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A

Absolute system of units, Y
Absolute weight, 3, 27
Acceleration. 2,34
of gravity, 3-4
of a particle, 2
Accuracy of caleulations, 13-16
Alrplunes, static equilibrium analysis
of, 121, 130
Allowable loads, 483-487, 494, 535
Allowable stress, 482-487, 494
Aluminum alloys, stress-strain disgram
for, 453454
Aluminum beam sections, 737-738
Angle between two force vectors, 54-36
Angle of repose, 157158
Angle of rotntion, 963, 964965
Angle of twist
circular bar, 637639, 642643,
678-679
per unit length (rate of twist),
638-639
noneireulur cross sections und,
682684
nonuniform torsion and, 653-654
shafts (noncirculur), 682-684
shear strain and, 637-639
shear stress distribunion and, 682-684
statically indeterminate torsional
members, 678 679
loryue and, 642643, 653654
torgue-displacement relutions,
678-679, 691
torsional deformution and,
637-639, 642-643 691692
torsional rigidity and, 643
torsional stiffness und, 643, 691
torsional fexibility und, 643, 691
Angle (L-shuped) sections, 1125-1126
Ansotropic material, 465
Apparent weight, 3,27
Arcy
axis of symmetry, 311
bearing, 469
centrond of, 310-312, 315320,
323325
composite bodies, 318-320,
323-325, 335340
curved surfuces, 312
integral for. 310

irregular boundaries, 311-312
moments of inerti of, 330-340
first moments of, 310, 311, 318-320,
750751
plane areas, 310-312, 315-316,
330-344, 353
polur moment of nertia of, 340-342
product of inertia of, 342-344
radius of gvration of, 331-333, 355
rectungular beams, 750-751
rectangular moments of merta,
330-333, 355
second moments of, 310, 330
shear stress distribution, 750-751
symimetric ubout un axis or
a point, 311
theorem of Pappus for, 327-329, 355
Associative law, 1108
Automobile lift frames, static
equilibrium anulysis of,
121-122, 130131
Average besnng stress, 468
Avernge shear stress, 470
Axes
area symmetric about, 311
centroidal, 333-335, 343344,
347-348, 785-787. 1061
nonprincipal, 786787
principal, 346-347, 785-786
rotation of, 345346
transfer of, 333-335
unsymmetric beams, 785-787
Axial-displacement (ADD) diagrams,
541-542, 545-551, 598
Axiul-foree dingrams (AFD), 373
bars, 373-378, 419
drawing guidelines, 373, 419
frumes, 413-417. 420
prismunc bar length chunges,
340-341, 545-551, 598
Axial loads (forves)
application of, 442
bars, 370-378, 418, 441449
bending moment and, 1077
columns, 10741079, 1086
deflection and, 1075-1077
distributed, 370-373,418
eccentric, 10741079, 1086
intermediate, 540-541
internal forces from, 370-373
length changes from, 540-54|

line of action for, 444445
linearly varying, 371
prismutic bars, 441-440, 540- 541
relationship between internal axial
force und, 372-373,418
sign canvention for, 371-372, 418
strain and, 443449
stress and, 441-449
uniaxial stress und strain
und, 443 444
uniform, 370371

Axially louded members, 370, 531-634

axial-displucement diagriams
(ADD) for, 541342,
545551, 598

axial-force dingrums (AFD),
340-341, 345-55)

burs, 370-378, 418, 441449,
540544, 508

bolts, 579

cables, 534-535, 598

design for, 488491

force-displacement relations,
§43-544, 555-556, 598

inclined sections, 86597, 599

intermedinte uxial loads on, 540-541

length changes of, 532-567, 598

musfits and prestrims n, 367,
578-579, 582385, 599

nonuniform condition length
chunges, 541-554

prismatic burs, 441-449, 533-534,
538-354, 398

prismatic segments, 541-542

shear and connections of, 48849

sign convention for, 371-372,
533534

springs, $32-533, 536-537, 582-585

statically determinate structures,
532-554, 598

statically indeterminate structures,
354567, 599

struins and, 568-569

stresses und, 368-369, 386-597, 599

structural components as, 370, 532

tension or compression of, 371, 532,
500592, 598

thermal effects and, 567-578, 599

turnbuckles, 579-582

varying loads or dimensions,
342543

175
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Axis, moments about, 67-73
Axis of symmetry
centroid location on, 311, 353
moments of inertin and, 342-343,
346-348
plane arcas, 311, 342-343, 333
principal axis as, 347
principal points und, 347-348
product of inertin und, 342-343,
346347

Bulanced design, 780-782
Bull-und-socket joints. 254, 287
Bars. See also Circular bars; Prismanc
bars; Shafts; Tubes
axial-foree diagrams (AFD) for,
373378, 419
axially louded members, 370-378,
418, 441 449, 540 544
distributed axml loads, 370-373, 418
distributed torque and, 653-654
mternal forces in, 370-373, 418419
muaximum stresses in, 590-592, 599
nonuniform torsion of, 652654
relutionship between loads and
mternal axial force,
372-373,418
segmented, 541542, 548551,
562563
sign convention for, 371-372, 418
wpered, 542-543, 551354
with varying cross sections, 653654
Base units, 1011
Beum- column, 1077
Beam deflection tables, 984, 11291134
Beam theory, 727
Beams
aluminum structural sections,
737-738
nngle of rotution, Y63, 964965
upplied moments and loads of,
389417
bending, 716-723, 725-726,
T68-771, 782-789, 790, 793
bending moments, 394396, 398,
401405, 419, 782-785
bending stresses, 736-746
cable-supported, 120121, 130
cantilever, 390, 993994 11291132
circular cross sections, 727, 739,
754757, 791-792
classificution of, 389-390
composite, 765 782, 793
concentrated loads on, 389, 392
395-396, 399, 400-402,
4034
continuous, 995

coordinate uxes, 716

couple moments, 392, 399

cross sections, 719-720, 723.739,
746-757. 767-768, 791-792

curvature, 716-723

deflection curve, 716, 717-7T18,
962-967, 993, 996-1002

deflection of, 717-723, 790,
09611045, 1129-1134

design of, 390, 736746

designation (stundardized shupe
and size), 737-738

differential equations for, 962-983,
9061002

distributed louds on, 380, 3923903,
396-398, 985-986

doubly symmetric shapes,
726-727, 767

fixed-end, 994995

flanged, 739, 757-764, 792

Nexural ngidity, 725, 768

flexure formula for, 725-726, 727,
768, TN

free-body diagrims for, 120121

idenlized models, 390392

internal forces in, 394-306

lincarly elustic materinl, 723736

longitudinal strains in, 719723

methoed of superposition for,
983-992,1002-1015, 1017

moment-curvature relutionships,
724725, 767-768, 775, 790

overhing, 391, 405409

plane of bending, 389-390

prisnuitic, Y66

rectungular cross sections, 727, 738,
746-754, 791-792

remforced concrete, 769

relationships between loads, shear
forces, und bending moments,
395417, 419

relative efficiency of, 738-739

sandwich, 765-766, 768771

shear-force und bending-moment
diagrams, 399-417, 420

shear force n, 394-397,_ 419,
759-760

sheur formulu for, 747-750, 790, 791

shear struin effects on, 751

shear stresses in, 746-765, 791-792

sign convention for, 394-396

simply supported (simple), 390,
400412, 1132-1134

slopes of deflection curve,
1129-1134

standard shupes and sizes for,
737-738

static determinacy of, 130

stutic equivalency of, 392-393

statically determinate, 962-992,
1016-1017
statically indeterminate,
992-1013, 1017
stresses in, 715-828
structural steel shapes, 737,
1121-1126
supports for, 390-392
symbols for, 381
transformed-section method,
774-782, 793
transverse louds on, 390
uniform loads, 392, 402403
unsymmetric, 782789, 793
warping, 727, 751, 791
webs, 739, 757-764, 792
wide-{Tange, 739, 757764, 792
wood, 738
Bearmg arcy, 469
Bearing stress, 468471, 493
Belts, 195-202
Bending
approximate theory for, 768-77]
beams, 716723, 725-726, 746,
768-771, 782-789, 790, 793
cross sections of deformation from.
719-720
curvature from, 716- 718
flexure formula for, 723 726,
768, 790
nonuniform, 716-717, 727, 746
plune of, 389-390, 716, 790
pure, 716-717. 719-720, 746
sandwich beums, 768-771
shear stresses from, 746
unsymmetric beams, 7§2-789, 793
wurping, 727, 751, 791
Bending-moment equutions, 966,
967-977. 1057-1059
Bending momenis. Se¢ also Shear
and bending moment diagrams
beams, 394-396, 398, 419, 724 728
767-768, 790
columns, 1077
eccentric axiul loads and. 1077
force-couple systems, 76
maximum, 401405, 1077
moment-curvature relstionsheg,
724-725, 767-768, 775, ™
relutionships between loads, shess
forces; and, 395396 39
401405, 419
sheur force und, 3943596 216
sign convention for, 394395 728
unsymmetric beams, 782788
Bending stress
beam design for, 736746
beam designations s
737-738




cross sections and, 737-739
flexure formula for, 725-726
relutive efficiency und, 738-379
section modulus for, 736-739
Binxiul stress, 833, 843, 861, 862, 865
Blocks. wedges between, 183185
Bolts, 468471, 579
Bounduries, arcn with irregular, 311-312
Boundury conditions
fixed columns, 1067, 1070-1071
integration of differential
equations, 967, 1016
pinned-end columns, 1058, 1075
British Imperiul System of units, 9
Brittle materials. stress-strain dingram
for, 454, 493
Buckling, 10481055, 10561065, 1083
bending-moment equation for,
10571058
critical load for, 10491050,
10561061, 10851086
critical stress for, 10611062
differential equations for, 1037-1059
equations of equilibrium for,
10491051
Euler load. 1060, 1085
fundamental cuse of, 1060
idealized models for, 1048 1049,
10561057
mode shiapes, 1059-1060,
1066-1068, 10701072, 1085
neutrul equilibrium and, 1050-1051
pinned-end columns, 1056-1063
stability und, 10481055
Buckling equution, 1059, 1067, 1071
Bulk (volume) modulus
of elasticity, 866

C

C-shaped (channel) sections, 1124
Cabinet doors, stutic equilibrium
analysis of, 124-125, 131-132
Cuble-supported beams, 120-121, 130
Cubles
allowable load, 535
effective (metallic) ares of, 534
effective modulus of, 535
elongation of, 534-535, 598
propertics of, 535
strand construction of, 534-335
truss cross bracing with,
219.240), 288
ultimate load, 535
Cumber, 458
Cantilever beams, 390, 993-994,
11291132
Cartesian coordinate system, 38-39,
4243

Center of curvature, 717-718, 963
Center of gravity, 310, 326-327, 354
Center of mass, 310, 325-326, 354
Centroidal uxes
columns, 1061
moments of inertin and,
333340, 355
nonprincipal, 786-787
parallel-uxis theorem and, 333-335,
343-344, 355
principal, 785-786
principal point und, 347-348
product of inertia und, 343-344
unsymmetric beam analysis,
785-787
Centroids, 309-368
areas, 310-312, 315-310, 318-320,
323-325,330
axis of symmetry for. 311, 353
center of gravity and, 310,
326-327, 354
center of muass and, 310,
325 326, 354
composite bodies, 318-327,
335340, 354
coordinates of, 319. 320
curved surfices, 312
first moments of area und, 318-320
lines, 312, 313-314, 320, 354
moments of inertin and, 310,
330-340
parallel-axis theorem and, 333-335,
341-344, 355
plane arcas, 310-312, 315-316, 353
theorems of Pappus, 327-329, 355
volume, 312, 316-318, 320323, 354
Chunnel (C-shaped) sections,
681682, 1124
Circular bars. See ulse Tubes
ungle of twist, 637-639. 642-643,
678-679. 691-692
Hooke’s law for, 640
linearly elastic materials, 639-651
polur moment of inertia for, 641
pure torsion, 636-637
shear strains at outer surfuce.
637-639, 691
shear struns within, 639
shear stress distribution in,
639-642, 691-692
torsion formula for, 641-642. 691
torsional deformation of, 636-631,
691692
Circulur cross sections
beams, 727, 739, 754-757, 791-792
bending stresses, 739
hollow, 735
moment of inertia, 727
normal stresses. 727

Index 177

relutive efficiency of, 739
section modulus, 727, 739
shiear formula for. 755
shear stress in, 734757, 791-792
Circumferentinl (hoop) stress, 914-915
Coefficient of thermal expansion, 568,
$99, 1139
Coeificients of friction, 156-158
Coil springs. 532-533
Collinear members, 239
Columns, 1047-1105
buckling, 10481055, 10561065,
1085
buckling equution for. 1059, 1067,
1071
compressive stresses in, 1079 1080
critical load for, 10491050,
10561063, 1068-1069,
10851086
critical stress of, 1061-1062. 1081
cross sections, 1061-1062
deflection effects on, 10621063,
10751077
differential equations for,
1057-1059, 1066- 1068, 1075
eccentric uxiul loads, 1074-1079,
1086
effective length of, 10681069,
1071-1072, 1085
equations of equilibrium for,
10491051
equilibrium of. 10501051,
1056 1057
Euler buckling load, 1060, 1085
Euler’s curve. 1062
fined at base and free w top,
10661068
fixed ut base and pmned at top,
10701071
fixed at both ends, 1069
idealized models, 10481049,
1056-1057
imperfections and, 10621063
inelastic behavior of, 1062-1063
loud-deflection diagrams for,
1062-1063, 1076
neutral equilibrium of, 10501051,
1056- 1057
optimum shapes of, 1063
pinned ends. 1036-1065, 1074-1077
secant formula for, 1079-1084, 1086
slenderness rutio, 1062
stability of, 10481057
strength of, 1048, 1060-1061
stiffness of. 10481030, 1061
support conditions, 10361074,
10741079, 1085
Combined loadings, 921-943, 945
Commututive law, 1108
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Compatibility equations, 555, 678,
692, 1003
Camposite nren, 318-325, 335-340,
354-355
wreas, 318-320, 323-325, 335-340
center of gravity of, 327
center of mass of, 325-326
centroid of, 318328, 354
cutouts for analysis of, 319-320,
335-336
first momemts of, 318-320
lines, 320
moments of inertia of, 335-340, 355
volume, 320-323
Composite beams, 765-782, 792-793
approximate theory for bending,
768-771
doubly symmetric, 767
flexure formulas for, 768
generul theory for, 765
moment-curviture relationships,
767-768. 775,792
neutral axis of, 767, 774-775
reinforced concrete beams, 769
sandwich beams, 765-766, 768-771
struins in, 765-766
stresses in, 765-766, 768, 775-776
transformed-section method,
774-782, 793
Composites, stress-strain dingram
for, 455
Compression, stress-struin dingrum
for. 455
Compression test, 430
Compressive stress and struin, 442-443,
10791080, 1086
Concentrated loads
beams, 392, 395-396. 399, 400-404
maximum bending moments from,
401404
relationships between shear forees,
bending moments, and, 399
severul acting on single beam,
403404
shear-force und bending-moment
dingrams, 400-402, 403404
sign convention for, 395-396
Concurrent foree, 36, 4142, 48-52,
81,95
parallelogram law for, 36, 40-4]
polygon law for, 41-42, 81
resultant force of, 48-52, 95
triungle law for, 36
Constants
integration, 10581059
mathematical, 1110-1111
Construmis, see Support connections
Contuiner ¢ranes, static equilibrium
analysis of, 122-123, 131

Continuity equations for integration,
968, 1016
Continuous beams, 995
Contraction rutio, 464
Conversion factors, 1112
Coordinate axes, 716
Coordinates of centroids, 319, 320
Coplanar force. 36
Couples
beam loads as, 392, 399
equivilent, 74
force-couple system, 74-80, 97
moment of, 74-80, 97, 392, 399, 636
right-hand rule for, 636
shear stresses us, 471
torsion and, 636
vector representition, 636
Cranes, static equilibrium analysis of,
122124, 131
Creep, 457-458, 493
Critical load
buckled (mode) shupes, 10591060
column buckling and, 1049-1050,
1056-1061, 10851086
differential equations for.
1057-1059
effects of deflection, imperfections,
and inelustic behavior,
1062-1063
equilibrium state from, 1056-1057
Euler buckling and, 10591061
fixed columns, 10681069,
10711072, 1085-1086
pinned-end columns, 1056-1063,
10851086
stitbility and, 10491050, 1056--1061
Critical points, 923924
Critical stress, 1061-1062, 1081
Cross bracing, 239-240
Cross product, $7-39, 96, 11091110
Cross sections
angle of twist for, 682-684
bars. 441 449
beam designation and, 737-738
beams, 719-720, 723-739, 746-757,
766-767, 791-792
bending stresses und, 737-739
centroidul uxis. 785-787, 1061
circular beams, 727, 739, 754757,
791
calumns, 1061
composite beams, 766-767, 774-775
deformation from pure bending,
T19-720
doubly symmetnc shapes, 726-727,
767
ideal shupe, 739
lincarly elustic muterials, 723-736
maximum stresses ut. 726

moment of inertin, 723
neutral uxis, 720, 724, 767, 774-773,
783784
neutral surface, 720
noncirculur shafts, 681-685
normul stresses, 441, 723736
radius of gyration, 1061
rectangular beams, 727, 738,
746-754, 791-792
relative efMciency of, 738-739
section moduli, 726-727, 738-730
shear stress distribution for,
682-684
thin-walled open, 681-682, 685
torsion of, 681690
trunsformed-section method,
774775
unsymmetric beams, 785-789
wide-flange beams, 739, 758
Curvature
beum deflection und, 716-723,
962-967, 1016
bending and, 716, 717-718, 783784
center of. 717-718, 963
deflection curve, 716, 717-728,
962-967, 1016
deformution of, 962-967
equation of, 718
exuet expression for, 966967
linearly elustic material, 723-725
longitudinal strmn und, 719-723
moment-curvature relationships,
724-728, 7%
rudius of, 717, 963
sign convention for. 718, 725,
783-784, 963-964
strain-curviture relation, 720
unsymmetric beums, 783784
Curved surfaces, centroid of, 312
Cutouts of composite bodies, 319-320,
335-336
Cylindrical pressure vessels, 914-921,
044945
circumferential (hoop) stress,
014915
inner surface stresses, 916
longitudinul (axial) stress, 9135
outer surface stresses, 915-916
plane stress applications, 914-921,
044045
thin-walled, 914, 944

D

Dellection. See also Bending; Buckhing
beums, 716-723, 790, 9611045,
11291134
bending-moment equations for, 966
967-977. 10571058




buckled (mode) shupes, 10591060

columns. 1056-1074, 1075-1077

curvature and, 716-723, 790,
062967, 1016

differential equations for, Y62-983,
9061002, 1016-1017,
10571059

displacement us, 962

miegration of equations for,
967-983

eceentric axial loads and,
10751077

effect of size in columns,
1062-1063

linearly elnstic matenal, 723-725

load equations for, 966, 978-983

longitudinal strain and, 719-723

maximum, 10751077

method of successful integrations
for, 967-977

method of superposition for,
983992, 10021015,
10161017

nonprismatic beams, 965-966

plune of bending, 716. 790

prismuatic beams, 966

redundant reactions, 994,
10061006, 1017

shear-force equations for, 966,
978-983

sign convention for, Y62, 963

slopes of beams and, 11201134

statically determinate beams,
962-992, 1016-1017

stutically indeterminute beams,
9921015, 1017

strain-curviture relation, 720

Deflection curve

angle of rotation for, 963,
964-965

beams, 716, 717-718, 962-967, 1016

bending of, 716

center of curvature, 717-718, 963

columns, 1058, 1059, 1065, 1067,
1075

deformation of axis, 962-967

differential equations of, 962-967,
996-1002. 1016, 1058, 1059

cccentric loads and, 1073

nonprismatic beams, 963-966

prismatic beams, 966

radiuy of curvature, 717, 963

sign convention for curvature,
963 964

slope of, 963964, 11201134

statically determinate beams,
062-967

stutically indeterminate beams, 993,
9961002

Deformable bodics, 2
Deformation. See alvo Elongution:
Torsion
ungle of twist and, 637-639, 642643
circular bars, 636-651, 691-692
deflection curve, 962-967
Delormution sign conventions
uxiilly londed bars, 533-534
clongation (length change), 533-534
mternal axial force, 371-372, 418
nternal torsional moment, 380, 418
shear force and bending moments,
395,418
Degree of static determinacy, 994, 1017
Derivatives, 11121113
Derived units, 10
Design of structures, 488491, 494,
See also Strength
Determinucy, see Static determinacy
Differentia] equations
ungle of rotation, Y63, 964963
beams, 962983
bending-moment equations, 966,
967-977, 10571058
column buckling, 10571059
constunts of imtegration for,
10581039
curvature and, 962-967, 1016
deflection nalysis using, 962-967,
9961002, 1016-1017
deflection curve and, 962-965,
9961002, 1016, 1038
clastic curve and, 1017
exact expression for curvature,
966967
fixed columns, 1066-1068
integration solutions of, 967-983
nonprismatic beams, 965-966
pinned-end columns, 10571059,
1075
prismatic beumsy, 966
shear-force and load equations. 960,
978-983
sign conventions for, 962, 963
Dimensional homogeneity, |4
Dimensionless coeflicients, 685
Direct shear, 471
Direction, vector notation for, 4
Direction cosines, 6, 68, 95, 1109
Distortion, shear struin as, 472
Distributed loads
uxiul, 370-373, 418
bars, 370-373, 418
beams, 392-393, 395-398. 419,
985-986
bending moments und, 398, 419
deflection fro, Y85-986
intensity of, 392
method ol superposition for, 985-986

Index 1179

relutionships between internul
forces und, 372373
relutionships between internul
torsionul moments und, 381
relutionships between sheur forces,
bending moments, and,
395-398, 419
shafis, 379-383. 418
shear force und, 396- 397, 419
sign convention for, 395-396
static equivalency of, 392-393
torsional moments, 379-383, 418
uniformly, 372, 381, 392
Dot (scalar) product, §2-53, 96, 1109
Double-acting turnbuckle, 579
Double shear, 469, 471
Doubly symmetric shapes, 726727, 767
Dry friction, 155-202, 205
ungle of repose, 157-158
coefTicients of, 156-158
equilibrium equations for, 159-162,
208
flexible belts and, 195-202
friction force, 155
impending motion and, 156, 161
kinetic friction, 156, 157-158, 205
rolling up an inchine, 162
rotational motion and, 161-162,
186190
screws and, 190-195
shiding versus overturming, 158161,
163174, 205
slipping, 161-162, 175-181
static friction, 156138, 205
traction und, 161
wedges und, 182-190
Ductility, stress-strmin dingram for, 433,
454,492
Dynamic test, 430
Dynamics, study of, 2, 3

E

Eccentric uxul londs, 1074-1079, 1086
deflection curve from, 1075
differential equation for, 1075
fixed columns, 1077-1079
mauximum bending moment, 1077
maximum deflection from,

10751077
pinned-end columns, 10741077,
1086

Eccentricity ratio, 1080

Effective (metallic) arca, cubles, 534535

Effective length of columns, 1068 1069,

10711072, 1085

Effective modulus, cables, 535

Elustic limit, 456457, 493

Elustic region, 456-457, 493
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Elasticstranslational (spring) supports,
118-119, 203
Elasticity, 456-468, 402-493
Hooke's luw for, 462-463, 473, 492
linear. 462468, 473, 492 493
loading and unloading marerial
and, 456-457,493
materinl behavior of, 456
mechanical properties of, 1137
modulus of, 463, 473, 1137
partinlly elastic behavior, 456, 493
permanent sct, 456, 493
Poisson's rutio for, 463464, 473,
493, 1137
reloading materinl and, 457
residual strain. 456
stress-strum diagrams for,
456462
Young's modulus, 463
Elliptical cross sections, 681682,
683685
Elongation. See also Stran
axial, 463464, 493
cables, 534-535, 398
creep, 457458
ductility and, 454
extensometer measurement ofl 450
flexibility (compliance) and,
532533, 534
lteral contraction and striin,
463 404
lineur elustic materials, 462468,
492-493, 532
per unit length (strin), 443
percent, 434, 11381139
permunent set, 456
Polsson's ratio for, 463464, 493
prismatic burs, 443, 533334,
§38.554, 598
springs, 332-333, 536-537
stiffness (spring constant) and,
532-533, 534
tapered burs, 542-543
vielding, 452
Engineering principles, 1-32
wecuracy of calculations, 13-16
conversion factors, 1112
deformable bodies, 2
dimensional homogeneity, 14
dynumics, 2
Newton's luws, 2-4
numerical problems, 13-14
nigid bodies, 2
scalurs, 4
significant digits, 14-16
statics, 2
symbolic problems, 13
units, 2-12
vectors, 4-9

Equations of compatibility, 555, 678,
692, 1003
Equations of equilibrium
beam deformation, 677-679, 1003
column stability from, 1049-1051
dry friction, 159162
scalur form of, 114-115
statically indeterminate members,
677-679, 1003
superposition and. 1003
torsional members, 677-679
vector form of, 114
Equilibrium
column buckling und, 10491051,
10561057
constraints (support connections)
and, 125-129
critical load for, 10561057
evaluation of in structures, 114,
268-269
foree resultunts and, 48-52
free-body diagrams for analysss,
1142125, 204

mdependent equations of, 128-129,
204

neutrul, 10501051, 10561057
Newton's first law and. 2-3
pmned-end columns, 1056- 1057
stable, 1056-1057
stubility and, 126128, 204,
10491051, 1056-1057
stutic unalysis, 114-155, 203-205
static determinney and. 115,
129-132, 204
static equations for analysis,
114-115, 125-128, 203
stutically indeterminute structures,
554-556, 677-678
three-dimensionul problems
142153
two-dimensional problems,
128129, 132-142
Equivalent couples, 74
Euler buckling load, 1060, 1085.
See also Buckling
Euler's curve, 1062, 1081, 1086
Exponents, 1111
Extensometer, 450
External forces, 3, 34-35
External stability. 127, 238, 258

s

Factor of safety, 481482, 494
Filument-reinforced material. 435

Fixed columns, 10651074, 1077-1079,

1083
boundary conditions for, 1067,
10701071

buckled mode shapes of, 10661068,
10701072
buckling equution for, 1067, 1071
critical load for, 10681069,
1071-1072
deflection curve for, 1065, 1067
differential equations for,
10661068, 1070
eccentric uxial loads on, 1077-1079
effective length of. 1068-1069.
10711072
fixed at buse and free at top,
10661068
fixed at base and pinned at top,
10701071
fixed at both ends; 1069
Fixed-end beams, 994-995
Fixed (clamped) support, 118, 203, 390
Fixed vector, 4
Flanges, 739, 757-764, 792
Flut belts, 195-197, 199-202
Flexibility (compliunce). $32-533,
598, 642
Flexibility method, see Superposition
Flexible belts, see Belts
Flexural rigidity, 725, 768, 1061
Flexurul stresses, 725. See alvo
Bending stress
Flexure formula, 725-726, 768, 790, 791
Fluid friction, 156
Force
along u line, 52-33
angle between two vectors, 54-36
components of, 3§-47, 52-53
concurrent, 36, 4142, 4852, 81
coplunur, 36
external, 3, 34-35
frame analysis of, 268, 270-272
free-body dingrums for. 115125
friction, 153, 205
mternal, 3, 34-35, 268, 270-272,
369435
Newton's third luw and, 3
nonconcurrent, 81-83
purallel, 83-86
parallelogram law for, 30, 40-41
pin-connection forces, 269-270
polygon law for, 4142, 81
principle of trunsmissibility for, 35
reactions and constraints. 115-119
resultant of system of, 4852, §] 93
shear, 394-397, 419, 759-760
statics sign convention for, 115
support connections and, 115-119
three-dimensional (3D), 34, 42 .47
triungle law for. 36
wo-dimenstonal (2D), 34, 3542
types of, 34-38
units of, 9, 10-11




vector summation approuch,
42-43, 81
weight as, 3
Force-couple system, 74-80, 97
Force diugrums, 191-192
Force—<lisplucement relations, 343-544,
§55-556, 598. 1003
Force equilibrium, 48-52
Frames. See also Beams
axial-foree diagram (AFD)

for. 413417
determinacy of, 271-272
equilibrium analysis for, 268-269
internul forces of, 268, 270-272
joint connections in, 269-270, 288
muchines as, 268
multi-force members of,

268-271, 288
pin-connection forces, 269-270
shear-force and bending moment

diggrams for, 413-417
stability of, 271-272, 288
structural analysis of, 268-286, 288

Free-body diagrams
applications of, 121125
cable-supported beams, 120-121

inclined sections, 859-863
linear elastic materials and, 462-463,
473,492,494, 640
modulus of elasticity for, 463
modulus of rngdity for, 473
plane stress, $59-863, 882
pure shear and, 473, 494
shear stress and struin, 473,
640, 860
shear stress-strain disgrums
using, 473
stress and strain, 462463, 640, 860
torsion und, 640
triuxial stress, 865
uniuxinl stress, 861, 862
volume change und, 861-862
Young's modulus and, 463

Hydrostatic stress, 867, 883

I-beams (standard), 681-682,

737738, 1123

Identized beam models, 390-392
Idealized column models, 10481049,

1056-1057

Index 1181

Inelastic behavior in columns,
1062-1063
Infinite series, 1112
Inflection poing, 420, 992
In-plane principal stress, 840-841
In-plane shear stress, 843, 910-911, 915
Integrals, 11131114
Integration of differential equations,
967-983
bending-moment equations, 967-977
boundary conditions for, 967, 1016
buckling equation for, 1059
constants of integration for.
1058-1059
continuity equations for, 968
deflections by, 967-983, 10581039
load equations, 978983
method of successful integrations,
967-977
shear-force equations, Y78-983
symmetry conditions for, Y68
Internal elements, 369438
bars, 370-378, 418419
beams, 389417, 419-420
shufts, 379389, 418419
static determinacy and, 370, 418
Internal forces. See also Shear-foree und

conceptunlization und, 114-123

cross section in, 441

equilibrium equations for,
144115, 204

importance of, 115

Impending motion, 156, 161
Imperfection in columns, 10621063
Inclined planes, torsion effects

in pure shear, 664-667
Inclined sections

bending-moment diagrams
analysis of, 34-35
axial, 370-378, 418419
uxinl-force disgrams (AFD),

plane trusses, 120
reactive forces and, 3, 27, 115119
static equilibrium unulysis using,
115, 120-125, 204
statics sign convention for, 115
support connections, 115-119
Free vector, 4-5, 74
Friction, 155-202. See ulso Dry friction
Friction coefficients, 156-158
Friction foree, 135, 205,470

G

Gage length, 450

Guge pressure. %08

Glass fibers, 434

Gravitation, Newton's lisw of, 3
Gruvitational system of units, 9
Gravity, 3-4

Gravity, center of, 310, 326-327, 354
Gusset-plate connections, 235-236

H

Homogeneous muterial, 444, 464-465.
493
Hooke's law
binxinl stress, 861, 862, 8§63

axially louded members. 586597,
599

bl stress on, 835, 843, 861, 862,
863

determination of stresses on,
587-390

Hooke's luw for. 859-863, 865, 882

muximum pormal and shear
stresses, 590-592, 599

Mohr's circle for, 846-859, 864, 874,
882, 883

orientution of, 387

plane strain on, 867-880, 883

plane stress on, 830863, 867-869,
873, 881-883

stite of stress and, 830

stress analysis on, 829-905

stress elements, 586-597. 599, 830

transformation equations for, 830,
833837, 846-847, 869-873,
881, 883

trisaiul stresses on, R64-867, 883

uninxiul stress on, 592, §34, 843,
861, 862

unit volume change (dilatution),
861-862, 863, 883

Independent equations of equilibrium,

128-129, 204

373378
bars, 370-378, 418419
beums, 394396
bending moments and, 394395
frames, 268, 270-272
Newton's third law and, 3, 371
relutionship between distributed
axinl load and, 372373, 418
reliationship between loads, shear,
and bending moments,
372-373.395-417.419
resultunis of, 34-35
sheur, 394-397
sign convention for, 371-372, 394-396
structural snalysis and, 268, 270-272
Internal friction, 156
Internal moments, 379-389, 418419,
See alvo Torsional moments
Internal stability, 127. 238, 255
International System (S1) of units, 9,
10-11
Isotropic muteriul. 465, 493

J

Joint connections
bull-und-socket, 254, 287
frames. 268. 269-270, 288
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Joint connections (continued )
gusset-plates, 235-236
pins, 235-236, 269270, 287, 288
trusses, 235-236, 254-255, 287
Journal bearing, 119

K
Kilogram (kg), 10
Kinetic friction, | 56-158, 205

L

L-shaped (ungle) sections, 1123-1126
Lateral contraction, 432, 463, 493
Lateral strain, 463-464
Laws of sines und cosines, 95
Length. See also Elongation
bars of prismatic segments, $41-542
changes of axially loaded members,
532-567, 598-399
natural, 532
nonuniform conditions and,
540-554
prismatic bars, 333-334, 340554
tupered bars, 542543
springs, 532-533, 536-537
statically determinate structura)
changes, 532-554, 598
stuticully indetermmate structural
changes, 554-567, 599
units of, 9, 101
Line of uction, 444445
Lineur clusticity, 462468
angle of twist for, 642-643
nxinl elongation and, 463464,
493, 532
beams, 723-736
circular burs, 639-651
flexure formula for, 725-726
homogeneous materinls
und, 464-463
Hooke's luw for, 462463, 473,
492 640
luteral contraction and, 463
lateral strain und, 463-464
modulus of elasticity (Young's
modulus) nnd, 463
modulus of rigidity und, 473
moment—urvature relation,
724-728
Potsson’s ratio for, 463464,
473,493
sheur stress and striun, 473, 640
stresses and, 723736
torsion formuly for, 641-642, 691
torsionul deformation and, 639-651
tubes, 643-644, 646-651
Lincar region, 451
Linearly varying lond/moment, 371, 380

Lines
centroid of, 312, 313-314, 320, 354
composite bodies, 320
forces ulong, 52-33
Load-deflection dingrams, [062-1063,
1076
Load equations, 966, 978-983
Loads. See also Critical louds
analysis for structural design,
488491
allowable, 483-487, 494, 535
uxial, 370-378, 418
burs, 370-378, 418
beams, 392-393, 396-417. 419
caubles, 535
columns, 10741079, 1085-1086
concentrated, 392, 395-396, 399,
400404
couples (moments) us, 392, 399
distributed, 370-373, 379-383.
392-393, 396-398, 418
eccentric axial, 1074-1079, 1086
linearly varying, 371, 380, 392
muximum bending moments from,
401405
relationship berween mternal axinl
force and, 372-373, 418
relationship between internal
torsionul moments and,
381,418
relationships between shear forces,
bending moments, und.
395417, 419
shalts, 379-389, 418
static equivalency of, 392-393
torsionul moments, 379-389, 418
ultimate, 535
uniform, 370-371, 381, 392,
402-403
units for, 11
Logarithms, 1111
Longitudinal (uxiul) stress, 915
Longitudinal stnun, 719-723
Liider’s (slip) bands, 592
Lumber (structural timber) propertics,
1127

M

Machines
dry friction and, 182-202
fexible belts, 195-202
frames, 268-286, 288
screws, 190195
structural analysis of, 268- 286, 288
wedges, 182-190
Magnitude, 4, 44|
Margin of safety, 482
Mass, 34,9, 10-11

Mass, center of, 310, 325-326, 354
Mass density, 1136
Mathemutical constants, 11101111
Mathematical formulas, 1107-1114
Mean dinmeter, 190
Mechanical properties. 449462,
1135-1139
aluminum alloys, 4531454
brittle materials, 454, 494
composites, 435
compression, 455
compression test for, 450
ductility, 453, 454, 492, 4%
clasticity, 456468, 493494 |37
elongation, 454, 11381139
Hooke’s law for, 462-463, 492
lateral contruction, 452
linear elasticity, 462-468, 492
material behavior and, 449
necking, 451-452
perfectly plastic, 452
plasucity, 456-462, 492
plastics, 455
Poisson's ratio for, 463464, 493,
1137
rubber, 434
strength and. 451453, 481487,
494
strain hardening, 452
stress-struin diagrums, 450 462
structural steel, 451453
tables for, 455-456, 1135-1139
Lensile test for. 450
yielding, 432, 494
Mechanics of materials, 439-530
allowible stress and Joads,
481487, 494
amsotropic materigl, 463
creep, 457458, 493
elasticity, 456 468, 473, 493
factor of sufety, 481482 494
homogencous material, 224,
464-4685, 403

Hooke's law for, 462463, 473 292

1sotropic material, 465, 493

lineur clasticity, 462-468, 473,
492-493

loading und unloading materate
456-457, 403

mechanicul properties, 449 462

plusticity, 436457, 493

Poisson's ratio for, 463 464,
473,493

reluxation, 457, 403

reloading materials, 457

shear stress und stramn.
403494

strain, 443-449

stress, 440449

-
A
i



stress-strain diugrums, 450-462
structural design und, 488491, 494
study of, 440)
Membrane stresses, 909
Method of joints, 236-245,
256-268, 287
Method of sections, 245254, 258-259,
262-268, 287
Method of successful mtegrations,
V67977
Method of superposition, 983-992,
10021015, 1017, See also
Superposition
Metric system, 9
Misfits, 367, 378-579, 582-383, 399,
692
Mobile construction cranes, static
equilibrium anulysis of.
123-124, 131
Mode shapes (buckled), 1051-1035,
1085
column buckling models,
10511055, 1085
fixed columns, 10661068,
1070-1072
pimned-end columns, 10591060
Modular ratio, 774
Modulus of elusticity (£), 451-452,
463, 671672, 1137
Modulus of ngdity (G). 473, 671-672
Mohr’s circle
construction of, 847-849
inclined sections, 846-859, 864, 8§74
moments of inertin, 349352, 355
plune struin from, §74, 883
planc stress from, 846859, 882
principal stresses from, 850
shear stresses from, 831
stresses from, 849850
trunsformation equations for,
846-847
trigxiul stress, 864
upward and downward forms
of, 847
Moment-curvature relationships
beams, 724-725, 767-768, 775, 790
composite beams, 767768, 775, 792
flexural rindity and, 723, 768
Iinear elustucity and, 724-725
stresses und, 724-725
transformed-section method
und. 775
Moments. See also Bending moments;
Moments of inertis; Torque
about a pomt, 57-68
about an axis, 67-73
area, of u, 311
bending, 76, 394-396, 398, 419
couples, 74-80, 392, 399, 636

cross product, 57-59

first moments of aren, 310, 311,
318-320, 750-751

force-couple system, 74-80

principle of, 82

right-hand rule for, 57-58

second moments of area, 310, 330,
353

three-dimensional problems, 58-39

torsional, 76, 379-389

triple scalar product, 67-68

twisting. 636-637

wo-dimensional problems, 57-58

Varignon's theorem, 62-67

Moments of inertia

axis of symmetry and, 342-343,
346-348. 353

beam curvature and, 725-727

centrodal axis and, 333-340,
34334

centroids and, 310, 330-340

composite areus, 335-340, 355

doubly symmetric shupes, 726727

flexure formula and, 725-726

lincar-clastic materials, 725.727

Mohr's circle for, 349-352, 355

moement-curvature equation, 723

purallel-axis theorem for, 333335,
341-344, 353, 355

plane arens, 330-335

polar; 340-342, 355

principal axes, 246-347, 350, 355

principul moments, 348-352, 355

principal points, 347-348

product of inertin, 342-344, 335

radius of gyration and, 331-333,
355

rectungular, 330-333, 355

rotation of axes for. 345-346, 355

section modulus and. 726-727

transformation equations
for, 345-346

Multi-force members, 268-271, 288

N

Natural length, 332

Neckmg, 4514352

Neutral axis, 720, 724, 767, 774-775,
783784

Neutral equilibrium, 1050-1051.
1056-1057

Neurral surface, 720

Newton (N), 10

Newton's luws, 2-4, 27, 371, 380

Nominul stress und strain, 451

Noneirculur prismutic shafts. 681-690,
See alyo Shufts

Nonconcurrent forces, 81-83

Index 1183

Nonprismutic beams, 965-966
Nonuniform bending, 716-717,
727,791
Nonuniform torsion, 652-663
burs with varying cross sections,
653-654
distributed torque und, 633-654
internal torque and, 652-653
prismatic segments, 632-653
torsionul-displacement dingram
(TDD) for, 654-663, 692
Normal strain, 443, 720
Normal stress, 440442, 831
axiully loaded bars, 590-592
beums, 723736, 768, 775-776
flexure formulus. 768
inclined sections with, 390-592
linearly elastic materials, 723-736
moment-curvature relutionship
and, 726-727
plune stress element of, 831-832
resultunt of, 723
sign convention for, 8§31
transformed-section method and,
775776
Numerical problems, 13-14, 28

0

Oblique angle, 472

Offset method, 453, 492

Offset vield stress, 453-454

Optimization, structural design for, 488

Out-of-plane shear stress, 843, 910, 916

Overhung beams, 391, 405409

Overturning, sliding versus, 15§-161,
163-174, 205

P

Puppus, theorems of, 327-329, 355
Parallel-axis theorem, 333-335,
34|-344, 355
centroidal axes and, 333-335,
343344
moments of inertin and, 333-335,
341-344, 355
pliane areas, 333-335
poliar moments of inertin and,
341-342
product of inertia and, 343-344
Parallel forces, 83-86
Parallelogram law, 3, 27, 35-36, 40-41,
95, 1107
Parallelepiped, 471
Partially elustic behavior. 456, 493
Particles, Newton's first and second
laws and, 2 3
Percent elongation, 454, 1138-1139
Percent reduction in area, 454
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Perfect plasticity, 451-452
Permunent set, 436, 493
Perpendicular planes, equality of shear
stress on, 471472
Pin support, 116-117, 203, 390
Pinned-end columns, 1056- 1065,
1074-1077
bending-moment equation for,
10571058
buckled (mode) shipes, 1059-1060
buckling of, 1056-1065
critical load for. 10561061
critical stress for, 10611062
deflection curve for, 1058, 1073
differential equations for,
10571059, 10758
eccentric uxiul louds on, 10741077
effects of deflection, imperfections,
und melastic behavior,
10621063
equilibrium of, 10561057
fundamental case of, 1060
muterial strength and, 1060-1061
stubility of, 10561057
Pinned joint connections
forces at, 269-270
frumes, 269-270), 288
segmented prismutic bars, 548551
Irusses, 235-236. 287
Pipes, see Tubes
Pliane areas. See also Area
axis of symmetry, 311, 342-343, 353
centroid of, 310-312, 315 316, 353
moments of inertiu for,
330-344 355
parallel-axis theorem for,
333335, 355
properties of, 11151120
radius of gyration of, 331-333

biaxial streys, 833, 843, 861

culculation from plune strains, 875

circumferential (hoop) stress.
914-915

combined loadings and,
921-943, 945

cvlindrical pressure vessels,
D14-021, 044 945

clements of, 830-832, 881

Hooke's law for, 839-863, 882

mclined planes, 830-863, 867869,
875, B81-883

in-plane stresses, 840-841, 843, 910

longitudinal (uxinl) stress, 915

membrane stresses, 909

Mohr's circle for, 846-859, 882

normal stress clements, 831-832

out-of-plune stresses, 843, 910

plane strain compared Lo, 867-869

principal angles, 838, 839840

principal planes, 838, 840846, 850

principal stress, 838-839, 850, 882

pure shear, 834, 843, 861

shear stress elements, 831-832,
840-843, 851

s1gn conventions for, 831, 851

spherical pressure vessels,
908-913, 944

tensile stresses, 908-909

trunsformation equations for,
833-837. 846847, 881

umuxial stress, §34, 843, 861

wedge-shaped clements, 832-833

Plane trusses, 120, 129, 234254,

287-288
cubles. 239-240, 288
collinear members, 239
cross brucing, 239-240
free-body diagrams for, 120

Poisson’s ratio, 463464, 473, 493,
494, 1137
Polur moment of inertia, 340-342,
355,641, 643
Polygon law, 4142, 81, 95
Position vectors, -9, 28
Power transmission, 673-677
Pressure vessels
cylindrical, 914-921, 944945
spherical, 908-913, 944
thin-walled, Y08, 914, 944
Prestrains, 567, 578-579, 599, 692
Prestressed structures, 378
Principal angles, 838, §39 840
Principal uxes, 346-347, 350, 355
Principal moments of ineftin.
348352, 355
Principal plunes, 838, §40-846, 850
Principal points, 347-348
Principal stresses, 838810, 850, 882,
910
Principal strams, 873, 883
Principle of moments, 82
Principle of superposition, Y86
Principle of transmissibility, 35, 93
Prismatic bars, 441449, 533534,
540-554
axial loads along, 441-449
axial ngidity of, 533
axial-displacement (ADD)
diggrams for, $4)-542,
545-551, 598
wakforce dingrums (AFD) for.
340-341, 545-551, 598
axially loaded members, $33 333,
538340
cross sections of, 441, $33

clongation of, 533-534, 538 554 98

fexibility of, 534, 598

rectungular moments of inertia, gusset-plile connections, 235236 force-displucement relation,
330-333,355 method of joints, 236245, 287 543-544, 508
Plune of bending, 389-390, 716, 790 method of sections, 245254 287 intermediate axial loads, 34054
Plane straim, 867-850, 883 stability of, 23§ internal torque und. 6352-653
calculution of stresses from, 875 static determinacy of, 129, 23§ length chunges of, 533534,
nclined planes, 867-880, 883 structural analysis of, 234-254, 340554
maximum shear struins, 873874 287-288 line of action for, 444445
Mohr's circle for, 874, 883 trinngulur design of, 235, 287 nonuniform condition length
normil strain elements, 870-871 two-force members. 235-236 chianges, 840-554
plane stress compared to, $67-869 zero-force members, 238-239, 288 nonuniform torsion of, 632-653
principal struins, 873, 883 Plastic flow, 457 segmented bars, 541-542, 548 35
shear struin elements, 871872, Plastic region, 456457, 493 632-653
873874 Plasticity, elastic limit and, 456457, sign conventions for, 533 334
strain gage measurements, 867, 493 stiffness of, 534, 598
§74-875 Plastics, stress-strain disgram for. 455 struin und, 443449
trunsformution equations for, Points stress and, 444442443 440
R69-873, 883 aren symmetric about, 311 stress concentrations, 442
Plunc stress moments about, 57-68 tapered, 542-343, 551554
analysis of, 830-863 of inflection, 420, 992 uniuxial stress and strum
applications of, 907-960 principal. 347-348 und, 443 444




uniform stress distribution, 442
vurying loads on, 542-543
Prismatic beums, 966
Prismatic shafts, noncircular, 681-690.
See alvo Shafts
Problem solving, 13-26, 115
accuracy of caleulations, 13-16
dimensional homogeneity, 14
engineering caleulations, 14-16
four-step approach, 16-26
free-body diagrams for, 115
numerical problems, 13-14
rounding numbers, 15-16
significunt digits, 15-16
symbolic problems; 13
Product of inertia, 342-344, 355
Properties of materials, 1135-1139
Proportional limit, 451-432, 402
Propped cantilever beams, 993-994
Pure bending. 716-717, 719-720
Purc shear
Hooke's luw for, 473, 494, 861
inclined planes, 664-667, 861
shear distortion, 667
sign conventions for, 664-665
state of, 472, 637
strains in, 667-671
stresses in, 664-667, 834
torsion deformation in, 637-639,
664-671
transformation equutions for. 834
Pure torsion, 636637, 642, 652

Q

Quadratic equution und formuly, 1112

R

Radius of curvature, 717, 963
Radius of gyration, 331-333, 355, 1061
Rute of twist, 638-639
Reaction forees, 115119
Renctions, analysis for structural
design, 48849
Rectangulur cross sections
angle of twist for, 682-685
beams, 727, 738, 746-754,
791-792
bending stresses, 738
dimensionless coefficients for, 683
moment of inertia, 727
normal stresses, 727
relative efficiency of, 738-739
secuon modulus, 727, 738
shear formulu for, 747 730, 791
shear stress distribution, 682685,
T46-754, 79
torsion of, 681686
warping of. 681 682

Rectangulur moments of inertia,
330-333, 355
Redundant reactions
beam deflection und, 994, 1003~
1006, 1017
released (primary) structures, 994,
1017
static redundants, 994
superposition of, 10031006
Reinforced concrete beums, 769
Relative efficiency, 738-739
Relaxation, 457, 493
Released (primary) structures, 557360,
599,994, 1017
Required urea. structurul design for, 488
Residual (permanent) struin, 456, 493
Restoring moment, 1049
Resultant of system
concurrent forces, 35-36, 4142,
48-52, 81,95
force equilibrium, 48-52
internal forces, 34-35
noncancurrent forces, 81-83
normal stresses and, 723
purullel forces, 83-86
paruliclogrum law for, 35-36, 95
polygon law graphicul approach,
41-42, 81,95
principle of moments, 82
triungle law for, 36, 95
vector summation approuch,
42-43, 81
wrench, 86-94
Rhomboid, 472
Right-hand rule, 57-58, 96, 636, 637
Rigid bodies, 2
Rocker support, 116
Roller support. 116, 203, 390
Rolling up an mncling, 162
Rotation of axes, 345-346, 3535
Rotational motion
dry friction and, 161-162, 186-190
equilibrium equations for, 161162
rolling up un incline, 162
shpping und, 162
traction, 161
wedges for prevention of, 186-190
Rotationul spring support, 119
Rotational stiffness, 10481049
Rounding numbers. 1510, 28
Rubber, stress-strain disgram for, 434

S

Sundwich beams, 765-766, 768-771
Scalars, 4, 27, 114-115, 1107
Screws, 190195

dry friction and, 190-195

force dingrams for, 191-192

Index 1185

load, 190
mean dinmeter, 190
self locking, 192
turnbuckles, 579-582
Secant formuli, 1079- 1084, 1086
Second (s), 10
Section modulus, 726-727, 736-739, 79|
Self locking screws, 192
Segmented prismatic bars, 541542,
548-551, 652653
Shafts
angle of twist for, 942-943, 682-085
circular, 640-631, 673 677, 692
distributed torsional moment
loading, 370-383, 418
ellipticul cross sections, 681-682,
683-685
hollow in torsion, 643-644, 64665
internul torsional moments n,
379-389, 418419
muximum normul and shear
stresses, 692
noncireulur prismatic, 681690, 693
power transmussion by, 673677,
692693
rectiangular cross sections, 681682,
683-685
relutionship between loads und
imternal torsional moments.
381,418
sign convention for, 380
solid in torsion, 640-643, 64465
stress distribution for, 682690
thin-willed open cross sections,
681682, 685
torque and, 636
torsion and, 636, 634663, 673-677,
6R1-690, 692690
torsion formula for, 641 642
torsionul-displocement dingram
(TDD) for, 654-663, 692
torsional-moment diagram (TMD)
for, 382-389, 419, 654-663,
692
torsionul moments in, 379-389, 681
trungular cross sections. 681-682.
683685
wirping, 681-682
Shear distortion, 667
Shear force
beams, 394-397. 419, 759-760
bending moments and,
394396, 419
relationships between loads,
bending moments, and,
395-397
sign convention for. 394-396
webs of wide-flunge beams,
759-760
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Shear-force und bending-moment
diagrams, 399417, 420
concentruted louds, 400-402,
403-404
drawing guidelines, 420
frames, 413417
internal effects in beams,
300.417, 420
maximum bending moment from,
401405
several concentruted loads, 40304
uniform loads, 402-403
Shear-force equutions, 966, 978-983
Shear formula, 747-750, 755, 790, 791
Shear modulus of elasticity, 473, 1137
Shear strain
angles and, 472
beams, 751
circular bars, 637-639
distortion us, 472
Hooke's luw for, 473, 494, 640, 860
inclined sections, 860, 871-872,
873-874
muximum, §73-874
modulus of rigidity for, 473
outer surfuce of burs, 637-639
plane struin element of, 871-872
sign convention for, 472-473
torsional deformation and,
637-639, 640, 691-692
transformation equations for,
871-872
tubes. 639
warping from, 731, 791
within bars, 639
Shear stress
axinl londs and, 468 481, 493494
uxiully loaded members,
§90-592, 599
nverage, 470
beams, 746-765
bearing stress und, 468471, 493
bolts, 39, 468471
circular bars. 639642, 692-693
circular cross sections, 734-737, 791
direct, 471
distribution of, 750-751
double, 469
first moment of areya und,
750-751
Hooke’s luw for, 473, 494, 640, 860
horizontal, 746-747
in-plane, 843
inclined sections with, 590-592, 860
linearly elustic materiuls, 639-642
maximum, 590-592, 599, 755-737,
759, 841,843, 851
modulus of rigidity for, 473
Mohr's circle for, 851

out-of-plune, 843
perpendicular planes, equulity of
on, 471472
plune stress element ofl 831-832,
840-843
Poisson’s rano for, 473, 494
pure shear, 472-473, 494, 637-639,
664-671
rectungulur cross sections, 746-754,
1
shear formula for, 749-750
sign convention for, 472-473,
664-665, 831, 851
subseript notation for, 831
torque and, 641-642, 664
torsion and, 639-642, 664671,
692-693
tubes, 643644, 646-651
units of, 471
vertical, 746-747
webs of wide-flange beams
757-764
Shell stractures, Y08, See also
Pressure vessels
Significant digits, 15-16
Simply supported (simple) beams, 3%,
409-412, 1132-1134
Skew direction, 864-865
Slenderness ratio, 1062
Sliding support, 117, 203
Sliding vector, 4, 57
Sliding versus overturning, 158-161,
163-174, 205
Ship (Luider’s) bands, 592
Slipping, rotutional motion and,
161-162, 175181
Slopes of deflection curve, 11291134
Space trusses. 120130, 254-268, 287
ball-and-socket joints, 254, 287
method of Joints, 256-268
method of sections, 258-239,
262-268
stability of, 255
static determinacy of, 129130, 255
structural unalysis of, 254-268, 287
tetrahedron design of, 255, 287
Spherical pressure vessels, 908-913, 944
gage pressure, 908
inner surfuce stresses, 910-911
limitations of thin-shell theory, 911
membranc stresses of, 909
outer surfuce stresses, 910
plane stress spplications, 908-913,
044

principal stresses in. 910
tensile stresses in, 908-909
thin-walled, 908, 944

Spherical stress, 866-867, 883

Spring (elustic) support, 118-119, 203

Springs
coils, $32-533
clongation of, §32-533, 536537
flexibility (complianee), 532-533
musfits of, 382-383
natural length, 332
stiffness (spring constant), $32-522
Stability
columns, 1048-1057
eritical load and, 1049-1050,

1056- 1057
determinacy and, 23§, 255, 271-272
equations of equilibrium for,
10491051

equilibrium and, 126-128. 204
externul, 127, 238, 255
frames, 271-272, 288
internal, 127, 238, 25§
neutral equilibrium and, 10501051
plane trusses, 238
spuce trusses, 255
structural design for, 488
Stable equilibrium, 1050-1051,
1056-1057
Standard beum properties, 1123
Static determinacy
degree of, 994, 1017
equanons of equilibrium for, 115,
129-132, 204
examples of analysis for, 129-132
frumes, 271-272
internul force und moment analysis
and, 418
plane trusses, 129, 238
space trusses, 129- 130, 285
stability and, 238, 255, 271 -272
Static equilibrium analysis, 114155,
203-205. See also Equilibrium
Stane equilibrium equations, 114115,
125-128, 203
Static equivalency of distributad loads,
192-393
Static friction, 156158, 205
Static redundants, 994
Static sign convenuon, |13, 395
Static test, 450
Statically determinate beams, 962-992
1016-1017
bending-moment equations, 966,
967-977
curvature of, 962-967, 1016
dellection curve for, 962-967, 1016
deflection of, 962-992
differential equations for, 962983,
1016
distributed loads on, Y85-956
load equations, 966, 978-983
method of successive integrations,
967-977, 1016




method of superposition for.
983992, 1016-1017

nonprsmatic beams, 965-966

prismatic beams, 966

shear-force equations, 966, 978-983

Stutically determinate structures

axully loaded members, 532554,
598

bars, 533-534, 538554, 598

cables, 334-535, 598

misfits and prestrains in, 578,
582-585

prismatic bars, 533-534, 538-554,
598

springs, 532-533, 536-537, 582-585

thermal effects on, 569

Stutically indeterminute beams,
9921015, 1017

continuous beams, 995

deflection curve of, 993, 996-1002,
1017

deflection of, 992-1015, 1017

differential equations for, 996-1002,

1017

fixed-end beams, 994-995

method of superposition for, 1002
1015, 1017

propped cantilever beams, 993-904

redundunt reactions, 994, 1003
1006, 1017

Sutically indetermunare structures

structural design and, 488
torsional, 642
trunslational, 1048

Strain. Ser alvo Plane strain;

Shear strain
uxial, 462463
beams. 719-723, 765-766
composite beams, 763-766
compressive, 443
dimensionless quantity of, 443
elongation per unit length, 443
Hooke's luw for, 462-463, 473, 492,
860
lateral, 463464
longitudinal, 719-723
nominal, 431
normal, 443, 720, 870-871
Poisson’s rutio for. 463 464, 473,
493
principal, 873
pure shear, 667-671
residual, 456
sign convention for, 720
tensile, 443
thermal, 368569
tarsion and, 667 671
trunsformation equations for,
R70-871
transverse, 721
true, 451
uniaxinl, 443444

axtally loaded members, 554-367,
599

burs, 554556

cvlinders, 564-567

equations of compatibility for, 555,
678, 692

Strain-curvature relation, 720

Strain gage measurements, 867,
R74-875

Struin hurdening, 451452

Strain rosette, 875, 880

Strength

equations of equilibrium for,
534556, 677-678
foree-displucement relutions,
555-556
frames, 557-560
misfits and prestrains i, §78-579,
692
prestruins in, 678, 692
superposition for, 557-560, 599
thermul elfects on, 569-570
1orque-displacement relations,
678681
torsional members, 677-681, 692
Statics, study of, 2
Steel, see Structurul Steel
Stifiness
column design und, 10481050,
1061
flexibility und, 332333, 534
flexural rigidity and, 1061
rotutionul. 10481049
spring constant, 332-333, 598

wllowuble londs, 483487, 494

ullowable stress, 482-487, 404

column design und, 1048,
10601061

fuctor of safety, 481482, 494

margin of safety, 482

stress-strain dingrams for,
451453

structural design und, 488

ultimate stress and, 451452, 483

Stress. See also Bending stress; Normal

stress; Plane stress; Shear stress

allownble, 482487, 494
uxinl forces and, 441, 443449
uxially louded members. 568-569.

586-597, 599
beams, 715-828
beuring, 468-471, 493
biaxiul, 835, 843, 861, 862, 865
columns, 1062-1063, 1079-1084
compressive, 442, 10791080
concept of, 440441

Index 1187

composite beams, 765 782, 768,
775-776
eritical, 10621063, 1081
cross section representation, 441,
723-736
distribution in noncirculur shafis,
682690
Flexure formula for, 725-726
Hooke's law for, 462-463, 473, 492,
860, 865
hydrostatic, 867
inclined planes with, 664-667
melined sections and, 586-597
limitations of, 442
lineur elustic mauterinl
and, 723-736
loading and unloading materinls
for, 456
magnitude of, 441
maximum, 39%0-392, 599, 726
membring, 909
Mohr’s circle for, 849-850
moment-curvature relationship
and. 724-725
neutral axis location for, 724
nominal, 451
normal, 440442, 590-592, 723
736, 768, 831
offset vield, 4534354
prismatic bars, 441, 443-449
pure shear, 664- 671
resultunt of, 723
secant formula for, 10791084
sign convention for, S88-590,
0664665, 831
sphencal, 866-867
state of, 830
1ensile, 39, 442, 905-909
tension loads und, $90-592
thermaul, 568- 569
torsion and, 664-667. 682-690
rinxial, 864-867
true, 451
ultimite, 451452482, 1138-1139
uninxinl, 443-444 502 834 843,
861, 862
umform distribution of, 442,
444445
units of, 442
unsymmetric beam analysis for,
785-787
yield. 451453, 11381139
Stress concentrations, 442, 727, 791
Stress elements, 830832
Stress-strain curves, 451454
beum stresses from, 721, 728
conventional, 453
Tongitudinal strains and, 721, 728
true, 452453
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Stress-stram diagrums, 450-462,
492453
aluminum alloys, 433454
brittle materiuls, 454, 493
composites. 435
compression, 453
curves, 451454
ductifity, 453, 454, 492
elustic limit, 456, 493
clustic region, 456-457, 493
elongation, 454
linear region, 451
loading and reloading materiuls
and, 456457
modulus of clasticity, 451 452
necking, 451-452
nominu! stress and strain
calculations, 451
perfect plusticity, 431-452
plastic region, 456457, 403
plastics, 455
proportionul limit, 451452, 492
rubber, 454
shear stress and strain, 473
strain hardening, 451452
structural steel, 431453
true stress and strain caleulutions,
451
yield pomnt, 451-452
Structural steel
beam sections, 737
ductility of, 453
mechunical properties of, 451-453
shape property tables, 11211126
stress-strain diagrams, 4514353
Structures
allowable stress und louds,
482-487. 494
anitlysis of, 233-308, 488
design of, 488491, 494
factor of safety, 482-483, 494
frames, 268-286, 288
internul forces of, 268, 270-272
load und reaction anulysis of,
488-491
loads on, 11
lumber properties, 1127
mischines, 268-286, 288
murgin of safety, 482
method of joints, 236245,
256-268, 287
method of sections, 245-254,
258-259, 262-268, 287
optimization of, 488
plune trusses, 234254, 287-288
required area of, 488
space trusses, 254-268, 287
stubility of, 238 , 488
stifTness of, 488

strength of materials and, 45]1-452
structural steel shape properties,
11211126
structural timber properties, 1127
Subelements, 747-748
Superposition
bars, 557-560, 599
beam deflection tables for, 984,
1002-1015, 11291134
beums, 983-992, 1002-1015
concept of, Y83-984
deflection determmed by, 983-992,
10021015, 1016-1017
distributed loads und, 985-986
equations of computibility for, 1003
equations of equilibrium for, 1003
force-displacement relations
and, 1003
method of, 983-992, 1016
principle of, 986
redundant reactions
and, 1003-1006
released (pnimary) structures,
557-560, 599, 692
statically determinite beams,
083.992
stutically indeterminate beams,
100210135
statically indeterminate structures,
557-560, 599, 692
Support connections
beams, 390-392
columns. 1056-1074, 1077-1079
eccentrie axial loads and 1077-1079
equilibrium equations for, 125-129
fixed support, 118, 203, 390,
1066-1074, 1077
free-body diugrams for, 115-119,
203204
idealized beam models with,
390-392
Journal bearing, 119
mobility and, 125-129
pin support. 116-117, 203, 390,
10561065, 1074-1077
reaction forces at, 115-119
rocker support, 116
roller support, 116, 203, 390
sliding support, 117, 203
spring (elustic) support. 118-119,
stability and, 126-128
symbals for, 116119, 391
thrust-beuring support, 119,
203-204
wheel on rail support, 119, 203-204
Symbolic problems, 13, 28
Symmetry, 312. See also
Axis of symmetry

Symmetry-anti-symmetry analysis, |85
Symmetry conditions for integration,
968, 1016

T

Tapered prismatic bars, 542-543,
551-54
Temperuture-displucement relations,
369-370
Tensile stress and struin, 39, 442-443,
S08-909
Tensile test, 450, 592
Tetrahedron designs, 255, 287
Thermal effects, S67-578, 599
axinlly loaded members, 567 578,
399
coefficient of thermal expansion,
568, 1139
sign convention for, 368
stuticully determinate structures,
569
statically indeterminate structures,
569-570
stresses and strain from, 568-569
temperature-displacement relutions,
569-570
Thermal stress and strain, 568-569
Thin-walled open cross sections,
681-682, 685
Thin-walled pressure vessels, 908, 914,
REE}
Three-dimensional (3D) problems
Cartesiun coordinute system for,
4243
equilibrium of, 142155
forces, 34,4247
moments, 58-59
Thrust-bearing support, 119,
203-204
Timber (lumber) structural properties,
1127
Time, units of, 9, 10-11
Torque
angle of twist and, 642-643,
653-654
distributed, 653-654
internal, 652-653
linear elustic materinls, 643644
nonuniform torsion and, 652-663
sheur stresses und, 641642, 664
sign convention for, 632, 664
thin-walled cross sections, 685
tubes, 643-644
twisting moments as, 636-637
units of 636, 641
wall thickness and, 643-644
Torgue-displacement relations,
634, 675681, 691




Torsion, 635-713
angle of twist, 637-639, 642643,
682684, 691 692
circular bars (solid and hollow),
636 651, 691692
deformation from, 636-639
idenl case of, 636
inclined planes and, 664-667
linearly elastic materiuls und.
639631
moduli of elasticity and nmdity,
relutionship between, 671-672
moment of & couple und, 636
noncirculur shafts, 681-6%0, 693
nonuniform, 652-663
power transmission, 673-677
pure, 636-637, 642, 652
rate of twist, 638-639
right-hund rule for, 636, 637
shufts, 636, 640-651, 673677,
681690, 692-693
shear strains from, 637639,
691-692
shear stress distribution in,
643044, 682690
shear stress from, 639 642, 691-692
staticully indeterminate members,
677681, 692
stresses und strains in pure shear,
064671
torque-displacement rolation, 654,
678 681
tubes, 639, 643644, 646 631
twisting moments (torques), 636
units of, 641642
warping from, 68]-682
Torsion formuly, 641-642, 691
Torsional-displacement diagram
(TDD), 654663, 692
Torsional fAexibility, 642, 691
Torsional-moment diagram (TMD)
internal effects in shufts, 382-389,
419,420
nonuniform torsion in shafis,
654-663, 692
Torstonul moments
distributed louding, 379-383, 418
force-couple systems, 76
internul, 379-389, 418-419
lincarly varying, 380
relationship between louds and,
381,418
sign convention for. 380, 418
uniform, 379
Torsional rigidity, 642
Torsional stiffness, 642, 691
Traction, 161
Traffic signal pole, static equilibrium
unalysis of, 124, 130-131

Transformation equations
biuxiul stress, 835
inclined plunes, 833-837. 846-847,
869-873, 881, 883
Mohr’s circle, 846-847
moments of inertia, 245-346
normal strain, 870-871
plane struin, 869873, 883
plune stress, 833-837, 846847, 881
stress analysis using, 830, §33-837
uninxial stress, 8§34
Transformed-section method, 774-782,
793
composite beams. 774-782
moment-¢urvature relatonship
and, 775
neutral axis and, 774773
stresses und, 775-776
Translutional spring support, 118
Translational stiffness, 1048
Transverse louds, 389
Transverse strain, 721
Trinngle law, -6, 27, 36, 95, 1108
Trinngulur cross sections, 682, 684
Trinngulur designs, 235, 287
Trinxial stress, 864-867, 883
Hooke's luw for, 8635
hydrostitic stress. 867, 883
inclined plunes, 864-867
maximum shear stresses, 864-863
Mohr's circle for. 864
skew directions, 864-8635
sphenical stress, 866867, 883
unit volume change
(dilatation), 863
Tribology, study of, 155-156
Trigonometric functions, 1111-1112
Triple vector/sealur product, 67-68, 96,
1o
True stress and straimn, 451
Trusses
free-body disgrums lor, 120
method of joints, 236- 245, 256-268
method of sections, 245-254,
258-259, 262-268
pinned joint connections, 235236
plane, 120, 129, 234-254_ 287288
spuce. 129130, 254-268, 287
structural analysis of, 234-268,
287-288
stutic determinacy of, 129-130
Tubes
uxinlly loaded members, 545-547
circulur, 639, 643 644, 646-651
linearly elustic materials, 643-644,
646-651
maximum sheur stress in, 755-757
polar moment of inertin for, 643
shear struins in, 639
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sheur stress distribution in. 643644
torsional deformation ofl 639,
643644, 646631
torsion formula for, 644
witll thickness and torque, 643-644
Turnbuckles, $79-382
Twisting. 636-639, See also
Angle of twist; Torsion
Two-dimensional (2D) problems
Cartesian coordinate system, 38 39
equilibrium of, 128 129, 132-142
forces, 34, 38-42
independent equilibrium equutions
for, 128129
moments, 37-58
purallelogram law for, 35-36,
4041, 45
polygon luw for, 41-42, 81, 95
triangle law for, 36, 95
Two-force members. 235-236

U

LS. Customury System (USCS) of
units, 9, 11-12
Ultimate load, cables, 535
Ultimate stress (strength), 451452,
483, 11381139
Unixinl stress and strain, 443444,
592, 834, 843. 861. 862
Uniform loads
axial, 370-372, 442
distributed, 372, 381, 392
shear-force and bending-moment
diagrums for, 402403
stress distribution and, 442
torsionsl moments, 379, 381
trunsverse (beams), 392, 402403
Uniform torsionul moments, 379
Uniformly distributed loads,
see Lniform louds
Unit vectors. 7-8, 28,43, 95, 11081109
Unit volume change (dilatation), 862,
865, 883
Units, 9-12
buse, 10
conversion factors. 11-12
derived, 10
gravitational system of, 9
Internationul System (SI), 9, 10-11
mechinics use of, 10-11
principul quantities, 11
types of. 9
ULS, Customary, 9
Unstuble equilibrium, 10501051,
1056-1057
Unsymmetric beams, 782-789, 793
bending moments in, 782-785
bending of, 782-789, 793
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Unsymmetric beams (continued )

curviture of, 783-784

neutral axis, 783-784

nonprincipal centroidul axes of,
T86-787

principal centroidal axes of]
785-786

procedures for analysis of, 785-787

v

V-belts, 195-196. 197198
Varignon's theorem, 62-67, Y6
Vector summation spproach, 42-43, §1
Vectors, 4-9, 27, 114, 11071110

uddition and subtraction of, -6,

1107-1108

components, 6-7, 95

cross product, 1109-1110

direction cosines, 6-8, 1109

dot product, 52, 1109

equilibrium equations, 114

fixed, 4

free, 4-5

operations, 59, 1107-1110

position, §-9

properties of, 1107
quantities of, 4, 27
sliding, 4
triple product, 1110
unit, 7-8, 1108-1109
Volume
centroid of, 312, 316-318,
320-323, 354
composite bodies, 320-323
theorem of Pappus for, 327-329,
355
Volume change, 861-862. See also Unit
volume change (dilatation)
Volume (bulk) modulus of
elusticity, 866

w
Warping, 681-682, 727, 751, 791
Webs, 739, 757 764, 792
Wedge-shaped stress elements, 832- 833
Wedges, 182-190
between identical blocks, 183
between two blocks, 183-185
dry friction and, 182-19%)
equilibrium equations for, |83

free-body disgrams for, 182-183
rotutionsl metion prevented using,
186-190
symmetry-anti-symmetry analysis,
185
Weight, gravity and, 3-4
Weight density, 1136
Wheel on il support, 119, 203-204
Wide-flange beums, 739, 757-764, 762,
1122
Wire rope, 534, See also Cables
Wood beams, 738
Wrench resultunt, 8694, 97

Y

field point, 451453
Yield stress (strength), 451453,
1138-1139
Yielding, 452
Young's modulus, 463

z

Z-shupes, 682, 683
Zero-force members, 23§-230, 288




