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acceleration, 86

acoustic wave speed, see shocks

action integral, 37, 102-134
discrete, 40

adiabatic process, 184

amplification matrix, 73

Cauchy stress, 30
Clausius—Duhem inequality, 184, 185, 309
definitions, 185
computer implementations, 246-304
conservation-based, 281-304
main variables, 304
program structure, 285
solver, 285
user instructions, 283
constitutive energy equations, 278-280
displacement-based, 246-280
main variables, 275
program structure, 257
solver, 255
user instructions, 250
internet address, xiv, xvii, 80, 84, 247, 256, 281,
285
computer program
leap-frog, 24
mid-point rule, 25
conservation laws
angular momentum, 56, 98, 146
direct discretization, 205-243
energy, 59, 99, 101, 151
total Lagrangian, 165
Eulerian, 168, 171
general form, 158, 206, 222
entropy conservation, 239
generic local updated Lagrangian, 170, 174
geometry
direct discretization (one-dimensional), 215
direct discretization (three-dimensional), 230
total Lagrangian, 167
global, 158
global momentum, 96-102
linear momentum, 54, 96, 144

total Lagrangian, 164

local, 159

mass, 164

summary of local linear momentum, 175

summary of total Lagrangian, 168

total Lagrangian, 162

updated Lagrangian, 168, 169
conservation of

energy, 99
conservation of angular momentum, 97, 236, 237
conservation of linear momentum

Eulerian, 174

local Eulerian, 175

updated Lagrangian, 171
conservation of mass, Eulerian, 174
conservation of volume ratio, 176
conservative loading

definition, 101
constitutive models

derived from shocks, 318

entropic elasticity, 196

neo-Hookean entropic, 196

D’ Alembert’s principle, 90
deformation gradient, 87
discretized, 112
incremental, 73
discretization deformation gradient
spatial, 215, 230
time, 218, 233
discretization entropy, 242
discretization geometry
spatial, 121
discretization of linear momentum
spatial, 215, 230
time, 218, 233
dissipation
internal, 184
definition, 185
distortional-volumetric energy decomposition, 198
dynamic equilibrium, 86-91
discretized, 118
external forces, 88
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global, 87 Hamilton’s principle, 37, 102-104
in current configuration, 88 Hamiltonian
in reference configuration, 89 definition, 65
inertial forces, 88 equilibrium equation, 66
kinematics, 86 Hamiltonian formulations, 63—-79
linear elasticity, 91 maps, 66
linear momentum, 88 discrete, 72
local, 89 momentum variables, 64
current, 90 phase space, 66
reference, 90, 107 simplectic product, 69
pin-jointed truss, 28 spring-mass, 77
dynamic variational principles, 33-39 heat transfer equation, 181

Helmholtz free energy, 192

. .. additive split, 200
e-mail addresses, xvii, 6, 247, 281 definition, 193

elastic energy, total, 100
elasticity, entropic, 196
energy
relation to entropy, 188
relation to temperature, 188
energy, internal, 180
energy balance, 101

perfect gas, 197

inertial forces, 88
isentropic, 184
isothermal processes, 192

total, 101 kinematics
energy conservation, 9 deformable body, 86
discrete, 17 discretized, 110
entropic elasticity, 195, 196 kinetic energy, 100, 121
definition, 196 discretized, 122
modified, 198 Kirchhoff stress, 29
entropy
relationship with temperature, 189 Lagrange equations, 35, 39
definition, 182 Lagrangian, 103
direct discretization (three-dimensional), 242 discretized, 123
production, 183 functional, 103
equilibrium, see dynamic equilibrium pin-jointed truss, 33
equivalent nodal forces leap-frog time integration, 4-68
external, 113 linear momentum, 88
internal, 113 direct discretization (one-dimensional), 215
external forces, 87 direct discretization (three-dimensional), 230
resultant moment, 98 Liouville’s theorem, 68, 71

logarithmic strain, 29

finite element simulations lumped mass, 31

solids, 266-275, 295-303

trusses, 80 mass matrix, 113
first law of thermodynamics, 166, 179, 180, 182 two-node element, 116
first Piola—Kirchhoff stress, 181 lumped, 117
additive split, 199 Mie—Griineisen equation of state, 201, 316
deviatoric component, 199 definition, 201
evaluation, 191, 193
function of temperature, 196 one-degree-of-freedom example, 3—4
via Helmholtz free energy, 194, 195, 200 column example, 7
via internal energy, 182 equations of motion, 4

for perfect gas, 197

viscous component, 186
flux

conductive, 161

convective, 161

vector, 160
flux Jacobian matrix, 207, 208

perfect gas, 197
phase space, 66
pin-jointed truss
action integral, 37
conservation of
angular momentum, 56

energy, 59
generalized momentum, 64 linear momentum, 54
global conservation laws, 143-155 critical time step, 49
gravitational potential energy, 102 dynamic equilibrium, 31
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forces, 29 stress tensor
modified, 61 Cauchy, 89
Hamilton’s principle, 37 first Piola—Kirchhoff, 90, 96

kinematics, 28

kinetic energy, 33
Lagrange equations, 35
Lagrangian, 33, 35

tangent matrix, 47

temperature, 181

" via Helmholtz free energy, 194
potential energy, 33 via internal energy, 182

tangent mfefltrlx, 4;72 thermoelastic material
viscous effects, definition, 183

plane elastic waves, 91
compressible neo-Hookean, 226
hyperbolicity, 208, 225
potential energy, pin-jointed truss, 34
pressure, 199
principle of virtual work, 39, 93-96, 107

stress evaluation, 191
thermodynamics, 179
thermoelasticity, reference configuration, 187
thermoelasticity, 187-202
time integration, 39-52
variational, 40

@n current conﬁguratior}, 94 alpha method, 130
in reference configuration, 95, 96, 107 leap-frog, 4-6, 4143, 136-140
solution algorithm, 6
Rankine—Hugoniot equations, 309 mid-point, 140
reference systems, 187 mid-point rule, 14-17, 43—46, 140-142
residual force, 119 solution algorithm, 23
Reynolds transport theorem, 172 Newmark a-method, 127
rigid heat conduction, 192 Newmark family, 52, 123
Runge—Kautta time integration, 218, 234 simplectic, 72
stability, leap-frog scheme, 11
second law of thermodynamics, 183 trapezoidal, 50
definition, 184 total energy, discretized, 122
differential form, 184 traction vector, 89
Eulerian, 187 two-degrees-of-freedom example, 7
spatial form, 186 discrete energy conservation, 17
updated Lagrangian, 187 energy conservation, 9
shape functions, 110 equations of motion, 9
shocks, 306, 306-325, 325 leap-frog examples, 10
acoustic wave speed, 314 mid-point rule examples, 20
Clausius—Duhem inequality, 309 tangent stiffness matrix, 18
constitutive models derived from, 318
contact and impact, 321 user instructions for computer program
entropy jump, 318 FLagSHyP, 250
entropy jump condition, 310 PG_DYNA_LAWS, 283

generic jump condition, 307, 308
Hugoniot state, 320
jump in internal energy, 315

deviatoric and pressure components, 316 .
Mie—Griineisen equations, use of, 316 velocity-dependent forces, 120

Rankine—Hugoniot equations, 309 virtual displacement, 93
shear, 311 virtual velocity, 93

virtual work equation, discretized, 119

variational time integration, 134
velocity, 86

temperature jump, 318
total Lagrangian jump condition, 309

volumetric, 311 weak form conservation laws
simple column, one-degree-of freedom-example, 3 one-dimensional, 209
simplectic operator, 66 three-dimensional, 227

properties of, 69 weak form streamline Petrov—Galerkin model
simplectic product, 69, 70 one-dimensional, 211
simplectic time integrators, 72 three-dimensional, 228
specific heat at constant volume, 188 weak form variational multi-scale model
spring-mass system, two-degrees-of-freedom one-dimensional, 213

example, 7 three-dimensional, 229

stress, first Piola—Kirchhoff, 181 www address, xiv, xvii, 79, 84, 247, 256, 281, 285
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