plane), 164, 177
strip load, 114
uniformly loaded circular area, 109

Stress path:
CD triaxial test, 29, 37
CU triaxial test, 47

Surface (capillary) tension, 372
Swell index, 31, 40, 130

Tension (tensile) crack, 244
Theory of elasticity, 22
Theory of plasticity, 28
Time factor, 126
Time rate of consolidation, 125–127
Total stress, 90
Triaxial test:

consolidated-drained, 29, 42, 172
consolidated-undrained, 34, 47, 180
general, 170
unconsolidated-undrained, 185, 186

Ultimate strength, 166, 175
Unconfined compression strength,

186
Unconfined compression test, 186
Unconsolidated-undrained test, 185
Undrained shear strength, 185–189
Uniaxial stress, 24
Unified classification system, 14
Uniformity coefficient, 10
Uniformly loaded circular area, 109
Unit weight:

definition, 4
dry, 4
saturated, 6
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Vane shear test, 187
Velocity:

flow, 342
head, 333
seepage, 343

Void ratio, 3
Void ratio-pressure plot, 30, 129

Wall yielding, active earth pressure, 241–242,
249

Wall friction, passive earth pressure, 253
Weathering, 1, 2

Well graded, 10, 14
Work:

hardening, Lade’s model, 72
plastic, 68
softening, Lade’s model, 74

Yield surface:
cap model, 61–62
extended Cam clay, 58–59
Lade’s model, 68
modified Cam clay, 35

Young’s modulus, 23, 24




