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INDEX

A

Absolute system of units, 9
Absolute weight, 3
Acceleration of gravity, 3
Accurucy of calculistions, 1517
Allowable stress and loads, 484489, 496
Aluminum alloys, stress-strain diagram
for, 455456
Aluminum beam sections, 741
Angle between two force vectors, 36-38
Angle of repose, 159160
Angle of rotution, 963, 966-967
Angle of twist
per unit Jength (riate of twist), 640
noncirculur cross sections and.
684085
shifts (noncireular), 685692
shear struin and, 639630
torque and., 644-645, 636
torque~displucement relutions.
680-683, 693
torsionil deformation and, 639,
644645, 693694
torsional rigidity, 644
torsional stiffness, 644, 693
rorsional fexibility, 644, 693
Angle (L-shaped) sections, 1130-1133
Anisotropic muterial. 467
Apparent weight, 3
Arcs
axis of symmetry, 313
bearing, 471
centroid of, 312-314, 317-318
compesite bodies, 320322, 337-342
curved surfices, 314
irregular boundancs, 313-314
moments of inertin and, 313,
332.342
first moments of, 312, 313
plane arcas, 312-314, 317318,
332337, 355
radius of gyration of, 333335, 357
rectungular moments of inertin.
332-335, 357
second moments of, 312, 332
symmetric about an uxis or
apoint, 313
thearem of Pappus for, 329-331. 356
Associative law, 1110
Ares
area symmetric about. 313
principal, 348-349
transfer of, 333338
Axinl-displacement dingrams (ADD),
S43 S45.546
Axial-force diagrams (AFD), 375-380,
433533 545

Axial loads
burs, 372-380
bending moment and. 1079
columns, 10761081, 1088
deflection and, 1077-1079
distributed, 372-374, 420
cceentric, 1076- 1081, 1088
intermediute, 542543
internal forces from, 372-374
length changes from. 542 543
line of action for, 446447
fincarly varying, 373
prismatic birs, 443-45], 542543
relutionship between internul axial

force and, 374-375, 420
sign convention for, 373-374
struin and, 445451
siress and, 443444, 446451
uniaxial stress and struin and. 446
uniform, 372-373

Axially loaded members, 372, 533-636
axiul-displacement diagrams (ADD)

for, 545-556, 600
burs, 372-375, 420, 443-451,

S44-345, 600
bolts, 581
cables, $36-537. 600
force-displacement relations,

544 546, 557-558, 600
inclined sections, 388-399, 601
intermediste sxial loads on, 542-343
length changes of, 334-569, 600
misfits and, 569, 380-381, 601
nonuniform condition length

changes. 342-556
prestrains and, 569, 380-581, 601
prismutic bars, 443451, 535-536.

342543, 600
prismatic segments, 543-544
springs, $34-535, 584-5§7
statically determinute structures,

533556, 600
statically indeterminmate structures,

356-569, 601
stresses und, S70-571, 588-599, 601
structural components as, 372, 533
tension or compression of, 372,

533, 600
thermal effects und, 569-580, 601
turnbuckles, 581584
varying loads or dimensions, 544-545

Axis, moments about, 69-73
Axis of symmetry, 313, 344-345,
340350
centroid locution on, 313
moments of inertia and, 344345,

149350

plane areas. 313, 344345

principil axis as 349
principal paints and, 149-350
product of inertin, 344345

Balanced design, 783-784
Ball-and-socket joints, 256, 289
Bars, See alvo Circular bars; Pnsmutic
bars: Shatlls; Tubes
axiul-force diagrams (AFD),
375-380, 421
axially loaded members, 372 375,
420, 443451

distributed axinl loads. 372-374, 420
internal forces in, 372-374, 420
relationship between louds
and internal axial force,
174-375,420
sign convention for. 373-374. 420
Base units. 10-12
Beam-column, 1079
Beam deflection tables, 986, 11371142
Beams
angle of rotation, 963, 966 967
bending, 718-722, 727-728, 770771,
784-791, 792, 795
bending moments, 396-398.400, 421,
T84-786
bending stresses, 738-748
cable-supported, 122-123, 132
cantilever, 392, 995996
circulur cross sections. 729, 741,
756-739, 793
classification of, 391-392
composite, 767-784, 794
concentrated loads on, 394, 398, 401,
402404, 405406
contunuous, 997
coordinate uxes, 718
couple moments, 394, 401
cross sections, 721729, 739741,
748-759. 793
curvature, 718-720, 723-727
deflection curve, 718, 719-720,
964-969, 9951002
deflection of, 718-727, 792,
0963 1047
design of, 392
designation (standurdired shape and
size), 739741
differential equations for, 963-985,
9981004
distributed loads on, 394395,
0% M) 987 9KR
doubly synumetnc shapes,
28729, 769

1183



1184 Index

Beams (conthwed)

fised-end, 996-997

Manged. 741, 759-766, 794

flexurul rigidity, 727

fexure formula for, 727-728,
770, 792

free-body disgrams for, 122-123

idealized models, 392-394

mternal forces in, 396-397

linearly elastic material, 725-738

longitudinal strains in, 721 725

method of superposition for,
985994, 10041017

moment-curvature relationships,
726-727, 769-770, 777, 792

overhang. 393, 407-411

plane of bending, 391-392

prismatic, 968

rectungulir cross sections, 729, 740,
748 756, 793

reinforced concrete, 771

relationships between loads, shear
forces, and bending moments,
397401
relutive efficiency af, 740-741
sandwich, 767, 770 771
shear-force und bending-moment
dingrams, 401419, 422
shear force in, 396 399, 421,
761 762
sheur formula for, 749-752, 792, 793
shear struin effects on, 753
sheur stresses, 748766, 793-794
sign convention for, 396-397
simply supported (simple). 392,
411414, 11401142
slopes of deflection curve,
11371142
static determinacy of, 132
statically determinate, 963 994, 1018
statically indeterminnte.
0941017, 1019
stresses in, 717-830
structural steel shupe properties,
1123-1133
supports for, 392-393
ransformed-section method.
776-784, 795
transverse loads on, 391
umiform loads, 394, 404-405
unsymmetric, 784-791, 795
webs, 741, 739-766, 794
Bearing area, 471
Bearing stress, 470472, 495
Belt friction, 197-2(4
Bending
approximate theory for, 770 771
beams, 718-722, 727-728, 770-771,
784-791, 792, 793
cross sections of deformation from,
2172
curvature from, 719-720
flexure formula for, 727-728,
770. 792
nonuniform, 718-719
plane of, 718,792

KN

pure, TI8-719, 721722
sandwich beams. 770 771
unsymmetric beams, 784-791, 795
Bending-moment equations, 968-979,
10591060
Bending moments
beams, 396-398. 400. 421
columns, 1079
eccentric axial loads and, 1079
force-couple systems and, 78
relationships between loads, shear
forces, und, 397 398, 400
shear force and, 396-398. 421
sign convention for, 396-397
unsymmetric beams, 784-786
Bending stress
beam design for, 738-748
beam designations (standardized),
739 741
cross sections and, 740-74]
relative efficiency und, 730-741
section modulus for, 738739
Binxial stress, 837, 845, 863, 864, §67
Blocks, wedges between, 85187
Bolls, 470 473, 581
Boundanes, arca with irregular,
313-314
Boundary conditons for integration, 969
British Imperial System of units, 9
Brittle muteriuls, stress-strain dingram
for, 456, 495
Buckling, 10501057, 10591064, 1087
bending-moment equation,
10391060
critical load for, 10511052,
1038-1059, 10611062,
10871088
critical stress for, 1063-1064
differentinl equation for, 1059-1061
Euler load, 1062, 1087
fundamentul case of, 1062
idealized structure for, 10501057
mode shapes, 10611062, 1087
neutrnl equilibrium and, 1052-1053
pinned-end columns, 1061-1063
stability und, 1050 1057
Buckling equution, 1061, 1069, 1073

C

C-shaped (channel section) beams, 740,
11281129
Cable-supported beams, 122-123, 132
Cables
effective (metallic) ares of, 336
effective modulus of, 537
elongation of, 536-537, 610
propertics of, 537
strund construction of, 336-337
truss cross bracing with, 241-242, 290
Camber. 460
Cantilever beams, 392, 995-996,
1137-1139
Center of curvature, T19-720, 9635
Center of gravity, 312, 328-329, 354
Center of mass, 312. 327 328, 356

Centroidul nxes, 787 789, 1063
columns, 1063
nonprincipal, 788-780
principal. 787 788
unsymmetnc beam analysis, 787-789
Centroids, 311370
areas, 312-314, 317-318, 320322,
332-335
uxis of symmetry for. 313, 355
center of gravity and, 312,
328320, 356
center of mass und, 312, 327-328, 356
composite badies, 320327, 329,
337-342, 356
coordinates of, 321, 322
curved surfuces, 314
lines, 314, 315-316, 322, 356
moments of inertia and, 321,
3323487
parallel-axis theorem. 335337,
343346, 357
plune areas, 312-314, 317 318, 355
theorems of Puppus, 329-331, 357
volume, 314, 318-320, 322, 356
Channel (C-shaped) cross sections, 684,
687, 1128-1129
Circulisr burs. See also Tubes
ungle of twist, 639, 644-645,
684685, 693-694
lincarly elustic materials, 641-653
polir moment of inertiu for, 643
pure torsion, 638-639
shear struns at outer surface,
639041, 693
shiear strans within, 641
shear stress distribution in, 642-644,
693694
rorsion formuln for, 643-644, 693
torsional deformation of, 638-653,
693 694
Circular cross sections, 729, 741,
756-739, 793
beams, 729, 756-739, 793
bending stresses, 741
hollow. 757
moment of inertia, 729
normal stresses, 729
relative efficiency of, 741
section modulus, 729, 741
shear formuly for. 757
shear stress in, 736-759, 793
Circumferential (hoop) stress, 916-917
Coellicient of thermal expansion,
370, 1147
Coefficients of friction. 158 160
Coil springs, 534335
Collinear members, 241
Columns. 10491107
buckling, 10301057,
1039-1062, 1087
buckling equanion for, 1061,
1069, 1073
compressive stresses in, 10811082
critical load for, 1051 1052,
10581059, 10611062, 1070,
1DE7-1088



critical stress of, 10631064, 1083
cross sections, 10631064
deflection effects on, 1064-1063,
10771079
differential equations for. 10591064,
1068
eccentric uxial loads, 1076-1081,
1088
effective length of, 1070-1071,
10731074, 1087
Euler buckling load. 1062, 1087
Euler’s curve, 1064
fixed at buase and free at top,
1068-1070
fixed at buse und pinned at top.
1072-1073
fixed ut both ends, 1071
imperfections and, 1064-1065
inelnstic behavior of, 10641065
Joud—deflection diagrums for,
1064-1063, 1078
nentrul equilibrium of, 1052-1053,
10581059
opumum shapes of, 1065
pinned ends, 1058-1067,
1076-1079
secant formula for, 10811086, 1089
slenderness ratio, 1064
stability ofl 10501059
support conditions, 10581076,
1079, 1087
Combined loadings, 923-945, 947
Commutative law, 1110
Compatibility equations, 557, 680,
694, 1005
Composite beams, 767-784, 794
approxmate theory for bending.
770771
doubly symmetnic, 769
flexure formulas for, 770
general theory for. 767
moment-curvature relationships,
769-770, 777
neutral axis of, 769, 776-777
renforced concrete beams, 771
sundwich beums. 767. 770-771
strains in, 767-768
stresses in, 767-768, 770, 777-778
transformed-section method,
T76-784, 795
Composite bodies, 320-327.
337342, 356
areas, 320-322,337-342
center of gruvity of, 329
center of mass of, 327-328
centroid of, 320327, 356
cutouts for analysis of, 321-322,
3137-338
lines. 322
moments of, 320-322
moments of inertiy of, 337-342
volume, 322
Composites, stress<strain disgram
for. 457
Compression, stress-strain diagram
for, 457

Compression test, 452
Compressive stress und strain, 444445,
10811082
Congentrated londs
beams, 394, 398, 401, 402-404,
405306
telutionships between shear forces,
bending moments, and, 401
severul ucting on single beam.
405406 ]

shear-foree and bending-moment
diagrams, 402-404, 403406
Concurrent force, 38, 42344, 504
parnllelogram law for, 38, 42-43
polygon law for, 4344, 83
resultant force of, 5054
trinngle liw for, 38
Constants of integration. 1060-1061
Constriints, see Support conditions
Container crunes, stanc equilibrium
analysis of, 124-125,
132-133
Continuity equations for integration, 970
Continuous beams, 997
Conversion factors, 12-13
Coordinate axes, 718
Coordinates of ¢entroids. 321, 322
Caplanar force, 38
Couples
beam loads und, 394, 401
force-couple system, 76-82. 99
moment of, 76-82, 394, 401. 638
right-hand rule for, 638
torsion and, 638
Creep. 459460, 495
Criucal load
buckling und. 10511052
columns, 1051-1052, 1058-1059,
10611062, 1087-1088
fixed columns, 1070, 1071,
10731074
pinned-end columns, [058-1059.
1061 1062
stability and, 1051-1052, 1058-1059
Criticul points, 925-9206
Critical stress, 1063-1064, 1083
Cross bracing, 241-242
Cross product, 39-61, 11111112
Cross sections
beams, 721-729. 740741, 748-759,
769, 793
bending stresses and, 740-741
centroidal axis. 787-789, 1063
centroids of, 787-789
circular beams, 729, 741,
736-759, 793
columns, 1063
composite beams. 769, 776-777
deformation from pure bending,
721722
doubly symmetric shapes,
728729, 769
ideul shape, 741
linearly elastic muterials, 725-727
muximum stresses ut, 728
moment of inertin, 727

Index 1185

neutral axis, 722, 726, 769, 776-777,

785-786
neutral surfuce, 722
noncircular shafts, 684-687
normal stresses and, 725-727
rudius of gyration, 1063
rectangular beams, 729, 740-741,
748756, 793
relative efficiency of. 740-741
section moduli, 728-729, 740-741
transformed-section method,
776-777
unsymmetric beams, 785-789

Curvature

beam deflection and, 718-727,
964-969

bending and, 719-725, 785-786

center of, 719-720, 965

deflection curve, 719-720, 964-969

deformation and, 964-966

equation ofl 720

exact expression for, 968-969

lincarly elastic material, 725-727

longitudinal strain and, 721-725

moment-curvature relationships,
726-727.792

radius of, 719, 965

sign convention for, 720, 727.
785786, 965-966

strain-curvature relation, 722

unsymmetric beams, 785786

Curved surfaces, centroid of, 314
Cutouts of composite bodies, 321322,

337-338

Cylindrical pressure vessels, 916-923,
7

D

arcumferential (hoop) stress,
916-917

inner surfiace stresses, 918

longitudinal (axial) stress, 917

outer surfuce stresses. 917-918

plane stress applications, 916-923,
046-947

thin-walled. 916, 946

Deflection. See also Bending: Buckling

beams, 718-727, 792, 963- 1047

bending-moment equations for,
968-979, 1059-1060

columns, 10641063, 10771079

curvature and, 718-727. 964-969,
998-1004. 1018

differentinl equations for, 964985,
QOR— 1004, 10181019,
10591060

displacement as 964

integration of equations for.
969- 983

eccentric axial loads and. 1077-1079

linearly elustic material, 725-727
longitudinal strain and. 721-725

method of superposition for, 985-994,

10041008, 1018-1019
rionprismatic beams, 967-968




1186 Index

Deflection (contimued )
plune of bending, 718, 792
prismatc beams, 968
redundunt reactions, 10051008,
1019
shear-force and load equutions for,
968, 980985
sign convention for. 964
slopes of beams and, 11371142
statically determinate beams.
963-994, 1018
statically indeterminute beams,
994-1017, 1019
strain—curvature relation, 722
Deflection curve
ungle of rotation for; 965, 966-967
beams, 718, 719-720, 964-969, 1018,
1137-1142
bending of, 718
center of curvature, 719-720, 965
columns, 1060, 1077
differential equations for, 964-969,
1018, 1060
equations of, 964-966
nonprismutic beams, 967-968
prismatic beams, 968
radius of curvature. 719, 965
sign convention for curvature, 965-966
slope of, 965-966
statically determinute beams, 964-969
statically indeterminnte beams,
9941004
Deformable bodies, 2
Deformation
angle of twist and, 639, 644645
beam elements. 397
circular bars, 638-633, 693-694
internal axial force and, 373-374
internal torsional moment and, 382
sign conventions, 373-374, 382. 397
torsional, 638-633, 693-694
Derivatives, |114-1115
Derived units, 10
Design of structures, 490-493, 496,
See alvo Strength
Determinacy, see Static determinacy
Differential equations
angle of rotation und, 965, 966-967
bending-moment equations,
968-979, 10591060
column buckling, 10591061
constants of integration, 10601061
curvature of beams, 964-969, 1018
deflection and, 964-969, 9981004,
10181019
deflection curve, 964-969, 1018,
1060, 1137-1142
differential equations for, 963-985
exact expression for curvature,
968-969
fixed columns, 1068
integration of, 969-985
nonprismatic beams, 967-968
pinned-end columns, 1039-1061
prismutic beams, 968
shear-force and load equations. 968,
980-985

Dimensional homogeneity, 15
Direct shear, 473
Direction, vector notation for, 4
Direction cosines, 6,97, 1111
Distortion. shear strain us, 474
Distnibuted loads
axinl, 372-374, 420
bars, 372-374, 420
beams, 394-395, 398400, 421,
987-988
deflection from, 987-988
method of superposition for,
987-988
relationships between shear forces,
bending moments, and,
308-400
shafis. 381-382, 420
torsionul moments, 381-382, 420
Dot product, 54, 98, 1111
Double-ucting turnbuckle, 581
Double shear. 471, 473
Doubly symmetric shapes, 728-729, 769
Dry friction, 157-197. 207
angle of repose, 139-160
coeflicients of, 158160
equilibrium equations for, 161 -164
flexible belts and, 197-204
friction force, 157, 207
impending motion and, 158139
kinetic friction, 158, 159-161, 207
rolling up an incline, 164
rotational motion and, 163-164,
180183
screws and, 192-197
sliding versus overturning, 160-163,
165176
slipping, 164, 177-179
static friction, 158-159, 207
traction and. 163
wedges and, 184192
Ductility, stress-strain diugram for,
455456, 494
Dynamic test, 452
Dynamics. study of, 2

E

Eccentric axial loads, 1076-1081, 1088
columns, 1076- 1081, 1088
deflection curve from, 1077
differential equation for, 1077
maximum bending moment, 1079
muximum deflection from,

1077-1079

Eccentricity ratio, 1082

Effective (metullic) urea, cables, 536

Effective length of columns, 10701071,

1073-1074, 1087

Effective modulus, cables, 537

Elastic limit, 438439, 495

Elastic region, 458-459, 495

Elasticity, 43870, 494495
Hooke's law for, 464-463, 475, 494
linear. 464470, 475, 494
loading and unlonding materal and,

458, 495
materiul behavior of, 438

modulus of, 465
partially elastic behavior, 458, 495
gebrmnnenl sel, 4358, 495
1ssan’s ratio for, 465466, 473, 493
relouding material and, 439
residual strain, 458
stress-strain disgrams for, 458464
Young's modulus, 4635
Elliptical cross sections, 684, 683686
Elangution. See also Strain
axinl, 465, 498
cibles, S36-537, 600
creep, 439
ductility and, 456
lexibility (compliance) and,
534-535, 536
linear elastic materials, 463,
495, 534
measurement of, 452
per unit length (struin), 443
percent. 436
permanent set, 458
Poisson’s ratio for, 465, 495
prismutic burs, 535-336.
S40-343, 600
springs, 534-535, 538-539
stiffness (spring constant) und,
534, 536
tupered bars, 544-545
yielding, 454
Engineering principles, 1-34
accuracy of calculations, 1317
conversion factors, 12-13
deformable bodies. 2
dimensional homogeneity, 13
dynamics, 2
Newton's laws, 2-4
numerical problems, 14-13
problem solving. 14-15, 17-28
rigid bodies, 2
sculurs, 4
stanics, 2
symbolic problems. |4
units. 9-13
vectors, 4-9
Equations of compatibility, 537, 680,
694, 1005
Equations of equilibrium
beam deformation, 679680, 1005
dry friction, 161 164
scalar formof, 116117
superposition and. 679- 680, 1005
torsional members, 6H79-68()
vector form of, 116
Equilibrium
canstraints (support conditions)
and. 127-130
evaluation of in structures, 116,
270-271
free-body dingrums for analysis,
116-117, 122-127, 206
independent equations of,
130-131, 206
neutral, 1052-1033, 1058-1059
Newton's first law and, 2-3
pinned-end columns, 10581059
stable. 1058



stability nnd, 128-130, 206,
1052 1053, 1058-1059
static analysis, 116157, 205-207
static determinacy and, 117,
131 134,200
static equanons for unalysis.,
116-117, 127128, 205
stutically indeterminute structures,
556-558, 679-680
three-dimensional problems,
144157

two-dimensional problems, 130131,

134-144
Euler buckling, 1062. See also Buckling
Euler buckling load, 1062, 1087
Euler’s curve, 1064, 1083
Exponents, 1113
Extensometer, 452
Exterpal forces, 3, 36-37

s

Fuctor of safety, 483-484_496
Filament-reinforced material, 457
Fised columns, 1058-1076, 1079, 1087
critical load for, 1070, 1071,
1073-1074
differentisl equations for,
10681070, 1072
eceentrie axial londs on, 1079
effective length of, 1070-1071.
1073-1074
fixed at base and free ut top,
1068-1070
fined at base und pinned at top,
1072-1073
fixed at both ends, 1071
Fired-cnd beamy, 996-997
Faxad support, 120, 205,392
Fxed vector, 4
Flanges, 741, 759766, 794
Flat belis, 157-199
Flexibility (compliance), $34-536, 644
Fleuibic beits, see Belts
Flexamal ngidity, 727, 1063
Fleawure formuls, 727-728. 770, 792
Fluid frcoon, 138
Fosee
aloog 4 line, 53-55
angle between two vectors, 56-58
components of, 4029, 54-35
concurrent, 38, §3
coplanaz, 38
cxternal 3, 36-37
frmme analyss of, 270, 272-273
fre-bady diagrams for, 117121
fexctsom, 157,207
mernal, 3, 36-37, 270, 272273,
366397
Newton's thind lawand, 3
nonconcurrent, $3-85
parallel, §5-88
Law for, 38, 4243
pin-connection forces, 271-272
polygon law for, 4324, 53
principle of transmisaibility for, 37
reaction. 117121

resultant of system of, 5034, 83-96
sheir, 396399 421
statics sign convention for, 117
support conditions and, 117-121
three-dimensional (3D). 36, 44-49
trinngle low for, 38
twosdimensionul (2D), 36, 4044
types of., 36-40
umits of, 9, 11-12
vector summuation approsch.
4445 83
Foree-couple system, 76-82, 99
Force disgrums, 193-194
Force—displacement relations, S44-346,
557-558, 600, 1005
Force equilibrium, 50-54
Frames See wlso Beams
axial-force dingram (AFD) for
415419
determinucy of, 273-274
equilibrium analysis for, 270-271
internal forees of, 270, 272-273
joint connections in, 290, 271-272
multi-foree members of, 270, 290
pin-connection forees, 271272
shear-foree und bending moment
dingrams for, 415410
stubility of, 273.274
structural analysis of, 270-282, 290
Free-body diagmms
upplications of, 123127
cable-supported beams, 122123
conceptudlization and, 116-127
equilibrium equations for, 116-117
impartance of, 117
plane trusses, 122
reactive forces und, 3, 117-121
stutic equilibrium unalysis using,
117, 122-127. 206
statics sign convention lor, 117
support conditions, 117121
Free vector; 4- 5,76
Friction, 158-159. See alvo Dry friction
Friction coefficients, 158160
Friction force. 157, 207, 472

G

Gage length, 452

Gage pressure, 910

Gluss fibers, 456

Gravitation, Newton's law of, 3
Gravitational system of units, 9
Gravity, 3

Gusset-plate connections, 237 238

H

Homogeneous materinl. 446, 46667
Hooke's law

biaxianl stress, 863, 864, 867

inclined scctions, 861-865

linear elastic materinls and, 464465,

404, 496, 642

modulus of elasticity for, 465

modulus of rigidity for, 475

plane stress §61-865

Index 1187

pure shear and, 475, 496

shear stress, 464465475,
642, 5362

shear stress-strain dingrams
using. 475

trinxial stress, 867

uniuxiul stress, 863, 864

volume change and, 563 564

Hydrostatic stress, 869, 885

|
I-beams, 684, 687, 739-740, 11206-1127
Ideal column, 1058
Impending motion, 158-159
Imperfection in columns, 106410635
Inclined plunes, torsion effects in pure
shear, 666 673
Inclined sections
axianlly londed members,
S8K-599, 601
biuxial stress on, 837, 845, 863,
864, 867
determination ol stresses on,
589-592
Hooke's luw for, 861-865. 867, 884
maximum normal ind shear stresses,
592594
Mohr's circle for, 848861, 866, 8§76,
884, B&S
plane strain on, 869-§82. 883
plane stress on, 832-865, 869-871,
§77, B83-884
stress clements, 388-399, 601
transformation equations for,
§35-839, 548 849, §71-875.
883, 885
trinxinl stresses on, 866-869, 8§85
uninxial stress on, 594, 8§36, 845,
863, 864
unit volume change (dilamuon), $64,
867, 885
Independent equations of equilibrium,
130-131, 206
Inelustic behavior of columns,
10641065
Infinite series, 1114
Ln-plane principal stress, 842-843
In-plane shear stress, $45
Integrals, 1115-1116
Integration of differentinl equanions,
969-985
bending-moment equations
9649979
boundury canditions for, 969
continuity equations for, 970
deformation and, 969985
loud equations, 980985
method of successive mtegrations,
970979
shear-foree equations, 950 983
¢ conditions for, 970
Internal clements
bars 372- 350, 42021
beams, 3012190, 421422
shufts, 381391, 420-42]
static determinucy and, 372, 420
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Internal forces. See also Shear-force and
bending-moment diagrams
unalysis of, 36-38
axwml, 372-380
axial-foree divgrams (AFD),
375-380
bars, 372-380
beams. 396-397
bending moments and, 396-397
frames, 270, 272-273
Newton's thard law and, 3, 373
relutionship between loads and,
374-1375, 397400, 420
resultants of, 37-38
shear, 396-397
sign convention for, 373-374, 396-397
structural anulysis und, 270, 272-273
Internul friction. 158
International System (S1) of units, 9,
1011
Isotropic material, 467, 495

J

Joint connections
bull-and-socket. 256, 289
frames, 270, 271-272, 290
gusset-plates, 237238
pins, 237-238, 271-272, 289, 290
trusses, 237-238, 257, 289
Journal bearing. 121

K

Kinetic friction, 158, 39-161. 207

L

L-shaped (angle section) beams. 740,
1130-1133

Lateral contraction, 454, 465, 495

Laterul struin, 465466

Laws of sines and cosines, 97

moment-curvature relation, 726-727
Poisson’s rutio for, 465-466, 475,495
shear stress and, 475, 642

stresses and, 725-738

torsion formulu for, 643-644
torsionnl deformation and, 641-633
tubes, 645-646

Linear region, 453
Linearly varying loads, 373, 382
Lines

centroid of, 314, 315-316, 322, 356
composite bodies, 322
forces ulong, 54-55

Load -deflection diagrams, 1064-1065,

1078

Load equations, 968, 980 985
Loads

analysis for structural design.
490493

allowable, 485490, 496

axinl, 372-374, 420

burs, 372 374, 420

beams. 394-395. 398 400,
404400, 421

columns, 10761081, (088

concentrated, 394, 398, 401,
402404, 405406

couples (moments) as, 394, 401

distributed. 372-374, 381 382,
194395, 398-4N), 4200

eccentric axinl, 10761081, 108§

linearly varying, 373, 382

relationship between internal axiul
foree und, 374-375, 420

relationship between internal
torsionitl moments and. 383

relationships between sheur forces,
bending moments, und.
397401

shafts, 381-382, 420

torsional moment, 381 -382, 420

uniform, 372-373, 394, 404405

units for, 11

clasticity, 458470, 495
clongation, 456

Hooke's luw for, 4644635, 494
luteral contraction, 454

lineur elasticity, 46470, 494
material behavior and, 451
necking, 434

perfectly plastic, 434

plusticity, 458464, 495
plastics. 457

Poisson’s ratio for, 465466, 495
rubber, 450

strength and, 454, 483489, 396
strain hardening, 454
stress-struin disgrams, 452464
structural steel. 433 435

tables for, 437438, 1146-1147
tensile test for, 452

yielding, 4354, 296

Mechanics of materinls, 441 -532

ullowuble stress and loads,
483489, 496

anisotropic material, 467

creep, 459460, 493

clasticity, 458470, 495

factor of safery, 483 484, 496

homogeneous material, 446,
466-467

Hooke’s law for, 464 465, 475, 494

isotropic material, 467, 495

linear elasticity, 464470, 494

loading and unloading materials,
458, 495

mechanical properties, 451464

plasticity, 438 464, 495

Poisson’s ratio for, 465-466, 495

relaxation, 459, 495

reloading materials, 459

shear stress und striun, 470483,
495496

straim, 445446

siress, 442451

stress-struin dingroms, 452464

Length. Se¢ also Elongation

changes of axally loaded members,
534-569, 600-601

nonuniform conditions and, 342-556

prismutic bars, 542-556

tupered bars, 545

statically determmate structural
changes, 533-556, 600

stutically indeterminate structural
changes, 536-369, 601

units of; 10-12

Line of action, 446 447
Linear elasticity

angle of twist for, 644645

nxial elongation and. 4635, 495, 534

beams, 725-738

circular bars, 641-653

flexure formula for, 727-728

Hooke's fuw for, 464465, 475,
494, 642

latersl contraction and, 465

modulus of elasticity (Young's
modulus) and, 463

modulus of rigidity and. 475

Logarithms, 1113
Longitudinal (axial) stress, 917
Longitudinal strain, 721-725
Lumber properties, [135

M

Muchines, 270274, 282-288, 290.

See alvo Cranes; Frames

Mugnitude, 4, 443

Murgin of sufety, 484

Mass, 34, 10-12

Muss density, 1144

Muthematical constants, [112-1113
Mathematical formulas, 1109-1116
Mean diameter, 192

Mechanical properties, 451458,

1146-1147
aluminum alloys, 435 436
brittle materials, 456, 496
composites, 457
compression, 457
compression test for, 452
ductility, 453, 436, 494, 496

structural design and, 490493, 496
study of, 442
Membrine stresses, 911
Method of joints, 238-247, 258264, 289
Method of sections, 247-256, 260261,
264-270, 289
Method of successive integritions,
970-979
Method of superposition, 985-986,
1018, See also Superposition
Metric system, 9
Misfits. 569, S80-381, 601, 694
Mobile construction c¢runes. 125-126.
132-133
Mode shupe, 1061-1062, 1087
Modular ratio, 776
Modulus of elasticity (£), 454, 465,
673674, 1145
Modulus of rigidity (G), 473, 673-674
Mohr's circle
construction of, $49-851
inclined sections, 848-861, 866, §76,
B84, 88s
moments of merna. 351-354, 357



plane stramn on, 876
principal stresses on, 832
shear stresses on, 853
stresses on, §51-852
transformation equations for,
848849
triaxial stress, 866, 885
upward und downward forms of, 849
Moment-curvature relutionships
beams, 726-727, 769-770. 777, 192
composite beams, 769-770, 777
linear elasticity and, 726-727
stresses und. 726-727
transformed-section method
and, 777
Moments. See alyo Moments of inertug
Torque
ubout u point, 59 63
about un axis, 69-73
ares, ol a, 313
bending, 78, 396 398,400, 421
couples, 76-82, 304, 401, 638
cross produet, 59-6l
first moments of wrea, 312, 313
force-couple system, 76-82
principle of, 84
right-hund rule for, 39
second moments of areu, 312, 332
three-dimensional problems. 6061
torsional, 78, 381-391
triple scalur product, 69-70
twisting. 638
two-dimensional problems, 59-60
Vanignon's theorem, 64-69
Moments of inertia
axis of symmetry ind. 344-345,
349.350
beam curvature und, 727-729
centroids and, 321, 332-357
composite ureas, 337-342, 357
doubly svmmetric shapes, 729
hnear-clastic materinls, 727-729
Mohr's circle for. 351354, 357
pasaliel-axis theorem for, 335-337,
343346, 357
plane arcas, 332-337
polar, 342343 337
promcipal axes 348340, 351354, 357
principal moments, 350-354, 357
prmcpal points, 349-350
prodoct of inertia, 344346, 357
radius of gyration and, 333-335, 357
recsngulsr 332-335 357
rotation of axes for, 347-348, 357

trensformation equations for,
7348

Muiu-force members, 270, 290

N

Natursl length, $32

Necking, 453454

Neatral aus, 722, 726, 769, 776777,
785-786

Neawral equilibrium, 1032-10653,
10381059

Neutral surface, 722

Newton's laws, 24, 373

Nominul stress and struin, 453

Noneireulur prismatic shafis, 683 692
See also Shalts

Nonconcurrent foroes, 8385

Nonprismatic beams, deflection of,
967968

Nonuniform bending, 718-719

Nonuniform torsion, 654-665

Normul struin, 445, 722

Normal stress, 442 445, 8§33

Numerical problems. 14-15

0

Offset method, 435 456, 494

Ofset yield stress, 455456

Optimization, structural design for, 490

Out-of-plune sheur stress, 843

Overhang beams, 393, 407411

Overturning, sliding versus, 160163,
165176

P

Pappus. theorems of, 329-331, 356
Parallel-axis theorem, 335-337,
343-346. 357
moments of mnertia and, 335 337,
343346, 357
plane areas. 335-337
polir moments of inertia und,
343344
product of inertia and, 344-346
Parallel forces, 85-88
Parallelogram law, 5, 38, 4243, 97, 1109
Partinlly élastic behavior, 458, 495
Particles, Newton's second low und, 3
Percent elongation, 456
Percent reduction in ares, 456
Perfect plusticity. 453454
Permanent sct, 458, 495
Perpendicular planes, equality of shear
stress on, 473474
Pin-connection forces, 271-272
Pin support, 118119, 205, 392
Pinned-end columns, 1058 1067,
10761079
bending-moment equation for,
10591060
buckling ol 10611063
critical Toad for, 1058-1059,
1061-1062
criticul stress for, 10631064
differential equations for, 10591061
equilibrivm of, 10581039
materiul strength and, 10621063
stability of, 1058-1059
Pinned joint connections
{rames, 271-272, 290
trusses, 237-238, 289
Plain strain, 869882, 885
cleulition of stresses from, 877
inclined sections, §69-882, 885
Maohr's circle for, 8§76
normal strain und, §72-873
plune stress compared to, 869-571

Index 1189

principle strains, 875
shear strain and, §73-876
strain gage measurements, 876-8§77
transformution equations for,
871-875
Plane urcas. Sev also Area
centroid of, 312-314, 317-318, 355
moments of inertia for, 332337, 357
parallel-nxis theorem for,
335-337, 356
properties of, 11171112
radius of gyvrution of. 333-335
rectungular moments of inertia,
332-335,357
Platie of bending, 718, 792
Pline stress
applications of, 909962
binxial stress, §37, 845, §63
caleulation from plain strums, 877
circumferential (hoop) stress,
916-917
combined loadings and.
923 945 947
cylindrical pressure vessels, 916-923,
946-947
explanation of, §32-834
Hooke's law for, 861-865
inclined planes, 832 863, 869-871,
877, 8R3-884
in-plune principal stress. 842 343
in-plane sheur stress, 843
longitudinul (uxial) stress, 917
membrane stresses, 911
Mohr's circle for, 848-861
normul stress us, 833
out-of-plane shear stress, 843
pline struin compared Lo, 869-871
principal ingles, 840, 841 842
principal planes, 840, 842-848, 852
principal stress. 840- 841, 852
pure shear, 836
shear stress, 833, 842-845, 853
sign conventions for, 833, 833
spherical pressure vessels,
910-915, 946
tensile stresses, 910911
transformation equations for,
835-839, 848849, 883
uninxial stress, 836, 845, 863
wedge-shaped clements. 834835
Plane trusses, 122, 131, 236-256,
289290
cables, 241-242, 290
collincar members, 241
cross bracing, 241-242
free-body dingrams for, 122
gus<et-plate connections, 237-238
method of joitts, 238-247
method of sections, 247-256
stubility of. 240
static determinacy of, 131,230
structural analysis of, 236-256,
289-2%
trumgular design of, 237, 289
two-force members, 237-238
zero-force members, 240-241, 290
Plastic flow, 439
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Plustic region, 438459, 495
Plasticity, elastic limit and, 458439, 463
Plastics, stress-strain disgram for, 457
Paints
ared symmettic about, 313
mametits dbout, 3963
principal, 349-350
Poisson’s ratio, 463-466, 475,
495496, | 145
Polar mament of mertin,
643, (45
Polygon law, 4344, 83,97
Position vectors, §
Power transmission, 675679
Pressure vessels
cylindrical, 916-923, 946 947
spherical, 910915, 946
thin-walled, 910, 916, 946
Prestrains, S69, 580581, 601, 694
Prestressed structures, 380
Principal angles. 840, 841842
Principal axes. 348 349, 351-354. 357
Principal moments of inertia,
350-354, 357
Principal plunes, 840, 842- 848, 853
Principal points, 349-350
Principal stress, 840-841, 852
Principle of moments, 4
Principle of superposition, 988
Principle of trunsmissibility, 37, 97
Principle strains, §75
Prismatic bars, 443451, 542556
axinl-displacement diagrams (ADD)
for, 343, S45-546
axial-force dingrums (AFD) for,
§42-343, 545
axial loads and, 443451
axiul ngidity of, 335
cross sections for, 5§33
clongation of. 535-536, 340543, 600
flexibility of, 336
mtermediate axinl loads, 542-543
line of action for, 446447
nonuniform condition length
chunges 542-556
segmented bars, 543-544
sign conventions for, 535-536
stiffness of, 336
struin and, 445451
stress and, 443444, 446451
uninxial stress und stroin and, 446
uniform stress distribution, 446 447
varying louds on, 544545
Prismatic beams. defiection of, 968
Prismatic shafts, noncircular. 683692,
See also Shafts
Problem solving, 14-28
accurney of caleulations, 1317
dimensional homogeneity, 15
engincering calculutions, 15-16
four-step upproach, 17-28
numerical problems, 14-15
rounding numbers. 16
significant digits. 16
symbolic problems, 4
Product of mertin. 344-346, 357

2-344, 357,

Propertics of materals, 1143-1147
Proportional limit, 453454, 494
Propped cantilever beums, 995996
Pure bending, 718719, 721-722
Pure shear

Hooke's luw for, 475, 496

inclined planes, 666673

shear distortion, 669

sign conventions for; 666-667

state of, 474, 639

strains in, 669-670

stresses in, 666669, 836

torsion effects in, 666673

transformation equations for, 836
Pure torsion, 638 639, 644, 666-573

Q

Quadratic equation and formula, 1114

Rudius of curvature, 719, 965
Radius of gyration, 333-335, 357, 1063
Rate of twist, 640
Reuction forees, 117-121
Reuctions, analysis for structural design,
49493
Rectangulir cross sections
beams. 729, 740741, T48-756, 793
bending stresses, 740
dimensionless coefficients for, 687
moment of inertia, 729
normal stresses, 729
relutive efficiency of, 740-741
section modulus, 729, 740
shear formuln for, 749-752, 793
shear stresses fn, 685 687,
748-756. 793
torsion and, 684 687
warping of, 684-685
Rectangular moments of inerna,
332.33§, 357
Redundant reactions. superposition of,
10051008
Reinforced concrete beams, 771
Reluxation. 459, 493
Released (primary) structures, 539561,
601, 996
Required area, structurnl desigm for, 490
Residual (permanent) strain, 458, 495
Restoring moment, 1051
Resultant of system
concurrent forces, 43—, 5054,
83,97
force equilibrium, 50-54
nonconcurrent forces, 8385
purallel forces, $5-88
polygon law graphical approsch.
434,83
principle of moments, 54
vector summation approach.
4445 83
wrench, 8896
Right-hand rule, 59-60, 98, 638
Rimd bodies, 2

Rocker support, 118
Roller support. 118,205,392
Rolling up an incling, 164
Rotational motion
dry friction and, 163164, 1804185,
188-192
equilibrivm equutions for, 163163
rolling up un incline, 164
slipping and. 164, 177-179
truction, 163
wedges for prevention of, 188-192
Rotational spring support. 121
Rounding numbers, 16
Rubber, stress-strain disgram for, 456

5

S-shaped (I-scction) beams, 740,
1126-1127
Sundwich beams, 767, 770-771
Scalurs, 4, 116-117, 1109
Serows, 192-197
dry friction and, 192-197
force dingrams for, 193-194
loud, 192
mean dinmeter, 192
«lf locking, 194
Secant formula, 1081-1086, 1089
Section modulis, 728-729, 738-741
Self locking screws, 194
Shafis
angle of twist for, 685-692
citeular, 675-679
distributed torsional moment
loading. 381-382, 420
elliptical cross sections, 654, 685-658
internal torsional moments in,
381-391
noneircular prismatic, 683692
power transmission by, 675-679
rectangular cross sections, 684,
686687
relutionship between loads and
ternal torsional moments
383, 420
sign convention for, 382
stress distribution for, 685-692
thin-walled open cross sections.
684, 687
torque and, 638
torston and, 638, 673679, 683692
694695
torsional moment diagram (TMDL
384391, 421
torsional moments in, 381391, 683
triungular cross sections, 684, 686
warping, 683 654
Shear distortion, 669
Shear foree
beims, 396 399, 421, 761-762
bending moments and, 396-395, 428
relationships between loads, bending
moments, and, 397-399
sign convention for, 396 397
webs of wide-flange beams,
761-762




Shear formuly, 749-732, 757, 792. 793
Shear modulus of elasticity, 475
Shear struin

ungle umis for, 474

beams, 753

circular bars, 641

distortion us, 474

inclined sections, 873-876

maximum, 875-876

modulus of rigidity for, 475

outer surface of bars, 639-641

sign convention for, 474-473

torsion und, 630.641, 693694

transformation equations for,
873874

tubes, 641

warping from, 733

within bars, 641

Shear stress

wxial loads and, 470483, 4935496
uverage, 472

bearing stress und, 470-472, 4935
holts, 470472

circular burs, 642-644. 693094
circular cross sections, 756-759, 793
distribution of, 752-733

first moment and, 751-732
Hooke's law for, 475, 496, 642
horizontal, 748749

in-planc, 843

inclined sections with, $92-394
linearly elustic materinls, 642-644
maximum, 843-845, 853

modulus of rigidity for. 475
Maohr’s circle for, 833
out-of-plane, 845

perpendicular planes, equality of on,

473474

Poisson’s ratio for, 475, 496

pure shear, 474-475, 494, 639,
666-673

rectangulir cross sections.
T48-756, 793

sign convention for, 474475, 666,
833, 853

subscript notation for, 833

torque and, 643644, 666

tarsion und, 642-646, 693-694

tubes, 645-646

units of, 473

vertical, 748-749

webs of wide-flange beams. 759766

Skew direction. 866-867
Slenderness ratio, 1064
Sliding support, 119, 205
Sliding vector, 4, 59
Sliding versus overturming, 160163,
165176
Slipping, rotational motion and, 164,
177-179
Slopes of deflection curve. 11371142
Space trusses, 131-132, 236-270, 290
ball-and-socket joints, 256
method of joints. 258264
method of sections, 260-261,
264-270
stability of. 257
static determinacy of, 131-132, 257
structural analysis of, 236-270, 290
tetrahedron design of, 257
Spherical pressure vessels. 910-915. 946
guge pressure, 910
inner surface stresses, 912-913
limitations of thin-shell theory, 913
membrane stresses of, 911
outer surface stresses. 912
pline stress applications,
910.915, 946
tensile stresses in, 910-911
thin-walled, 910, 946
Spherical stress. 868-869, 885
Spring (elastic) support. 120121, 205
Springs
coils, 534-535
clongation of, 534-335, 338-539
flexibility (compliance), $34-535
musfits of, S84-587
nutural length, 534
stiffness (spring constant), 534
Stubility
columns, 105010359
critical load and, 10511032,
10581059
determinacy and. 240, 257,
273274
equilibrium und, 128- 130, 206
frames, 273-274
interior and exterior, 240, 257
neutral equilibrium and. 10521053
plane trusses, 240
space trusses, 257
structural design for, 490
Stable equilibrium, 1058
Static determinucy

Index 1191

Statically determinate beams, 963-994,

1018

bending-moment equitions, 968979
deflection curye of, 964-969
deflection of, 963994
differential equations for, 963-985
distributed loads on, 987-988
load equations, 968, 980-985
method of superposition for.

985-994, 1018
nonprismatic beams, 967-968
prismatic beams, 968
shear-force equations, 968, 980-985

Statically determinate structures

axially londed members, 533-336,
60

bars, 544545, 600

cables, 336-537, 600

misfits in, 580

prismatic bars, $35-536,
S42.543, 600

springs, 534-335, 584-587

thermal effects on, 371

Statically indeterminute beams

9041017, 1019
continuous beams 997
deflection curve of, 998-1004, 1019
deflcction of, 9941017, 1019
differentinl equations for, 998-1004,
1019
fixed-end beams, 996-997
method of superposition for.
10041008, 1019
propped cantilever beams, 995-996
redundant reactions, 10051008,
1019

Statically indeterminate structures

axially londed members,
556-569, 601

bars, 356-538

equations of compatibility for, 557,
680. 694

equations of equilibrium for,
556558, 679-680

foree—displacement relations, $57-3558

mislits in, 581, 694

prestrains in, 694

superposition for, 359-361, 601

thermal effects on, 571-572

torque-displacement relanons.
680683

torsional members. 679-683. 694

Shear-force and bending-moment
dingrumy, 401-419, 422
beams, 401419, 422
concentrated loads, 402404,
405 406
frames, 415-419
several concentruted londs, 405406
umform loads. 404405
Shear-foree equations, 968, 980-985
Shell structures, 910, See also Pressure
vessels
Significant digits, 16
Simply supported (simple) beams, 392,
411-414, 11401142

cquilibrium equanions for, 117,
131134, 206

cxumples of analysis for, 132-134

frumes, 273-274

plane trusses, 131, 240

spuce frusses, 131-132, 257

stubility and, 240, 257, 273-274

Static equilibrium analysis, 116-157,

205-207. See also Equilibrium

Stutic equilibrium equations, 116-117,

127128, 205

Static friction, 158-159, 207
Static redundants, 996
Stutic sign convention, 397

Statics, study of, 2

Steel, see Structural Steel

Stifiness
spring constant, 534, 536
structural design und. 490
torsional, 644

Struin. See also Plune strain; Shear strain
beams, 721-725, 767-768
composite beams, 767-768
compressive, 445
dimensionless quantity of, 445
Hooke's law for, 464265 475, 494
inclined planes under torsion,

669670




1192 Index

Strain (continued )
inclined sections under plane strain,
872-873, 876
Interal, 463466
longitudinal, 721-725
nominal, 453
normal, 445, 722, 872873
Poisson’s ratio for, 465466, 495
principal, 876
pure shear, 669-670
residunl. 458
sign convention for, 722
tensile, 445
thermal, 570-571
transformation equations for,
872-873
transverse, 723
true, 453
uniaxial, 446
Strain-curvature relation, 722
Strain gage measurements, 876-877
Strain hardening, 433-454
Strength
allowable loads, 485489, 496
allowable stress, 484489, 496
factor of safety, 483484, 406
margin of safety, 484
stress-strain diagrams for, 453454
ultimate stress and. 453454, 485
Stress. See also Bending stress; Planc
stress; Shear stress
allowable, 434490, 496
axial forces and, 443, 446451
axially losded members, $70-571,
S88-399, 601
beams, 717-830
bearing, 470-472, 495
biaxial, 837, 845, 863, 864, 867
columns, 1063-1064, 1081-1083
compressive, 444445, 10811082
concept of, 442443
composite beams. 767768, 770.
777778
critical, 10631064, 1083
distribution in noncircular shafts,
685-692
Hooke's law for, 464-<465. 475, 494
hydrostatic, 869
inclined planes, 666-669
mclined sections and, 388-3599
limitations of, 444445
linear elastic materinl und. 725-738
loading and unloading materials
for, 458
magnitude of, 443

moment-curvature relationship and,

726-727
neutral axis location for, 726
nominal, 453
normal. 442445 833
offset yield, 455-456
prismatic bars, 443451
pure shear, 666-669
resultant of, 725
sign convention for, 590-592, 833
spherical, 868-869
tensile, 444

thermal, $70-571
torsion and, 666-669, 685692
triaxial, 866-869
true 453
ultimate, 453-454, 484
uninxial, 446, 594, 836, 845, 863, 864
umiform distribution of. 446-447
units of, 444
unsymmetric beam analysis for,
T87-789
yield, 453454
Stress-strain curves, 453-455
Stress-strain dingrams, 432464, 494405
wluminum alloys, 455-456
brittle materinls, 456, 495
composites, 457
compression. 457
ductility, 455, 456, 494
clastic limit, 458, 495
clastic region, 458459, 4935
clongation, 456
linear region. 453
loading and reloading materials
and, 459
modulus of elusticity, 454
necking. 453454
nominul stress and strain
caleulabons, 453
perfect plasticity, 453-454
plastic region, 458-459, 495
plastics, 457
proportional limit, 453-454, 494
rubber, 456
strain hardening, 453454
stress-strain curves, 453 458
structural steel, 453-435
true stress and strain
calculutions, 453
yield point, 453454
Structural steel
beam sections, 739-740
mechanical properties of, 453-452
properties of shupes, 1123-1133
stress-strain diagrams, 452464
Structurcs
allowable stresses and loads,
493489, 296
anulysis of, 235-310, 490
design of, 490493, 496
factor of safety, 483484496
frames, 270--282, 290
internal forces of, 270, 272-273
load and reaction analysis of,
400493
muchines, 270-274, 282-288, 290
margin of safety, 484
method of joints, 238-247,
258-264, 289
method of sections, 247-2356,
260-261, 264-270, 289
plane trusses, 236-236, 289290
required area of, 490
space trusses, 256-270, 29()
stability of, 490
structural steel shipe properties,
1123-1133
stifTness of, 490

strength of materinls and, 453454
lumber properties, 1135
steel shape properties, 1123-1133
Superposition
bars, $59-361, 601
beam deflection tables for, 986
beams, 985994, 10041017
deflection determined by, 985-994,
10041008, 10181019
distributed loads and, 987-988
equations of compatibility for,
680, 1005
equations of equilibrium for.
679-680, 1005
force-displacement refations and,
1005
method of, 985086, 1018
principle of, 988
redundant reactions, 10051008
released (primary) structures,
559-561, 601, 996
statically determinate beams,
985-994, 1018
statically indeterminare beams, 1003,
1008, 1019
statically indeterminate structures,
559-561, 601, 679-983, 694
torque-displacement relutions and,
630-681
torsional members, 679-983, 694
Support conditions
beams, 392-304
columns, 10581076, 1079
equibbrium equations for, 127-130
fixed support, 120, 208, 192,
1068-1076, 1079
free-body diagrams for, 117121, 205
idealized models with, 394
Journal bearing, 121
pin support, 118119, 205, 392,
1058-1067. 10761079
reaction forces at, 117121
roller support, 118, 205, 392
shiding support, 119, 205
spring (elastic) support,
120-121. 205
stubility amd, 125-130
symbols for, 118121, 393
thrust-bearing support, 121,
205206
wheel on ruil support, 121, 205 206
Symbolic problems, 14
Symmetry, 313, 970, See ulco Axis of
symmetry
Symmetry-anti-symmetry analysis, 187

T

Tapered bars, elongation of, 544-3545

Temperature-displacement relations,
571-572

Tensile stress and strain, 444445,
910-911

Tensile test, 452

Thermal effects, 569-380, 601

uxially loaded members,
569-580, 601




coefMcient of thermal expansion
and, 570

sign convention for, 570

statically determinats stracturss, 571

staticully indeterminte stractuses
STI-572

stresses and stram from, $70571

reiations,

sn-52

Thermal stress and strin, S90-371
Thin-walled open cooss sections,
655 65T

Thin-salicd pressars wessels. 910,
ol6 S8
Three-dimesssonal (3D) problems
cqmibonms of, 133157
fosces, ¥ &390
momcnts, 60-61

Thesst-beanme support. 121, 205-206
Toegee

angte of 1wt and, 6344643, 656
dizection of, 666
sosuniiorm torsion und. 645 656
shear stresses and, 643644, 666
thin-walled cross sections, 687
tube thickness und, 646
twisting maments as, 638 639
units of, 638
Torgue-displacement relabons.
HR0-683, (93
Torsion, 637-716
angle of 1wast, 639, 644-645,
684685, 693-694
circular bars (solid), 638-633,
693694
deformution from. 638 641
wdeal case of, 638
mclined planes and, 666-669
finearly elastic materials and,
641653
modull of elasticity and rigidity.
relationship between,
673674
momen! of i couple and, 638
ponuniform, 654665
power transmission, 675-679
pure, 638-639, 644, 666-673
rute of twist, 040
nght-hund rule for, 638
shafts, 638, 675-679, 683-692,
694693
shear stuns from, 639642,
6931694
shear stress from, 042-644, 693694
sagn conventions for, 654
statically indeterminate members,
679083, 694
stresses and strains from, 666-673
torgue-displacement relution.
656, 693
tubes 641 645646, 648653
Peisting moments (torques), 638
warpang from, 683-684
Torson formuly, 643644, 693

Tormsesal-dsplacement diagram (TDD),
A56-665, 694
Torsosal feubility, 644, 693

Tommonal-moment diagrum (TMD),
IEL 301 421 422 656665, 694
Torsonal moments
distributed loading, 381-382, 420
internul. 381-391
lincarly varying, 382
relationship between loads und,
383,420
sign comvention for, 382
uniform, 381
Torsional ngidity, 644
Torsional stiffness, 644, 693
Traction, 163
Transformation equations
biuxiul stress, 837
nclined plancs, 835-839, K48 849,
871-875, 883, 885
Mohr's circle, 848-849
moments of inertin, 347-348
plane stress, 835-839
uninxial stress, 836
Transformed-section method.
776-784. 793
Translational spring support, 120
Transverse londs, 391
Transverse strain, 723
Triangle law, 5, 38,97, 1110
Triungular cross sections, 684. 686
Triaxinl stress, 866-86Y9, 885
Hooke's law for, 867
hydrostatic stress, 869, 885
inclined planes, 866-869, 885
moximum shear stresses, 866-867
Mohr's circle for, 866, 885
spherical stress, 868-869, 883
unit volume change (dilatation), §67
Tribology, 158-1359
Trigonometric functions, 1113 1114
Triple vector/scalar product, 69-70, 95,
112
True stress and strain, 453
Trusses
[ree-body diagrams for, 122
method of joinis 238 247, 258-264
method of sections, 247-256,
260-261, 264-270
plime. 122, 131, 236-256, 289-290
space, 131132, 256270, 290
structural analysis of, 236-270,
289-290
static determinuey ol 131132
Tubes
circulur, 641, 645646, 648653
Imeurly elustic muterials, 645-640
polar moment of inertia for, 643
shear stress distribution in,
645646
thickness of und torgue, 646
torsionul deformation of, 641,
645-646, 645-653
torsion formuly for, 646
Turnbuckles. 581584
Twisting, 638-640. See also Angle of
twist: Torsion
Two-dimensional (2D) problems
Cartesinn coordinate system, 4041
equilibrium of, 130-131, [34-144

Index 1193

forces, 36, 40 44
independent equilibrium equations
for, 130131
moments, $9-60
parallelogram law for. 42-43
polygon law for, 4344, 53
Two-force members, 237-238

U

US. Customary System (USCS) of units,
9, 11-12
Ultimute stress (strength), 433454, 485
Unipxial stress and strain, 446, 394, 836,
845,863, 864
Uniform loads, 372-373, 394, 404 405
Uniform torsional moments, 381
Unit vectors. 7 8. 97, L1HID-1111
Linit volume change (dilatation), S64,
867, 885
Units, 9-13
base, 10-12
conversion factors. 12-13
derived, 10
International System (S1), 10-11
lypes of, 9
LLS. Customary, 11-12
Unsymmetric beams. 784-791. 795
bending moments i, 784786
bending of, 784-791, 795
curvature of, 785 786
neutral axis, 785-786
nonprincipal centroidal axes of.
788-789
principal centroidul uxes of,
787-788
stress anulysts of, 787-789

'

Vebelts 197 198, 199-200
Vangnon's theorem, 6469, 98
Vector summation approach, 4445, 83
Vectors, 4-9, 116, 1109-1112
addition und subtruction of,
091110
vomponents, 6-7
cross product, 11111112
direction cosines, 1111
dot product, 1111
equilibrium equations. 116
fixed, 4
free, 4-5
operations, 5-9, 110%-1112
position, §
propertics of, 1109
quantities of, 4
sliding. 4
triple product, 1112
unit, 7, 11101111
Volume
centroud of, 314, 318320, 322, 356
camposite bodies, 322
theorem of Pappus for,
320-331, 356
Volume chuange, 863864, See wlso Unit
volume change (dilatation)




1194 Index

w
W-shape properties, 1124-1125
Warping, 683-684, 753
Webs, 741, 759 766, 794
Wedge-shaped stress clements, 834-835
Wedges, 184-192
between identical blocks, 187
between two blocks, 185187
dry friction and, 184-192
equilibrium equations for, 185

free-body dingrams for, 184185
rotational motion prevented using,
188-192
symmetry anti-symmetry
analysis, 187
Weight, gravity and. 3-4
Weight density, 1144
Wheel on rail support, 121, 205-206
Wire rope, 536, See also Cables
Wood beams, 741
Wrench resoltunt, 88-96, 99

Y

Yield point, 433434

Yicld stress (strength), 453454
Yielding. 454

Young’s modulus, 465

/4

Z-shapes, 684, 687
Zero-foree members, 240-241, 290



