AASHTO, 4, 6, 42
ACI Code, 4, 8

design concept, 5

design handbook, 4

system of units, 5
ACI 209 Model, 28

creep calculation, 29

shrinkage calculation, 28
Active soil pressure, 463
Admixtures, 16, 25
Aggregates, 16, 25

maximum size, 25
Alignment charts, 399
Alternate method, 5
Amplification factor, 402
Anchorage of bars, 221
Anchorage bond stress, 221, 222
ANSI, 6
Areas of reinforcing bars, 56, 865, 866, 8§74
Assumed concrete strain, 18, 19
ASTM, 4, 56, 58
Axial compression, 318

with bending, 331

formula, 324
Axial tension, 352

Balanced section, 71, 81, 337
B3 Model, 30
creep calculation, 31
shrinkage calculation, 30

Balanced strain condition, 81

Bar cutoff, 242
restrictions, 232

Bar dimensions and weights, 56, 864,
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Bar grades, 56, 58, 59
sizes, 862, 874
splices, 239

Bars, areas, 56, 58
English units, 5, 857
metric units, 5, 867
in slabs, 305

Bars, bundles, 95, 230

Beams, 64, 134, 875
analysis, 64, 76
balanced, 81
compressive reinforcement, 98
compressive stress distribution, 77
control of cracking, 211
cracking moment, 189, 734
curved, 826
deflection, 190
design procedure, 134, 172
design tables, 857, 867
doubly reinforced, 98, 145, 253
effective flange width, 109
failure, 65, 69
irregular shapes, 80, 119
L-sections, 119
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Beams, (continued)
maximum steel ratio, 83
minimum steel ratio, 90
neutral axis, 75, 77, 99, 112
shallow, 262, 586

shear and diagonal tension, 65, 251

singly reinforced, 79, 96, 127
spandrel, 119
special shapes, 119
stress distribution, 77, 99, 112
T-section, 109
Bearing capacity, 418, 429, 436
Bearing strength, 429
Biaxial bending, 373
Bresler equation, 376
Billet steel, 58
Block, 77, 749
end, 749
stress, 77
Bond, 221
anchorage, 225
critical sections, 232
design for, 225
development length, 225
Bresler equation, 376
British Code, 4
Buckling, columns, 394, 403
Building code, 4

CEB 90 Model, 35

creep calculation, 37

shrinkage calculation, 35
CEB 90-99 Model, 38

creep calculation, 40

shrinkage calculation, 38
Cement, 15, 25, 26
Circular beam 842, 845
Circular columns, 319, 323, 356
Circular sections, 356

balanced, 356

beam, 828

compression controls, 359

tension controls, 361

torsion, 493

Whitney equation, 350, 361
Codes, 4

ACI, 4, 8

British, 4

others, 4

—p—

Columns, 318, 331, 394
axially loaded, 320
balanced condition, 337, 356
biaxial bending, 373
braced system, 399
capital, 581
circular, 356
circular, spirally reinforced, 323
code requirements, 320
composite, 319
compression failure, 345
design charts, 361
eccentricity of load, 340
effective length factor, 395
Euler buckling load, 403, 413
interaction curves, 333, 351
lateral ties, 322
long, 326
maximum steel ratio, 321
minimum cover, 137
minimum eccentricity, 333, 401
minimum steel ratio, 321
moments, 333
pedestal in footings, 431
percentage of steel, 321
plastic centroid, 331
radius of gyration, 395
rectangular, Whitney equation,
350
reduction factor, 320
slenderness ratio, 319, 401
spacing of bars, 137
spacing of ties, 322, 328
spiral columns, 323
strength, 324
axially loaded, 324
balanced, 337, 356
tied columns, 322, 328
trial computation, 346
types of, 318
unbraced, 399
Coefficient of expansion, 25
Combined footings, 418, 441
Combined shear and torsion, 499

Compression reinforcement, 98, 145,

320
beams, 98, 145
columns, 320
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Compressive stress, 17, 19

in cubes, 17

in cylinders, 17, 19
Compressive stress distribution, 77
Concrete, 15

admixtures, 15, 25

bond strength, 221

coefficient of expansion, 26

compressive strength, 17

constituents, 15

cover, 137

creep, 26

cube strength, 16

curing, 16

cylinder strength, 16

definition, 15

Fibrous, 55

high-density, 53

high-performance, 53

lightweight, 53, 54

maximum strain, 18, 65, 69

modular ratio, 24

modulus of elasticity, 22

modulus of rupture, 21

normal weight, 53

normal weight, modulus of elasticity, 22

plain, 53

Poisson’s ratio, 23

shear modulus, 23

shrinkage, 25

stress-strain diagram, 18, 23

tensile strength, 20

ultimate strain, 21

water content, 15

weight, 53
Continuous beams, 525, 568
Continuous one-way slabs, 300
Coulomb theory, 466
Cracking load, 192
Cracking moment, 192
Cracks, 207

code equations, 209

control of, 209

main, secondary, shrinkage, 207

maximum width, 209
Creep, 26

coefficient, 26

definition, 26
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factors affecting, 26
magnitude, 26
strain, 26
Crushing strain, 17
Cube strength, 16
Curvature, 401
double, 401
single, 401
Cylinder strength, 17

Dead load factor, 8
Deep beam, 282
critical section, 284
flexural reinforcement, 285
maximum shear strength, 284
shear reinforcement, 285
Deflection, 190
compression steel effect on, 197
cracked section for, 192
creep and shrinkage, 26, 711
effective moment of inertia, 194
equations to compute, 216
instantaneous, 191
limitations, 192
long-time, 197
maximum allowable, 201
thickness to control, 191
Design loads, 6, 73
Detailing of bar reinforcement, 305,
819
Development length, 221
anchorage length, 222
bundled bars, 230
compression bars, 228
critical sections, 233
tension bars, 225
top bars, 227
Diagonal tension, 251
Differential settlement, 430
Direct design method, 602
coefficients, 606
effect of pattern loading, 609
limitations, 602
longitudinal distribution of moment, 603
moments in columns, 333
transverse distribution of moment, 605
Doubly reinforced sections, 98, 145, 253
Dowels in footings, 430, 436
Drainage, 472
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Drop panel, 581, 642
Ductility index, 560

Earthquake, 758
Earth pressure, 462
active soil pressure, 463
passive soil pressure, 463
theories, 463
Eccentric compression, 340, 448
Effective depth, 83
Effective flange width, 109
L-sections, 119
T-sections, 110
Effective length of columns, 396,
398
Effective moment of inertia, 194
End anchorage, 749
End bearing, 429
Equilibrium conditions, 81, 134
Equivalent frame method, 651
Equivalent stress block, 77
Euler formula, 403
European concrete committee, 4
Expansion, 25

Factored loads, 73
Failure, 65, 69
balanced section, 69, 81, 337
bending, 69
diagonal tension, 253
punching shear, 431, 634
torsion, 500
Flat plate, 581, 594
Flat slab, 581, 640
Flexural bond, 225
Flexural capacity, 83
Flexural stiffness, 397
Floor system, 300, 581
concrete joist, 311
flat plate, 582
flat slab, 582, 640
one-way joist, 311
one-way slab, 302
ribbed slab, 311, 644
slab-beam, 581, 594
two-way slab, 581
Footings, 416
allowable soil pressure, 421
bearing stress, 429

one-way shear, 424
on piles, 453
punching shear, 425
soil pressure, 421

Footings, types, 418

combined, 418, 441
exterior beam, 447
interior beam, 447
isolated, 418, 433
pile, 453

plain, 431
rectangular, 418, 436
trapezoidal, 418
wall, 418, 432

Frames, 399, 531

Friction coefficient, 469
Friction losses in prestressing force,

braced, 399
unbraced, 399

712

GL 2000 Model, 33

Gravity retaining wall, 460, 473
Gross moment of inertia, 197

High-Performance concrete 53

shrinkage calculation, 33

creep calculation, 34

Hooks, 235

Hoop reinforcement, 323, 503, 794

Impact, 6

Inclined cracking, 253, 256

Inclined stirrups, 258

Inertia, moment of, 194

Inflection points, 232
Initial modulus, 22

Interaction diagram, 334, 352, 362

Interaction surface, 374
Interior panel, 604, 607

Joints, 26, 809
Joist construction, 311

design, 311
one-way, 311
two-way, 583

Lateral ties, 320
Limit analysis, 553
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Load factors, 8, 73
dead load, 8, 73
live load, 8, 73
wind load, 6
Longitudinal reinforcement (torsion),
512, 514
LRFD, 8
L-shaped sections, 119

Magnification factor, 402
Metric bars, 58, 873
Middle strip, 590
Modes of failure, 18, 65
Modular ratio, 24, 192
Modulus of elasticity, 22, 192
in direct compression, 22
normal weight concrete, 22
steel, 57, 59
Modulus of rupture, 21
Moment coefficients, 303
Moment of inertia, 194
effective, 194
gross, 194
polar, 498, 633, 637
Moment magnification factor, 402,
404
Moment redistribution, 568

Neutral axis, 68, 75, 101
Nominal moment capacity, 8, 81
Nominal strength, 75

column strength, 324

flexural strength, 21, 83

shear strength, 22

One-way slabs, 300
Overreinforced sections, 550
Overturning moment, 469
Parme contour method, 377
Passive soil pressure, 460, 463
Pattern loading, 609

Pedestal footing, 431

Pile caps, 421

Plastic centroid, 332

Plastic design, 549

Plastic hinges, 549, 552
Plastic moment, 550

Polar moment of inertia, 498, 633, 837
Posttensioning, 750
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Prestress, 696

advantages, 698

concept, 696

design approach, 717, 728

losses, 709

partial, 702

strands, 57, 696, 708
Pretensioning, 698, 749
Principal stresses, 253, 282

Radius of gyration, 326, 395
Rectangular sections, 79, 134,
337
analysis, 79
balanced, 81
compression control case, 345
doubly reinforced, 98, 145
tension control case, 342
torsion failure, 500
Redistribution of moments, 568
Reinforcing steel, 55
anchorage, 225
areas, 55, 864, 876
balanced ratio, 81
bar sizes, 55, 864, 876
closed stirrups, 505, 507
deformed bars, 55
development length, 225, 430
flexural bond, 222
grades, 55
hooks, 235
maximum percentage, bending,
83
maximum percentage, columns,
321
modulus of elasticity, 57
sizes, 58
slab shrinkage, 304
spacing, 137, 187, 212, 266
spiral, 323
splices, 239
stirrups, 262, 266, 292
strands, 57, 708
temperature, steel, 304
tie spacings, 322
web, 258
wire fabric, 56
yield stress, 58
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Retaining walls, 460
base key, 477, 480, 483
cantilever, 461
gravity, 461, 473
Rotation capacity, 560

varying depth members, 276
wall footing, 417, 432

Shearhead, 598, 600

Shear modulus, 22

Shear reinforcement, 261
in beams, 262
design procedure, 266, 292
inclined stirrups, 258, 292
minimum reinforcement area, 261
torsion, 499
truss action, 258

Shear strength of beams, 251
ACI Code equations, 261, 292
critical section, 261

Safety provisions, 8
capacity reduction factors, 8, 73, 336
load factors, 73, 336
Secant modulus, 22
Seismic design:
acceleration, 759
base shear, 775
boundary elements, 815
category, 767

coupling beam, 817

design category, 767, 773

design response spectrum, 765

equivalent lateral force method, 775,
779

flexural design, 791

fundamental period, 765

intermediate moment frame, 824

International Building Code (IBC), 758

longitudinal reinforcement, 792, 801 809,
824

redundancy coefficient, 790

seismic response coefficient, 776

shear walls, 777

simplified analysis, 779

special moment frames, 791

strong column-weak beam, 792

transverse confining reinforcement, 793,
802, 825

Semicircular beam, 835, 839
Serviceability, 191

control of cracking, 211
control of deflection, 191
prestressed, 707

Shear, 251

ACI Code equations, 261
combined with torsion, 499
failure, 255

footings, 424, 425

formulas, 261

punching, 425

stirrups, 263, 266, 292
stress, 251

thickness, footings, 424, 427

diagonal tension, 253
nominal strength, 257
stress distribution, 253
Short-time deflection, 191
Shrinkage, 25
in concrete, 25
and creep, 26
reinforcement, 304
SI units, 6, 867
Sidesway, 398
Singly reinforced sections, 79
Slabs, 300
bending moments, 303
concrete cover, 137
continuous, 303
design, 303, 602, 651
flat, 581, 587, 598, 607
hollow, 311, 583
joist floors, 311, 583
minimum steel ratio, 304
minimum thickness, 303, 592
one-way, 300
reinforcement, 305
ribbed slab, 311, 644
solid, 302
thickness, 191, 592
two-way, 581
waffle, 583, 644
Slenderness ratio, 319, 395
ACI Code limitations, 401
Soil pressure, 421

Spacings of reinforcement, 303, 322,

324
Spandrel beam, 119
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Spirals, 323

Splices, 239

Split-cylinder, 18

Square footings, 418, 433
depth, 424, 427
design procedure, 422
moments, 428
reinforcement, 428

Steel, 55, 864, 876
bars, areas, 55, 864, 876
modulus of elasticity, 57, 59
percentages, 83, 321
shrinkage and temperature, 304

Stirrups, 258, 261
ACI Code, minimum, 261
closed, 265
design, vertical, 261, 266, 292
inclined, 266
maximum spacing, 263
minimum ratio, 261
spacing curve, 267
spacing formula, 266
types, 265
vertical, 266

Strength design method, 134

Strength reduction factor, 8, 74, 336

Stress-strain curve, 18, 23
concrete, 19, 23
steel, 57

Strut and tie method, 181
design procedure, 183
design requirements, 184

Sustained loads, 197

Tables:
Appendix A, 857
Appendix B, 867
Appendix C, 875
T-beams, 109
analysis, 112
ultimate strength, 112

Temperature and shrinkage reinforcement,

304
Tension (axial), 325
Ties (columns), 322

Time-dependent deflection, 197
Time-dependent losses, 711
Top bar (development length), 226
Torsion, 493
analysis, elastic, 495
analysis, ultimate, 499
in circular sections, 495
combined with shear, 499
equations, 505, 510, 511
longitudinal reinforcement, 510
moment (torsional), 494, 498
reinforcement, 511
in spandrel beam, 517
stirrup design, 511
strength, 505
stresses, 495
Transverse reinforcement, 793, 802
T-section, 109
Two-way action (shear), 425, 635
Two-way slabs, 581
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Ultimate-strength design, see Strength design

method
Unbraced frames, 396, 399
Underreinforced sections, 704, 733
Units, 5
metric, 5, 867
U.S. customary, 6, 857

Virtual work method, 553
V-shape beam, 848, 851
Waffle slab, 584, 585
Wall footings, 417, 432
Walls, 417

basement walls, 483

retaining walls, 460
Water-cement ratio, 15
Web reinforcement, 259, 309, 811
Welded wire fabric, 56
Whitney equation, 78, 350
‘Wind load factor, 6

Yield line theory, 589
Yield point, 58
Yield strength, 58



