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Allowable (working) load, 32-33
Allowahle stress, 32-33

Allowahle stress design, 723728, 739, 751
Aluminum column design,; 726
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American Concrete Institule, 34

Americun Forest and Paper Association, 34,

Tab
American Institute of Steel Construction
(AISC), 34, 723-T24, 728
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elustle range and, 151, 167150
clrcular shafts, 167-170, 224
non-circular shals, 210
torque () and, 151, 167170
tubes (thin-walled hollow shafiy), 214
Anlsotroplc materials, 64, 134
Anticlastic curvature, 24%, 335
Aren(A)
centroid of, AZ-AT
composite, A4-AT, Al1-A12
moments of, A2-A12
radius of gyration, A8-A10
Average shearing stress, 11, 45,422, 468
Average value of stress, 7, 44
Axiel looding
eccentric, 238-239, 291-2495,_307-311,
¥17-338
member stresses from, 7-10
multiaxial, 95-97, 137
oblique plane stresses from, 27-28
plane of symmetry with, 241-295, 337
pure bending and, 238-239, 201-295,
07312, 337-338
straln energy under, 764, 824
stress and strain under, 55-145
stress components under, 31
Axiul strosses, 7-10
Axisymmetry of elreulur shufts, 151-152

B

Rauschinger effect, 66
Beam analysis and design, 344-415
bending and, 344-415
elastic section modulus () for, 347-348,
371-372, 396, 104, 410
load and rosistant factor design (LHFD),
E IR
nonprismatic beams, 248, 396101, 410
prismatic beams, 371-376, 108
relutionships between load, shear, and
bending momuent, 260-368, 408

shear and hending moment diagrams for,

348354, 407408

shear and stress distributions, 347-348, 407

sign convention for, 349

singularity functions for shear and
bending moment, 348, 383391 109

step functons, 365, 109

ransverse loadings, 346-348, 407

Beam of constunt strength, 396, 410
Beams. See also Beam analysisand design;

Cantllever beams

boundary conditiony, 604, 679

cantllever, 604805

deflection of, 598-689

longltudinal shear on arbitrary elemenits,
437434, 468

narmal stress in, 556-561, 591

averhang, 604

plastic deformations, 441-442, 468

principal stresses in, 559-561, 591

shearing stress in, 558561, 591

shearing stress distribution In, 347-348,
407, 422431, 460

simply supparted, 604, 606

singulatity functions for, 348, 383-391, 409,
623-610), Hal-682

slopes and deflections af, A29

spun, 346

stutically determinate, 346-347, 407

statically indoterminate, 347, 600, 611-617,
579-681

thin-walled members, 439466, 169

unsymmettic loading of, 454-162, 469

Hearing strosses, cannections with, 12, 45
Rearing surface, 12,45
Bending

beam analysis and design for, 344415
couple moment (M), 240-24]
modulus of rupture (), 274

prismutic members, 237-343

pure, 237-343

steain energy dun to, 766, 824

Bending momoent diagrams

beam analysis using, 346-354, 4107-408

by parts far moment-ared theorems,
654659, H

sign convention for, 344

Rending moments

couples, 240-241

pure bending in symmetric members,
240-341, 334

relationships with load and shoar 260-368.
408

singularity functions for, 348, 381.391, 304

Mohr's criterion for, 510-511, 549
rupture of, 60-62
stress and strain tramsformations, 509-511,
549
stress-trsin dingram dererminanion of,
f0-82, 133
tensile 1est for, 60-61
under plane stress, 509-511, 544
Buckling, 692-6894
Bulk modulus (&), dilatation and, 97-99, 137

C

Cantilever beams
deflection of, 604-605, 651-651, 604
moment-ares theorem for, 651-653, 684
shedring stressed In, 426-427
Castigliano’s theorem, 804-804, 826
Center of symmaetry, 160
Centric load design, 722-732, 751
Centric loading, 9, 45
Centroid of the arca, A2-A7
Circular shafts
angle of twist, 151, 167-170, 224
axisymmetry of, 151-152
deformations in, 151-153
modulus of rupture (i), 196, 225-226
plastle deformation in, 195-204, 225-227
residual stresses in, 199-204, 226-227
shearing straln in, 153,223
stress concentrations in, 187-190, 225
stresses in, 150-151, 153-16), 223224
torsion in, 148-204, 223-227
Coefficient of thermal expansion, 82, 136
Columns, 690756
allowable stress design, 724721, 73%, 751
aluminum, 726
huckling, 8925594
centric load design, 722-732, 751
critical loud, 692-694, 750
eccentric lond design, T39-745, 751
wecentric loading, 708-714, 75
effective length, 698700, 750
Euler’s formula for, 694-702. 750
fixed ends, 698-700
Interaction method, 740-731, 751
load and resistunce factor design (LRFD),
7248
pin-ended, 694-697
secant formula for, 711-712, 751
slenderness ratlo, G896, 750

Boundary conditions of beams, 604, 679
Breaking strength, 50-61
Bridges, design specifications for, 34
Brittle materials

compression test for, 62

concrote, 62, 134

cracks, 511

maximum-normal-stress criterion, 506

stability of structuyes and, 652-702
structural steel, 723-724
wouod, 728

Cambined loads, principal stresses under,

375-583, 592

Compnsite ares (A)

centrold of, Ad-AT
moment of inertiaand, A1-A12
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Composite materinly, 258-262, 335
modull of elasticity and, 259-260, 335
pure bending of members of, 259262, 335
transformed section of, 260335

Compression test, 62

Camputation error detection, 16

Concentrated lvads, 8, 346

LConcrete
design specifications for, 34
stress-atrain disgram for, 62, 134

Connections, bearing stress in, 12

Constant strength, 348

Coulomb’s eriterion, 509

Couple (bending} noments, 240-241

Cracks, 511

Critical Inad, 692-694, 750

Critical stress, 696

Curvature
unalysis of curved members, 319-327, 338
unticlastic, 249, 315
pure bending and, 241-244, 319-327,

334-1335, 338
radius of (p), 247,334, 335
stresses and, 320-323, 338
transverse cross sectlon, 248-252
transverse loading, 236-239, 334
Cvlindrical pressure vessels, stresses in,
520-522,549

D

Deflection of beams, 394-689, 790-795,
BOK-BOY
hending moment and, 600-501
boundary conditions and, 604, 679
Castigliano’s theorem for, 806-809
deformation under transyerse loading.
602-610, 679-680
clastle curve, equation of for, 603-606, 679
enorgy methods (or, 790-795, B06-009
{lexural rigulity (£7), 603-604, 679
method of superposition for, 601,
635643
moment-ares theorems for, 601-602,
649-659, 664-674, 6H2-604
singularity functions for, 623-630, 681-682
slope and, 607-608, 623-630, 681-6A2, A24
statically determinate, 635-636
statically Indeterminate, 600, (11-617,
636-637, 679-681
work:energy method for, 790-785
Deformation (6), See also Elastic deformation:
PMastic deformation
axial louding and, 56-58, 68-69, 102-104.
119122, 135, 139
bending in symmetric members, 241-244
circular shafty, 151-153, 195-204, 223, 225
deflection of bewms under transverse
londing, 602-810, G79-680
elastie behavior and, 68-69, 135
elastic range stresses and, 244-248, 334
multhaxial loadings, 95-96
per unit length, 57-58, 133
plastic behaviarand, 65-67, 135
pure bending, 241-252
roctangular parallelepiped, 96
relationships of £, G, and o, 102-104, 139
relative displucement for, 69

shafts, 110-149, 151-153, 209-218, 223,
225-227
strain energy and, 760-762, 123
transmission shafty, 148-149
torsion und, 148-149, 1512153, 209-218, 22:
225-07
Design considerations
allowable stross und, 32-33
allowahle stress design, 723-728, 739, 751
centric load design, 722-732, 751
columns, 722-745, 751
eccentric lond design, 738-745, 751
factor of safery, 32-4
Impuctloads, 7H6-7A7, 725-726
interaction method, 710-741, 751
load and reslstance factor design (LRFD),
34,728
power (P, 185-106, 225
specifications for, 34
stress (o) and, 31-37
trunwmlission shafts, 185-187, 225
ultimate strength, 41-32
working (allowable) lnad, 32-33
Dilatation (¢), 94-99, 137
Dimenslonless quuntities, 50
Distributed loads, 346
Double shear, 12,45
Ductile materialy
hreaking strengrh, 60-61
maximum-distortion-enesgy criterion, 500
maximum-shearing-stress criterion,
S07-504
nocking, 60
percent elongation, 61
percent reduction In area, 62
strain-hardening, 61
stress und seraln transformations, 507-308,
SR L
stress-strain dlagram determination of,
58-62, 133-134
ultimate strength, 60-6)
yield, 59, 134
yield criteria, 507-508, 540
vield strength, 60-61, 134

E

Fccentric axial loading
annlysis of 307-312, 338
columns, 709-714. 751
forees of, 2368-23%
neutral axis, 292
plane of symmetry with, 291-295, 337
pure bending and, 238-239, 291-295,
J07-312, 337-338
secant formula for, T11-712, 751
Eccentric load design, 739-745, 751
Eccentric loading, 8-9, 44, Sec also Eccentric
axlol loading
Effective length, 698-700, 750
Elastle behavior, 65-67, 134
plastic behavior compared to, 85-67
stress-strain diagrams for, b5-66, 134
Flastic curve
equution of, 603-606, 679
flexural rigidity (£1), 603-604, 579
load distribution and determination of,
G09-810

Elastlc deformation, 6469, 135
Elastic floxural formulas, 245, 334
Elastic Hmie, 65, 134
Elastic range
angle of twist in, 167-170
Internal torque and, 156
shearing stresses in, 133-160, 223-224
stresses and deformation, 244248 334
torsion and, 153-160, 167-170, 223-224
Elustic section modulus (S) .
beam analysis and design for bending
T340, I71-372, 396, 408, 410
elustic range and cross section of
246,335
nonprismuatic beam design, 394, 410
prismatic beam design, 371-372, 408
Elastic strain energy, 7H3-769, 524
Elastic torsion formulay, 155-156, 223
Elasticity (£), modulus of, 63-65, 102-104
134, 139
composite material members, 255-260 5
Hooke's law and. 63-85, 134
pure bending and, 259-260, 315
relationships with G and », 102-104, 135
stress and stroin directional relat
65, 134
Elastoplastic material
plastic deformation of, 119-122, 139
pure bending in membuers, 274-278 10
torsion in circular shafis, 196-199, 226
Elementary work, 761
Endurance limit, 67-68, 135
Energy methods, 758-822
Castigliano's thearem, 004-408. 126
dellection by, 790-795, BOG-HOY
elastic strain energy, T63-769, 124
Impact loads, 784-787, 725-726
multiple loads and, B02-804
single-loaded membery, 708-790, 826
statically indeterminate seructures,
B10-816
straln energy, TH0-775, 823-725
strain-energy density, 762-763, 821
work and, THE-TH5, 802-B04, 826
work-energy method, 790-795
Engineering materials, properties of.
AlS-AlG
Engineering stress and engineeting
Equilibrium equations (or problem
16, 46
Euler's formula, 644-702, 750
fixed-end columuns, 698-700
pin-ended columns, 684697

F

Factor of safety, 32-34, 46
Failure
brittle materials under plune siress.
308-511, 549
crucks, 511
deslgn consideration of, 33
ductile materials, 507-508, 548
[racture criteria, 509-511, 544
stress and struin transformations.
4B-548
theories of, 507-513, 548-349
yleld criterin, 507-508, 548



Fatlgue, 67-68, 135

endurance limirt, 67-68, 135

Himitol, 67

repented loadings and, 67-68
Fiher-reinforced compuosite materials, 644635,

104108, 134, 138

Hooke's law for, 64-63, 134

laminw. 64

lnminme, 64-65, 105

matrix, 64

multinxlal loading, 105

stress-strain relationships for, 104-108, 139
Fillets, stress concentrations in, 117-118, 122
Fixed-end colummns, 6898500
Flexural rigldity (E1), B03-604, 679
Force

internal, 1012

shearing stresses and, 1012

transverse, 44-45
Fracture criteriu for brittle maierials, 509-511
Free-body dlagrams, 4-6, 16,45

problem solutions from, 16, 45

two-force member stress analysis, 4-6
Fundpmentals of Engineering Examination, A30

G

Guuge length, 38-39
General loading conditions, 28-31

H

Hertz (Hl)n 185
Hollow shafts (tubes)
circular, 154-155, 158-160, 223-224
thin-walled non-circular, 211-216, 227
Homogeneous materialy, 94
Hooke's lnw
axinl loadings, 6365, 134
fiber-reinforced composite materials and,
64-65
modulus of elusticity (£), 63-65, 134
modulus of rigidity (G), 100-101, 138
multinxial loadings, 45-97, 137
proportional Lmit for stresy, 64, 134
shearing stress and strain, 100-101, 138139
Horsepower [hp), 185,225

Impoct londs, 725726, 784787
design for, 725-726, T86-THT
energy from, 725, 784-785

In-plape shearing stross, 104, 547

Inertin, moments of, AB-A12

Interactlon method, 740-741, 751

Internal forces, 10412

Internal torque, 156

Isotropic materinls, 64, 84, 134

L

Lamina, 64
Luminate, 4465, 105
Lateral strain, $4-85, 137

Line of action, 8
Load and resistance factor design (LRFD),
34,46,373, 728
Load-deformation curye, 57
Loadlings, See also Torsion
axial, 7-10, 27-24, 31, 55-145
beam deflection and, 651-653, 664-667,
64085
hending and, 238-239, 346-448
centric, 9, 44
columns, 692-694, TOW-T14, 728,
750751
comhined, 575-583, 592
concentristed, 8, 346
critical, 692-694, 750
design considerations of, 32-34
distributed, 346
cccentric, §-9, 44, 708-714, 751
factor ol safery, 32-34, 46
general condidons, 28-31, 46
impact, 784-787, 725-726
line of action for, 8§
moment-area theorems and, 651-A53,
064-667, 6B4-685
multlaxial, 85-97, 137
plane stress and, 556-397
relstionships with shearand bending
moment, 260-364, 108
repeated, 67-68
roverse, 66-67
singularity functions far equivalent
open-ended, 385-386, 410
singularity in, 383
stress and strain under, 55-145
stress components under, 26-31
stresses from, 7-10, 27-28, 44
symmetric, 651-653, 684
transverse, 236-239, 346-348
ultimate, 728
uniformly distributed, 346
unsymmerric, 454-462, 469, 664-674,
G84-605
working (allowsble), 32-33
Longitudinal shear on arbltrary beam
elements, 437-139, 468

Macuulny brackets, 364385, 367
Macroscople crocks, 511
Matrix, 64
Maximum absolute strain, 244, 334
Muaximum absolute stress, 244, 334
Maximum deflection, 666-667, 685
Maximum-distortion-energy
criterion, 308
Maximum elastic noment, 275-276, 336
Maximum-normal-stress criterion, 506
Maximum-shearing-stress criterion,
507-508

Members

uxial stressin, 7-10

bearing stress in, 12

shearing stress i, 10-12

two-force diagrams for, 46

stability o, 9
Membreane analogy, 210-211
Microscople eracks, 511

Modulus
bulk (k), 97-99, 137
elastic section (§), 246, 335, 347-348,
371-372, 306,400, 410
elusticlty (E), 63-65. 102-104, 134, 250-260.
335
relationships of E, G, and », 102-104, 139
resilience (o), 763, 824
rigldity (G), 100-101, 102-104, 138-119
rupture (f), 196, 225-226, 274
toughness [, 762-763, 823
Young's (E), 63.
Mohr's circle
plane strain, 532-534, 550
plane stress, 492-502, 547
Mohr's eriterion for brittle muterdals, 510-511,
549
Moment-area theorems
bending-moment diagrams by parts,
654-659, 684
cantllever heams, 651-653, 684
deflection and, 601-602, 648-659, 664-674,
H82-685
first, 601, 649-650, 682
general prineiples of, 649-651, 664
maximum deflection and, 666-667, 685
second, 601, 650-651, 683
statically indeterminate beams, 668-674,
685
symmetric loadings and, 651-653, 684
unsymmetric loadings, 664-674, 684-685
Moment of inertis, AB-A12
Moments of areas, A2-A12
centrold of the ares, A2-A7
composite aren, A4-A7, All-Al12
first, A2-A10
mament ol inertis of, A11-A12
moment of inertin, AB-AJ2
parallel-axis theorem, AL0-AL)
radius of gyration, AB-A10
second, A11-A12
Multisxial loadings, 95-97, 105, 137
fiber-reinforced composite matetials, 105
Hooke's law for, 95-97, 137
principle ol superposition for, 96
rectangulur parallelepiped deformation
from, 96
Multiple loads, work and energy under.
no2-804

Neurral nxis, 243, 454
Neutral surface, 242-243, 334
Non-circular shafts, 209-216, 227
angle of twist, 210
membrune analogy for, 210-211
thin-walled (tubes), 211-216, 227
torsion in, 209-216, 227
uniform rectangular cross sections, 210,
237
Non-rectangular cross sections, plastic
defarmation In, 277
Nonprismutic beams
analysis and deslgn for bending, 348,
386-401, 410
elastic section modulus (5) for, 396, 410
Noruol straln, axial loading and, 57-58, 133
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Narmal stress
beams, 558-561, 591
determination of, 7, 41
maximum criterion for brittle
materials, 506
straln energy and, 763-767, 824
Numerical accuracy, 16

o

Oblique parallelepiped deformation,
89-100

Oblique planes, stresses on from axial
loading, 27-28, 16

Orthotropic materiuls, 105

Overhanging beam, 604

P

Parabolic beam, 124-425
Parallel-uxis theorem, A10-AlLL
Parallelepipeds
oblique, 99100
rectangtlar, 96
Percent elongation, 61
Percent reduction inaren, 62
Permuanent sel, G5, 134, See also Plastic
deformation
Pincended columns, 694-697
Plane strain, 529-537, 549-550
Mohr's circle for, 532-534, 550
three-dimensional analysis of, 534-5337
transformation equations, 529-531, 549
transformation of, 529-534, 540-550
Plane stress, A7T0-479, 180-506, 546
Mahr's circle for, 492-502, 347
principal stresses, 482-487, 546
state of, A78-479
three-dimensional analysis, 504-506
transformation equations for,
480482, 546
rransformation of, 480-487, 346
Plastle behavior, 65-67, 134
elustic behavior compared 10, 65-67
permanent set, £5, 134
stress-strain dingrams for, 65-66, 134
reverse loudings and, 66-67
Plastic deformution
Bauschinger effect, 66
beams, 441-440, 469
circular shafts, 195-204, 225-227
creep, 05
elastic behavior and, 65-67, 134
eliastic limit, 65-66, 134
elastoplastic material, 119-122, 139
elistoplastic members, 274278, 536
members with single plane of symmetry,
278-279
modulus of rupture (R), 196, 225-226, 274
non-rectangular cross secelony, 277
permunent deformation und, 200-201,
226227
permanent set, B5-67, 134
pure bending and, 273-285, 336
rectamgular cross sections, 274-277
residual stresses, 122-126, 139, 199-204,
226227, 279,336

reverse loadings and, 66-67
single-plune symmetric members,
78-279
slip, 65
stress and strain under axial londs, 65-67,
119-122_ 134, 139
stress concentrations and, 122
thinwalled members, 440141, 169
torsion and, 195-204, 225-227
Plastic hinge, 441
Plustic moment, 275-270, 336
Polar moment of inertia, A8
Polsson’s ratho (¢), 94-45, 1022104, 137
Interal sirain and, 94-95, 137
relutionships with £and G, 102-104, 139
Power (P) transmitted by shafts, 1B5-186, 225
Pressure vessels, 520-524, 549
cylindrical, 520-522, 549
spherical, 522, 549
stresses in, 520.524, 540
thin-walled, 520-524, 549
Principul planes of stress, 482-387, 546
Principal strains, 523
Principal stresses, 483, 546, 556-597
beams, 559561, 391
combined loads and, 575-583, 592
loading and, 356-597
plane stress rransformation and, 481, 346
transmission shaft design for.
H62-564, 582
Prismutic beams, design for bending,
371-376, 408
Prismatic members, pure bending of,
237-342
Problems
computation error detectlon, 16
equilibrium equations for, 16, 46
free-body diagrams for, 16, 15
numerical sccuracy of, 16
Salnt-Venant's principle lor, 115-117, 139
SMART methodology for, 15-16
solution, method of, 15-19, 45-16
statically equivalent, 115-117
statically indeterminate, 78-81, 135-136
superpusition method for, 79-81
emperature changes and, 02-88,
136197
Properties of materials, A13-A28
Proportiomal Himit for stress, 63, 134
Pure bending, 237-343
composite members, 259-2A2, 335
curved members, 318-327, 338
deformautions from, 241-252
eccentric axial loading, 23/-230, 29)-285,
J07-112,337-338
elastic mnge stresses and deformution,
244-248,334
elastoplastic members, 274-278, 136
metmbers with single plane of symmotry,
27A-279
plastic deformutions, 273285, 336
prismatic members, 237-343
residunl stresses from, 279-280
stregs concentrations from, 263-267, 336
symmetric members ln, 240-244, 134
transverse cross sections, 248-252
transverse loading, 236-239, 334
unsymmetric bending analysis.
302-307, 337

Radius of curvature {p), 247 334
Radlus of gyration, AB-A1D
Rectangular cross sections, plastic
deformation in, 274-277
Rectangular paralielepiped deformation, 96
Hedundant reactlons, 810
Relative displacement, 6%,
Repeated loadings, fatigue from, 67-68
Residuil stresses
circular shafts, 199-204, 226-227
permanent defarmation and, 200-201,
226-227
plastic deformation and, 122-126. 134,
199-2(M4, 226-227, 279
pure beading and, 279, 136
temperature change and, 124
tarsinn and, 199-204, 226-227
Resillence (u,), modulus of. 764, 824
Resistance factor (), 728
Reverse loadings, plastic behavior and, 66-57
Rigidity (G), modulus of, 100-101;, 102-104,
138-139
Hooke's law and, 100-101, 138
relationships with Fand v, 102-104, 139
shearing strainand, 100-101, 138
Rolled steel shapes, properties of, AIT-A28
Rotation, speed of, 185
Rupture (R), modulus of, 196, 225-226, 274
Rupture of brittle materials, 60-62

S

Salnt Venant’s criterion. 509
Saint Venant's principle, 115-117, 139
Secant formula, T11-712, 751
Section modulus (§), see Elastic section
modulis
Shafts, 147-234
clrculur, 148-204, 223227
deformation of, 148149, 151153, 208218
233, 225-227
hollow (tubes), 154-155, 158-160, 225234
non-circular, 200-216, 227
plustle deformation of, 195-204, 225-23%
residunl stresses In, 199-204, 226.227
statically indeterminate, 170176, 225
stresses in, 150-151, 133161, 208218
223-224
thin-walled hollow (tubes), 211-216, 22°
rarsion in, 147-234
transmission, 118149, 105107, 225
Shear
double, 12, 45
relationships with loads and bending
moments, 260-366, 104
single, 11,45
ultimaute strength in, 32
Shear center, 414, 455, 1649
Shear dingrams, 3406-354, 407208
beam analysis for bending, 348-154.
sign convention for, 349
Sheur flow, 414, 421, 340-441, 468
Shear moments, singularity functibns fae
348, 383-391, 109
Shearing strain
axialloading and, 99102, 138



circular shafts, 153,223
Hooke's law for, 100-101, 138
modulus of rigidity (G], 100-101, 138
obligue parallelepiped deformation, 89-100
Shearing stresses
avernge, 11, 45,422, 4608
beam design for, 417475
heams, distribution of in, 347-3468, 407,
422-431, 168
bending and, 347-344, 207
cireular shafts, 153160, 223
companents of, 3031
clastic range with, 153-180
forces exerted on trunsverse prismatic
beams, 118-419, 467
horizontal, 119426, 467
in-planc, 484, 5347
Internal force and, 10-12
longitudinal, 437-439, 468
maximum eriterion for ductile materials,
507-508
plastic deformation and, 441-446
points of npplication, 44
strain energy due to, 767-769, 824
thin-walled member design for. 439-366,
168
unsymmetric loading and, 454462, 1689
vertical, 418, 467
Simple struetures, analysis and design of, 12-15
Simply supported beam, 604, 606
Single-loaded members, work of, 7TH8-750, 826
Single shear, 11,45
Singularity functions
application o computer programming, 388
beams, 348, 383-391, 408, 623630, 601682
bending analysis and design using, 148,
383-391, 409
equivalent open-ended loadings for.
J85-386, 410
Macaulay brackets, 384-385, 387
shear and bending moments using, 348,
383-19), 109
slope and deflection using, 623-630,
681-fin2
Singulnrity in beam losding. 383
Slenderness ratlo, 696, 698, 750
Slope and deflection
beams, (07-608, 623630, 681-G82, A29
relationship of, 607606
singularity functions for, 623-630, 681-682
SMART methodology, 15-16
Span, 346
Speed of rotation, 183
Spherical pressure vessels, stresses in, 522,549
Stability
criticul lond, 692-684, 750
members, 9
structures, 692-702
Stable system, 692-591
Statically determinate membery
beams, 346-347. 407, 635-636, 682
deflection and, 635-R36, G8Z
method of superpasition and, 635-636, 682
Statically equivalunt problems, 115-117
Saint-Venant's principle, 115-117
uniform distribution of, 116-117
Statically Indeterminate members
beams, 347, 600601, 611-617, B16-637,
668-674, 679-682

deflection and, 611-617, B36-637, 660-674,
647, 680-682
first degree, 381, 612
forces, 36
method of superposition and, 636-637, 662
moment-aren theorems for, 668674, 685
problemy, 78-81, 135-136
second degres, 381,612
shafts, 170-176, 225
stress distribution, 8, 56
Statlcally indeterminate structures, 810-816
Starics
froe-budy diagroms, &6
review of merhods, 4-6
Steel, design specifications for, 34
Step functions, 385, 409
Strain (#). See also Stress and straln
transformations; Stress and strain
under axial loading
bending, 244, 334
circular shalts, 153, 223
englneering, 63
luteral, 84-95, 137
maximum ahsolute, 244, 334
measurement of, 538-541
normal, 57-58, 133
plune, 529-337, 548-550
Poisson's ratio (), 94-95, 102-104, 137
shearing, 99-102, 138, 153,223
thermal, B2, 136
e, 63
Strain energy, 760-775, 623-725
axinl loading and, 764, A24
bending and, 766, 824
deformation and, T60-762, 823
vlustic, T63-769, B24
general stato of stress and, 770-775, 825
modulus of resillence and, 763, 824
modulus of loughness and, 762-76:4, 823
normal stresses and, T63-767, A24
shearing stresses and, 767-76%, 824
torslon and, T67-T68, 825
transverse loading and, 769
Strain-energy density, 762763, 23
Strain-hardening, 61
Strain gages, 180, 538, 547
Strain rosette, 480, 530, 547
Stross, Sew also Stress and strain
transformitions; Stress and strain
under axiul loading
allowahle, 32-33
upplications to analysis and design of
simple structures, 12-15
uverage valueof, 7,44
axial, 7-10,31
beams, distribution of in, 347-348, 107
bearing, 12,45
hending. 244-248, 334, 347348, 407
cireular shafts, 130151, 153-160, 223229
componunts of, 28-31
conceptol, 2-53
critical, 696
curved members, 320-323, 338
defined, 7
direction of the companent, 29
design considerations, 31-37
elastic range deformation and, 244248, 334
engineering, 63
exerted on a surface, 29

nder |5

factor of safety, 32-34, 46

general loading conditions, 28-31, 46

internal forces and, 10-12

food and resistance factor design (LILED),
34,46

loadings and, 7-10, 27-31

maximum absolute, 244,334

mothod of problem solution, 15-19, 4546

normal, 7,44

oblique planes under axial loading, 27-28,
6

plane, 478479, 410-506, 346

proportional limig, 64, 134

residual, 122-126, 139

shearing, 10-12, 30-3), 1445, 153-160

statically indeterminate distribution of, 8

true, 63

ultimate strength, 31-32

uniaxial, 242

uniform, 44

Stress and straln transformations, 476-555

brittle materials, 5089-511, 549

ductile materialy, 507-508, 548

failure, theorles of, 507-513, 518-549

general state of stress, 503-504, 548

I-plane shearing stress, 484, 547

measurement of strain, 538541

Maohr's circle for, 492-502, 547

plane strain, 528-537, 549-550

plane stress, 478-47Y, 480-506, 546

states of stress, 4768-479

thin-walled pressure vessels, 520-524, 549

three-dimensional stress analysis, 504-506

yleld criteria, 479

Stress and stradn under axiol loading, 55-145

bulk modulus (k), 97-99, 137

deformations from, 56-57, G8-69, 102-104,
1194122, 135, 139

dilatatlon, 47-99, 137

elastic limiw 63, 134

elastic versus plastic behavior, 65-67

endurance limit, 67-68, 135

fatigue from, 67-68, 135

[iber-reinforced composite matetials,
6465, 104-108

Hooke's luw, 63-85, 95497, 100-101, 134

lateral strain, 94-95, 137

madulus of elasticity (£), 63-65, 102104,
134

maodulus of rigidity (G, 100-101, 102-104,
138-139

multiaxial loadings, 95-97, 137

normal strain, 57-58, 133

plisstic deformation, 65-67, 118-126, 134, 139

Polsson's ratio (v), 94-95, 102- 104, 137

repeated loadings, 67-68

residunl stresses, 122126, 139

Saint-Venants principle. 115-117, 139

shearing strain, 99-102, 138

statically equivalent problems. 115117

statically indeterminate problems, 78-81,
135136

stress concentrations, 117-118, 122,139

stress-straln disgram, 58. 62, 65-67,
133104

remperature change effects on, 82-86,
136-137

true stress and rue stran, 63

uniform distribution of, 116-117
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Stress cancentrations
circular shafts, 1872190, 225
circular stross distribution, 117-118
discontinuity factor (K), HIT-118, 139
fillets, 1172118, 122
flar stress distribution, 117-118
plastic deformutions and, 122
pure bending, 263-267, 336
torsion and, 187-180, 225
Stress-strain diagrams, 57-62, 65-67,
133-134
axial loading and, 57-62, 65-67, 133-134
breaking strength, 60-61
brittle material determination. 60-61, 133
compression test for, 62
ductile materlal determination, 59-62,
133-134
gage length of specimen, 58-59
load-deformation curve, 57
rupture and, 60-61
tensile test for, 56-62
ultimate sirength, 60-61
vield strength, 60-61. 134
Structural steel column design, 723-724
Superpasition
method of for deflection, 601, 635-643, 682
multinxial problems, 96-97
principle of, 90
statically detoerminate beams,
635-636, 682
statically indeterminate beams, 636-637,
BH2
statically indeterminare problems,
74981
Symmetric loadings, moment-area theorems
for, 651-653, 684
Symmetric members, 240-244, 334
bending (couple) moments in, 240-241, 334
deformation from pure bending, 241-244,
am
plastic deformation in, 278-279

T

Tempetature change
coefficient of thermal expansion, 82, 136
plastic deformation and, 124
problems involving, 82-88, 136-137
residual stresses und, 124
stress and strain under axial loads and,

Thin-walled members
heam design for shearing stresses,
439-460, 469
non-clreular (tubes), 211-216, 227
plastic deformations in, 440-441, 169
shear Mow, 410441
shearing stresses in, 139-466, 469
unsymmetric loading of, 454-402, 469
Three-dimensional anunlysis
strain, 534-537
stress, 504-506
Timber, design specifications for, 34
Torque (1), 140, 151, 156, 167-170
Torslon, 147-234
angle of twist, 151, 167-170, 210, 214,224
circular shafts, 148-204, 223227
elastic range, 153-160, 167-170, 223-224
clustoplastic materials, 196-199, 226
hollow shafts (rubes), 154-155, 158-160,
223-224
modulus of ruprure (K), 196, 225-226
non-circular shafts, 209-216, 227
plastic deformation and, 195-204, 225-227
residual stresses from, 199-204, 226-227
shearing stresses fram, 153-160, 167-170,
209-218,224-227
strain energy due to, 7T67-768, #25
stress concentrations nnd, 167-1890, 225
stresses in, 1504151, 153-161, 223-224
thin-walled hollow shafis {tubes), 211-216,
227
transmission shafts, 1408-149, 185-187, 225
Tarslon formulas
clostic range, 155-156, 223
variable circular crass sections, 168, 225
Toughness (eg), modulus of, 762-763, 823
Transformed section, 240
Fransmission shafts
deformation of, 148-148
design of, 185-187, 225, 562-560, 582
power transmitted by, 1B5-186, 225
principle stresses and, 562-5649, 592
speed of rotation of, 185
Transverse cross sections, 248-252
Transverse forces, 44-45
Transverse loading

beam analysis and design for, 346-248, 407

concentrated, 316

dellection of beams under, 02-610,
#79-680

distributed, 346

True stress und true strain, 63
Tubes, 211-216. See also Shafts
Two-force member analysis, 4-6

U

Ultimute load, 720
Ultimare strength, 31-32, 60-61
Uniaxial stress, 242
Uniform distribution of stress and strain,
116-117
Uniform stress, 44
Uniformly distributed loads, 346
Unstable system, 692-693
Unsymmetric bending analysis,
302-307, 337
Unsymmetric loading
beam deflection and, 664-673, 6B4-685
maximum defloction and, 666-667, B85
moment-area theorems for, 64674,
(84-685
thin-walled members, 4153-462, 464

v

Volume change, 97-99, 137
axinl loadings and, 97-89, 137
bulk modulus (k) for, 97-949, 157
dilatation, 98-99, 137

von Mises criterion, 508

w

Watts (W), 185, 225

Wide-flange beam (W-beam), 424

Woaod column design, 726

Work, 788795, B02-804. 126
deflection by, 790745, 106-809
envegy and, THE-TA5, B02-804, 526
multiple loads and, B02-804
single-loaded members, TH8-7H0, 826

Work-energy method, 790-795

Y

Yield, 59, 134

Yield criteris for ductile muterials, 507-508

B2-84, 124, 136-137 pure bending and, 238-234, 334 348
thermal strain, B2, 136 shear and stress distributions, 347-348, 407 Yield points, 61
Tensile rest, 58-62 straln energy under, 769 Yield strength, 60-61, 134
Thermal expansion, coefficient of, 82, 136 support reactions, 347-348 Yielding, design consideration of, 33

Thermal strain, 82, 136 uniformly distributed, 346 Young's modulus (E), 63. See also Elastics




