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A

Absolute weight, 1032
Acceleration of gravity, 1033
Adjustment factor, 982
Allowable loads, 65-35. 978
net area, 63
Allowable stresa, 64-65, 982
ultimate siress, 63
Allowable stress design (ASD), §78
Aluminum, 980-982
Aluminum alloys, 33-36
offket method, 38
offset yield stress, 36
Aluminum structural ssctions, 467
Alternative sign comvention for shear stress 661
Angle of rotation, 789
Angle of twist, 275-276, 280281 340-341
pure torsion, 280
rorsional fexibility, 280
rorsional rigidity, 280, 341
(orstonal stiffness, 250
Angle section, 600-601
Atisotropic materials, 47
Apparent weight, 1032
Applied forces. 4-5
Atmospheric pressure, 1033, 1038
Average bearing stress, §0
Average sheat stress, 53
Axial displacement disgram (ADD), 131-132
Axial foroe, 22-23, 502
Axial foree dlagram (AFD), 131
Axially Jouded members, 119 272
changes in lengths, 120-128
changes in Jengths under nonuniform
conditions, 128-142
clustoplastic anulysis, 218-224
impact loading, 197-205
introduction, 120
nonlinear behavior, 214-218
repested Jouding and fatigue, 205-207
statically indeterminate Sructures
142-155
sinmn energy, 186197
stresh concentrations, 207-213
stresses on inclined sections, 174185
thermal effocts, misfits, and prestrams,
155173
Axiul release, 380
Axial stress, 726

B

Hars, 128-13)
continuously virying londs ar dimensions,
130-131
imermediate axial louds, 128-129
length changes, 215-216
limitations, 131
maximum elongation, 19819
masimum stress, 199-200
prismatk: segments, 129 130
Base units, 1030
Beiam axial load, 502-508
axinl foree 502
hending moment, 503
combined stresses, 303
eccentric axial loads. 503-505

limuanons, 503
stress resultants, 502
Heam-column, 963
Beum Cross section, 349, 457
Beam curvisture, 447248
center of curvature, 447
curvisture, 447448
midius of curvature, 447
sign convention for curvature, 43¥
small deflections, 448
Bewm deflection, 787681
hending-tmoment equation, 793801
Castighiano’s theoren, 836-847
deflection curve und differential
cquations, 788-793
impact, 848-850
method of superposition, 809818
moment-area method, 815-826
nonprismatic beams, 826831
shear-force and load equations, B04-809
stralin encrgy of bending, K31-836
tabies, §10
temperatute effects, 850-852
Boam design for bending stresses, A66-476
beam shape efficiency. 468-469
required section modilus, 466
stundard shapes ind sizes. 467468
Heam of rectangulur cross section, 608-610
bending moment, 610
elustic core, 608-610
plastic modulus, 605
plistic moment, 608
shape factor, 609
yield moment, 603
Beam of wide-{lange shape. 610
Beam shape eificiency, 468-469
idea) cross-sectional shipe, 469
solid circular cross section, 469
Beam shapes and sizes, 467-468
sluminum structural sestions, 467
structuril-stoel sections, 467
wood beams, 468
Beams, loads. und reactions, 378368
bearm with overhang. 378
cantilever beam, 378
conventional symbols, 379
fixed support, 378
jdealized model. 180
internal releases, 380382
loud types, 380
pin support, 378
reactions, 380
roller support, 378
simpic beam, 378
Beums of rectangulir cross section, 733-736
stress contour, 735
stress trajectorien, 735
Peam structure, 12
Besm with overhang, 378
Beam with small rotation angle, 790-791
Bearing arca, 51
Beating stresses, S0
Bending moment, 503, 610
Bending-momenl equation, 943
Rending-moment equation and dellection,
792-803
boundary conditions, 793

continuity conditions, 794
method of successtul integration, 794
symmetry condition, 794
Bending strosses, 455
PBernoulli, L, 1019
Biaxial stress, 645, 653
Bolts 167
Boundary conditions, 793, 956957
Box beam, 498
Bredt, R, 1021
Bredt’s theory of torsion, 341
Brittlo materitls, 36-37
gluss fibers, 36
Buckled mode shape, 934
Buckling and stability, 934-941
buckling model, 934
critical load, 935-916
jdenlized structure, 934
neutral equilibtium, 936
restoring moment, 933
stable structure, 935
summuiry, 936-937
unstable structure, 935
Buckling equation, 945
Buckling model, 934
Ruilt-up beams and sheat {low, 498 502
arcas used when caleulating first
moment @, 500501
box beam, 498
glulam beum. 498
plate girder, 498, 500
shesr-flow formula, 500
wide-Mange beam, 500
wood box beam;, 501
Bulk modilus of elasticity, 678-679

C
Cables, 12241283
cffective area, 122
effective modulus, 122
clomgation, 123
metallic ares, 122
wire rope, 122
Camber, 40
Canmtilever beam, 378
Castigliano, A., 1024
Castigliuno's thearem, 836- 847
application, 838-839
dertvation, 836-838
differentiation under integral slgn, 841-842
modified Castigliano’s theocem, S41s
use of fictitious load. 839-841
Cauchy, A.L.. 1023
Celsius tempernturs scale, 1038 1039
Center of curvature, 447, 789
Center of symmetry, 1058
Centroids and moments of inertin, 1057-1082
centmoids of composite areas, 10601062
centroids of plane arcas, 1057-1059
maments of inertia of plane arens
1062-1064
paralicl-axis thegrem for moments
of inertin. 1065-1067
polar moments of mertia, 10658~ 1069
principal axes and principal moments
of mertiy, 10731076
1153
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products of inertia, 10691071
rowtion of axes, 10721073
Centroids of composite areas, 10601062
Centroids of plane areas, 1057-1059
center of symmetry, 1058
first moments, 1057
irregular boundaries, 1058
symmaetnc about an axis, 1058
symmetric about & point, 1058
two axes of symmetry, 1058
Channel section, 597600
Circular bars of Imearly elastic materinls
277-289
angle of twist, 26028
circular tubes, 281-282
Hooke's law in shear, 278
limitations, 282
polar moment of inenia, 279
torsion formula, 279-280
Cireulitr cross section, 488
Circular tubes, 277, 251-282
Circumierential stress, 726727
Clapeyron, B.PE., 1021
Clebsch, A,, 1025
Coll springs, 120
Column fived at base and free at top, 932-954
buckled mode shupe, 954
Column fixed ut base and pinned Wt wp, 956-958
boundary conditiony, 956-957
Columns, 933-1017
buckling and stability, 934941
design formulas, 977-992
ecoentric axial loads, $60-963
effective lengths 954-955
elistic and inelastic behavior, 970-972
inelustic buckling, 971-977
introduction, 934
optimum shapes, 949
other support conditions and Emitstions,
951-960
pinned endy 942-951
secant formula, 965-970
Column stubility factor, 983
Column with both ends fixed against
rotation, 955
Combined loadings, 741-768
analysis method, 742
criticul point selection, 744
illustration method, 742
Combined stresses. 503
Compatibility equations, 143
Composite wres, 1063
Composite bewms, 554-562
bending theory for sandwich beams, 357558
limitations, 558
moment-curvature relationship, 356-357
neutril uxis, 556
normal stresses, 557
sandwich beams, 554
strains and stresses, $54 558
Composites, 27
filament-reinforced material, 37
Compression, 37
Compression test, 12
Compressive strain, 25
Compressive stresses, 24
Concentrated loads, 380, 399 404, 832
Constanis of integration, 944
Continuity conditions, 794
Contmuous beam, 886
Conventional stress-strain curve. 3§
Conventional symbols, 379
Conversions between unit systems, 1039-1041
Coordinste axes, 436
Couple, 33, 274, 350
Creep, 39-40

camber 40
relaxation, 39
Critical load, 935-936, 942, 945934
Euler buckling. 946
Euler lond, 946
fundamental case, N6
higher mode, 946
Cratical pomits, 743-744
Critical sleaderness ratip, 971
Critical stress, 947-948
Euler’s curve, 948
radius of gyration, 947
Cross section, 23
Curviture, 447448
cxact expression, 792-793
Curviiture shortening, 914915
Cylindrical pressure vessels, 726-733
axial stress, 726
circumferential stress, 726-727
comments, 728
hoap stress, 726
inner surfuce stress, 728
longitudinal stress, 726727
outer surfnce stress, 727-T28

D

Deflection, 446, 788
Deflection curve, 446, 788, 944
analysis using differentinl equations, 887-893
ungle of rotation, 789
beams with small rotanon ungle, 790-791
center of curvitture, 789
curvature expression, 792-793
differentinl equations, TRE-793, %9-9510
ponprismatic beams, 79]-792
prismatic beams, 792
sign convention, 789, 791
slope, 789
Deflections and slopes of beamy, | 1031108
Deformation sign conventions, 390
Degree of static indeterminacy. 884
Derived units 1031
Design for uxial loads and direct shear, 70-73
Design formulas for columns, 977-992
allowable load. 978
allowshle stress design (ASD), 978
aluminum, 950-982
limitations, 984
structural steel, 979-950
trinl-and-crror procedure for selecting
column, 978
wood, 982984
Diferential equation, 788-793
of deflection curve, 851, 909-910
Diiferential equathon for column buckling.
943 944
bending-moment equation. 943
buckling equation, 945
deflection curve, %44
Differentinl equation selution, 944-945
constants of integration, 944
general solution, 944
Dimension, 1047
Dimensional homogeneity, 10471048
Dimensioniess quuntity, 25
Direct shear, 53
Displacement method of anulysis 144, 158
Distributed loads. 380, 396-398, 811-812
bending moment, 398
shear force, 396-397
Double shear. 51
Doubly symmetric beams with fnclined Joads,
571-578

inclined load. 571
neutral axis, 372

neutral axm and load mcimation, S5
normal stresses, 72
sign convenuons for bending
§71.512
Doubly symmetric cross beam, 356
Doubly symmetric cross section. 590
Doubly symmetric shapes, 456457
circular cross section, 457
rectangular cross section, 457
Ductility, 35
Ductility and elongation, 36
percent clongation, 36
percent reduction in aren. 38
Dynamic load, 197
Dynamic test, 32

E

Eccentric axinl loads, $03-505
neutral stress. 504
normul stress, S04

Eccentric axial Joads and columes,
cqunnon of deflection curve. %61
masimum dellection, 061-963
other end conditions, Y63

Eccentricity ratio, 966

Effective-length factor, 955

Effoctive lengths for columns, 955 548

Elustic und inelustic behavior of |

970-972
critical slenderness ratio, 71
factor of safety, 972
Inelastic buckling, 971
intermediate slenderness rata, n
load test. 972
strength limit, 972

Elastic core, 605, 609-610

Elusticity, 8

Elusticity, pinsticity, and creep, 38548
creep, 3940
elasticity, 38
elustic limit, 38
mmuterial reloading, 39
partially clastic, 38
permanest set, 38
plastic flow, 39
plasticity, 38
residual strain, 38

Elastic limit, 38

Elastoplastic analysis, 215, 215238
comments, 222
plastic displacement, 221
plastic load, 221
stutically determinate s
statically indeterminate
vield displacement, 219, 231
yield load, 219, 220
vield strain, 218
yicld stress, 218

Elastic strain energy, |87

Elastoplustic bending, 60512
beam of rectangular crom

GO8-610
beam of wide-flange shape 808
plastic modulus and shese Sees
phitatic moment and neutrsl
vicld moment, 605

Elastoplastic material. 218

Elliptical cross sections, 328

Endurance curve, 206

Energy, 1031, 1034, 1038

Engesser, F_ 1026

Engineering culcnlutions, 1048

Equation of computibility, $54

Equation of consistent

Equation of deflection curve 61



Equution of equilibrium, 4, 142, 894
Euler buckling, 946

Euler buckling coefficient. 983

Euler load, 946

Eulers curve, 948, 967
Extensomeler, 12

s

Factor of safety, 63-64, 972
margin of safety, 64
Fahrenheit temperature scale, 1039
Fatigue limit, 206
Filament-reinforced material, 37
Fillets, 209
First moment Q calculation, 484, $00-501
First moments, 1057
Fixed-end beam, 885
Fised support, 378
Flexibility method of analysis, 144, 155
Flexural rigidity, 458, 357
Flexural stresses, 455
Flexsre formuly, 455456, 733
bending siresses, 435
flexura) stresses, 453
Foree, 1037
Force-displacenient relation, 894
Force method of analysis, 144, 135
Force of gravity, 103]
Formuilas for moments of inertin. 1063
Free-body diagrams, 5 7
Frequency, 1034
Friction, 82
Fully stressed beams, 477
Fundamental ciuse, 946

G

Gage length, 32

Guge pressure, 720
Galiler, G, 1022
Geometric equitions 144
Glass fibers, 36

Glulsm beam, 498
Goodler, AN, 1020

H
Helix, 732
Higher mode. 946
Historical notes, 10191027
Hofl, N.J,, 1027
Hollgw circuliar ceoss section, 459
Homogenous munerials, 26, 46
Hooke, R, 1019
Hooke's law, 4445
modulus of elasticity, 4445
Hooke's law for plane stress, 669-675
normul struins, 670
plane stress, 672
sheur strains, 670
special cuses, 671
strain-energy density, 672-674
unit volume change, 672
volume change, 671-672
Hooke's law for triuxial stress, 676-677
Hooke'’s law in shear, 35-56, 278
shear modulus of elasticity, 33
sheur stress-strain disgrams, 5§
Hoop stress, 726
Hydrostutic stress, 679

|

Ides! column, 942
Tdetlized model, 380
Idealized structure, 934

Impact fuctar, 200-201
Impact loading, 197-205
dynamic loud, 197
fmpact factor, 200-201
limtations, 201-202
musximum clongation of bar. 198-199
muxitmum stress in bar, 199200
static load, 197
suddenly applied load, 201
Inclined load, 571
Inclined plane stresses, 302-305
fign convention, 303
Inclined sections, 175178, 640
normal and shesr stresses, 178
notation #nd sign convention, 176
orientation of, 173
Inclastic buckling, 971977
reduced-modulus theary,
974-975
Shanley theary, 975-977
tangent-modulus theory, 972-974
Inelastic struin energy, 187
Inner surface stress, 722, 728
In-plane sheur stresses, 650 651, 653
maximum negitive shear stresses, 633
maximum positive shear stresses. 653
Intermediate slenderness rutio, 972
Internal forces and stress resultints 12
beam structure, 12
plane frame structure, 12
stepped shaft, 12,17
truas structure, 12
Internal releases, 350 382

shear release. 361

torque relesse 381
International System of Unity (S1), 1029-1037

absolute weight, 1032

sceeleration of gravity, 1033

apparent weight, 1032

atmospheric pressure. 1033

base units, 1030

derived units, 1031

energy, 1031, 1034

force of gravity, 1031

frequency, 1034

hertz. 1034

Jjoule, 1031

kilogrum, 1030

liter, 1033

loads on structures, 1035

muss, 1033

meter, 1030

moment, 1034

newton, 1031

patscal (Pa), 1035

prefixes, 1035

pronunciation of ST prefives and units,

1036-1037

second, 1030

torgue. 1034

units, 1034

wastt (W), 1035

weight, 1031

work. 1031, 1034

writing styles for S1 unhs,

1035-1036

Irregulity boundaries, 1058
Isotropic muterials, 47

]

Johnston, B.G., 1027
Joule, 1031
Jourawski, D1, 1022

Incex 155

K

Kelvin tempetssses scxle 1038
Kinetic equations. 155

L

Large deflections, imperfections, and inclatic
behavior, 988595
Lateral contraction. 34, 45
Lateral strain, 43
Length changes of axially loades mesSen,
120128
cables, 122-123
nonuniform conditions, 128142
prismatic bars, 121-122
springs, 120-121
Length changes of sxially losded mensbers unde
noauniform conditions, 125-142
axial displecement diagram (ADD),
131-132
hars consisting of prismatic segments.
129130
hars with continuously virying loads or
dimensians, 130-131
bars with intermedinte ixial loads
128-129
limitations, 131
Linear elasticity, Hooke's law, und Poisson’s
ratio, 44-50
Hooke's luw, 4445
limitations, 4647
finearly elastic, 44
Polsson's ratio, 45-46
Lincurly clustic belavior, 187 188
in bas, 187
in spring, |58
Lineatly elastic materials, 453, 884
Linearly varying load, 380
Ling of action of axial forees for umform
stress distribution, 26 27
Load-deflection diagram, 962
Load equation, 792
and deflection, 804809
Loads and couples, 399
Loads on structures, 1035
Louds, shear forces, and bending moments,
396-3949
concentruted louds, 399
distributed loads, 396-398
fouds and couples, 399
sign conventions, 196
Load test, 972
Loud types, 380
concentrated Joad, 380
couple, 380
distributed load, 380
finearly varying load, 380
wniform load, 380
Longitudina! displacements at ends of bewms,
914916
comments, 916
curyiture shortening, 914915
horizontal resctions 915916
Longitudinal strains in beams, 449 453
beam cross section, 249
neutral iixis, 450
neutral surface, 450
normal strain, 450
slgn convention, 430
strudti-curvaturs relistion, 450
Longitudinal stress, 726-727
Love, AJEH. 1019
Lower flange and shear stress, 396
Liders, W., 1020
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M

Macaulay, WH,, 1025
Margin of safety, 64
Mass, 1033, 1037
Material properties, 1109-1112
Material reloading, 39
Muthemutical formulas, 1051-1056
Mutximum compeessive stress, 966
Maximum deflection, 961-963
beam-column, 963
load-deflection diagram, 962
Miximum negative shear stress, 633
Muximum normul stress, 178-180
of bar in tension, 178-179
slip bands, 180
Maximum positive shear stross, 653
Maximum shear stress, | 78150, 648-636
blaxiy stress, 653
pure shear, 653
uninxial stress. 653
Maximum stress at cross section, 456
section moduli, 456
Micximum stress in beams, 733-741
flexurs formula, 733
rectangular cross section, 733-736
shear formula, 733
wide-flunge beans, 736-737
Mechanical behivior, 31
Mechanical propertics of materials, 31-38
compression, Ry
compression test, 32
dynamic test, 32
extensometer, 32
goge length, 32
mechanical behavior, 31
static test, 32
stress-strain diagrams, 32-37
tables of mechanical properties, 37-38
tenaile-1est machine, 32
tenaile-test specimen, 32
Mechanics of materials, 2
Membrane stress, 721
Method of successful integration, 794

Method of superposition, 809-818, 892-894,

207909
unalysis with A;‘ s redundant,
$96-K9
unalysis with R us redundant, 893-896
bewm daﬂaction. 812
beam deflection tables, 810

comments, 897

distributed loads, 81!-8!2

equation of compatibility, k04

cqnnlon of equilibrium, §94
relation, 894

illusujalon. 810

principle of superposition. 812
Misfits, 166-167

stutically determimale, |616 o

mﬂaﬂy indeterminute. 16
Modular ratio, 563
Modull of elasticity £ and G, 309310
Modulus of elusticity, 34, 44-45
Mohr, O, 1023
Maohr's circle 1073
Mohr’s circle for plane strain, 656-687
Maohr's circle for plane stress, 636-669

alternative sign convention for shear

stress, 661

vomments, 661-662

construction, 657-659

equutions, 656-657

forms, 657

mzsimum shear stress, 661

principal plune, 660

principul stress, 660
atresses on inclined element, 659-660
Moment, 1034, 1038
Moment-area method, 818 826
ungle between tungents, 814
first theorem, §19-820
secand theorem, 820-822
wngential deviation, 820
Moment-curviiture equation, 455
Moment-curvature relutionship, 454455
conposite beam, 556557
flexural rigidity, 455, 557
moment-curvature equation, 455
moment of inertia, 458
sign convention, 435
transformed-section mothod, 564
Moment of acouple, 274
Moment of inertin, 455
Moment release. 381
Moments of inertiy, 1062
Moments of inertia of plane sreas, 10621064
composite area, 1063
formulas for moments of inertia, 1063
moments of inertin, 1062
rudius of gyration, 10631064
second moments of wrea, 1062

N

Navier, LM.H,, 1020
Necking. 34
Net wrea, 65
Neutral uxis, 450, 454, 556, 563-564. §72.
579-380
Neutral ixis and Joad inciination, $73
cses, 573
Nettral axis hole, 309
Neutral equilibrium, 936, 942
Neatral stress, S04
Neutral surface. 450
Newton, 1031
Nonlingur behavior, 214-218
changes in bar length, 215-216
stress-strain curves, 214-215
Ramberg-Osgood stressestrain law, 216-217
statically indeterminate structures, 217
Nonlinear stress-strain curves, 214218
bilinear dingram. 215
clastoplustic analysis, 215
elastoplastic matedal, 213
idenlized, 214
perfect plasticity, 214-215
Nonpprincipal centroidal axes, 582
Nonprismatic beams, 476480, 791-792, 826831
fully stressed beams, 477
Nonuniform bars 188
Nonuniform bending, 446447
Nonuniform tempersture changes, 850
Nonuniform torsion, 290-301, 320-33]
limitntions, 292
torsional displacement dingram (TDD),
292-294
wind-up, 296
Normal steain, 25-26, 4350
compressive strain. 25
dimensionless quantity, 25
strain, 25
tensile strain, 25
Normal stress, S04, 641
composite beamy, 557
doubly symmetric beams with Inclined
loads, §72
transformed-section method, 564-56§
Normal stress and strain, 22-31
uxial force, 22-23
compressive stremes, M4

cross secnon, 23
limitations, 2425
line of action of axial forces for uniform
siress distribution, 26-27
normal strain, 25-26
normal stresses. 24
prismutic bar, 22
shear siresses. 24
strafn, 22
stress, 22-23
Lensile stresses, 24
uniaxial stress und strain, 26
Normal stresses in bexms (linearly elnstic
materiuls), 453266
doubly symmetnic shapes, 436457
flexure formula, 455-456
limitations, 437
lincarly clastic materinls 453
TIAXETINIT S1TOS5ES Al Cross section, 456
moment-curvature reltionship, 454438
neutral ixis 454
properties, 437
resultant of normul stresses, 453
stress-strain curve, 453
Notched rectangular beam. 509
Numerical accuracy, 1049
Numericul problems, 1043

0

Oblique ungle $4

Offset method, 35

Offset yield stress, 36

Osgood, W.R.. 1021

Outer surface stress, 722, 727-728
Out-af-plane shear stresses, 653

P

Parallel-axis theorem for moments of inertis
10651066

Purallel-axis theorem for polir moments of
inertia, 1068

Parallelaxis theorem for products of merta, 1079

Parullclepiped, 3

Partially elastic, 38

Puscal (Pu), 1033

Perfect plasticity, 34, 214-21%

Permunent set, 38

Pinned ends, 942-951

differential equation for column bucklsg
943044
differentinl equation solution, 944525
idenl column, 942
large deflections, imperfections, and
inelastic behuvion, 9484945

neatral equilibrinm, 942
stable equilibrium, 942
unstable equilibrium, 942

Pin support, 378

Plane irea properties, 1083-1088

Plane frume structure, 12

Mane of bending, 378, 446

Plane struin, 679-693
calculution of stresses from strains S88
maximum shear strain, 686
Mohr's circle for plane strain. 856687
normal strain, 633
principal strain, 685
shear strain, 684
strain measurements, 687684
transformation equations, 68685
versus plane stress, 679-681



Plune stress, 640647
biaxial stress. 643
normal stress, 641
pure shoar, 644
shear stress, 641
sign convention for normal stresses, 641
sign convention for shear stresses, 641
spechil cuses, 644-647
siressos on inclined soctions. 642-643
transformution equations for pluns stress

643644

uninxinl stress, 634
versis plane stradn, 679-681
Pline stress applications, 719-786
combined loadings 741-768
cylindrical pressure vessely, 726-733
introduction. 720
maximum stress in beams, 733-741
spherical pressure vessels. 720-723
Plstic flow, 39
Plusticity, 38
Plastic modulus and shipe factor, 608
Plustic moment, 605608
elustic core, 603
neutral uxis, 605607
Plastics, 37
Plute girder, 498, 500
Poisson, S.D., 1020
Poisson's ristio, 45-46
laternl contraction, 45
el strain, 45
Polar moment of inertia, 279, 10651069
parallel-axis theorem for polar moments
of mertia. 1068
Power transmission by circulsr shafts 311-315
units, 211
Pressure vessels, 720
Prestraina, 166-167
prestresses, 166
Primaty structure, 888
Principal angles, 648630
Principul axes, 1073-1076
principal points, 1074-1675
Principil moments of inertia, 10731076
principal points, 10741075
Principal planes, 648
shear stresses, 650
Principal stresses, 648-6356
in-planc principal stresses, 650651
in-plune shear stresses, 633
out-of-plane shear stresses, 653
principal angles, 648650
principal plines, 645
speciil cuses, 650
Principle of superposition, 812
Prismatic bars, 22, 121122
weial rigidity, 121
clongation, |11
Mexibility, 122
linearly clastic materinl in; 121
sign convention, 121-122
stiffness, 122
Prismatic beams, 792
bending-moment squution, 792
load equation, 792
sheur-foree equation, 792
Problem solving. 10431050
dimensional homogeneity, 1047-1048
problem types, 1043-1044
rounding of numbers, 1050
significant digits, 10481050
steps, 10441047
Problem-solving approsch (PSA), 1044
Products of inertia, 1069-1071
parallel-axis theorem for products of
inertia, 1070

Profile section, 591

Progressive fracture, 205

Proportional limit. 34

Propped cantilever beam, 854

Pute bending, 446447

Purs shesr, 54, 275, 302, 644, 653

Pure shear straing, 305-306
shear distortion, 303

Pure torsion, 275, 280, 319

R

Radius of curvature, 447
Radius of gyration. 947, 10631064
Ramberg, WA, 1021
Ram! stress-atrain law,
216217
Rankine, WM 1023
Rankine tem; scale, 1039
Resetions, 3
Reactive forces and support conditions,
7-11
Recuingle section, 601-602
Rectangular cross sections, 329-330
Reduced-modulus theory, 974-973
load, 975
Reinforeed concrete beams, 558
Relaxation, 39
Relessed structure, 8RS
Repeated loading and futigue, 205-207
endurance curve, 206
endurance fmit, 206
fatigue limit. 206
progressive fracture, 2035
repeated loads, 205
S-N diagram. 206
Residual strain, 38
Restoring moment, 935
Resultant of normal stresscs, 4353
Rhomboid. 54
Roller support, 378
Rotution of axes und inertin, 10721073
Mohr'’s cirele, 1073
transformation equations for moments
und products of inertls, 1073
Rubber, 36

5

Saint-Venant, B, 1021
Saint-Venant's principle, 207-208
Sandwich beams, 554
Secant formula for colummns, 965-970
cocentricity ratio, 966
Euler’s curve, 967
maximm compressive stress, 966
Second moments of gres, 1062
Section moduli, 436
Shaft, 274
Shanley, F.R., 1027
Shanley theory, 975-977
Shape factor, 609
Shear-center concept, 589-590
doubly symmetric cross section, 590
singly symmetrc cross section, 390
thir-walled open cross section, 590
WISy MmELnE cross section, 590
Shear centers of thin-walled open sections
397-604
ungle section, 600-601
chinnel section, 597-600
soctions consisting of wo Intersecting
narrow recutngles, 601602
7-section, 602
Sheur distortion, 305
Shear flow, 393
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Shear-flow formula, S00
Shear-force and bending-mament dingrams,
400426
comments, 404
concentrated load, 400-401
severnl concentrated loads, 402404
uniform load, 402
Shear-foree equation, 792
and deflection, $04-809
Sheur forces and bending moments, 377444
beumns, loads, and reactions, 178388
introduction, 378
londs, shear forces, and bending moments,
396-399
shear-force and bending-moment
dingrams, 400426
Sheur formuly, 733
Sheir formuls derivation, 481384
clement, 481
subelement, 4K1
Shear modulus of eluwnicity, 35
Shear relense, 381
Shear strain, 84, 275-277
distortion, 54
effects, 485
Shear stress, 24, 592, 641
Shear stress and strain, 30-63
average benring, 50
uverage sheur stress, 53
beuning ares, 51
bearing stresses. 50
equality on perpendiculer plines, $3-54
direct shear, 53
double shear, 51
friction, 52
Hooke's low in shear, 55-56
shear sirain, 54
sign conventlons, §4-55
units, 53
Shear stress distribution and ungle of
twist, 328
Sheur stress distribution i rectanguinr beam,
H4 288

Shenr stress equulity on perpendicular planes.
5354

pure shear, 34
Sheur stress in beams of circular cross section,
488491

circulir cross section, 458§
hollow circular cross section, 489
Shear stress in beams of rectangular cross
sectlon, 480-488
calculation of first moment ¢, 484
derivation of shear formula, 481484
effects of sheur strains, 455
limitations, 485
shear stress distribution in rectangular
beam, 4B4-485
vertical and horizontul, 480-481
Shear stress in beams of thinswalled open
cross section, 590593
profile section, 591
shear flow, 593
shienr stresses, 592
structural section, 391
thin-wulled open cross section, 591
Shear stress in web of beams with flanges,
491 498
limitiutions, 494495
maximum and minimum, 493
sheitr foree in web, 403404
Shaoar stress in wide-flange beams, 393-597
comments, $96-597
lower flangs. 596
upper flange, $593-598
weh, 595-396
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Shear stress-strain diagrams. 33
Shell structures, 720
Shoulder. 210
Sign conventions, 302303, 389.390
bending moments, 371-572
curviture, 448
deformation, 390
lincarfy elastic materials, 435
longitudinal strains, 450
normal stresses, 641
shear stresses and straing, 54-55, 641
static, 390
Significant digits, 1048 1030
Simple beam, 378
Single load deflections, 832-833
concentrated load, 8§32
Single load displacements, 189
Sitigly symmetric cross section, 590
Sknjzr beam. 305

Slip bands, 180
Slope, 789

Slug, 1037
Small deflections, 448
Spherical pressure vessels, 720-725
comments, 723
Ruge pressure, 720
inner surface stres, 722
membrane stress, 721
outer surface stress, 722
pressure vessels, 720
shell structures, 720
tensile stress in spherical shell wall, 721
thin-walled pressure vessels, 720
Spherical stress, 678-679
bulk modulus of elasticity, 678679
hydrostatic stress. 679
volume modulus of elasticity, 678-679
Springs, 120-121
coil springs, 120

fesibility, 120
linearly clastic material in, 120
natural length, 120
spring constant, 121
stiffness. 120
tension, 120
Stable equilibriuem, 942
Suihle structure, 935
State of stress, 640
Statically determinate structures, 142
Statically indeterminate beams, 883932

deflection curve unalysis using differential

equations, B8§7-893
mntroduction, 884
i displacements at ends of
beams, V14916
method of superposition, 893894
temperature effects, 907-913
types. 885887
Statically indeterminite stroctures,
142155217
compatibility equation, 143
clastoplastic anilysis, 219-222
equilibrium equation, 142
force-displacement relations, 143
generl comments, 144
Stticully indeterminae toraonal members,
315319
wm:’ibmty equations, 316
equilibrium equations, 3135
torque-displacement relutions, 316
Static equations, 144
Static load, 197
Suitic redundants, 885

Statics, 3-22
applied forces, 4-§
esquilibrium equations, 4
free-body dingrams, 37
internu! forces and stress resultants, 12
reactive r«;:- and suppart conditions,
71

Static sign comyentions, 390
Static test, 32
Stepped shaft, 1217
StifTness method of analyss, 144, 155
Stocky beam, 505
Strain, 22, 25
Stras and stresses of composite beams,
554555
Strain-curviture relation, 430
Stratin energy, 186-197
comments, 188189
compression, 189
density, 190
elustic und inelistic, 187
internal work, 186
lineutly elastic behavior, 187-188
| diagram, 156
nonuniform bars, 188
potential energy, 189
single load displacemenis, |89
sttic load. [86
units, 187

Strain energy and torsion constant, 339-340

citeular tube 340
rectungular tube, 340
Strain-energy density, 190
modutus of resilience, 190
modulus of toughness, 190
plane stress, 672-674
pure shear. 321322
units, 190
Strain energy in torsion and pure shear,
319-326
Jmmitations, 321
nonuniform torsion, 320321
pure torsion, 319
density in pure sheur,
2130
Strain energy of bending, 831836
single load deflections, 832533
Struin gage, 687
Struin hurden, 34
Striuin measurements, 657688
struin gage, 687
strain rosette, 697
Struin rosefte. 697
Strength, 34
Strength limit, 972
Stress, 22-23
Stress and sirain analysis, 639-718
Hooke's law for plane stress, 669-675
introduoction, 640
Mohr's circle for plane stress, 656-669
plane sirain, 679-693
plne stress, 640-647
principal stresses and maximum shear
resies, 648 656
trinxial stress, 673679
Stress concentrations, 207-213
fuctors 209-210
fillets, 209
Saint-Venant’s principle. 207-208
shoulder, 210
stress rasers, 207
torsion, 244 24K
Stress concentrations in bending. S09-513
neutral axis hole, 509
notched rectangular beam, 509

Stress contour, 715
Stress elements, 640
inclined sections, 174-173
Stresses and londs, 63-69
wllowable loads, 65-55
allowable stresses, 64-63
factor of safety. 63-64
strength, 63
structure, 63
Stresses and strains for structural sieel, 3335
conventional stress-strivin curve, 35
latera! contraction, 34
modulus of elasticity, 34
necking. 34
perfectly plastic, 34
proportional fimit. 34
strain harden, 34
strength, 3
true stress-strain curve, 38
ultimate strength, 34
ultimate stress, 34
yicld point, 34
vield strength, 34
vield stress, 34
yiclding, 34
Stresses and strains in pure shear, 302-309
inclined plane stresses, 3023035
pure shear, 302
pure shear strains, 305-306
sign convention, 302
Stresses in beams (advinced topics), S53-£3%
composite beams, 554562
doubly symmetric beams with inclined
Joads, 371-378
clastoplastic bending, 605-613
mtroduction, 554
shear-conter concept, $89-590
shesr centers of thin-walked open sectioms,
7604
shear stresses in beanss of thinewalled
open cross sections, 390-593
abieut stresses in wide-flangs beame
91597
transformed-section method, $63-571
beams and bending. 375588
Stresses in beams (basic topicsl. 445552
axtal load. $02-508
beam curviture, 447 448
beam design for bending stresses, 466378
built-up beams and shear flow, 498502
introduction, 446
longitudinal strains in beams, 449253
nonprismatic beams, 476 480
normal stresses in beams (lincirly elesic
materials), 453466

pure bending and nonuniform bending.
6447

shiear stress in beams of ciroulier crom
section, 488-49]
sheur stress in beams of rectangular coom
secthon, 480188
shear stress in web of beams with flanges.
491498
stress concentrutions in bending, 508513
Stresses on inclined element, 659-660
Stresses on inclined sections, 174185, 642 adF
inclined sections, 175-178
maxtmum normal and shear stresses
178180
stress elements, 174-175
uniaxial stress, 180
wedge-shaped stress element, 642
Stress raisers, 207
Stress resultants, 389, 502
Stress-stmin curve. 453




Stress-struin diagrams, 31-37
aluminum alloys, 35-36
brittle muterialy 36-37
camposites, 37
ductility, 35
ductility and elongation. 36
nominal strain, 33
nominal stress, 33
plastics, 37
rubber, 36
structural steel, 33-35
true strain, 33
true stress, 33
Stress trajectories, 735
Structura] section, 591
Structural steel, 33-35 467, 979980
roperties of shupes. 10891100
Suddenly upplied load. 201
Symbolic problems, 1043
Symmetric nbout an axis, 105§
Symmetric about a point, 1038
Symmetry condition, 794
Systems of units und conversion factors,
1029-1042
systems of units. 1029-1030

T

Tables of mechanical properties, 37-38
Tungentind devistion, 820
Tungent-modulus theory, 973974
Toad, 973074
Temperuture effects, 850-§32, 907-913
Tempernture units, |038-1039
Celsius scale. 10361039
Fahrenheit scule. 1039
Kelvin scale, 1038
Runkine scale, 1039
Tensile strain, 25
Tenaile stress, 24
spherical shell wall. 721
Tensile-lest machine. 32
Tensile-test specimen, 32
Tenslon, compression, and shear, 1-118
allowable stresses and loads, 63-69
design for axinl Joads and direct sheur,
70-73
elusticity, plasticity, and creep, 3844
introduction to mechunics of musteriuls, 2
linear elasticity, Hooke's luw, and
Polsson’s ratio, 44-50
mechanical properties of materials, 31-38
normul stress and strain, 22-31
problem-solving approach, 2-3
shear stress and strain. 50-63
sintics review, 3-22
Tensors, 640
Thermul effects. |56-158
coefficient of thermal cxpansion, 1356
sign convention, 156
statically determiniie structures, 157
statically indeterminute structures, 157
strains, 156
stresses, 156157
wmperature<displacement relation, 157
Thermal effects, misfits, and prestraing
155173
bolts and turmbuckies, 167
misfits and prestraing, 166-167
thermal effects, 156-158
Thin-walled open cross sections, 330, 590-591
Thinwalled pressure vessels, 720
Thin-walled tubes, 336-344
angle of twist, 340-341
limitations, 341
shear stresses and shear flow, 336-337

strain energy and 1orsion consunt, 339340
torsion lormuls, 337-339

Timoshenko, S P, 1019, 1020, 1023

Torque 274, 1034, 1038

Torque release, 381

Torsion, 273-376
cireular bar deformations, 274277
circulur bars of linearly elastic muterials

277-289
Introduction, 274
noncircular pri shafls 326-135
nonuniform tosion, 200-301
power mlmsmminn by circular shafis
311315

refationship between moduli of elasticity
Eand G.309-310
statically indeterminate torstonal
members, 315-319
strain energy in torsion und pure shear,
319-326
stress concentrations, 344-348
stresses and strains in pure shear, 302-309
thin-walled tubes, 336 344
Torstonal deformations of circular bur, 274-277
ungle of twist. 275
angle of twist per unit length, 276
aircular tubes, 277
pure torsion. 275
shesr strnins it outer surface. 275-277
shiear stritins within bag, 277
Torsional di disgram (TDD), 29229
Torsional flexibility, 280
Torsionas! rigidity, 280
Torsional stiffness, 250
Torsion formula, 279-280
circulir tube. 338
median line, 337
rectangular Wbe, 339
thin-walled tubes, 337 339
Torsion of noncircular prismatic shafls
326-335
elliptical. triangular, and rectangular cross
sections, 128-330
shear stress distribution and angle of
twist, 328
thin-walled open cross sections, 330
Transformation equations, 640
moments and products of inertin, 1073
plune stress, 643644
Trunsformed-section method, 563-571
comments, 565
modular ratlo, 563
moment-curvatare relationship, 564
neutral uxis 563564
normul stresses, S64-568
Triak-and-error procedure for sclecting
colummn, 978
Trinngular cross sections, 329
Triacial stress, 675-679
Hooke's law for trizsial stress, 676-677
mitximum shear siresses, 676
sphericnl stress, 678679
struin-energy density, 677678
unit volume chunge 677
True stress-strain curve, 35
Trum structure, 12
Turnbuckles, 167
double-acting turnbuckle, 167
Twisting moment, 274
Two axes of symmetry, 1058

U

Ultimate strength, 34
Ultimute stress, 34, 65
Uniform load, 402
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Uniaxial stress and strain, 26, 180, 644, 653
homogenous materials, 26
Uniform load, 350
Units, 1034
Uit systems. 1029-1030
absolute system, 1030
British lmperinl System, 1029
conversions between units, 1039-1041
gruvitational systems, 1030
Internutional System of Units (S1). 1029
metnc, 1029
temperniure, 10381039
LS. Customary System (USCS), 1029
Unstable equilibrium, 942
Unstable structure, 938
Unsymmetric beams and bending, 578-588
alternate snalysis procedure, 582-583
unalysis procedure, SB1-582
neutral nxis, $79-580
Unsymmetric cross section, $90
Upper Minge and shear stress, 591-595
LS. Customary System (USCS) of units 1029
atmosphenic pressure, 1038
energy. [038
Toot-pound (1-Ib), 1038
foot, 1037
foree, 1037
muss. 1037
moment. 1038
potind-foot (1b-1), 1038
pound, 1037
second, 1037
slug. 1037
torque, 1038
work, 1038

\')

Vector. 274

Vertical und horizontal shear stresses, 450451
Volume change, 671672

Volume modulus of elasncity, 675-679

Von Karman, T, 1026

W

Watt (W), 1033

Wb and shear stress, 595-396

Wedge-shaped stress element, 6342

Weight, 1031

Wide-flange beam, 300, 736-737

Wind-up, 296

Wire rope, 122

Wood beims, 468

Wood bax beam, S01

Wood columns, 952-984
adjustment factor, 982
allowable stress, 982
colummn stubility factor, 983
Euler buckling coeflicient, 983
wood slenderngss ratio, 983

Wood slendermess rutio, 953

Work, 1031, 1034, 1038

Y

Yield moment, 6035, 605
Yield point. 34

Yield strength, 34

Yield stress, M4
Yielding, 34

Young, DH., 1026
Young, T.. 1019
Young's modulus 45

Z

Z-section, 602




