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Index

A
aggregate interlock, 177
analysis

dynamic, 21, 71
limit, 193
modal, 110
quasistatic, 18, 71
second order, 104
transient, 19, 84

angle
dilatancy, 164
external friction, 162
internal friction, 161

anisotropy, 144
load-induced, 149, 176

approximation, 313
arc length method, 300
area coordinates, 234

B
beam, 55

Bernoulli beam, 56, 71
Timoshenko beam, 56, 71

behavior
long term, 27
short-term, 27

benchmark test, 3
Bernoulli beam element, 72

extended, 74, 76
Bernoulli–Navier hypothesis, 56, 222, 255
BFGS method, 50, 300
body, 3, 7, 138
bond, 213

flexible, 44

law, 44
perfect, 53

boundary conditions
Dirichlet, 23
displacements, 4, 80
essential, 4
forces, 5
natural, 5
Neumann, 23

C
calibration, 2
Clausius–Duhem inequality, 190
cohesive crack

law, 172
model, 136, 172

compliance, 13, 35
compression

field, 118
zone, 60

compression field theory
modified, 195

configuration, 138
reference, 138

consistency, 22
constraint

internal force, 87
stress, 39

continuity, 11, 25
convergence, 23, 25
coordinate system

Cartesian, 7, 309
corotational, 101, 261
transformation, 141, 309
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correlation, 282
crack

closure, 177
cohesive, 33
energy, 33
fictitious, 32, 136, 172
fixed, 176, 206
formation, 53
initiation, 205
multiple, 176
propagation, 206
rotating, 206
single, 306
smeared, 45, 174
stabilized, 53, 90
strain, 174
tangential cracking plane, 172
width critical, 207

crack band, 30
width, 32

crack-band
method, 183

creep, 34
coefficient, 37
function, 34
linear, 34
time, 37

cross section
rotation angle, 56, 222

cross-section
height, 58
width, 58

D
damage, 137

anisotropic, 170
isotropic, 165
orthotropic, 170
scalar variable, 165
strain based, 166
stress-based, 168

damage function, 166
Hsieh–Ting–Chen, 166
Rankine, 166

damping, 114

design
deterministic, 291
point, 286
probabilistic, 292
semiprobabilistic, 292

deviatoric
angle, 150
length, 150
plane, 149
projection, 164
unit matrix, 140

dilatancy, 164
Dirac-Delta function, 35
discontinuum, 136
discretization, 1

spatial, 14, 24
temporal, 21

displacement, 138
distribution function, 282
dowel action, 176
Drucker stability postulate, 191
ductility, 33, 42, 133
durability, 3

E
eigenstress, 275
eigenvalue problem, 142
elastoplasticity, 41, 126

Drucker–Prager, 161
Mises, 158
Mohr–Coulomb, 161

element length
characteristic, 208

energy
dissipation, 42, 114
internal, 11, 141, 190

equilibrium
dynamic, 68
strong differential, 14, 228
weak integral, 14, 230

error
discretization, 23, 24
mathematical approximation, 2, 15
modeling, 2

evolution law, 148
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F
failure

brittle, 181
quasi-brittle, 180

failure probability, 285
fiber models, 68
flow rule, 126, 157, 163
fracture

brittle, 171
ductile, 172
mode, 171
quasi-brittle, 171
type, 171

function
shape function, 4
test function, 15
trial function, 15

G
gradient damage, 186

H
Haigh–Westergaard coordinates, 149
hardening, 28, 41

isotropic, 42
modulus, 160

Heaviside function, 35
homogeneity, 135
hour glassing, 268
hydrostatic

axis, 149
length, 150

hypoelasticity, 155

I
impact, 111
integration

Gauss integration, 17
numerical, 17

internal forces
beam, 58

interpolation, 3, 11
invariant, 143
isotropy, 143, 148

J
Jacobian, 7, 72

K
Kelvin Voigt

chain, 36
element, 36

kinematic assumption
bar, 8
beam, 56
continuum, 10
slab, 222
spring, 9
truss, 119

kinematic constraint, 178
Kuhn–Tucker condition

damage, 167
plasticity, 126, 157

L
layer model, 226
limit analysis

lower bound, 128, 193, 240
upper bound, 128, 276

limit state
stress, 148

limit theorems plasticity, 128
limit-state

condition, 284
function, 284

linearity
geometrical, 6, 101
physical, 6, 16

load path method, 117
localization, 30, 180
locking, 11, 26, 76, 78, 266

transverse shear, 267
LU decomposition, 298

M
macroscale, 29, 136
mass matrix, 15
material

evolution law, 13, 148
isotropic linear elastic, 144
law, 5
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matrix, 6
point, 7, 138
tangential stiffness, 13, 141, 147, 148,

164
Maxwell

element, 36
series, 36

meridian
compressive, 151
tensile, 151

mesh generation, 15
mesoscale, 29, 135
microscale, 29
model

computational, 2
conceptual, 1
mathematical, 1
numerical, 1

Monte Carlo simulation, 288

N
natural

circular frequency, 109
period, 108, 109

Newmark method, 21, 111
Newton–Raphson method, 18

modified, 298
nodal forces

external, 6, 15
internal, 6, 15

nonlinearity
geometrical, 101
physical, 6

nonlocal method, 184
differential form, 185

norm, 18, 24

O
orthotropy, 144
overlay

of elements, 215

P
parameter, 2
patch test, 26

plasticity, 41, 137
associated, 158
deviatoric, 165
nonassociated, 163

plate, 115, 193
prediction, 3
pressure, 140
prestressing

tendon, 95
with bond, 97
without bond, 97

principal
moments, 241
strain direction, 142
strain state, 142
stress, 142
stress direction, 142
stress space, 149
stress state, 115, 142
system, 142

probability, 281
density function, 282

process zone, 30
product

dyadic, outer, 158
property, 1
punching, 250

Q
quad element, 10

R
random variable

bivariate, 282
multivariate, 282
univariate, 282

randomness, 281
Rankine

criterion, 174, 205
limit function, 163

Rayleigh quotient, 110
realization, 282
reference

axis, 55
configuration, 143
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period, 283
plane, 222

regularization, 182
reinforcement

embedded, 219
group, 197
mesh, 213
sheet, 214, 227

relaxation, 34
function, 36

Rendulic
direction, 149
plane, 150

representative volume element, 135
residual, 18
rheological model, 36
rigid-plasticity, 126

S
safety

margin, 287, 291
safety factor

global, 320
partial, 293, 320

samples, 282
secant method, 299
serviceability, 3
shear

angle, 56, 222
modulus beam, 58
retention factor, 177

shell, 255
director, 255
displacement, 257
five parameter model, 260
geometry, 256

shrinkage, 38
simplex method, 127, 130
size effect, 138
slab, 221

Kirchhoff, 223, 229, 233
Reissner–Mindlin, 223, 232

snap-back, 31, 180, 181
Sobolev

function space, 23
norm, 24, 25

softening, 28, 163
space point, 138
split

normal tangential, 178
volumetric deviatoric, 179
volumetric deviatoric tangential, 179

stability
numerical, 22

state variable
internal, 13, 148, 166

static constraint, 178
stiffness matrix, 6

tangential, 16, 18
strain, 139

equivalent, 166
generalized, 11, 223
imposed, 38
measurable, 38, 86
plane, 11, 145
rate, 141
softening, 180
vector, 178
volumetric, 163

strength
biaxial, 153
condition, 126, 148
surface, 149
triaxial, 149
uniaxial, 154

stress
Cauchy stress, 11, 139
deviatoric, 140
generalized, 11, 224
plane, 11, 146
rate, 141

strut, 92, 117
strut-and-tie model, 117

T
temperature, 38
tension

softening, 30
stiffening, 52

test function, 23, 24, 69, 72
thickness, 222
tie, 92, 117
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trajectory
method, 117
principal stress, 116

transfer length, 304
trial function, 23, 24, 72
triaxial cell, 151

U
uncertainty

aleatoric, 281
epistemic, 281

unit loading, 193
updated Lagrangian discretization

corotational, 104

V
validation, 2
value

characteristic, 292, 319
design, 319

variables, 1
virtual work principle, 5, 13, 70
viscoelasticity, 36
Voigt notation

strain, 139
stress, 140

Y
yield function, 157

Drucker–Prager, 161
Mises, 158
Mohr–Coulomb, 161

yield line method, 276

Z
zero line, 59




