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A
Adhesion, 331, 345
Alluvial deposits, 5
AASHTO classification system, 11, 20, 21, 

22, 23, 24
Anchored bulkheads, 457
Angle of internal friction, 42, 65
Angle of wall friction, 414
Answers to selected problems, 495
Atterberg limits, 16
Auger borings, 49

B
Bearing capacity, 282

allowable, 282
of drilled shafts, 386
of footings, 282
eccentric load on, 298
effect of water table on, 292
inclined loads on, 296
on slopes, 301
ultimate, 282

Bearing capacity factors, 283
Bishop’s simplified method of slices, 489
Borings, 49

auger, 49
core, 50, 52
depth, 53, 54
log and record for, 80, 82
number of, 53
rock core, 52
soil profiles from, 83
spacing of, 53
test pits, 49
types of, 49

Boussinesq equation, 151
Braced sheetings, 426

C
Capillarity, 39
Capillary rise in soil, 135
Clay, 10

normally consolidated, 192
consolidated undrained shear, 267

Index

drained shear, 266
field consolidation line for, 195
undrained shear, 270

overconsolidated, 193
shear strength of, 271

Coarse-grained soil, 9
Coefficient

of active earth pressure, 397
of compressibility, 209
of consolidation, 208
of curvature, 29
of earth pressure at rest, 398
of friction, 42

between sand and base of retaining wall, 440
between sand and piles, 336

of passive earth pressure, 397
of permeability, 121

field test for, 127
laboratory test for, 122

of secondary compression, 222
of uniformity, 29

Cohesion, 42
Cohesionless soil, 9

settlement of loads on, 224
shear strength of, 226

Cohesive soil, 226
drilled shafts in, 387
settlement of loads on, 199, 221
shear strength of, 266

Compaction, 85
dynamic, 99
field, 94
field control of, 109
laboratory test, 86
vibroflotation, 97

Compactness, 42
Components of soil, 31
Compressibility, 40

coefficient of, 209
Compression index, 197
Cone penetration test (CPT), 64
Consistency of soils, 16
Consolidated drained shear test, 258
Consolidated undrained shear test, 258
Consolidation of soil, 177

coefficient of, 184
primary, 199
secondary, 178
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Consolidation of soil (Continued)
settlement, 208, 221
test for, 181
time factor, 210
time of, 208

Consolidometer, 182
Contact pressure, 311

for footing, 311
for retaining wall, 441

Converse-Labarre equation, 362
Core borings, 50
Core recovery, 52
Coulomb equation, 42
Coulomb theory for earth pressure, 412
Culmann method for slope stability, 472
Culmann’s graphic solution, 420

D
Danish formula, 351
Darcy’s law, 120
Dead load, 278
Degree of consolidation, 210
Degree of saturation, 32
Deviator stress at failure, 252
Differential settlement, 323
Direct shear test, 248
Drainage of retaining walls, 449
Dry unit mass, 32
Dry unit weight, 32

maximum, 87
at zero air void, 88

Dynamic compaction, 99

E
Earth pressure, 397

active, 397
on braced sheetings, 426
Coulomb theory for, 412
Culmann’s graphic solution for, 420
effect of surcharge load on, 418
from graphs or tables, 438, 439
lateral, 397
load on foundation, 278
passive, 397
Rankine theory of, 405
at rest, 398

Earthquake forces, 279
Eccentric loads, 298
Effective intergranular normal pressure, 42
Efficiency of pile groups, 360

block capacity, 363
Converse-Labarre equation, 362

Elastic theory method (stress distribution), 156
Electrical resistivity method, 76
Engineering-News formula, 350

F
Factor of safety

against bearing capacity failure, 282
of drilled shafts, 388
of footings, 282
against overturning, 441
of piles, 338
of retaining walls, 441
against sliding, 441
of slope stability, 478

Failure envelope, 262
Failure plane, 260

characteristics of, 260
Field compaction, 94

control, 109
Field consolidation line, 195

for normally consolidated clay, 196
for overconsolidated clay, 196

Fine-grained soils, 9
Floodplain deposits, 6
Flow nets, 138

construction of, 139
Flow of water in soil, 119
Footings

bearing capacity of, 282
classification of, 272
combined, 272
contact pressure for, 311
continuous, 276
depth of, 279
design of, 323
eccentrically loaded, 298
factor of safety, 282
inclined load on, 296
individual, 275
loads on, 278
location of, 279
settlement of, 208, 221, 224
size of, 306
on slope, 301
strap, 276
structural design, 323
wall, 276

Foundations
deep, 329, 385
depth of, 279
loads on, 278

dead load, 278
earth pressure, 279
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earthquake forces, 279
live, 278
snow, 278
water pressure, 279
wind, 278

location of, 279
mat, 277
pile, 329
raft, 276
shallow, 275

Frost action in soil, 138, 280
Frost heave, 39

G
General shear, 284
Geophysical methods of soil exploration, 73

electrical resistivity method, 76
seismic reflection method, 73

Glacial deposits, 7
Grain-size analysis, 10
Granular soils, 9
Gravel, 9
Gravity deposits, 5
Groundwater, 282
Groundwater table, 57, 292
Group index, 22

I
Igneous rocks, 2
Inclined loads, 296
Influence coefficients for stress distribution in

soil, 156, 157, 161, 162, 171, 173
In-place soil unit weight test, 102
Internal friction of soil grains, 41

L
Lateral earth pressure, 397
Levees, 6
Liquid limit, 16
Liquid limit device, 18
Liquid state, 17
Liquidity index, 17
Live load, 278
Local shear, 284

M
Major principal stress, 253
Maximum dry unit weight, 87
Maximum permissible settlement, 239

Metamorphic rocks, 3
Method of slices, 485
Minor principal stress, 253
Mohr’s circle, 262
Mohr’s envelope, 254

N
Negative skin friction of piles, 360
Newmark influence chart, 173
Normally consolidated clays, 192, 266

consolidated undrained shear, 267
drained shear, 266
field consolidation line, 195
shear strength of, 266
undrained shear, 270

O
Optimum moisture content, 87
Organic soil, 10
Overconsolidated clays, 193

field consolidation line for, 196
shear strength of, 272

Overconsolidation ratio, 195
Oxbow lake, 6

P
Penetrometer, 259
Permeability, 39

coefficient of, 121
field test for, 127
laboratory test for, 122

empirical relationships for, 130
in stratified soils, 132

Permeameter, 122
constant-head, 123
falling-head, 124

Piles
capacity, 331
construction of, 374
driven in clay, 344
driven in sand, 333
driving formulas, 350

Danish formula, 351
Engineering-News Record formula, 350

end bearing, 329
factor of safety, 338, 346, 358, 363
friction, 329
group, 360

distribution of loads in, 367
efficiency of, 360
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Piles (Contiuned)
hammers, 353
length of, 330
load tests, 354
negative skin friction, 360
settlement of, 370

in clay, 370
in rock, 370
in sand, 370

spacing of, 360
structural strength of, 331
types of, 329

Plastic limit, 16
Plastic state, 17
Plasticity chart, 28
Plasticity index, 16
Pneumatic rollers, 95
Poisson’s ratio, 400
Porosity, 32
Primary consolidation, 178
Primary consolidation settlement

of load on clay, 199
time rate of, 208

R
Rankine theory of earth pressure, 405
Reconnaissance, 47
Record of soil exploration, 80
Reinforced Earth walls, 451
Relative density, 42
Retaining structures, 435

anchored bulkheads, 457
Reinforced Earth walls, 451
retaining walls, 435
slurry trench walls, 456

Retaining walls, 435
backfill drainage for, 449
backfill soils, 435
batter, 435
cantilever, 436
contact pressure for, 441
design considerations for, 437
drainage of, 449
earth pressure charts for, 438
earth pressure computations for, 405
factor of safety of, 441
gravity, 435, 436
overturning of, 441
settlement of, 451
shape of, 437
size of, 437
sliding of, 440
stability analysis of, 437

tilting of, 451
types of, 435

Rock, 1
weathering of, 3

Rollers
pneumatic, 95
sheepsfoot, 95
smooth wheel, 95
vibratory, 97

S
Sampling, 56
Sand, 9, 11

drilled shafts in, 389
piles in, 333

Saturation, degree of, 32
Secondary compression, 221

coefficient of, 222
Secondary compression settlement 

of load on clay, 221
Sedimentary rocks, 2
Seepage, 138

calculation of, 140
Seismic refraction method, 73
Semisolid state, 16
Sensitivity, 273
Settlement

consolidation, 199
of drilled shafts, 392
of footings, 199, 221, 224
immediate, 179
of loads on clay due to primary 

consolidation, 199
of loads on clay due to secondary 

consolidation, 221
of loads on sand, 224
of piles, 370

on bedrock, 370
in clay, 370
in sand, 370

primary consolidation, 199
of retaining walls, 451
secondary compression, 221
total, 178, 323

Shallow foundations, 275
Shear strength, 41, 245

of cohesionless soil, 266
of cohesive soil, 266

normally consolidated clay, 266
consolidated undrained shear, 267
drained shear, 266
undrained shear, 270
overconsolidated clay, 271
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Coulomb equation, 42, 245
methods of investigation, 246

direct shear test, 248
triaxial compression test, 252
unconfined compression test, 246
vane test, 67, 258

parameters of, 42
Sheepsfoot rollers, 95
Shelby tube, 56
Shrinkage limit, 19
Sieve analysis, 10
Silt, 10
Slope stability, 

Bishop’s simplified method of slices, 489
of homogeneous cohesionless soils, 471
of homogeneous soils possessing 

cohesion, 472
Culmann method, 472
stability number method, 477

of mass resting on an inclined layer 
of impermeable soil, 468

method of slices, 485
Slurry trench walls, 456
Smooth wheel rollers, 95
Snow load, 278
Soil

capillary rise in, 135
classification, 11, 20
classification systems, 20
coarse-grained, 9
cohesionless, 9
cohesive, 10
compaction, 85
components of, 31
compressibility of, 40
consistency, 16
consolidation of, 177
deposits, 4
exploration, 47

borings, 49
geophysical methods of, 73
record of, 80
steps of, 48

fine-grained, 9
flow of water in, 119
formation, 3
frost action in, 39
granular, 9
organic, 10
profiles, 83
shear strength, 41
stabilization, 112

preloading, 112
mechanical, 113

chemical, 113
geosynthetics, 114

geotextiles, 114
geogrids, 114
geonets, 114
geomembranes, 114

stress distribution in, 149
types, 9
unit weight test, 102
volume change, 280
water in, 119

Solid state, 16
Specific gravity of solids, 33
Speedy moisture tester, 108
Split-spoon sampler, 59
Stability analysis

of retaining walls, 437
of slopes, 467

Stability number method, 477
Standard penetration test (SPT), 59
Strength envelope, 254
Stress distribution in soil, 149
Surcharge load, 418
Swell index, 202

T
Tampers, 94
Test pits, 50
Tilting of retaining walls, 451
Time factor, 210
Time rate of settlement due to primary 

consolidation, 208
Total settlement, 323
Total stress strength envelope, 268
Triaxial compression test, 252

U
Ultimate bearing capacity, 282
Unconfined compression test, 246
Unconfined compressive strength, 247
Unconsolidated undrained shear 

test, 270
Underground defects, 282
Unified Soil Classification System (USCS), 26
Uniform load

on any area, 172
on a circular area, 156
on a rectangular area, 160
on a strip area, 170

Unit mass, 32
Unit weight, 32
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V
Vane test, 67
Vertical pressure

below a concentrated load, 149
below a loaded surface area (uniform load), 154

approximate method, 154
method based on elastic theory, 156

Vibratory rollers, 97
Void ratio, 32
Volume change in soil, 280
Volume-weight relationships, 32

W
Wall friction, 412
Water content, 32

Water in soil, 119
flow of, 119

Water pressure (load on foundation), 279
Water table, 57

effect on bearing capacity, 292
Weep holes, 449
Weight-volume relationships, 32
Westergaard equation, 150
Wind deposits, 7
Wind loads, 278

Z
Zero air voids, 88
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