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Angle, 258, 358
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Arrangement 386, 387
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Bayesian estimation, 329, 334, 337
Bayesian probability, 22
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Bayesian updating process, 341
Beam, 359
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standard beta distribution, 130
Beta function, 129, 178
incomplete beta functlon 130
incomplete beta function ratio, 131
Biased estimate, 226
Bid, 9, 15, 23, 30, 66, 146
Binomial coefficient, 107, 387, 388
Binomial distribution, 84, 91, 107, 109,
224,252,351, 152, 361
Binomia! expansion, 388
Binomial theorem, 112
Bivariate normal, 138, 289
Blow count, 59,317, 318
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Boulders, 109, 119, 120, 157, 163
Breakdown, 154, 167
Bridge, 23, 69, 147,157, 160, 201, 207,
208, 282, 348, 349
toll bridge, 175, 323, 324, 348, 349
Building, 165,177, 181, 195
apartment, 61
frame, 150
skyscraper, 164, 165
Bulldozer, 19, 44
Butts, Schnepper and Evans, 302, 306

Cable, 68, 113, 114, 203, 205
California Bearing Ratio (CBR), 168, 254,
364, 368
Canal, 167
Catch basin, 100, 211, 212
Causal effect, 141
causal relation, 143
Cement, 371
Central limit theorem, 189, 190, 232, 245,
248,251, 253,261, 369
Central value, 88, 89
Centroidal distance, 94
Chain, 35, 48
Chance failure, 124
Chance occurrence, 329
Channel flow, 217
Characteristic function, 96
Characteristic largest value, 270
Chemical plant, 75
Chi-square distribution, 133, 173, 177, 178,
250,251,274
table of chi-square probability, 384
Chi-square test for distribution, 261, 274-
277,279,281, 283-285
Classical approach to estimation, 221, 233,
254, 255, 333, 339, 346
Classical statistics, 329, 354
Clearance, 206
Clockwise moment, 206
counterclockwise moment, 206
Clopper and Pearson, 253
Coefficient of variation (COV), 90-94, 105,
132, 281, 328, 354, 359
Cofferdam, 160
Collectively exhaustive events, 30
Column, 181, 195, 200, 212, 334
reinforced concrete column, 284
Combination of events, see Events
Combinatorial analysis, 386
Commutative rule, 32
Compaction, 16, 168, 252, 254, 364, 368,
369,374, 377
of subgrade, 7, 65
Complementary event, 26
complementary set, see Sets
Completion time, 9, 38,62, 64, 76, 78, 91,
132,135,147,148, 153, 155, 160,
182,214
Compressibility, 184
Compression index, 309, 310, 358
Compressive strength, 159, 317, 318
Compressive stress, 212
Concrete cylinder, 128, 159
Concrete mix, 211, 377

concrete aggregate, 211
ready-mix concrete, 377
Concrete strength, 17,128, 159,212, 226,
227,249,255,276, 277, 310
Concrete structure, 359
concrete column, 284
Conditional density function, 137
of normal variates, 139
Conditional moment, 144
conditional mean, 143-145, 289
conditional variance, 143-145, 288-290,
294-299
conditional standard deviation, 288, 290,
292, 295, 298,300,322, 324
Conditional probability, 4349, 120, 331,
337
conditional probability density function,
137

conditional probability mass function,
134
Confidence, 221, 234, 235, 238, 239, 242,
243,249, 254, 257, 260, 349, 365-
367,375,377
interval, see Confidence interval
lower confidence limit, 239, 257
one-sided confidence limit, 238, 240,
249 251
upper confidence limit, 239, 242, 251,
252,258
Confidence interval, 133, 289, 299, 307,
329
of mean, 231-236, 238, 240, 242, 255-
258
in measurement theory, 244-248, 258.260
of proportion, 252-254
of variance, 249, 251
Congestion of traffic, 213
Conjugate distribution, 351-353, 359
Conservative, 188
compounded conservatism, 12
Consistency of estimator, 220, 223
Construction planning and management, 15
construction activity network, 182
construction company, 30
construction labor, 135
construction productivity, 135, 136
construction project, 15, 64, 76, 128, 132,
147,151, 155, 169, 214, 377
Construction of probability paper, 270, 274
Consumer’s risk, 364, 370, 371, 374-378
Consuinption of water, 204
Continuous random variable, 81, 84, 94,
337,338
Contract price, 364
Contractual time, 147
Control and standards, see Standards
Cornell, 200
Correlation, 9, 48, 140, 195, 210, 215
correlation analysis, 286, 315, 319
correlation coeflficient, 138, 140, 143,
193, 195, 289, 315-319, 322, 327,
328
Corrosion, 168
Cost, 11, 169, 186, 202
capital cost, 202
of Failure, 186



of highway acquisition, {1
initial cost, 186
of material and labor, 169
Covariance, 140,193
Crack, 147, 215, 341
detection, 147, 341
growth, 215
propagation, 341
Crosswalk, 118
Crushed rock, 74
Cuivert, 13
Cumulative distribution function (CDF), 81,
84, 86,278,279
cumulative probability, 234, 251
properties of CDF, 82
Cusens and Wettern, 276
Cyclic load, 230
cyclic stress, 215

Dam, 148, 149
control dam, 158
earth dam, 173,374,377
Darcy-Weisbach equation, 204
Decision making, 220
criterion, 186
under uncertainty, 11
Defective item, 127, 360, 361
Degree of belief, 354
Degree of freedom, 173, 177, 236, 237, 244,
250, 251,274,275, 277,372
Delay time, 151
Demand for water, 73, 204
de Morgan’s rule, 34, 35, 41
Density function, see Prabability density
function
Density of fill, 365, 369-371, 374, 377
Dependent variable, 170, 297
Derivation of the Poisson distribution, 390
Derivative, §2
nth derivative, 96
partial derivative, 137
Derived probability distribution, 170, 191
derived density function, 171
Design, 11, see also Engineering planning
and design
criterion, 117
of experiments, 220
flood, 107, 157, 159
life, 158
load, 195
under uncertainty, 11
wave height, 111
wind velocity, 111, 157, 163
Detectability, 342, 343
Detection of material defects, 341
Determination of probability disiribution,
261,281
Diameter, 215
Dicsel engine, 124, 377
Differential equation, 391
Differential sertlement, 51, 101, 295, 296
Diffuse prior distribution, 338, 341, 345
Dike, 159, 203
Dimension, 244
Discrete random variable, 81, 84, 94, 330
Diseased trees, 79
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Disjoint sets, 30
Dispersion, 7,9, 90
measure of, 7, 88-90
Dissolved oxygen (DO), 7,17, 52, 165, 235,
238, 251, 255, 256, 300, 302, 306,
321, 365, 366, 375
Dissoived solid, 319, 320
Distance, 214, 243-247, 258, 260, 315, 358
distance downstream, 313, 315
Distribution function, see Cumulative
distribution furiction
Disteibutive rule, 33
Drainage system, 71
drainage area, 11
drainage water, 211
Drill hole, 119
Drought, 30
Duatity relation, 35

Earthquake, 30,69, 73, 77, 114, 148, 161,
164,168,177, 340, 341, 377, 389
intensity, 73,121, 389
occutrence, 69, 121, 161, 164, 340, 341
Efficiency, 135,378
of estimator, 220, 223
Effluent, 165
Eisenhart, 361, 376
Elasticity, theorv of, 184
Elderton, 133
Electrical power, 377
Electronic distance measurement, 233
electronic ranging instrument, 245
Elevation, 349, 350
Elongation, 322
Embankment, 16, 168, 252,254, 364, 368,
369,374,375
Emergency control system, 124
Emergency power, 124, 377
Empirical retation, 307, 310
Energy consumption, 288, 322
Energy line, 217
Engineering planning and design, 1,12, 17,
330, 354
Engincering system, 1, 360
Equipment, 19, 108
construction equipment, 106, 154, 161,
167, 359
Erlang distribution, see Gamma distribution
Error, 11, 15,221, 324
of estimation, 221, 255,329, 332, 347-
349
of m3easurement, 15,194, 325, 349 157,
58

prediction or model error, 11, 324
propagation of error, 15,199, 245, 246
standard error, 233, 244-247, 258, 260
systematic error, 243
E'sopus Creek, 255
Estimation of correlation coefficient, 315
tstimation of parameter, 254, 255, 281,
329, 330,337, 349, 354
interval estimation, 133, 254
maximum likelihood method, 222, 228-
231,252,254
method of moments, 222, 223, 254, 255
point estimation, 220, 254
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Estimation of proportion, 252
Estima}t?:)r, 222,232, 236,253,254, 329,
T
Bayesian estimator, 331
expected value of, 223
minimum variance estimator, 229
unbiased estimator, 223, 231
variance of, 223
Evaporation, 211
Event, 19, 80
certain event, 26, 37
collectively exhaustive events, 30, 53, 56
combination of, 27
complementary event, 26, 37,47
impossible event, 26, 30

mutually exclusive events, 20, 30, 37, 38,

40,41, 51,53,56,80

union and intersection of, 27, 28
Excavation, 182
Exceedance, 109, 112, 150, 185, 210, 340
Expected cost, 13, 14, 186
Expected loss, 206
Expected value, see Mean value

of estimator, 223

of sample mean, 231
Experience, 330, 332, 351, 370
Experiment, 128, 330

experimental outcome, 331,337, 344

Exponential distribution, 92, 120, 122-125,

166,167, 174, 204, 213, 214, 224,
229, 269, 270, 352, 359
shifted exponential distribution, 123
Exponential probability paper, 269, 272,
283

Extremal probability paper, 270, 274
Extreme-value distribution, 133, 145, 261,
270,274

Fdistribution, 133
Factor of safety, 22, 205
Factorial of large number, 389
Failure, 256

failure surface, 206

of structure, 55
Falsework, 377
Family income, 313
Fare increase, 321, 322
Fatality, 355
Fatigue, 341

fatigue craek, 114

fatigue life, 4, 10, 14, 227, 230, 301, 307,

308,311,318

Feller, 389

Fetch, 173

Fill material, 364, 368, 369, 374, 377

Finite population, 127

Finite sample space, 23

Fire, 75,357,358

First moment, 95

First occurrence time, see Recurrence time

First-order approximation, 191, 197, 199,
200, 216, 218, 245

Fissure, 77

Fixed support, 143

fixedend moment, 63
Flaws, 215, 341-343

flaw detection, 70, 341, 342
in weld, 23, 70, 341, 351,376
Flexibility, 218
Flood, 30, 65,69, 71, 77,113,154, 157-
159,160,161, 211, 212, 238, 257
annual flood of a river, 109, 158, 160
control dike, 159
control system, 106, 109, 211
Flow velocity, 204
Footing, 182
column footing, 58, 146, 218
settlement of, 50, 184, 218, 327
Force, 147, 203, 322
Foundation, 14,51, 146, 158, 212, 377
foundation wall, 182
Foundation engineering, 73
Fourth central moment, 248
Fraction defective, 360, 361, 366-368, 373-
375,377
fraction defective criterion, 372-375
Fracture, 113, 341
fracture toughness, 10, 264-267, 279
Freeboard, 173
Freeway, 149
Frequency diagram, 24,6, 8, 132, 261, 276
cumulative frequency, 277-279
observed frequency, 274, 276, 277, 285
thearetical frequency, 274, 276, 277
Freund, 226, 236, 249
Friction, 204
friction factor, 204
Frost depth, 299
Frost duration, 324, 325
Function of random variable, 170
moments of, 191
multiple random variables, 174, 190, 198
product of random variables, 183
quotient of random variables, 183
sum of independent normal variates, 178
sum of Poisson random variables, 175

Galligan and Snodgrass, 316
Gamma distribution, 124-126, 216, 223,
224,351-354
gamma density function, 125, 126, 341
Gamma function, 126, 129
incomplete gamma function, 126
incomplete gamma function ratio, 127
Gamma-Normal distribution, 352
Gap length, 8, 166, 283, 284
Gaussian, 152 154 160 164, 166, 180
181 187 189 205 207- 2[0 225 Y
232 235 237 240 242 245, 249.
257, 261, 263, 300, 345-351, 358,3
369-378; see also Normal distribution
General function of random variable, 196
Geodesy, 16
geodetic engineering, 248
geodetic measurement, 15
geodetic station, 245
Geometric distribution, 110-112, 125, 224
return period, 110
Geotechnical design, 14
Girder, 69
Goidman and Ushijima, 314
Goodness-of-fit test for distribution, 261,



274, 276, 277, 279, 281
Chi-square test, 261, 274-277, 279, 281,
284, 285
Kolmogorov-Smirnov test, 261,274, 277-
279, 281
Grandage, 371
Gravel pit, 211
Gross national product (GNP), 288, 322
Gumbel, 262, 263
Gumpbel distribution, 270
Gumbel probability paper, 270, 273, 274

Hald, 197, 248, 250, 289, 361, 376

Hardy, Littlewood, and Polya, 141

Hazen, 262

Heathington and Tutt, 310

Hierarchy of operations, 33

Higher-order momenits, 96, 198, 199

Highwsay, 43, 84,149, 150, 162, 238, 299,
60

intersection, 20,46, 117
interstate highway, 54
network, 61, 66
project, 108, 254
repair, 67
Histogram, 24, 6-9, 227, 243, 257, 274,
275,284
Hoel, 228, 229, 274
Hognestad, 284
Housing, 206
Hurric;ne, 13, 14,777,163, 206, 252, 314,
15

Hydraulic analysis, 154

Hydraulic head, 155, 204

Hydraulic radius, 217

Hydrologic design, 13

Hypergeometric distribution, 127, 360

Identically distributed random variables,
232,244, 365

Impact pressure, 198, 204

Impact speed in automobile accident, 8

Imperfection in modeling and estimation,
10

Independent increment, 390

Independent observations, 228

Independent random variables, 231, 244,
365

Inertia force, 168

Inference see Statistical inference

Inferential method, 254

Infinite sample space, 23

Inflow, 73,209, 211

Influent, 202, 212

inherent variability, 221

Inspection, 16, 109, 167, 254, 341-344, 360,
365, 366, 368, 370, 376

inspection plan, 361, 364, 367, 375

Institute of Traffic Engineers, 118

Interarrival time, 8, 166, 167, 229, 283, 284

international Association of Chief of Police,
118

Intersection of events, 27, 28, 31

Interval estimation, 221,231, 243, 248, 254

Intuition, 330

Inverse function, 171, 172
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Irrigation, 211

Joint distribution function, 134
Joint probability, 318
loint probability density function, 134,
137, 169

of bivariate normals, 138
Joint probability distribution, 134, 137
Joint probability mass function, 134-136
Jointly normal, 138, 289, 290, 318
Jordan, Eggert, and K neissel, 199
Judgment, 329-334, 337, 354, 359

Kimball. 263

Kinetic energy, 177

Kolmogorov-Smirnov (K-8) goodness-of-fit
test, 261, 274, 277-281, 284, 285

Kothandaraman, 285, 326

Lambe and Whitman, 295

Land area, 246, 247, 259

Lead concentration, 70

Leakage in pipeline, 27

Least error, 287

Least-squates method, 16, 287
least-square criterion, 297, 319
least-squares estimate, 288, 290, 294, 321,

323,325
leastisquares regression, 288, 298, 307,
21

Left-turn, 30, 252
left-turn bay, 117,118
left-turn lane, 20, 39
left-turn pocket, 61
Lens, 206
Life, 124
operational life, 108, 124
useful life, 14,92, 158
see also Fatigue life
Likelihood, 109, 112, 214,228, 33], 337,
339, 356-358, 367
Likelihood function, 228, 229, 337-341,
344-347
logarithm of, 228, 230
Limit condition, 187, 188
Limiting process, 97
Line of sight, 201
Linear function, 245, 290, 297, 306
mean and vatiance of, 191
of normal variates, 179
Linear graph in probability paper, 262-265,
267, 269, 270, 281
Linear model, 289
Linear prediction, 315
Linear regression, 286-290, 294, 300, 303,
306, 307, 322
Linear relationship, 140, 287, 300, 315-319,
321,323
Linear irend, 290, 292, 307, 313
Linsley and Franzini, 240
Lipson and Sheth, 376
Liquefaction of sand, 73
Little Deschules River, 280
Load, 13, 21, 24, 29,42, 58, 195, 200, 203,
205, 208, 210, 212, 230, 359
concentrated load, 152
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dead and live load, 181
design load, 195
load test, 322, 332, 333, 338
proof load, 59, 355, 357
uniformly distcibuted oad, 152, 186
wind load, 239, 332, 339
Loading time, 68
Logarithmic normal, see Lognormal
Logarithmic papes, 270
Logarithmic transformation, 103, 315
Lognormal distribution, 102, 153-156, 158,
171, 184, 186, 130, 203, 204, 212,
216,225-218, 230, 256-258, 265,
267,276,277, 285, 350, 352
product of lognormal variates, 184-18%
relation to normal distribution, 104
relation of parameters to mean and
variance, 104, 106
Lognormal probability paper, 265-269, 281
Loss function, 331
Loucks and Lynn, 17, 365
Lower limit, 238
Lumber, 4, 377; see also Wood

Machine, 108
design of, 13
Main descriptors, see Random variable
Maintenance, 154
Malfunction, 107, 108
of machine, 63
Malhotra and Zoldness, 310
Manning equation, 217
Mapping, 80
Marginal probahility density function, 138
of normal variates, 139
Marginal probability mass function, 135
Markov chain {or Markov process), 120
Martin, Memmott, and Bone, 313, 327
Material defect, 341
Material of construction, 369
Material supply, 27
Mathematical expectation, 88, 191, 197
Mathematical Society of America, 47
Mathematics of probability, 36
Maximum likelihood estimator, see Method
of maximum likelihood
Meadows, Meadows, Randers, and Behrens,
288,322
Mean life, 93, 124
mean time-to-failure, 124, 283
Mean occurrence rate, 115, 275, 391
Mean recurrence time, see Return period
Meazn sea level, 111, 160
Mean-square value, 89
Mean-vaiue, 7, B8, 50, 91,94, 57, 104, 131,
139, 226,232, 233, 245, 249, 254-
257, 264, 284-286, 290, 197, 319,
331, 337, 345-347, 350, 353, 354,
359, 369
of general function, 196
of linear function, 191
pupulation mean, 226
sample mean, 226, 228
Mean-value function, 286, 287, 297,298,
303. See also Regression equation;
Regression line

Measurement, 193, 201, 214, 243, 246, 259,
260, 325, 349, 356358, 365, 366,
369, 375, 377
theory of, 119, 243, 244
Mechanics, 142
Median, 89, 91, 93, 105, 150, 151, 265,
266, 269, 181
Methodsof maximum likelihood, 222,228,
254
maximum likelihood estimator (MLE),
222,228-231,252,254,1255, 345
Method of moments, 222, 223, 254, 255
Military Standards (MLL-STD), 374, 376
Mitler, 308
Mitchell and Woodgate, 195
Mixed random variable, §2
Modal value, see Maode
Mode, 88,91-93, 132, 150, 151, 282, 331,
345, 356
Modulus of elasticity, 4,9,316
Modulus of rupture, 316
Moisture content, 369, 371
Moment capacity, 152
Moment-generating function, 96
Moment of inertia, 94
Moments of a random variable, 95, 96,223,
226, 254
higher moments, 223, 226, 248
Moments of functions of random variables,
191-202
linear functions, 191-196
product of independent variates, 196
general function, 196-202
Monocacy River, 240, 268, 269, 293, 318
Morse, 280
Most probable value, see Mode
Moulton and Schaub, 300, 324
Multiple correlation, 319
Multiple linear regression, 286, 297, 299,
307,313, 319,325
Muitiple random variables, 133-145
Multiple stage sampling, 366,375, 376
Multiplication rule, 47
Munse, 308
Murdock and Kesler, 311
Multinomial coefficient, 388
Mutually exclusive events, see Event

Natural hazard, 133, 164
Navigation fock, I67
Negative binomial distribution, 113, 125
Negative exponential, see Exponential
distribution
Network of construction activities, 182
trucking network, 180
Nishida, 309
Noise intensity, 216
Noise pollution, 216
Nondestructive test (NDT), 147, 342
Nonlinear regression, 286, 300, 303, 313
Nonlinear relationship, 141, 302, 319
nonlinear function, 245, 325, 326
Nonlinear trend, 300
Nonsymmelry, 88
Normal distribution, 97, 152,179 189, 211,
222-225,233,137, 244, 249, 251,



256,262,264,276,277, 281, 284,
289,293,299, 321, 345-352,373
bivariate normal distribution, 138, 289
standard normal distribution, 98, 237,
263
table of normal probability, 235, 380
see also (Gaussian
Normal population, 234, 249, 251, 345,
349

Normal probability paper, 262-265, 279,
281, 284, 285

WNormal variate, 205, 206, 209, 212, 218,
232, 249,258, 263, 293, 323

Normalization of probability measure, 37,
43,337,341, 344, 345

nth moment, 96

Nuclear power plant, 109, 124

reactor structure, 168
Number of distinct sequences, 386

Observations, 20, 22, 242, 252, 259, 307,
321

observational data, 219,221, 222,233,
309, 329, 330, 331, 333, 334,337,
338,347, 348, 351, 354, 358

Ccean wave, 198, 203

Offshore structure, 13, (11, 206

Ohio River, 285

Open channel, 217

Ovperating characteristic (OC) curve, 316,
362-364, 376

Operational rules, see Sets

Optimal, 12, 14

optimal inspection plan, 361, 364

Origin-destination (O-D) trip length, §

Qutflow, 73, 211

Overdesign, 13

Overload, 113

Overturning, 68

Oxygenation rate, 285, 326, 327

Parameter of distribution, 88, 92, 97, 103-
106.129,212,219,220-224, 226-
231,252, 254-256, 309, 330, 331,
337,338, 344-347, 350-353, 354,
356, 357, 359

Parking, 8, 71, 300, 302-306

Parratt, 243

Partial derivative, 137

Pavement, 49, 56, 59, 158, 299, 360, 178

airport, 12, 370

Payne, 314

Pearson, 131

Pearson and Johnson, 131, 133

Pearson system of distribution, 133

Peck, 281

Penaity function, 15!

Percentile value, 101, 106, 150

Permutation, 386

Photogrammeitry, 16, 248, 325, 349, 350

photogrammetric measurements, 15

Physical process, 97, 133

Prer, 69, 160, 168, 201, 349, 350

Pile, 155, 157, 334

capacity, 58, 59, 256, 338
foundation, 58, 332
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Pipe, 168, 204, 209

Pipe flow, 155, 204

Pipeline, 27, 36

Plottir;g position, 262, 263, 265, 267, 269-
71

Point estimation, 221, 222, 228, 243
peint estimate, 226, 231, 244, 254-256,
346, 348
point estimator, 228, 244, 245, 337
Poisson distribution, 115,116, 175, 224,
275,351,352, 390
derivation of the, 390
sum of Poisson variates, 175
Poisson process, 114, 116-121, 123, 125,
161-165,167, 168, 175,176, 206,
§0’i, 214,283,315, 340, 351, 357,
90
assumptions, 114-115, 390
telation to Bernoulli sequence, 115
Pole, 208
Pollutant, 212
Pollution, 52, 57, 70,72, 75, 165, 166,
216, 376
Poilution control, 72, 360
Pool temperature, 306
Populatlic;n, 204, 300, 302-304, 315, 320,
3
density, 313
mean, 133, 226, 231, 233, 234, 238, 240,
243,248, 257, 346
in sampling, 127, 220-223, 232, 244, 248,
249,254, 262, 265, 281, 344, 345,
387

standard deviation, 239
variance, 133, 226, 236, 240, 248, 249
Possibility space, 19, 21
Possible outcomes, 20-22, 80, 107
Posterior probability, 331, 335, 337
posterior distribution, 337, 338, 341, 345-
352,354, 355, 357, 358
posterior probability density function,
340, 344, 345, 357
posterior probability mass function, 332,
334

Posterior statistics, 353, 354
variance, 347
Power generating plant, 48, 63
nuclear, 109
Power supply, 49
Precipitation, 67, 77, 51, 211, 240-242,
267-269, 292, 293, 318
Prcssure, 6, 198, 204
Prestress concrete, 367
prestressing forcc, 367
Prime mover, 124
Prior assumptions, 330
Prior estimate, 333
Prior information, 345-347, 349-3151, 354,
358, 359
Prior probability, 331, 337
priol distribution, 336, 337, 339, 343,
349, 350-352, 359
prior probability density function, 337,
340, 344, 357
prior probability mass function, 332,
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Prior statistics, 354
prior mean, 347
Probabilistic characteristics, 87, 88
Probability, 19, 36, 233, 252
axioms, 36, 37
basic concepts of, 19, 360
calculation of, 22
conditional probability, 43
expected probability, 52
mathematics of, 36
of union and intersection of events, 38, 41
role of probability in engineering, 1
theory of, 37
Probability density function (PDF), 3, 82,
85,87,92,97, 146-151, 224, 228,
236, 261, 269, 282
Probability distribution, 81, 96, 219, 236,
254,261
common distributions, 223, 224
derived distributions, 170, 191
empirical determination of distribution
models, 261, 281
useful distributions, 97-133
validity of distribution model, 274, 281
Probability law, see Probability distribution
Probability mass function (PMF), 82, 84,
148-151, 224, 350
Probability measure, 22, 36, 252
Probability model, 220, 222, 261
Probability of damage, 112, 164
Probability of failure, 13, 15,42,48, 51, 68,
69,78, 146,152, 153, 164, 181, 205,
207,210,212, 333, 334, 338,359
Probability of survival, 14, 153, 355, 357
Probability paper, 261, 262, 269, 270, 281,
282
commercial, 263
exponential, 269, 270, 272, 283
general, 269
Gumbel, 270, 273
lognormal, 262, 265
normal, 262-265, 279, 284
Rayleigh, 282
triangular, 282
Probability problems, 19, 22
Probability tables, 97,99, 235, 237, 251,
361, 376, 379
standard normal, 99, 103, 380
Producer’s risk, 364, 370, 371, 374-378
Product quality, 109
Product of random variables, 183, 190
of independent variates, 196
of lognormal variates, 184-189
Productivity, 135
Project, 91
duration, 15, 106
Projectile, 215
Proof test, 59, 355, 357
Propagation of error, 15, 245
Proportion estimation of, 252
confidence interval, 253-254

Quality, 16
assurance, 360, 369, 376, 377
of concrete material, 17
control, 127, 159, 364, 366, 368, 369

Quarry, 68, 74

Queue, 74

Quotient of random variables, 183
quotient of lognormal variates, 184

Radius, 206, 259, 260
Rainfall, 100, 106
intensity, 2, 5,13, 133, 255
Rainstorm, 116, 154,211,275
Random error, 15, 193, 214, 243
Random occurrence, 390
Random phenomena, analytical models of,
80
Random sampling, 221,222, 228, 231, 232,
244
random sample, 223, 231, 252, 344
Random variables, 7, 80, 222, 233, 252,
254
continuous, 81, 84, 94, 337, 338
discrete, 81, 84,94, 330
functions of, 170
main descriptor of, 87, 145, 223, 254
mixed, 82, 83
multiple, 133
Range, 215
range of random variable, 80
Rapid transit, 148, 162, 321
Rare event, 112
Rayleigh distribution, 225, 255, 282, 356
Rayleigh probability paper, 282
Reactor containment structure, 367
Reaction, 21, 24, 29
Reaeration process, 326
Real line, 80
real space, 133
Real world, 220, 222, 254
Receiver, 361
Reconstituted sample space, 43, 45; see
also Conditional probability
Recurrence time, 110, 121, 167
Reduction factor, 195, 359
Reduction of variance, 289
References, 392-397
Regression, 9
multiple regression, 297, 313
nonlinear regression, 300
Regression analysis, 286, 288, 290, 293,
294, 297, 300, 303, 306, 307, 309,
313,315,319, 322
applications in engineering, 307
with constant variance, 286
lo determine empirical relation, 307
with nonconslant variance, 294
to validate Ltheoretical equation, 309
Regression coefficients, 288, 294, 298
confidence intervals of, 289, 299
Regression equation, 290, 293, 294, 296,
298,303, 307, 310, 316, 317, 320,
321, 322
Regression line, 11, 288, 289, 292-294,
300, 309, 320, 322-324
Regression of normal variates, 289
Reinforced concrete, 284, 359
Rejection, 371
Relative frequency, 7, 20, 22, 37, 39, 136,
354



Relative likelihood, 330
Reliability, 14,50, 78, 153, 160, 185, 366,
317

theory of, 124
Remote sensing, 16, 79
Repair, 67, 147,154, 158,167, 341, 342,
344
Repcated loads, 14
Repeated trials, see Bernoulli sequence
Research and development, 78
Reservoir, 67,73, 74, 76, 149,207, 211
reservoir dam, 69
Resistance, 150
Retaining wall, 68
Return period, 157, 158, 166, 205, 257,
263
of Bernoullj sequence, 110, 112
of Poisson process, 121
Richardus, 195
Ridership, 321, 322
Right turn, 30
Ring, 259, 260

Risk, 13, 15,160, 210, 341, 3164, 363, 371,

373,378
consumer’s and producer’s risks, 364,
370, 371, 374-378
permissible risk, 212
risk-benefit analysis, |
River, 201, 257
tlow, 313, 315
Road, 147, 309, 329, 335, 365
Road grader, 108
Rock quarry, 68, 74
ctushed rock, 74
rock stratum, 153
Roughness coefficient, 217
Runoff, 13, 133, 154, 240, 24], 267-269,
292,293, 318
Runway, 152

Safety, 206, 332
of building, 181
factor, 188
level, 187, 188
margin, 15
measure, 165
Sample, 156
data, 220, 253, 354,372
measurements, 243
Sample of the population, 222
Sample size, 223,126,232, 234-236, 238-
240, 242, 243, 251-254, 277, 278,
299, 348, 360, 369, 370, 372-374,
376, 3R7
Sample point, 23
Sample space, 23,80, 133
continuous, 23, 80
discrele, 23, 80, 386, 387
finite, 23
reconstituted, 43, 45
Samplz statistics, 329, 369
sample mean, 7, 226, 228, 231-236, 238-
240, 256, 257, 260, 277,297,315,
345-350, 369-373, 375
sample momenlt, 223, 249 254
saimpie standard deviation, 7, 238-24(,
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256, 258, 315, 346, 350, 358, 372,
373

sample vaciance, 226, 228, 236, 240, 248,
256, 257,260,277, 318, 320
Sampling by attributes, 360, 375, 376
Sampling by variables, 360, 369, 375, 376
Sampling plan, 127, 361, 367, 369, 371,
373-378
acceptance sampling, 360
multiple stage sampling, 366, 375
sequential sampling, 366, 375
Sampling theory, 222, 344, 345, 3154, see
also Random sampling
Sampling with replacement, 387
Sampling without replacement, 387, 388
Sand, 328, 377
saturated sand, 73, 230
Scatter, 7,9, 141, 294, 295,315
scattergram, 9, 294
Schoo! cross-walk, 118
Schwarz’s inequality, 141
Second moment, 96
joint second moment, 140
Second-order approximation, 197, 199,
200, 216, 218
Seismic region, 69,114
Sequence, 386
ordered sequence, 386
Service station, 162
Sets, theory of, 22
complementary set, 32
equality of sets, 31
operational rule, 31
subsets, 23, 24, 30
Settlement, 51, 101, 102, 146, 295, 296
of bridge supports, 60
differential settlement, 51, 101, 102,
295, 296
excessive settlement, 51
of footings, 50, 184, 218, 327
Sewer, 157, 211
sewer network, 209
sewer system, 154
Shear force, 143
shear stress in soil, 7, 281
Shell structure, 101
Shifted exponential distribution, see
Exponential distribution
Shortage of material, 76
shortage of concrete, 27
shortage of gas, 162
shortage of stecl, 27
shortage of water, 164
Shull and Gloyna, 313
Significance level, in Chi-square test, 274,
275,277,283-285
in K(z)‘lgr;logurov-Smirnov test, 278-280,

Simulation, 349

Simultaneous equations, 298

Skewness measure, 94
skewness coefficient, 94, 132

Slip surfuce, 77

Slope, 206, 217

Sludge, 202

Smeed, 309
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S-N relation, 307, 308, 311
Soft lenses in soil deposit, 377
Soil deposit, 119
soil stratum, 157, 256, 358
Solid waste, 210, 378
Specification, 159
Speed, 242, 325, 326
speed-traffic density relationship, 314, 315
Squared deviation, 89
Squared error, 287, 294, 297
Standards, 16, 252, 255, 360
of acceptance, 16, 360
poltution control standard, 109
of stream quality, 17, 165, 365, 366
Standard beta distribution, 130
Standard deviation, 8992, 94,97, 232 233,
245, 246, 256-259, 264, 284, 285, 297,
299,320,321, 345, 347, 348, 350, 338,
373
Standard error, 233, 244-247, 258-260, 349,
350, 358
Standard normal distribution, 98, 237, 263
table of standard normal probability, 380
Standard normal variate, 98, 171,177, 233,
234, 238, 250, 263, 265
Standard value, 369,374
standard mean-value, 370-372
Standard variate, 265, 269, 273, 282
Statistical estimation, see Estimation
Statistical independence, 46, 48, 84, 107, 110,
112,120, 135,137, 140, 143, 144,175,
177-179, 181, 182, 184, 193-196, 199,
206,207, 209-212, 215, 216,218,232,
244,334, 155,377,390
Statistical inference, 219, 220, 222
Statistical method, 319
Statistics, 10, 16
Steel, 239
reinforcement, 257, 281, 285
Stirling’s formula, 389
Stopping distance, 325, 326
Storm, 55, 154, 162, 240
sewers, 154, 157, 209, 211
Strain energy, 172
Strain gage, 128
Stream, 211, 326, 375
flow, 313, 315, 350
quality, 225, 365, 366, 375
probabilistic stream standard, 17, 365
temperature, 280
Strength of material, 152, 238
compressive strength of clay, 281, 290
of concrete, 17, 128, 159, 212, 226, 227,
233,249, 255,276, 310, 315,377
flexural, 327
of nonbloated burned clay aggregate concrete,
327
shear strength, of clay, 281, 290
of fillet welds, 3
yield strength of reinforcing bars, 3, 257, 258
Stress, 212
bending stress, 4
cyclic stress, 215
extreme fiber stress, 186
shear stress, 7, 281
stress increment, 215
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stress range, 282, 307, 308
Stresg-strain curve, 323
Strike, 76, 161
Structural damage, 75,112
structural failure, 55
structure reliability, 181
Structures, 161, 205, 256, 341, 342, 355,
357, 367
design of, 13, 359
structural component, 70
superstructure, 214
temporary structure, 157, 339
Student’s t-distribution, see t-distribution
Subdivision, 71, 75
Subgrade, 156
compaction, 65, 66
density, 7
Success run, 366
Sufficiency of estimator, 220, 223
Sulphur dioxide, 376, 377
Sum of random vatiables, 189
sum of independent Poisson variates, 175
sum {and ditference) of normal variates,
179, 180, 232
sum of squares, 226, 250
Supersonic transport, 52
Supplier, 361
Surveying, 15, 243, 245, 248, 349, 350,
357,358
Suspended solid, 202
Symmetry, 94, 99
Systematic error, 15, 243

t-distribution, 133, 236-239, 244, 289, 172
table of, 383

Table of a-percentile values of the x*
distribution, 384

Table of critical values of DE in the
Kolmogorov-Smirnov test, 385

Tabie of p-percentile values of the t-
distribution, 383

Table B?fzstandard normal probability, 380,

8

Tables of probability, see Probability table
Tang, 341, 345, 348
Tank, 206, 295
Target time, 15, 78
Taylor series, 197, 198
Tellerometer, 245
Temperature, 299, 300, 302, 306
freezing temperature, 23
of stream, 280
Tendon, 168, 367
Terrestrial elevation, 325
Test results, 233, 239, 330, 356, 369
proof test, 355, 357
Testing validity of distribution, 274
Tharp model, 355
Thayer and Krutchoff, 321
Theoretical models, 146
Third central moment, see Skewness
measure
Tide, 174
wind tide, 173
Time and space problem, 109, 110,114



Time-to-failure, 124, 283, 359
Tolerable fraction defective, 374, 376
Tornado, 55, 109, 163, 167
Total probability theorem, 52,112,120,
135, 138, 331, 332, 348, 390
Tower, 164
Trade offs, 12, 14,15
Traffic, 84, 150, 161, 167, 169, 207, 209,
229,242,252, 309, 329, 334, 348
accidents, 43, 114, 125, 329, 335, 355
congestion, 152
count, 20
engineering, 310, 329, 335
highway traffic, 54, 150
light, 117
toll, 161
volume, 118, 149, 308-311, 323, 324
Transformation, 233, 286
Transitional probability, 73
Transmission tower, 110
radio tower, 258,259
Trans%ortation, modes of. 28,72, 73, 148,
09
Travel times, 8, 61, 148, 149, 180, 205,
209,213, 321, 358
Trials, 106, 114,120, 252
Triangular distributjon, 133,147, 148, 151,
158,225, 281, 357
triangular probability paper, 282
Triangulation, 16
triangulated clevation, 325
Triaxial specimen, 230
Trilateration, 16
Trip distance, 312,313, 315
frip generation, 313
trip time, 209; see also Travel times
Truss, 42,162
Tunnel, 77
Turbidity, 319, 320
Typhoons, 6

Ultimate load, 284, 359
Ultimate strain, 281, 285
Ultrasonics, 49, 56, 342
Unbiased estimator, 220, 223, 231, 248,
288, 295, 298
Unbaised sample variance, 226, 248
Uncertainty, 1, 200, 203, 218, 221, 238,
329,347, 348
inherent randomness, 3,221, 332, 354
in real world information, 3
from modeling and estimation, 10, 221,
329,332, 338, 354
Underdesign, 14
Underground water, 207
Uniform distribution, 86, [33, 214, 225,
262, 338, 341,357
Uniform flow, 217
Unimodal, 89
Union of events, 27, 28, 31
University of Hlinois, 284
Updating process, 341, 354
updahing probability, 58
Upper limit, 238, 357

Variability, 3,11,89,90, 315,330,332, 347
inherent variability, 221
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observed in histograms, 3
Variance, §9-94,97, 104,131, 139, 145,
149-151, 226, 231, 233, 246, 248,
251-254, 257, 284, 290, 293, 294,
298,299,313, 319-320, 348, 353
approximate variance, 197
conditional variance, 143, 144, 288, 289,
316
confidence interval of, 248-252
of estimator, 223
of general function, 191, 196
of tincar function, 191
population variance, 226, 228
sample variance, 226, 228, 248
of sum of random vatiables, 192, 193, 195
Variate, 97
Vehicle speed, 242, 314 315,326
relation with stopping distance, 326
Velacity, 204, 215, 2]%
Venn diagram, 26, 39, 40,44, 53
of intersection of events, 28, 29
of unjon of events, 28, 29
Void ratio, 309, 310
Volume, 215
Voorhees, 312

Waiting time, 74, 148
Walker, 282
Waste treatment, 64,210, 212, 355, 378
waste water, 202
Water supply, 36, 63,67, 76, 164, 207
distribution system, 153
pipe system, 70, 168
water consumption, 67, 164, 320, 321
Water level, 62,63, 73
Water quality, 109, 360
Water tower, 77
Waiershed, 5, 13,67, 71, 211
Wave, 111
height, 4, 168, 173, 203, 255
pressure, 204
velocity, 198, 204
Weather, 214
Weighted average, 88, 89,226
Welding machine, 92
Welds, 70, 114, 147, 266, 267, 343,376
cracks in, 147, 341
flaws in, 23,70, 342, 343, 35]
shear strength of, 3
Wind, 6, 61,110, 162, 164,174,252, 332
load, 239, 339
profile, 314
tide, [ 73
velocity, 156,163, 203, 256, 258, 281,
314, 315, 339
Wire, 113
Wood, structural grade, 156, 377
modulus, of elasticity, 316
of rupture, 316
wood beam design, 186
Work duration, 135
Workmanship, 351, 376
Wynn, 302, 304

Yield strength of steel, 3, 239, 257
Yield strength of wood, 186
Young’s modulus, 323





