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A36 versus A992 steel, 254
Acceleration of gravity, 314
Acceleration vector, 344
Accelerogram readings, 337
ACI regulations, 43
Aggregates, 37
AISC Manual of Steel Construction,
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AISC Seismic Provisions, 28
Allowable bending stress, 194, 242
Allowable story drift, 116
Amplification of dynamic lateral
displacements, 17
Astaneh, A., 183
Axial force, 38, 109, 110
Axial force component, 109, 113
Axial loads, 113, 136, 220
Axial stress in bar, 222

B
Bars, development, 38
Base plate, 217, 224
axially loaded, design, 175
maximum axial compression, 174
maximum uplift, 174
Base shear for earthquake, 75
BCSA/CONSTRADO, 348

Beam
flexural buckling, 110
flexural resistance, 110
plastic bending moment, 97
Beam allowable stress, 241
Beam—column joint failure, 17, 20
mechanism of, 20
Beam flange reactions, 346
Beam-to-column connections, 26, 88,
89
Beam-to-column joint, 92
Beam-to-column plate design, 242
Beam web, 17, 44
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Block shear design, 150
Block shear failure mechanism, 150
Bondad, D. M., 127, 358
Boundary conditions, 95
Brace capacity, loss, 170
Braced frame, eccentric (hybrid), 20
Braced-frame project, description,
129
Brace reactions, 148
Brace stiffness, 180, 181
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Brittle failure, 181

Brittle fracture failure, 173, 348
Bruneau, M., 182

Buckling, compressed member, 136
Building codes interaction, 27

C
Calibrated hydraulic piston dampers,
357
California Department of
Conservation, Division of Mines
and Geology, 344
California freeway bridges, 15
Carter, C. J., 358
Cedar Hills nursery, 24, 339
Cement, 37
Characteristic equation, 313, 321
CMU wall stresses, 220
Codes cross-referencing, 28
Coefficient matrix, 299
Cold-formed steel, 29, 277
structural members, 277
Column and row vectors, 293
Column(s)
deformations, 344
design of, 109
design for compression, 116
design for tension, 162
tensile resistance, 120
Combined bending and shearing
resistance, 40
Compact matrix form, 290
Component failure, 17
Concentrically braced frames, 33,

128, 156
Concentric braced frame alternative,
20
Concentric braced frames, 18
Concrete

as construction material, 36
compressive strength, 36
crack patterns, 43

design for bending, 39
design for flexure, 40
diagonal cracks, 46
modulus of elasticity, 38
modulus of rupture, 38

rectangular compression block
method, 40
splitting, 46
tensile resistance, 38
tensile strength, 38
working-stress design, 39
Constant(s), 298, 303, 307, 309, 311,
314, 320
Constant of proportionality, 321
Construction defects versus
earthquake damage, 235
Corrosion, 51
Cover plate dimensions and welds,
95
Crawl spaces, 228
Cripple wall, 229
Crisscrossing joint, 136
Critical damping, 174
Critical stress concentrations, 346
Crosby, P, 182
Cyclic loading, 180
Cylindrical footings, 228

D
D’ Alembert principle of equilibrium,
314
Damping ratio, 322
Design lateral pressures, 196
Design panel shear, 109
Design strategies, 89
Detailed systems design requirements,
76, 83, 85, 88, 110, 122, 130,
135, 139, 166, 180
Development length, 45
Diagonal brace
bowing out, 137
slenderness, 137
system, 142
Differential equation of motion, 315,
317
Differential equations
general solution, 303
standard form, 308
Double curvature, 160
Drift evaluation, 83
Dry-jointed connections, 14
Ductile behavior, 344, 348
Ductile hinge, 348



Ductility, 180

Dynamic equilibrium without
damping, 317

Dynamic forces, 14, 20, 138, 143,
346

Dynamic structural response, 344

E
Earthquake
magnitude, 7
physics of, 100
source, 2
Earthquake-damaged chimneys, 235
Earthquake-generated cyclic loading,
102
Effective time period of earthquake,
344
Eigenvectors, deflected mode shapes,
332
Elastic limit, 111
Element stiffness, 136
Energy-dissipating external walls, 352
Energy dissipation, 95, 173, 351
Engelhardt, M. D., 127, 358
Engineered damping, 352
Engineered energy dissipation,
examples, 352
Engineered metal connectors, 229
Equation of free vibration, 326
Equation of motion, 320
Erdey, C. K., 126, 127, 182, 348
Euler’s solution, 318, 319
Excessive sway, 346
Expansion joints, continuous
structures, 16

F
Factored toe pressure, 200
Faults, consideration to existing, 27
Fierro, E. A., 183
First and upper story walls not
aligned, 14
Flexibility coefficient matrix, 290
Flexural compressive stress, 197, 202
Footing design, 215, 225, 244, 251,
263, 276
Footing, external CMU wall, 225
Frame, lateral translation, 117
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Free lateral contraction, 340

Free vibration, 314

Friction devices, 352

Fundamental period of structure, 25

G
Garages, seismic shortcomings, 234
Gaussian elimination method, 301
Glulam (GLB) support, 244, 262, 271
Goel, S. C., 182, 183
Gravity load, analysis and design,
271
Ground acceleration data, 344
Ground on heel, weight, 203
Ground velocities and accelerations,
27
g vertical acceleration, 100

H

Hangar design, 206

Hangar masonry walls, 209

Hangar, wind and seismic, 209

Hanson, R. D., 182, 183, 358

Hassan, O., 182

High-frequency response, 136

High-frequency speed straining, 351

High-frequency vibrations, 336

Horizontal and vertical ground
acceleration components, 24,
339

Horizontal reinforcement, 60, 195,
209

HSS steel columns, 28, 217, 224,
241, 242, 254

Husain, A. S., 127, 358

Hydraulic piston dampers, calibrated,
357

I
IBC 2000, moment-resisting frame
system category, 187
Imaginary number, 318, 322
Improved connection, 93
Inelastic response displacement, 83
Initial value problem, 303
Internal design forces, modification,
26
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Internal reaction of forces and
stresses, 341

International Conference of Building
Officials (ICBO), 192

Iwankiw, N. R., 358

J
Joint, brittle fracture, 95
Joint-penetration-groove weld, 95
Joint stresses, 350
Joist girder-to-column connection,
224

K
Kareem, A., 183
Kelly, J. M., 358
Khatib, I. F., 182
Krawinkler, H., 127

L
Laplace expansion, 297
Lateral analysis and design, 264
garage, 243
Lateral coefficient, 23
Lateral confinement, 20, 176
Lateral east—west ground
acceleration, 341
Lateral floor displacements, 10
Lateral force distribution, 78
Lateral oscillations, 10
Lateral and vertical earthquake
forces, 22
Le Chang, K., 358
Light-gauge steel
design example, 278
partition walls, 281
specifications, 282
versus wood construction, 277
Lightweight concrete, 51
Limit-state design, 39
Limit-state pattern, 51
Linear equations, 290
Load cases, set of, 69
Load combinations, LRFD method,
82, 89
Load factor, lateral pressure, 197
Load sharing, 79, 80, 281
Loma Prieta earthquake, 173
Longitudinal component of the
quake, 10

Low-hazard structures, 30
Lumped-impulse method, 340

M
Mahin, S. A., 182
Major lateral force-resisting systems,
17
Manhole openings, 215
Masonry
horizontal reinforcement, 209
seismic collapses, 191
seismic overview, 191
and steel structure, 217
vertical reinforcement, 209
Material degradation, 351
Matrix
multiplication, 292
nonsingular, 302
singular 302
Maximum bending moment, 197
Maximum brace reactions, 148
Maximum inelastic response
displacements, 83
McCormac, J. C., 36, 127
Mechanical vibrations, 314
Mechanical vibrations without driving
function, 334
Mechanism of destruction of moment
frame/end shear wall
construction, 12
Member overstress, 69
Metallic yield devices, 352
Minimum fillet weld size, 94
Modulus of elasticity, 366
Moment frame failure, 10
Moment frames as rigid frames, 21
Moment frame—shear wall
combination, 10
Moment-resisting frame, reinforced
concrete, 20
nonductile performance, 20
Mozzafarian, H., 358

N
Naeim, F., 358
Natural circular frequency, 320
Natural frequency, 316
Necking, 348
New Madrid earthquake, 5
Noel, S., 358



No necking, no ductility, 351
Northridge experience, 68
Northridge lesson, 228

(0]

Occupancy category, 30
Oscillation, 322
Out-of-plane bending, 13, 352
Overdamped system, 322
Overstressed joint, 348
Opverstressed structure, 229
Overturning

factor of safety, 203

and hold-down bolts, 244

moment, 196

P
Pacific tectonic plate edge, 192
Pacoima dam readings, 22, 100
Pad footing, 226, 272, 276
Panel zone, 87, 88, 90, 347, 350
Panel zone shear strength, 101
Parapet, 219
Parent metal brittleness, 351
Parking structures, 49
Particular solution, 303
Paso Robles Clock Tower, 192
Permanent deformation, 348
Permanent structural damage, 344
Perry, C., 183
Pister, K. S., 182
Plastic deformation, 351
Plastic hinge, 344
Popov, E. P, 127, 182
Post and pier supports, 228
Postbuckling, 171
Postbuckling stage, 170
Potential energy absorption, 181
Precast concrete circular plate, 214

Q
Quasi-static tests, 349, 351

R
RC parking structure, 49
Redundant backup system, 189
Reinforcement
effective depth, 205
overstressed, 222
Reinforcing bars, 37
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Reliability/redundancy factor p, 86
braced frames, 141
Reserve shearing resistance, 98
Reserve strength, 21
Resonance factor, 26
Response spectrum analysis, 138
Restoring moment, 203
Retaining wall
10 ft, 196
13 ft, 199
15 ft high, 203
seismic zones 3 and 4, 193
Reversals of magnitude, 351
Reversible earthquake forces, 142
R factor, 34
Rigid joint, 348
Ring foundation, 216

S
Sabol, T. A., 127
SAC 95-01, 1995, 358
San Fernando earthquake, 13, 21, 22,
23
Santa Monica seismic motion, 338
Scalar number, 293
Section neutral axis, 198
Seismic design forces, zone 2B, 218
Seismic design philosophy, 68
Seismic isolation, primer on, ASCE,
SEI 2004, 353
Seismic isolation systems, 353
Seismic pressure on component, 219
Seismic, transverse direction, 249
Seismic not governing, 261
Seismic versus wind, 206
Seismograph readings, 51, 338, 345
Shear
and compression, 45
and flexural resistance, 46
and moment combined, 46
reinforcement, 46
Shear tab, 17
design, 96
moment of resistance, 17
Shear tabs cracked and split, 105
Shear wall pier, 244
Shearing resistance, see Combined
bending and shearing resistance
Shift of force in tensile
reinforcement, 43
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Shrinkage, 51

Significant U.S. earthquakes, 8

Single-degree system, 314

Single-direction oriented lateral
forces, 143

Single spring—mass differential
equation, 318

Slenderness ratio, 138

Speed straining, 350

Spring coefficient, 316

Spring constant, 314

Spring—mass—dashpot, 327

Square matrix, 295

Static force method, 138

Steel, modulus of elasticity, 85

Steel portal frame, 234

Steel-reinforced

duplex, 252
wood-framed building, 237

Steel reinforcement, 36

Stephen, R. M., 127

Stirrups in resisting moment, 46

Stirrup sizes, 45

Stirrup spacing, 45

Story-drift control, 83

Strain hardening, 350

Strength design, 45

Strength-level bearing pressures, 199

Strength-level factored loads, 83

Stress reversals, 135, 138, 179, 350,
351

Stress values, masonry project, 220

Strong column—weak beam, 113

Structural details, 223

Structural displacement, increase, 344

Structural layout and member sizes,
70

Structural vibrations, 314

Stucco and wood frame, 229

Sunset Crater volcano, 5

Sway components due to rocking
motion, 343

T
Tang, X., 182
T-assembly static moment, 242
Tectonic plate edge, 192
Tensile reinforcement, shift of force,
43
Tensile strength by yielding, 94

Tensile stress, 195

Thornton, W. A., 183

Tilt-up walls, 49

Toe nailing, 233

Toe of footing design, 198
Tognarelli, M., 183

Transfer of overturning moment, 14
Triangular distribution, 204

Tsai, K. C., 127
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Uang, C. M., 127, 182, 358
Ultimate strength design, 41
Unique continuous solution, 305
University of Michigan, 128, 181

A%
Vaulted ceilings, 234
Vector matrix, 290
Vertical reinforcement, 13, 194, 196,
197, 201, 209
Viscoelastic devices, 352, 353
Viscous damping force, 321
Viscous devices, 352
Vulcraft joists, 217, 223

w
Water—cement ratio, 37
Web joint, welding, 98
Wegener, A., 3
Wenger, W. A., 182
Whittaker, A. S., 182
Whittier Narrows earthquake, 1987,
20, 21
Width-to-wall thickness ratio, 138
Wind
and earthquake loads, 135
normal force method, 72
projected-area method, 72
on three-story steel frame, 238
Wood frame/masonry chimney
incompatibility, 235
Wood-framed seismic performance,
227
Wood-framed structure failures, 228
Wronski, 334
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Z zone factor, 25



