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Amplification factor, see magnification
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Analysis
assessment of methods, 334
critical load method, 338, 339,
354-359
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Bazant, Z. 364
Beam
bracing, 306, 308
lateral bracing, 306, 309
lateral-torsional buckling, 325, 326
see also lateral-torsional
buckling
plastic moment, 324
strength, 324
torsional bracing, 307, 313
Beam-column analysis

flexibility method, see three-moment
equation method
stiffness method, see slope-deflection
method
Beam-column strength
interaction curve for rectangular
member, see interaction curves
moment-curvature—thrust relations,
186-187
plastic moment, 183-190
rectangular member, 192-196
Beam-columns
elastic behavior, 138-147
example problems, 149-159, 327
definition, 135-136
design, 197-198
design comparisons, 284-286
inelastic behavior, see beam-column
strength
lateral-torsional buckling,
270-273
moment-rotation behavior,
137-138
Beedle, L. S. 97, 102, 103, 365
Bifurcation of equilibrium
defined, 5; see also critical load,
buckling load
Bjorhovde, R. 126, 231, 364, 365
Bleich, F. 364
Brace force
required, 299, 304, 310
Brace stiffness
ideal, 301, 302
required, 294, 297, 296, 300, 304,
310
Bracing
beams, 237
continuous, 290,291
diagonal, 67-68
discrete, 290, 291, 292
lean-on, 292, 299
nodal, 292, 294, 304, 310
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Bracing (continued)

relative, 290, 291, 297, 303, 311

required stiffness and force, 178—186
Brush, D. O. 364
Buckling load

defined, 5, see also critical load,

bifurcation of equilibrium

Buckling

braced column, 6671

differential equation, 36

elementary cases, 41

Euler, 32

non-sway, 55

of a rigid frame, 52-55

stepped column, 72-73

sway permitted, 60
Bulson, P.S., 364

Canadian Standards Association 129,
285, 359, 360, 366, 368
C,, factor, 249-252, 326
Cedolin, L. 364
Chajes, A. 364
Chambers, R. S.246, 367
Chen, W. F. 197, 231, 232, 364, 365,
366
Christopher, J. E. 231
Column curve
maximum strength, 122
rectangular column, 122
reduced modulus, 99,107
selection table, 128
tangent modulus, 88, 99, 107
wide-flange columns, 125
Column design
AISC specification, 125,127
metal column, 123-130
modern formulas, 129
Column formula
AISC, 122, 125, 127, 323
around the world, 129
design 129
Euler, 31-32

Perry—Robertson, 50-51
Rankine, 50-51,
Column imperfections
defined, 43
tolerance, 45
Column
Bracing provisions, 302
continuously restrained, 74-79
end restrained 55-73
flexural-torsional buckling, 273
Shanley model, 93-96
steel, 101-108
Tee column, 276278
Critical load
defined, 5, see also buckling load,
bifurcation of equilibrium
Cruz, P.J. S. 232
Curchill, R. V. 75, 364

daSilva, L. A. P. 232
Design applications, 318
Displacement theory

large displacement theory, 16

small displacement theory, 4, 15
Double modulus, see reduced modulus

Effective length factor, 41, 54, 57
AISC alignment charts, 344-347
axial load effect, 350
elastic K-factors, 347
example with leaner column, 68—-69
inelastic K-factors, 349

Eigenvalue problem, 38—42

Elastic columns
differential equation, 34-36
large-deflection solution, 29-31, 85
mode shapes, 40
pin-ended, 36-39
post-buckling behavior, 30

Equilibrium
neutral, 14
stable, 14
unstable, 14



Euler column
column formula, 31-32
Elastica, 29-31, 85
European Standard 129, 285,361, 366,
368

Failure
defined, 2
Yarra River Crossing, 2-3
Foundation modulus, 33
Frame design in Canada and Europe,
359-361
Frame stability
defined, 203-206
examples, see two-bay frames

Galambos, T. V. (editor, SSRC Guide)
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251, 252,258,292, 315, 342,
365
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Gere, J. M. 259, 366, 367

Goto, Y., 366

Goverdhan, A. V. 231

Hetenyi, M. 74, 364
Hoffman, J, J, 232
Huter, M. 232

Imperfection
eccentricity, 102, 108
effect, 108-122
geometric, 330
maximum column strength, 116-122
out-of-plumb, 300,302
out-of-straightness, 102, 108
residual stress, see residual stress
Instability
defined, 1
local, 3,
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member, 3
system, 3
Interaction curves
elastic limit, 148, 149
rectangular beam-column, 196
Interaction equation
AISC equations, 360
development, 319
elastic limit, 147-149
plastic cross section, 188-191,
see also beam-column strength
rectangular beam-column, 196

Johnson, J. E. 367
Johnston, B. G. 97, 365

Kanchanalai, T. 320, 368

Kirby, P. A., 249, 326, 233, 367, 368
Kishi, N. 232

Kitipornchai, S. 266, 367

Lateral restraint, 295
Lateral-torsional buckling
examples, 253-259
beam-columns, see beam-columns
columns, see columns
defined, 236
inelastic buckling, 278-284
unequal flanges, see singly-
symmetric cross section
under uniform moment, 238-246
under varying moment, see
C,, factor
LeMessurier, W. J., 368
Leon, R. T. 231, 232
Liew, R. 366
Limit state, 2
Lindsey, S. D. 231
Load location, see C, factor
Loading condition, see C,, factor

Magnification factor, 49-50,
142-146
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Moment-curvature-thrust relation
rectangular cross section,
109-116
axial yield load, 110
M-P-¢ curve, 115-116
plastic moment, 115
yield moment, 110
Multi-degree-of freedom system,
20-23

Nethercot, D. A., 249,250,326, 232,
367, 368
Notional load, 338, 343

Ojalvo, M., 246, 308, 309, 367
Osgood, W. R. 98, 102, 123, 129, 130,
365

Planar flexure, 32-36
Post-buckling
equilibrium solution, 8-11
defined, 7-12
hardening post-buckling
deflection, 15
imperfection sensitivity, 17
inelastic, 96
softening post-buckling
deflection, 15
virtual work method, 12-14

Ramberg, W. 98, 123, 129, 130, 365
Reduced modulus

concept, 89-92

example, 98-101
Residual stress: 102-107, 124
Rocky, K. C. 250
Royal Commission 2, 3

Salmon, C. G. 367

Salvadori, M. G. 249, 367

Shanley, F. R. 93, 97, 123, 126, 129,
365

Simitses, G. J. 26, 58, 364

Singly-symmetric section
approximate formulas, 266267
example, 268-270
derivations, 259-270
T-beams, see Tee-shapes

Slope-deflection method
derivation, 170-172
fixed-end moment, 172-175
examples, 175-185

Snap-through buckling, 18-20

Spring-bar systems, 4-23

Stability
defined, 3
snap-through 18-20

Stability
specification-based assessment,

330

Staeger, T. 231

Stiffness reduction
from residual stress, 330, 343

Structural Stability Research Council

(SSRO), 231, 365

Stub column, 105

Surovek, A. E. 232

Surovek-Maleck, A. E. 368

Tall, L., 97, 102, 103, 365
Tangent modulus

cross section, 105

defined, 35, 87

design application, 123,126

example problem, 98-100
Taylor, A. C. 308, 309 367
Tee-shapes

beam, 262-266

column, see column

example, 264

formulas, 266268
Three-moment equation method

derivation, 159-163

examples, 163-169
Timoshenko, S. P. 89, 259, 364, 365,
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Trahair, N. S. 247, 249, 258, 266, 278,
367
Two-bay frames
base restraint, 217-220
braced frame, 208-212
frames with partially restrained
joints, 225-231
inelastic behavior, 220-222
leaning columns, 223-225
unbraced frame, 213-217
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