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accelerograms, 59 brittle behaviour, 227
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active Rankine state, 44 calcium silicate, 157
aggregate, 152 cantilever wall, 171
analysis methods, 57 cathedrals, 100
anisotropy, 62
Aoki, T., 27, 319
arch, 188, 201, 222, 251

bridges, 177, 197

discretisation, 181

load-bearing, 127

multi-ring, 211

multi-span, 211
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shape, 181
assessment, 275
Augarde, C., 109, 320
augmented Lagrangian Method, 183
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Cauchy stress, 164

cavity expansion, 117

Chiesa della Disciplina, Verolanuova,
242

circuit selection, 285

Civic Tower, Pavia, 227

clay, 157

cohesion only, 186

cohesive soil, 40

collapse acceleration factor, 265

collapse mechanisms, 260

combined finite elements, 181

combined stress, 38

compressed columns, 223

back-calibration, 95 compressive strength, 32, 61, 160
backfill, 188 concrete, 38

Basilica Superiore, Assisi, 262 material properties, 151
beating response, 101 thin layers, 38

bell frames, 81 condition

bell tower construction, 81 ultimate limit, 103

bells, 81 connections, 56

bending failure, 56 constitutive model, 117, 226
best shape, 251 constitutive strain equation, 161
biaxial stress, 62 construction sequence, 302
Bicanic, N., 177, 320 contact nonlinearity, 181
Blatnica Castle, Slovakia, 274 continuous forms, 284

block contact stiffness, 180 continuum element, 224

block deformability, 187 continuum finite elements, 2
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Couplet-Heyman benchmark problem,
184

cracking
inclination, 122
intensity, 122
modelling, 214
radius, 118
strain, 122

crushing, 209

CTAP, 179

cyclic loads, 10

damage
evolution law, 8
model
bricks and mortar, 14
cohesive, 16
elastic-plastic, 5
unilateral, 13
settlement, 110
DDA, see discontinuous deformation anal-
ysis
DEM, see discrete element method
design spectrum, 70
diaphragms, 232
disconnecting elements, 288
discontinuous deformation analysis, 181,
224
discrete element method, 180, 181
Drucker-Prager cone, 225
Durham Cathedral, 100
dwell period, 101
dynamic analysis, 57
dynamic behaviour, 84

earthquake effects, 53

ECS8 spectrum, 59

effective elastic modulus, 103
elastic method, 213

elevated temperature, 150

end fixities, 148

end rotation, 118

equilibrated finite element, 225
Exeter Cathedral, 298
experimental investigation, 62

extrados buttress, 253

facade, 123
openings, 127
plain, 125
types, 123
failure
analysis, 68, 75
criterion, 62
failure modalities, 251
FEM, see finite element method
fictitious homogeneous, 18
filling material, 252
finite element method, 222
fire curve, 166
fire resistance, 144
fire walls, 143
flanged vault, 252
footing, 40, 43
force paths, 284
forces
swinging bell, 84
foundation stiffness, 99
fracture energy, 16
frequency, 94
frescoes, 256
friction angle only, 186
fully smeared, 135

Gauss-Legendre quadrature, 121
Genna, F., 221, 321
geometric non-linearity, 164
geometrically locking, 208
geophone, 90

Gilbert, M., 197, 321
give-and-take principle, 89
Gothic designs, 304

graph theory, 284

Green’s strain tensor, 164
greenfield analysis, 136

hardening/softening rule, 7
Harvey, W.J., 273, 322
hogging, 125
homogenisation, 13, 18, 224
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horizontal actions, 258
Horrabridge, Devon, 293
hybrid equilibrium element, 291
hysteretic characteristics, 39

in-situ stress level, 229
incremental strain energy, 38
interface constraints, 184
interface elements, 2, 165, 234
interface friction angle, 181
internal friction, 40

iteration scheme, 6, 39

joint element
elastic-plastic, 28
FEM formulation, 37
for soil, 40
for thin layers, 38

Lagrange multiplier method, 183

lattice modelling, 181

LCP, see linear complimentarity prob-
lem

lighthous, 66

limit analysis, 262, 280

limit equilibrium method, 43

linear complimentarity problem, 7, 9,
238

linear flexural strain, 145

linear programming, 204

lively tower, 105

loading, 225

macroscopic, 229

Maddox Street, London, 134
MAFEA, 179

manifold method, 184
MasSET, 174

material spalling, 150
Maunder, E.A.W., 273, 322
Maxwell diagram, 288
mechanism method, 204
Melbourne, C., 197, 323
mesh topology adaptation, 288
mesh-dependence, 16
mesh-independence, 19
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meshless method, 184
MEXE, 178
micro-cracks, 151, 199
micromodels, 224
mode shape, 94
model
3D FEM, 97, 113
3D brick, 102
3D tunnel, 129
analytical, 45
arch, 188, 201
building, 114
clay, 161
computational, 58, 93, 277
cracking, 214
crushing, 163
damage, see damage, model
De Felice, 235
discrete, 224
discrete crack, 199, 215
Drucker-Prager, 234
elastic no-tension, 115
elevated temperature, 158
Galileo-Rankine, 234
heterogeneous, 2
homogeneous, 3
mathematical, 157
numerical, 111, 224
reliability, 59
smeared crack, 215
soil, 45, 113
stick, 95
strategies, 198
strut-and-tie, 290
tension cracking, 234
Timoshenko beam, 95
transient strain, 159
tri-linear thermal strain, 161
modulus of elasticity, 32, 60
moisture clog, 150
moisture effects, 150
moving least squares, 184

Newcastle Cathedral, 100
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no sliding, 208

no tension, 115
non-associative flow rule, 280
non-linear, 39

non-linear analysis, 57
non-linear behaviour, 28
numerical stability, 121

O’Gara, M., 143, 323

old masonry, 224

optimal shape, 265
orthotropic continuum, 5
orthotropy, 63

oscillation, 85
over-integration, 121
overconsolidated clay, 135
OXFEM, 115

Papa, E., 1, 323

parametric studies, 58
Parma Cathedral bell tower, 230
passive Rankine state, 44
penalty format, 182

personal unease, 104

Piola Kirchoff stress, 164
plane concrete, 38

plastic hinge, 261

plastic multipliers, 7

plastic shearing, 208
Poisson ratio, 60

Ponniah, D., 177, 324
pore-water pressure, 45
post-cracking behaviour, 120
post-processing, 122
preface, vii

prestressed beam, 118

reclosure, 121

redundant forces, 279

repairing, 71

representative volume element, 18
residual stiffness factor, 121
response, 89

reverse bowing, 145

reversible plastic strain, 229

rigid block, 204, 216

rigid block spring method, 181
Riks method, 225

Robinson, J., 177, 324
rocking, 105

Ronca, P, 221, 324

RVE, see representative volume element

safety factors, 105
sagging, 125
Saint Ioannis holy church, Kos, 66
San Faustino cloister, Brescia, 231
sandstone, 82
sandwich wall, 101
schifo, 252
seismic excitation, 54
seismic loads, 59
Selby, A.R., 79, 325
semi-empirical analysis, 111
semi-smeared, 135
serviceability, 103
settlement, 110
shaft construction, 134
shear damage, 11
shear failure, 56
shear modulus, 61
shearing collapse, 40
simulation
actions, 59, 67
material, 60, 68, 229
structural, 59, 66
tunnelling, 113
skeletal forms, 278
slender panel, 12
slenderness ratio, 147
slippage, 40, 43
small amplitude oscillation, 88
smeared, 135, 199
snap-back phenomenon, 17
soil material properties, 46
soil-structure interaction, 213
Sophocleous, A.A., 53, 325
SOSMEEF, 172
spandrel zone, 212
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squat panel, 12

squat towers, 84

St Brandon’s, Brancepeth, 81
static-dynamic loading, 54
steady state, 151

strain level, 94

strain rate control, 151
strengthening, 71

stress capacity, 56

stress fields, 290
stress-strain relationship, 28
structural acceptability, 104
structural details, 252
structural philosophy, 275
STRUPL-2, 238

supporting walls, 254
Syrmakezis, C.A., 53, 325

tas de charge, 303
temperature dependance, 151
tensile strength, 28, 32, 61
thermal bowing, 145
thermal expansion, 147, 164
thermal strain, 145, 158
thermo-structural behaviour, 145, 150
thickness/span ratio, 181
thrust line, 251
thrust lines, 278, 284
thrust transfer, 290
time-varying effects, 53
tolling, 80
transformation matrices, 216
transient methods, 151
transient sway, 93
transverse settlement, 110
truss members, 28
tunnel, 110

3D model, 129
tunnel installation, 112
tunnelling settlement, 111

UDEC, 180

ultimate limits, 105

ultimate safety coefficient, 258
unilateral effect, 14
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variable thickness, 254
vault, 251

velocity transducer, 90
vibration effects, 53

walls, 231

Wells Cathedral, 305
Wilson, J.M., 79, 326
window circuits, 285

yielding condition
concrete, 36
Mohr-Coulomb, 40, 46, 166
plane stress, 32
von Mises, 161
Young’s modulus, see modulus of elas-
ticity
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