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approximation, 52

area coordinates, 170

assembly process, 104, 206, 354, 385

basis functions

Lagrange, 57

monomial, 53, 168

beam, 419

bilinear functional, 41

bilinear shape function, 163

Boolean operation, 261

boundary

integration, 349

boundary conditions, 88

direct substitution method, 107

essential, 107

penalty method, 109

boundary representation (B-rep), 261

bulk modulus, 325

Cauchy stress, 321

circumcenter, 269

circumcircle, 268, 276

circumradius, 276

coefficient of convective heat transfer, 127

compatibility, 240

completeness, 240

conductivity matrix, 193

connectivity, 104

conservation

linear momentum, 379

mass, 140, 380

constitutive law, 324

constrained Delaunay triangulation, 275

convection, 126

convection matrix, 193

convergence, 240, 242

monotonic, 240

rate, 240

convex quadrilateral, 316

copy-on-write, 213

CSG tree, 261

damping

critical, 482

damping coefficient, 483, 494

damping matrix, 494

ratio, 482

data structure, 284

Delaunay refinement, 275

Delaunay triangle, 269

Delaunay triangulation, 269

diametral circle, 277

differential equation of equilibrium, 322

differential equation of motion, 323

differential operator, 42

diffusion, 140

diffusivity, 142

Dirac delta function, 332

direct method, 410

divergence theorem, 36

divide-and-conquer, 270

dual graph, 269

elastic constants, 324

elasticity, 320

elastodynamics, 323, 480

elastostatics, 322, 330, 364

element

1-D, 92

1-D bar, 407

1-D beam, 424

1-D linear, 93

1-D master, 118

1-D quadratic, 93

1-D spring, 407

2-D, 162, 163

2-D Lagrange type, 163
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2-D Serendipity type, 165

2-D bar, 408

2-D master, 175

2-D plate, 446

2-D rectangular, 162

2-D transition, 166

2-D triangular, 167

3-D, 220

3-D bar, 409

3-D beam, 426

3-D hexahedral, 224

3-D prismatic, 229

3-D pyramidal, 230

3-D tetrahedral, 221

3-D master, 222

non-conforming, 446

quality, 244

element radii ratio, 245

element weak form, 187

elliptic partial differential equation, 246

encroached edge, 275

energy

conservation, 126, 156, 464

external, 89

internal, 89

potential, 89

equation of motion, 323, 486

Euler equation, 39

Euler–Bernoulli beam equation, 420

Fick’s first law, 141

flow

cavity driven, 378

incompressible viscous, 378, 380

Fourier series, 461

Fourier’s law, 127

free body diagram, 87

frequency

fundamental frequency, 487

natural frequency, 487

functional, 38

Galerkin, 90

Gauss points, 73

Gauss’ theorem, 36

general procedure, 85

generalized Hooke’s law, 324

global

force vector, 109

node index, 104

stiffness matrix, 109

Green’s first identity, 160

Green’s formula, 36

half-space, 261

heat flux, 127

heat source, 127

heat transfer, 126

Hooke’s law, 88

Howe scissors roof, 457, 459, 503

in-circle test, 295

in-place modification, 213

incompressible flow, 380

infinitesimal element, 127

initial

conditions, 464, 486

displacement, 486

velocity, 486

initial value problems, 463

integration by parts, 34

interpolation, 52

Hermite, 61

Lagrange, 53

piecewise polynomial, 64, 95

isoparametric mapping, 118

Jacobian, 121, 182, 233, 368

joint, 405

Kronecker delta, 172

Lagrange multipliers, 356

Lagrange type elements, 163

Laplace equation, 217

linear system of equations, 78

direct methods, 78

homogeneous, 77

iterative methods, 78

LU factorization, 78

non-homogeneous, 77

over-determined, 77

UMFPACK, 78

under-determined, 77

unsymmetric multifrontal method, 78

local

node index, 104

mass matrix

consistent, 492

lumped, 493

mass transport, 140

material coordinates, 379

matrix, 18

band, 21

condition number, 29

determinant, 23

diagonal, 19

eigenvalues, 24

eigenvectors, 24

identity, 19

integration, 27
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inversion, 23

norms, 28

rotation, 408

singular, 77

skew, 20

sparse, 212

symmetric, 20

transpose, 19

triangular, 20

Vandermonde, 56

memory management, 212

mesh

1-D, 92

2-D, 160

advancing front, 265

Delaunay refinement, 275

Delaunay triangulation, 269

structured, 263

uniform, 262

unstructured, 264

mesh convergence, 240

modulus of elasticity, 88

monomial basis, 168

monotonic convergence, 240

Navier–Stokes equations, 139

Newmark schemes, 489

a-form, 490

central difference, 490

d-form, 490

explicit, 490

implicit, 487

Newtonian fluid, 139

nodal displacement, 92

nodal temperature, 129

nodes, 92

non-uniform isoparametric mapping, 121

normal strain, 324

numerical differentiation

finite difference, 66

numerical integration, 69

Gauss quadrature, 73, 196, 223, 226, 231

Newton–Cotes rules, 72

Simpson’s rule, 72

Trapezoid rule, 71

order of error, 240

orthotropic material, 325

Pascal’s triangle, 242

patch test, 243

penalty number, 109

penalty parameter, 110

planar straight line graph, 266

plane strain, 326

plane stress, 328

plate, 438

Kirchhoff–Love, 439

point force, 331

Poisson’s equation, 247

post-processing, 85

quadrature points, 73

queue, 284

quiver plot, 387

rate of convergence, 240

reference coordinate system, 118

rotation matrix, 408

Runge phenomenon, 61

scalar field

gradient, 30

Laplacian, 32

serendipity type elements, 165

shape function

1-D, 94

2-D quadrilateral master, 180

2-D rectangular, 162

2-D triangular, 167

2-D triangular master, 181

3-D hexahedral, 224

3-D prismatic, 229

3-D pyramidal, 230

3-D tetrahedral, 221

shear modulus, 325

shear strain, 324

solid modeling, 261

space frame, 419

spatial coordinates, 379

specific heat, 127

spring, 406

spring–mass–dashpot, 481

stable

conditional, 473, 489

unconditional, 473, 489

stationary condition, 38

steady state heat transfer, 126

Stokes flow, 381

strain energy, 339

strain–displacement matrix, 343, 367

strains, 323

strong form, 40, 88, 158

support reactions, 414

surface traction, 321

surface traction vector, 370

Taylor series expansion, 33, 66

test function, 91

thermal conductivity, 128

time derivative, 467

time derivative discretization
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backward difference, 469

central difference, 471

Crank–Nicolson, 471

forward difference, 471

transient heat transfer, 463

transition elements, 166

trial function, 91

truss, 405

two force members, 405

uniform isoparametric mapping, 121

variational problem, 36

vector, 16

norms, 27

scalar product, 16

vector product, 17

vector field, 31

divergence, 31

gradient, 31

vertex angle, 245

vibration modes, 487

virtual displacement, 90

virtual strain, 90

virtual work, 90, 338

Voronoi diagram, 270

wave equation, 504

weak form, 40, 88

weighted residual, 90

Young’s modulus, 88, 325
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