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A

absorbing state, 76
acceptable risk, 239, 249
acceptance–rejection method, 210
accessible, 77
active earth force, 206
active earth pressure coefficient, 406
additive rules, 8
advanced estimation techniques, 189–202
aliases, 100
allowable stress design, 245
Anderson–Darling test, 174, 178
anisotropic correlation structure, 121, 371
aperiodic, 78
area of isolated excursions, 139, 143
arithmetic average, 151
arithmetic generators, 204
assessing risk, 241–244
asymptotic extreme value distributions, 63
asymptotic independence, 178
autoregressive processes, 107
averages,

arithmetic, 151, 395
geometric, 58, 152, 395
harmonic, 155, 396
over space, 180
over the ensemble, 180

B

balance equations, 82
band-limited white noise, 106

Bayes’ theorem, 12, 67
Bayesian updating, 13
bearing capacity, 347–372

c−φ soils, 347–356
empirical corrections, 353
equivalent soil properties, 349, 361–362
lifetime failure probability, 359, 365
load and resistance factor design, 357–372
logarithmic spiral, 347, 358
mean and variance, 349–351
probabilistic interpretation, 354–355
probability density function, 354
probability of failure, 361–364
weakest path, 347
worst-case resistance factors, 369

bearing capacity factors, 347
Bernoulli family, 32, 43
Bernoulli process, 32
Bernoulli trials, 32, 212
best linear unbiased estimation, 127, 182
bias, 164, 357
binomial distribution, 34, 68, 212
birth-and-death process, 83
bivariate distribution, 21

lognormal, 59
normal, 54

block permeability, 270
bounded tanh distribution, 60
Brownian motion, 107, 111, 135, 198

C

calibration of load and resistance factors, 249
going beyond calibration, 255

cautious estimate, 251
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central limit theorem, 52
central tendency, 18
Chapman–Kolmogorov equations, 74
characteristic load, 245, 357
characteristic resistance, 245
characteristic ultimate geoetechnical resistance,

358–359
characteristic values, 251
chi-square distribution, 50, 458
chi-square test, 172, 177
choosing a distribution, 162
classes of states, 77
coefficient of variation, 18, 20
cohesion, 347, 348, 415
combination, 6
common distributions

continuous, 43–62
discrete, 32–43

computing statistics of local averages, 451
conditional distributions, 55, 332
conditional mean, 55–56, 129
conditional probability, 9
conditional simulation of random field, 234
conditional variance, 129
conductivity matrix, 265–266
consistency, 164
consistent approximation, 320
continuous random variables, 16
continuous-time process, 71
continuous-time Markov chain, 81
continuum models, 183
correlation, 92
correlation coefficient, 22
correlation function, 93

autoregressive, 107
fractal, 111
Gaussian, 110, 125
Markov, 110, 123
polynomial decaying, 107
triangular, 106, 122
white noise, 104, 122

correlation length, 103, 131
cost trade-off, 240
countable, 71
counting principles, 5
covariance, 20, 68
covariance function, 93

in higher dimensions, 114
covariance matrix decomposition, 216
cross-correlation, 121
cumulative distribution function, 17

D

Darcy’s law, 297
De Morgan’s rules, 67
dead load, 248, 251
decision making, 258
deep foundations, 373–480

bilinear spring model, 374
end bearing, 373
finite-element model, 374
probabilistic behaviour, 377–380
side friction, 373

degrees of freedom, 173
descriptive statistics, 161
design methodologies, 245
design failure, 419
derivative process, 135
deterministic, 203
differential settlement, 318–322, 326–329
differentiation length, 281
Dirac delta function, 105, 122
discrete probability distributions, 15
discrete sample spaces, 5
discrete Fourier transform method, 217
discrete random variables, 15
discrete random variable simulation, 211–212
discrete-time, discrete-state Markov chains, 71
discrete-time random process, 71, 99
discrete uniform, 212
disjoint events, 4, 10
distributions,

continuous, 43–62
discrete, 32–43

downcrossing rate, 137
drains, 305–310
drawdown, 301, 307

E

earth dams, 297–310
drains, 305–310
drawdown distribution, 299–302, 307–308
extreme hydraulic gradients, 304–310
flow rate distribution, 299–301
gradient distribution, 309–310
hydraulic gradients, 304, 309–310
permeability, 298
predicted flow rate statistics, 302–304

earth pressures, 401–414
active, 405–414
active earth force, 206
active earth pressure coefficient, 406
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design reliability (active), 409
first-order approximation (passive), 401
passive, 401–405
passive earth pressure coefficient, 401
probability of failure (active), 410–412
Rankine equation, 401
second-order approximation (passive), 403

effective number, 138, 150
effective permeability, 266, 270, 302
efficiency, 164
elasticity problems, 247
ellipsoidal correlation structure, 120, 124
empirical distribution, 162, 171, 174, 211
ensemble, 180, 209
equi-likely outcomes, 5
equidistant points, 119
equivalent description, 16
equivalent cohesion, 361, 395
equivalent friction angle, 361
equivalent Nc factor, 361
ergodic states, 78
ergodicity, 180
estimate, 33
estimating,

correlation, 186
distribution parameters, 164
first- and second-order statistical parameters, 195
in the presence of correlation, 178
mean, 184
second-order structure, 189
trends, 185
variance, 185

estimation, 161–202
estimator error, 129, 131, 162
event, 3
event definition, 14
event probability, 7
event trees, 11
exact extreme value distribution, 62
excursions, 137–149

area of isolated excursions, 143
clustering measure, 146
global maxima (extremes), 149
integral geometric characteristic, 145
number of holes, 143
number of isolated excursions, 141
total area, 141

exit gradients, 281, 288–295
expectation, 18, 68
expected first passage time, 77
expected recurrence time, 77
expected value, 18

experiment, 3
exponential distribution, 43, 68, 210
extreme value distributions, 62

asymptotic, 63
exact, 62

extremes of random fields, 138, 149

F

factor of safety, 245–248
factored load, 248
factored resistance, 248
factored strength, 248
factorial operator, 6
failure surface, 235, 242
fast Fourier transform method, 217
finite-difference approximation, 107

centered, 135
finite-scale model, 195
first passage time, 75
first return time, 75
first upcrossing, 138
first-order autoregressive process, 108
first-order reliability method (FORM), 241
first-order second-moment (FOSM) method, 31
flow rate, 265, 267, 270, 276–279, 302–304
fluid flow, see groundwater modeling
foundation consolidation settlement, 132–134
fractal model, 198
fractal process, 111
fractional Gaussian noise, 111–113, 228
fractional Brownian motion, 111, 198, 228
free surface, 297, 299, 307
frequency density plot, 169, 286
full period generator, 205
functions of random variables, 24, 68

G

gamma distribution, 45, 69, 210
gamma function, 47
Gaussian correlation function, 110, 125
Gaussian distribution, 50
Gaussian process, 91
Gaussian quadrature, 125, 449
generator periodicity, 205
generator seed, 204
geometric average, 152
geometric distribution, 36, 68, 212
geostatistics, 130
geotechnical resistance factor, 357, 359, 364–370
global liquefaction, 431
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goodness-of-fit, 168
goodness-of-fit tests, 172
groundwater modeling, 265–310

earth dams, 297–310
exit gradient analysis, 288–295
finite-element model, 265
free-surface elevation, 307
gradient statistics, 304
internal gradients, 309
one-dimensional flow, 266
three-dimensional flow, 282–287
two-dimensional flow, 269–282

H

Hasover–Lind first-order reliability method (FORM), 241
hazards, 259
higher dimensional random fields, 113–125
histogram, 168
homogeneous, 181–182
hydraulic gradient, 304, 309–310
hydraulic head, 265

I

ideal white noise, 104
impact, 259
importance factor, 239, 357, 359
independent events, 10
inference, 161
inferential statistics, 161, 182
intensity, 81
intersection, 4
inverse function, 25
inverse problems, 50
inverse transform method, 208
irreducible Markov chain, 78
irreducible ergodic Markov chain, 78
isotropy, 92
isotropic correlation structure, 118, 131
isotropic radial spectral density function, 120

J

Jacobian, 26

K

k-Erlang distribution, 45
k-step transition matrix, 74

Kolmogorov–Smirnov test, 174, 177
kriging, 130, 182

L

lag vector, 114
Lagrangian parameters, 131
Laplace’s equation, 265, 275
level III determination of resistance factors, 258
limit states design, 247
linear systems, 98
linear combinations, 23, 68
linear congruential generators, 204
linear transformations, 29
liquefaction, 425–434

earthquake model, 428–429
finite-element model, 430
Imperial Wildfowl Management Area, 426
liquefaction measures, 430–431
probabilistic interpretation, 432–434
soil characterization, 426–428

liquefaction index, 431
live load, 248, 251
load and resistance factor design, 248–255
load bias factors, 357
load factor, 248, 357
local average subdivision, 223–232
lognormal distribution, 56–60, 69, 211

characteristics, 57
correlation coefficient transformation, 60
multiplicative central limit theorem, 58
transformations, 57

long memory processes, 111

M

marginal distribution, 26, 54
Markov correlation function, 110, 123
Markov property or assumption, 72, 110
maximum-likelihood estimators, 166
maximum-likelihood method, 164
mean, 18
mean downcrossing rate, 137
mean rate, 44, 137
mean rate of occurrence or success, 41, 81
mean recurrence time, 37
mean square differentiable, 110, 135
mean upcrossing rate, 137
median, 19
median load, 339
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memoryless, 37, 44, 81
method of moments, 164
mine pillar capacity, 415–424

bearing capacity factor, 416
coefficient of variation, 418–419
distribution, 418–419
mean bearing capacity factor, 418
probability of failure, 419–423

M/M/1 queueing model, 86
M/M/s queueing model, 86
mode, 50, 58
model moments, 165
moments of functions, 29
Monte Carlo simulation, 203, 235–238
moving-average method, 214
moving local average, 101
multiple resistance factor design, 248
multiplication rule, 5
multiplicative LCG, 206
multivariate normal distribution, 54
multivariate lognormal distribution, 59
mutually exclusive, 4

N

negative binomial distribution, 38, 68, 212
nominal value, 245
nominal factor of safety, 245
nonnull state, 77
nonstationary correlation structure, 92
normal approximation to binomial, 53
normal equations, 186
normal distribution, 50, 69, 211, 446–447
null set, 3
null state, 77
number of histogram intervals, 169, 173
number of isolated excursions, 139, 141
number of realizations required, 237
numerical integration, 449
Nyquist frequency, 100

O

1/f noise, 111
one-dimensional flow, 266–269
one-sided spectral density function, 97, 122
one-to-one function, 25
order statistic, 171
Ornstein–Uhlenbeck process, 107
orthonormal basis, 95
outlier, 176

P

p-value, 174
partial resistance factors, 248
partial safety factors, 247
partition, 8, 11
passive earth pressure coefficient, 401
period, 194, 205
periodic states, 77
periodicity, 205
permeability, 265, 269, 276, 298
permutation, 6
physically unrealizable, 106
piles, 373
point estimate method, 242
point estimates, 164
point statistics, 183
point versus local average statistics, 183, 351
pointwise correlation, 122, 183
Poisson distribution, 40, 68, 212
polynomial decaying correlation function, 107
positive definite, 95, 119
positive recurrent state, 77–78
positive skew, 57
posterior probability, 13
potential field statistics, 278
Prandtl’s equation, 347
principal aliases, 100
prior probability, 13
probability, 7
probability density function, 16
probability distribution, 15
probability mass function, 15
probability–probability plot, 171
pseudo-random-number generator, 203–206

Q

quadrant symmetry, 117
quantile–quantile plot, 171
queueing models, 86

simulation, 212

R

radial transformation method, 211
Rankine’s equation, 401
Rayleigh distribution, 49
random fields, 71, 91–125
random number generators, 204
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random processes, 71, 91–125
random sample, 178
random variables, 14
random-field generator, 214–235
realization, 15
reasonable fit, 168
rectangular averaging area, 120
recurrence time, 75
recurrent state, 76
relative likelihoods, 16
relative-likelihood function, 167
reliability-based design, 239–262

for exit gradients, 292–295
for seepage, 285
for settlement, 337–346

reliability index, 241, 256
resistance factor, 357, 359, 364–370
return period, 37
risk-based decision making, 258
runs test, 207

S

safety margin, 256
sample correlation function, 190
sample mean, 19
sample median, 19
sample moments, 164
sample semivariogram, 191
sample spaces, 3
sample spectral density function, 194
sample variance function, 192
scale effect, 223
scale of fluctuation, 103
second-order stationarity, 92
self-similar process, 111
separable correlation structure, 115, 118
serial correlation, 206
serviceability limit states, 247
set operators, 4
set theory, 4
settlement of shallow foundations, 311–346

design methodology, 330–331
design simulations, 341–343
differential settlement, 318–322, 326–329
mean and variance, 332–333
resistance factors for design, 335–346
strip footing risk assessment, 329–334
three-dimensional model, 322–329
two-dimensional model, 312–321
variability, 331

side friction, 373
simulation, 203–238

acceptance–rejection method, 210
comparison of methods, 233
convolution, 209
conditional random fields, 234
covariance matrix decomposition, 216
discrete Fourier transform method, 217
fast Fourier transform method, 217
inverse transform method, 208
local average subdivision method, 223
Monte Carlo, 235
moving average method, 214
nonuniform random variables, 208
queueing processes, 212
random fields, 214–234
random number generators, 204
turning-bands method, 221

sine integral, 106
single-random-variable approach, 383
slope stability, 381–400

affect of local averaging, 386–389
averaging domain, 396
deterministic analysis, 382–383
equivalent cohesion, 395
predicted probability of failure, 396–399
shear strength characterization, 381–382
simulated probability of failure, 383–384, 389–392
single random variable approach, 383–384, 389
random finite-element method, 385
reliability model, 393–400

spatial dependence, 91
spatial homogeneity, 182
spectral density function, 96

in higher dimensions, 114
spectral representation, 96, 114
square root of covariance matrix, 95
stability problems, 247
standard deviation, 20
standard error, 33, 238
standard normal, 51
standardization, 51
state, 71
state equations, 78
state space, 71
statistical homogeneity, 92
statistics of local averages, 451
stationarity, 92, 180
stationary, 73, 113
steady-state flow/seepage, 265, 267
steady-state probabilities, 77
stochastic finite-element method, 274
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strip footing bearing capacity, 359, 361, 369
strip footing settlement, 329–335
Student t-distribution, 49, 447
subset, 3
sufficiency, 164
superposition, 98

T

Taylor’s series, 30, 68
Terzaghi’s equation, 347
testing random number generators, 206
threshold excursions, 134, 138

area, 143
clustering, 146
extremes, 138, 149
first upcrossing, 138
integral geometric characteristics, 145
local averaging, 140
number, 141
number of holes, 143
rate, 137
total area, 141

time spent in each state, 81
total load, 363
total load factor, 369
total probability theorem, 10–12
total resistance factor, 248
two-dimensional flow, 269–282
trace-driven simulation, 162
transfer function, 98
transient state, 76
transition probabilities, 71
transition probability matrix, 73
trends, 181, 185
triangular correlation function, 106, 122
turning-bands method, 221
two-sided spectral density function, 97
type I extreme value distribution, 64, 69
type II extreme value distribution, 64, 69
type III extreme value distribution, 66, 69

U

ultimate geotechnical resistance, 357
ultimate limit states, 247
unbiased, 33, 51, 59, 127, 184
unbiasedness, 164
unconditional, 10, 75
uniform distribution, 47, 68, 210
uniform soil, 358, 361, 382, 416
union, 4
unit area spectral density function, 118
upcrossing rate, 137
uplift, 280

V

variability at a point, 91
variance, 20, 68
variance function, 100–103

in higher dimensions, 115
variance minimization problem, 127, 131
vector dot product, 115
vector–matrix notation, 55–56
Venn diagram, 4

W

wavelet coefficient variance, 193
weak stationarity, 92
weakest-link mechanisms, 247
Weibull distribution, 48, 69, 211
white noise process, 104, 122
white noise intensity, 105
Wiener–Khinchine relations, 97
working stress design, 245

Y

Yule–Walker equations, 128




