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A

Absolute weight, 144
Acceleration of gravity, 1045
Allowable loads, 65-55
not area, 65
Allowable stress, 64-65
ultimate stresy, 65
Aluminum alloys, 35-36
olTset method, 3§
offset yield stress, 38
Aluminum structural sections, 451
Alternative sign convention for shear stress, 679
Angle of rotution, 813
Angle of twint, 283 284, 285289, 348330
pure torsion, 28§
torsional flexihility, 288
torsional rigidity, 288, 349
toesiona! stiffness, 28X
Angle section, 616617
Anbsotropic muterials, 47
Apparent waighi, 1044
Applied Torces, 4-5
Atmosphenc pressure. 046
Averige bearing stress, 50
Average shear stress, 53
Axial displacement diagriun (ADD), 135136
Axial foree, 22-23, 516
Axial foree diagrum (AFD), 135
Axially loaded members, 123276
changes in lengths, 124-132
chunges in lengths under nonuniform
conditions, 132146
clastoplastic analysis, 223-228
impact londing, 201209
mtroduction, 124
nonlinear behavior, 21§-222
repeated loading snd fatigue, 208-211
stiticully indeterminate strictures, 146159
striin energy, 190-201
stress concentrutions, 211 217
stresses on inclined sections, | 75-189
thermal effects, musfits, and prestrains,
ISY-177
Axial relense, 392
Axial stress 746

B

Barx, 132-135
contintously varying loads or dimensions,
134-133
Intermedite axial loads, 132133
length chunges, 219-220
limitations, 135
muamum elonganon, 202-203
muximum steeds, 203-204
prismitic segments, 133134
Buse units, 1043
Beam axial Joad, $16-522
axml force, 516
bending moment, 517
combined stresses, 317
eccentric axial loads, 517-319
limitations, 319
stresy resultanty $16

1150

Beam-column, 993
Beat cross section, 463, 471
Beum curvature, 461 462
center of curvilure 461
curvature, 461 4462
radius of curvature, 461
sign convention for corvature, 462
small deflectiona, 462
Beam delection, 811-905
bending-moment equation, §17-8§27
Castigliano’s theorem, 860-871
deflection curve and differential
equutions, 812-X17
impact, 872874
method of superposition, 833 842
moment-urcn mothod, $42-550
nanprismatic beams, §50-855
shear-foree and load equations, $28-532
strain energy of bending, 855 860
tuhles, 34
temperature effects, §74-A76
Beum design for bending stresses, 450 490
beam shape efficiency, 452 483
required section modulus, 480
stanclistd slurpes and sizes, 481482
Beam of rectangulir crows section, 624 626
bending moment, 626
elastic core, A25 626
plastic modulus, 624
plastic moment, 624
shape factor, 625
yield moment, 624
Beam of wideMlunge shape, 626
Beam shuape sfficiency, 4824583
ideal cross-sectional shupe, 483
solid ciroular cross section, 453
Beam shapes and sizex, 451482
aluminum structunl sections, 481
structural-steel sections, 441
wood beams, 452
Beama, Joads, and reactions, 390200
beam with overhung, 390
cantileser beamy, 190
comventional symbols, 39]
fixed support, 390
idenlized model, 392
internal releuses,. 392-394
load types, 392
pin support, 390
reactions, 392
roller suppory, 390
simple beam, 390
Beams of rectangular cross section, 733756
stress contour, 755
Stress trnjectories, 755
Beum structure, 12
Beam with overhang, 290
Beam with small rotation angle, 814-815
Bearing ares, 51
Bearing stresses, S0
Bending moment, 517, 626
Bending-moment equation. 973
Bending-moment equistion and deflection.
816-827
boundary conditions, 817
continwty conditions, KI%

method of successful integration, 818
symmetry condition, 518
Bending strexucs, 469
Bernoully, X, 1033
Binxaul stress, 663, 671
Holts, 17)
Boundary condinons, 817, 986987
Box beam, 512
Bredt, R_ 1035
Bredt's theory of torvion, 349
British Impertal System, 1042
Arittle materials, 36-37
gliss fibers, 36
Buckled mode shape, 953
Buckling and stability, 964971
buckling model, 964
criticul loud, 965-966
Idenlred structure, 964
neutral equilibrium, 966
restorng moment, 965
stuble structure. 965
sutnmary, 966 967
unstible structure, 9635
Buckling equation, 975
Buckling model, 964
Built-up beams and shear flow, 512516
nreas used when calculating first
moment O, 514-515
box beam, $12
glulam beam, 512
plate pirder, 512, 514
shear-Now formuia, 514
wide-flange beam. S14
wood box beam, S15
Bulk modulus ol clusticity, 696697

C

Cables, 126-127
effective area, 126
effective modulus, 126
clopgation, 127
metallic arey, 126
wire rope, 126
Camber, 40
Cantilever beam, 390
Castighano, A., 1038
Clastighano’s theorem, 560871
upplication, 862863
derivation, 360862
dilfersntistion under imtegral sign,
565-866
modified Castighano’s theorem, 841
use of fictitious lond, §63-865
Cauchy, AL, 1038
Center of curvature, 461, 8§13
Center of symmetry, 1064
Centrowdy und moments of mertis,
1063 108K
centroids of composiie arcas, 10661068
centroids of planc urcas, 10631065
moments of inertia of plane areas,
10681070
parillel-axis theorem lar moments of
incriia, 10711073
polar moments of inertia, 10741075



principal uxes and principal moments of
mertie. 10791082
products of inertin, 10751077
motation of axes, 10781079
Centroids of composite arcas, 1066-1068
Centrolds of plane aress, 1063- 1063
center of symmetry, 1064
first moments, 1063
irregular boundanes, 1064
symmetric sbout an axis. 1064
symmetric sbout a point, 1064
two axes of symmetry, 1064
Channel section, 613616
Circular burs of linesrly elastic materials,
285297
angle of twist, 285259
circular (ubes, 289-290
Hooke's law in shear, 286
limitations, 290
polar moment of inertia, 287
torsion formula, 287-288
Circular cross section, 502
Circular tubes, 285, 289 290
Clreumferential stress, 746-747
Clapeyron, B.PE., 1035
Clebsch, AL, 1039
Coll springs, 124
Column fixed at buse und free ut top, 982-984
buckled mode shiape, 984
Column fixed nt base and pinned ot top,
UN6-USS
houndary conditions, Y86-987
Columns, 963 1017
buckling and stahility, 964971
eccentric axial loads, 990 995
elfective lengths, Y84-985
clastic and inelastic behuvior, 10001002
inelustic buckling, 10011007
ntroduction, Y64
optimum shapes, 979
other support conditions and imitations,
9R1-9%0
pimned ends, 972 98]
secant formuli, 9951000
Column with both eods fsed ugiains
rotation, 985
Combined loadings, 761 783
analysis method, 762
criticnl point selection, 764
llustration method, 762
Combined stresses, 517
Compatibility squations, 147
Composite area, 1069
Composite beams, ST0-578
bending theory for sandwich beams,
$73-574
limitations, 374
moment-curviture relitionship, $572 573
neutral axis, 372
normal stresses, 573
sundwich beams, 570
strains and stresses, 57057
Composites, 37
filament-remnforoed matermal, 37
Compression. 37
Compression test, 32
Compressive strain, 25
Compressive stresses, M4
Concentrated londs, 392, 411416, 856
Constams of integration, 974
Continuty conditions, 81§
Continuous beam, 912

Conventional sleess-strain curve, 34
Convenitional symboly, 3191
Conversions between unit systemy,
1053 1055
Coordinate axes. 460
Couple, 53, 252, 392
Creep, 3940
camber, 40
relaxation, 39
Critical loud, 9659606, 972, 975976
Euler buckling, 976
Euler load, 976
fundamental case, 976
higher mode, 976
Criticil points, 763 764
Critical slenderness rutio, 1001
Critical stress, 977-978
Euler’s curve, 978
radius of gyration, 977
Cross section, 23
Curviture, 461 462
exuct expression, 816 817
Curvature shortening. 9490941
Cylindricul pressure vessels, 746-753
axinl stress, 746
clreumferential stress, 746-747
comments, 748
hoop stress, 746
inner surfoce stress, 744
longitudinal stress, 746-747
outer surface stross, 747-748

D

Deflection. 460, 812
Deflection curve. 460, 812, 974
analysis using differential equations,
913919
angle of rotation, §13
beams with semall rotation angle,
814-813
center of curvature, 8§13
curvature expression, 816-817
differentinl equations, 812-817. 935 916
nonprismitic beams, $15 816
prismutic beams, 816
sign convention, 813, 815
slope, §13
Deflections und slopes of beams, 11021107
Deformation sign conventions, 402
Degree of static indeterminacy, 910
Derived units |84
Design for uxinl oads and direct shear, 70 73
Differential equation, 812 817
of deflection curve, 875, 935-936
Differential equation for column buckling,
973974
bending-moment equation, 971
buckling equation, 975
deflection curve, 974
Differential equation solution, 974-973
constunts of integration, 974
peneral solution, 974
Dimension, 1054
Dimensional homogeneity, 10541055
Dimensionless quantity, 25
Dircet sheut, 53
Displacement method of unalysis. 145, 159
Distributed loads, 392, 408410, 835 836
bending mament, 410
shear force, 408 400
Doubhle sheat, 31

Index 151

Doubly symmetnic beams with inclined loads,
£87-394
inclined losd, 587
neutral axis, 588
neutral asis and loud inclination, S§9
normal stresses. 388
sign conventions for bending moments,
S87-58%
Doubly symmetric cross beum. 572
Doubly symmetric cross section, 606
Doubly symmetric shupes, 470-471
cireular cross section, 471
rectungular cross section, 471
Ductility, 34-315
Ductility and clongation, 36
percent clongation, 36
percent reduction in aren. 36
Dynumic load, 201
Dynamic test, 32

E

Eccentric ixiul loads, 517519
neutrul stress, 518
normal stress, 518

Eceentric axial loads and columms. 990-995
equation of deflection curve, 99|
muximun deflection, 991-993
other end conditions, 993

Eccentricity ratio, 996

Effective-length factor, 9835

Effective lengths for colummns, 984-985

Elastic and inelastic behuvior of columns,

10001002

critical slenderness ratio, 1001
fuctor of saiety, 1002
inelustic buckling, 1001
mtzrmedinte slenderness ratio, 1002
load (est, 1002
strength lmit, 1002

Elastic core, 621, 625 626

Elusticity, 38

Elasticity, plasticity, and creep, 38 44
creep, 1940

clasticity, 3§

clustic limit, 38

muterial reloading, 39

partially clastic, 38

permanent set, 38

plastic Mow, 38

plusticity, 38

remidual stran, 38
Eluatic limit, 38
Elnstoplastic analysis, 219, 222.22§

comments, 226

plastic displacement, 22§
plastic load, 225
statically determimite structire 223

stutically mdeterminate structure, 223226
yield displacement, 223, 225
yiekd load, 223224
vield strain, 222
yield stress, 222
Elastic strain encrgy, 191
Elastoplistic bending, 621-629
beam of rectangular cross section,
624-626
beam of wide-flangs shupe, 626
plastic modulus and shape factor, 624
plastic moment und neutral axis, 621-623
vield moment, 621
Elsstoplastic material, 219
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Ellipucal cross sections, 336
Endurance curve, 206

Energy, 1044, 1047

Engesser, F, 1040

Engineering calenlationy, 1036

Equution of computibility. 920

Eguation of consistent deformations, 148

Equation of deflection curve, 991

Equation of equilibrium, 4, 146, 920

Euler buckling. 976

Euler load. 976

Euler’s curve, 978, 997

Extetivomelern 31

F

Factor of safety, 6363, 1002
margin of safery, 64
Fatigue limit, 210
Filamenit-reinforced material, 37
Fillets, 213
First moment ( caleulution, 498, §14-515
First moments. 1063
Fixed-cud beam, 911
Fixed support, 390
Flexibility method of unalysis, 14§, 159
Flesural rigidity, 469, 573
Flexural stresses, 469
Flexure formula, 469470, 753
bending stresses, 469
fexural stresses, 469
Force-displacement relation, 920
Force method of analysis. 148, 159
Foree of grivity, 1044
Formulus for moments of inertin, 1069
Free-body diagrums, 5.7
Frequency, 1047
Friction, £2
Fully stressed beama, 491
Fundamental cose. 976

G

Guge length, 32

Ciage pressure, 740

Galiled, 4., 1036
Geometrio equations, 148
Glasy fibers, 36

Glulam beam, 512
Goodier, IN., 1034
Grravitational systems, 1043

H

Helix. 752
Hertz, 1047
Higher mode. 976
Historical notes. 1033-1041
Hoff, N, 114
Haollow circular ¢rons seotion, 503
Homogenous materisly, 25, 46
Hooks, R.. 1035
Hooke's luw, 44-45
modulus of elasticity, 44-45
Hooke's law [or planc stress, 687693
normal straing, 688
plane siress, 690
shear strainy, 654
special cases, 689
strain-encrey deasity, 690692
unit volume change, 690
volume change. 689- 690
Hooke's law for triuxial stress, 94695
Hooke's law in shear, 55-56, 286
shear modulus of elasticity, €5
shear stress-sinin dingrams, 55

Hoop stress. 746
Hydrostatic stress, 697

Tdeal column, 972
Idealized model, 392
Idealired structure, 964
Lmpact fictor, 204-208
Impact loading, 201-209
dynamic load, 20]
impact factor, 204-20%
limitations, 205-206
maximum elongation of bar, 202-203
maximum stress in bar 203 204
stitic Joad, 201
suddenly applied load, 208
Inclined loud. 587
Inclined plane stresses, 310-313
sign convention, 311
Ihchned sections, 179- 182, 638
normal knd shear stresses, 182
notation and sign convention, 150
onentation of, 179
Inelastic buckling, 10011007
reduced-modulus theory, 1004- 1005
Shanley theory, 10051007
tangent-modulus theory, 1003-1004
Inclisstic strain encegy, 191
Inner surfice stress, 742, 744
In-plane shear stresses, 668-669, 671
AU negitive shear stresses, 671
maximum positive shear stresses, 671
Inermediste slenderness ratio, 1002
Internal forces und stress resuitants. 12
beum structure, 12
plane frume structare, 12
stepped shafl, 12, 17
Iruss structure, 12
Internal releases, 392394
axial relense 392
moment release, 393
sheur release, 393
torgue release, 393
International System of Units (S1),
142149
absolute wenht, 1045
uceeleration of gravity, 1043
upparent weight, 1044
Ulmospheric pressure, [046
base units, 1043
derived units, 1044
energy, 1044, 1047
foree of gravity, 1044
frequency, 1047
hertz, 1047
Joule, 1043
kilogram, 1(M43
liter, 1047
loads an structures, 1047
mass, 1045
meter 143
moment, |46
newton, 1044
pascal (Pa), 1147
prefises, 1047
pronunciation of SIprefixes and ymts,
10481049
second, 1143
torgue, 1046
units, 1047
watt (W), 10<7
weight, 1044
work, 1044, 1iM6
writing stvles for S1 units, 1047 1048

Irregular borndaries, 1064
Isotropic materials 47

J

Johnston, B.G., 104]
Joule. 1044
Jourswski, D 1036

K

Kinemutic equations, 148
Kinetic equutions, |48

L

Large deflections, imperfections, and inelustic
behavior, 978-979
Laterul contraction, 34, 45
Lasteral striin, 45
Length chunges of axially loaded members,
1244132
cables: 126 127
nonuniform conditions, |32-146
prismatic bars, 125-126
springs, 124- |25
Length chunges of axially louded members
under nonuniform conditions,
132-146
axial displacement diagram (ADD).
135-136
burs consisting of prsmati segments,
1331
bars with continuously varying loads or
dimenslony, 134 |35
bars with intermediate axil loady, 132-133
limutations, 135
Linear clusticity, Hooke's liw, and Poisson’s
matio, 44-50
Hooke's law, 43-45
limitations, 46-47
lincarly elastic, 44
Potsson's mtio, 45-46
Lincardy elastic behavior. 191192
in bar, 191
mapring, 192
Linzurly elastic nusterials, 467, 910
Lineurly varying foad, 392
Line of action of axial forves for uniform
stress distnibution, 23.27
Lood-deflection dlagram, 992
Loud equution, 816
und deflection, 828833
Loads and couples, 411
lL.oady on strictures, 1047
Loads, shear furces, and beading moments,
408411
concentrated louds, 41|
distributed loads 408 410
toads nnd couples, 411
sign conventions 408
Load 1est, 1002
Load types, 192
concentrated load, 392
couple, 392
distributed load, 392
linearly varying loud, 392
wansiform foad, 392
Longitudinal displacements ut ends of beiams,
-2
comments, 942
curvature shortening, 940-94)
horzomal reactions, 941942
Longitudingl stzains in beams, 463-467
beum cross section, 463



peutrul axis, 464

neutral surfnce, 464

normal steain, 464

sign canvention, 464

struin-curvature relation, 463
Longitudingl stress, 746-747
Love, A EH., 1033
Lower flange und shear stress, 612
Liders, W, 1034

M

Macaulay, W.H., 1039
Margm of safety, 64
Muss, 1045
Material properties, 1108 1112
Material relonding, 39
Mauthematical formulas, 1058 | 062
Maximum compressive stress, 996
Muximum deflection, 991 991
bexm-column, 993
loud-deflection diagram, 992
Maximum negative shear strass, 671
Maximum normal stress, | 82184
of bar in tension, 182183
slip bands, 184
Maximum positive shear stress, 671
Maximum shear stress, 182184, 666 674
biuxial steess, 671
pure shear, 671
uniaxial stress, 671
Masitmum stress at cross section, 470
section moduli, 470
Muximum stress in beams, 753-76]
flexure formula, 753
rectangulir cross seetion, 753-756
shear formuls, 753
wide-flange beums, 736-757
Mechanical behavior, 31
Mechanical propertics of materialy, 3138
compression, 37
compression test. 32
dynamic test, 32
extensometer, 3
uge length, 32
mechanical behavior, 31
stabe test, 32
stressestrain diagrams, 32-37
tubles of mechanical properties, 37 3§
tensile-test muchine. 31
tensilo-test specimen, 31
Mechanies of materials. 2
Membrane stress, 741
Method of successful integration, §18
Method of superposition, 833 842919920,
933-933
unalysis with M as redundant,
922 923
inalysis with R, us redundant, 919-922
beam deflection, 836
beum deflection tables, 834
comments, 923
distributed loads, 835-836
equation of compatibility, 920
oquation of equilibrinm, 920
force-displacement relation, 920
Mlustration, $34
principle of superposition. 816
Misfits, 170-171
statically deternunate, 170
stistically indeterminate. 171
Modular mtio, 579
Moduli of elasticity £and G, 317-318
Modulus of clasticity, 33, 44-45
Mohr. O. 1037

Mohr’s circle, 1079
Mohe's arcle for plane stram, 74-705
Mohr’s circle fur plane stress, 674687
alternative sign convention for shear
stress, 679
comments, 679-680
conatruction, 675-677
equations, (74-673
forms, 675
Iimum shear stress, 679
principal plane, 678
principal stress, 678
stresses on inclined element, 677 678
Moment, 046
Moment-ursa method, 842 850
angle between tungents, §43
first thearem, 843-844
second theorem, 844-846
tungential devintlon, §44
Moment-curvature equation, 469
Moment-curvature relationship, 465469
composite beam, §72-573
Mexural rigidity, 469, 573
moment-curvature equation, 469
moment of inertin, 469
slgn convention, 469
tranaformed-section method, $80
Moment of u couple, 262
Moment of mertia, 469
Moment release, 393
Moments of inertis, 106K
Moments of inertia of plane urcas
10681670
composite area, 1069
formulus for moments of inertin. 1069
moments of inertian, 1068
radius of gyration, 1069-107]
sccond moments of aren, 1068

N

Necking, M
Net area, 65
Neutrul axis, 464, 468, 572, 579-380), 388,
$95-596
Neutral axis and load mclination, 589
speciil cases, 589
Neutrul uxis hobe, 523
Neuatral equilibrium, 966, 972
Neutral stress, 518
Neutral surface, 464
Newton, 1044
Nommal strain, 32
Nominal stress, 32
Nonlinear hehavior, 218222
changes in bar fength, 219220
stress-stram curves, 218219
Ramberg-Osgood stress-strain law,
200221
stncally indeterminate structures, 22|
Nanlineur stress-strain curyes, 218-219
bilinear diagram, 219
clastoplastic analysis, 219
clastoplastic mitertal, 219
idealized, 218
perfect plasticity, 218-219
Nonprincipal centroidal loxes, 398
Nonprismutic besms, 490-494, §15-816,
§50.855
fully stressed beams, 491
Nonuniform hars, 192
Nonuniform bending, 460-461
Nonuniform temperature changes, 874
Noouniform torsion, 298 309, 328-329
limitations, 300

Index 1153

torsional displacement diagram (TDD),
00-302

wind-up, 304
Normal strain, 2526, 464
compressive striin, 25
dimensionless quantity, 25
strain, 28
tensibe strmn, 25
Normal stress, $18, 659
composite beams, 373
doubly symmetric beums with inclined
loads, 588
trunsformed-section method, 580-381
Normu! stress and strain, 22-11
axial foree, 22-23
compressive stresses, 24
cross section, 23
limititiony, 24-23
line of action of axial forces for uniform
stress distribution, 2527
normal strain, 25-26
normal stresses. 24
prismatic bar, 22
shear stresses 24
strain, 22
stress, 22-23
tensile stresses, 24
unthiexkitl stress und strain, 25
Normal stresses in beamy (linearly elastic
materials), 467 480
doubly symmetnic shapes, 470471
Nexure formuly, 469470
limitations, 471
finesrly clustic materialy, 467
AR Stresses al cross section, 470
moment-curviature relutionship,
468400

neutrnl axis, 468
propertics. 471
resiltant of normal strosses, 467
stressestrain curve, 467
Notched rectungulisr beam, 523
Numerical nccuracy, 1056
Numerical problems, 1040

0

Oblique angle, 54

Offset method, 35

Offset yield stress, 35

Quter sutfice stress, 742, 747-748
Osgood, WR,, 1035
Outrof-plune shear stresses, 671

P

Parallelaxis theorem for momenty of inertin,
1071-1072
Parallel-axis theorem for polar moments of
inertin, 1074
Purallel-axis theorem for products of inertia,
1076
Paraliclepiped, 53
Partially clastic, 3%
Pascal (Pay, 1047
Perfect plasticity, 33, 215-219
Permanent set, 38
Pinned ends, 472981
comments, 976-977
eritical load, 972, 975 976
critical mtress, 977-978
differentinl equution for column buckling,
973.974
diflerentinl equation solution, 974 975
wleal column, 972
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Pinned ends (Continued |
lurge deflections, imperfections, and
inclastic behavior, 978979
neutral equilibrium, 972
stuble equilibrium, 972
unstable 2quilibrium, 972
Pin support, 390
Plane arca properties, 10891094
Plune frame structure, 12
Plane of bending, 390, 460
Plane strain, 697 711
caleulation of stresses from strains, 706
maximum shear strain, 74
Mohr's circle for plane strain. 704705
normal strain, 701
principal stauin, 703
shear strain, 702
srain messurements, 705 706
transformation equations, 699703
versus plane stress, 697-699
Plunc stress, 658-665
bisnxtal stress, 663
normul stress, 6359
pure shear, 662
shear siress, 659
sign comention for normul stresses, 659
sign convention for shear siresses, 659
special cases, 662665
stresses on inclined scctions, 660-661
transformation equations for pline stress.
661662
] stress; 662
versus plane strain, 697 699
Plane stress apphications, 739-806
combined loadings, 761-785
cylindnical pressure vessels, 746-733
introduction, 740
skt stress in beams, 753761
spherical pressure vessels, 740-745
Plustic flow, 38
Plasticity, 38
Plastic modulus und shupe factor, 624
Plastic moment, 621 624
clastic core, 621
neutral usis, 621-623
Plastics, 36-37
Plate girder, $12. 514
Poisson, S,D, 1034
Poisson's ruliv, 4336
lateral contraction, 45
lateral struin, 45
Polar moment of inertia, 287, 10741075
paralici-axis theorem for polar moments
of mertia, 1074
Trower transmission by circular shufis 319-323
units, 319
Prefixes, 1047
Pressure vessels, 740
Prestrains, 170171
prestresses, 170
Primary structure, 911
Principal angles, 666668
Principal axes, 10791082
principal points, 10801081
Principal moments of inertiw, 1079-1082
principal points, 1080- 1081
Principul planes, 666
shear stresses, 668
Principal stresscs, 666-674
in-plane principal stresses, 668669
insplane shear stresses, 671
vut-of-plane sheur stresses. 671
principal angles, 666-663
principal plinex. 666
special cases, 668

Principle of superposition, 836
Prismuatic bars. 22, 125126
wadal rigidity, 125
clongation, 123
flexibility, 126
linearly elastic muterial in, 123
sign convention, 125126
stifiness, 126
Prismatic beams, 816
bending-moment eyuation, $16
load equation, 816
shear-force equation. $16
Problem solving. 10501057
dimensional homogeneity, 10541055
problem types. 1050-1051
rounding of numbers, 1057
significant digits, 10551057
steps, 1051-1054
Problem-solving upprosch (PSA), 105)
Products of mertus, 10751077
parallel-axis theorem for products of
inertin, 1076
Profile section, 607
Progressive fracture, 209
Pronunciation, S1 prefixes and units,
10451049
Propornonal himit, 33
Propped cantilever beam, 910
Pure hending. 460461
Pure shear, 54, 283, 310, 662. 671
Pure shear strains, 313-314
shear distortion, 313
Pure torsion, 283, 288, 327

Radius of curvature, 46/
Radius of gyration, 977, 106%-1071
Ramberp, WA, 1035
Ramberg-Osgood stressstramn law, 220-22|
Rankine, W.AM.. 1037
Reactions, 392
Reactive forces und support conditions, 7-11
Recungle section, 617-618
Rectungutlar cross sections, 337 33§
Reduced-modulus theory, 10041005
load, 1005
Reinforeed concrete beams, $74
Relaxation, 349
Released structure, 911
Repeated loading and fatigue, 209-211
endurance curve, 21()
endutance limit, 210
fatiguc limit, 210
progressive fructure, 204
lands, 209
S-N diagram, 210
Resicdual strain, 38
Restoring moment, 965
Resultant of normal stresses, 467
Rhombolid, 54
Roller support, 390
Rotation of axes und mertia, 10751079
Mohr's circle, 1079
transformation equations for moments
and products of inerti, 1079
Rounding of numbers, 1057
Rubber, 36

S

Sumt-Venant. B, [035

Suint-Venant's principle. 211-212

Sundwich beamy, 370

Secunt formuly for columns, 995 1000
cccentncity ratio, 996

Euler’s curve, 997
MAaXImMum Compressive stress, 496
Second moments of area, 1068
Section moduli, 470
Shaft, 282
Shunley, KR, 1041
Shiunley theory, 1005 1007
Shape factor, 623
Sheur-center concept. 605-606
douhly symmetric cross section, 606
singly symmetnic cross saction, Hi
thin-walled open cross section, 606
unsymmetric cross section, 606
Shear centers of thin-walled open sections.
613 620
angle section, 616-617
channe! section, 613-616
sections consisting of two mtersecting
marrow rectangles 617-618
7 sectuon, 618
Shear distortion, 313
Shear flow, 609
Shear-flow formula, 514
Shear-force and bending-moment disgrams,
412-438
comments, 416
concentrated Joad, 412 413
severnl concentrated londs, 414-416
uniform lood, 414
Shear-force equution, 816
and deflection, 828-833
Shear forces und bending moments, 389456
beams, Joads, snd reactions, 390400
mtroduction, 390
louds, shear forces, und bending moments,
408211
shear-foree and bending-moment
diagrams, 412438
Shear formula, 753
Shear formuli derivation, 495498
clement, 495
subelement, 49
Shear modulus of clasncity, 33
Shear release, 393
Shear strain, 34, 283255
distortion. 54
effects, 499
Shear siruss, 24, 608, 659
Shear steess and strin, 50-63
average bearing. 50
average shear stress, 53
bearmg uren, 51
boaring stresses, 50
equality on perpendicalir planes 3354
direct shear, 53
double shear, £|
friction, 52
Hooke's liw in sheur, $5-46
shear strain, 34
sign convenlions, $4-58
units, 33
Sheusr stress distribution and angle of
Twist, 336
Shear stress distnbution in rectangulur beam,
40599
Shesr stress equality on perpendicular planes,
3334
pure shear, $4
Sheur stress in beams of circulur cross section.
502-505
circulir cross section, 502
hollow circulir cross section, $03
Shear stress i beams of rectangular cross
section, 494-302
caleulation of first moment Q, 494



dernution of shear formuls, 495308
effects of shear struing, 499
limitations, 499
sheur stress distribution in rectunpular
beam, 495499
vertical und hortzontal, 494495
Shear stress in besms of thin-walled open
cross soction, 606-609
profile section, 607
shear flow, 609
shear stresses, 608
structural seetion, 607
thin-wulled open cross section, 607
Shear stress in web of beams with Munges,
505-312
limitations, $08-509
muximum and mmimum, 307
shear foree in web, S07-508
Shear stress in wide-flange beams, 609613
comments, 612613
lower flange, 612
upper Mange, 609 611
web, 611-612
Shear stress-strain disgrams, $8
Shell structures, 740
Shoulder, 214
Sign conventions, 310-311, 401 402
bending moments, $§7-588
curvature, 462
deformution, 402
lincarly elastic materials, 469
longitudingd straing 444
normal stresses, 659
shear stresses and strains, 54-55, 659
static, 402
Significant digits, 1035-1057
Simple beam, 390
Single load deflections, 856-857
concentrated load, 856
Single load displacements, 193
Singly symmetric cross section. 606
SI prefixes, 1047
ST units, 1043-1047
Slender beam, $19
Slip bands, 184
Slope, 813
Small deflections 462
Spherical pressure vessels, 740743
comments, 743
gage pressure. 740
inner surfuce stress, 742
membrane stress, 741
auter surface stress, 742
pressure vessels, 740
shell structures, 740
tensile stress in sphencal shell wall, 741
thin-walled pressure vessels, 740
Spherical stress, 696697
bulk modulus of clasicity. 696-697
hydrostatic stress, 697
volume modulus of elastcty, 696 697
Springs, 124125
coil springs, 124
compliunce, 125
compression, 124
flexibility, 124
linearly elastic materinl in, 124
natural length, 124
spring constunt, 125
stilfness, 124
tension, 124
Stuble equilibrium, 972
Stable structure, 965
State of stress, 638
Statically dstermimte structures. 146

Statically indeterminute beamns, 909-958

deflection curve analysis using dilTerential

eqmtions, 913-919
introduction, 910
longitudinal displacements ut ends of
beams, 941-04

method of superposition, 910 620
temperature effects, 933-939
types, 911-913
Stutically indeterminute strugiures,
146139, 22)
compatibility equation, 147
elastoplastio analysis, 223-226
equilibrium equation, 146
lorce-displacement relations, 147
general comments, 148
Stuticully indeterminate torsionsl members,
333y
compatibility equations, 324
squilibrium equations, 323
torque-displacement relations, 324
Stutic equations, 148
Static load, 201
Static redundants, 911
Staties, 3-22
applied forces, 4-5
equilibrium equations, 4
frec-body diugrams, 5.7
internal forees and stress resultants, 12
reactive fotlecs and support conditions,
71
Static sign conventions, 4023
Static test, 12
Stepped staft, 12, 17
Stiffness method of analysis, 148. 159
Stocky bewm, 519
Struin, 22, 23
Strains and stresses of composite beims,
570-571
Strainscurvature relation, 464
Strain energy, [90-201
comments. 192 193
com) on, 192
dcmﬁ'r;‘w
clastic and inclustic, 191
mternal work, 190
linearly elastic behavior, 191192
load-displacement diagram, 190
nonuniform bars, 192
potential cnergy, 193
single load displucements, 193
static Joad, 190
units, 191
Strain energy and torsion constant, 347-348
circular tube, 348
rectangular tube. 348
Strtin-cnergy density, 194
modulus of resilisnce, 194
modulus of soughness, 194
plane siress, 690-692
pure shear, 320330
units, |94
Strain energy in torsion und pure shear,
327-326
limtlations, 329
nonuniforny orsion, 325-329
pure torsion, 327

struin-cnengy density m puse shear. 329330

Strain energy of bending, 855-860
single load deflections, 856-%57

Strain guge, 705

Strain harden, 34

Strain metsurements, 705706
struin gage, 708
stealt rosette. 715

Index 1155

Stritin rosette, 713
Strength, 34
Streagth Hmit, 1002
Stress, 22-23
Stress und strain anslysis, 657-736
Hooke's luw for pline stress, 687 693
Introduction. 658
Muohr's circle for planc siress, H74-687
plane strain, 697-T1 |
plane stress, 655 665
principal stresses and maxinmm shear
stresses, 666674
riaxial stress, 693-697
Stress concentrations, 211-217
factors, 213-214
fillets, 213
Suint-Venunt's principle, 211-212
shoulder, 214
stress raisers, 211
larsion, 2458-252
Stress concentrations in bending. $23-527
neutral axis hole, 523
notched rectangular beam, $23
Stress contour, 755
Stress clements, 658
nclined sections, 178-179
Stresses and loads, 63-69
sllowuble loads, 65 55
nllowsble stresses. 64-65
factor of sufety, 63-64
strength, 63
structure, 63
Stresses und strains for structural sieel, 3338
conventionil stressestrain curve, 34
lateral contraction, 34
modulus of elusticity, 33
necking, 33
perfectly plasuc, 33
proportionu) lmit. 33
struin harden, 34
strength, 34
true stress-strain curve, 34
ultimite strength, 34
ultimute stress, 34
yield poml, 33
yield strength, 34
yield stress, 33
yiclding. 33
Stresses and strains in pure shear, 200317
inclined plane stresses. 310-313
pure shear, 310
pure shear strains, 313314
sign convertion, 310
Stresses in beams (advanced topses.
360654
vomposite begms, STO-57
doubly symmetric beamm with mcimed
londs, S87-5%4
clustoplastic bending, 621629
introduction, 370
shear-center conorpe, M5 408
sheur centens of then-walled open sections,
613820
shear strexses i besms of thin-walled
OPE Srows seTioms, 066059
shear strevses m wids-ange beasm,
65613
transformed-secnon method, 579-557
unsymmetric beams and bending,
b it

Stresses tn beams (basic Lopicy), 459-566
axial load, £16-522
beam curvature, 461448
beam design for bending stresses,
ARD-490
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Stresses in beams (basic topica) (Contimed )
buili-up beams and shear flow, $12-516
introduction, 460
longitudinal strains in beams, 463-467
nonprismatic beamy, 490-464
normal stresses in beams (linearly elistic

materinlsy, 467 450
pure bending and nonuniform bending,
260461

shear stress in beams of circulitr cross
section, 502-505
shear stress in beams of rectungular cross
scction, 494502
shear stress in web of heams with Manges,
505-512
stress coneentrations in bending, 323 527
Stresses on inclined clement, 677-678
Stresses on inclined sections, 175189,
660 661
Inclined sections, 179|182
muxmum normal and shear stresses,
182184
stress elements, 178179
uninxinl stress, 184
wedge-shaped stress element, 660
Stress ruisers, 211
Stress revultants, 401, 516
Stress-strain curve, 467
Stress-straln disgrams, 32-37
aluminum alloys, 35 36
brittle materials, 36 37
compaosites, 37
ductility, 34 3§
ductility and elongation, 36
nominal srain, 32
nominul stress, 32
plastics, 36-37
rubbert, 36
structural steel, 33-35
true sirain, 32
trie stress, 32
Stress trupectories, 755
Structural section, 607
Structural steel, 33-35_ 48
properties of shapes, 10951100
Structural timber properties, 1101
Styles for writing SI units, 1047-1048
Suddenly applied load, 203
Symbolic problems, 1050
Symunetric sbout un axis, 1064
Symmetric about u poing, 1064
Symmetry condition, K18
Systems of units and conversion factors,
10421049
proounciation, S1prefixes und umits,
10481149
SI prefixes, (47
S1units, 10431047
styles for writing SI units, 10471048
systems of units, 104221043
temperuture units, 1050

T

Tubles of mechumical properties, 37-38
Tungentiol deviution, §44
Tangent-modulus theory, 10031004
load. 1003 1004
Tempernture effects, 8§74 876, 933939
Tempemture units, 1050
Tensile strain, 2§
Tensile stress, 24
spherical shell wall, 741

Tensile-test muchine, 31
Tensile-lest specimen, 3|
Tension. compression, and shear, 1118
allowable stresses and loads. 63-69
desigm for uxial loads and direct shear.
M-73
cluaticity, plasticity, and creep, 3§44
introduction 10 tmechitnics of materials, 2
linear clasticity, Hooke's law, and
Poisson's ratio, 4450
mechinici| properties of matenals,
31-38
normal stress and strain, 22-31
problem-solving approach, 2-3
sheur stress and strain, S0-63
statics review, 3-22
Tensors, 658
Thermal effects, 160- 162
coefTicient of thermal expansion, 160
sign convention, 160
statically determinate structures, 161
stitically indeterminate structures, 161
sirning, 160
stresses, 10016
temperatare-displacement relation, 161
Thermil elfects. misfits and prestrains,
159177
bolts and turnbuckles, 171
misfits and prestruins, 170-171
thermal effects 160-162
Thin-walled open cross sections, 338,
606-607
Thin-walled pressure vessels, 740
Thin-walled tubes, 344-352
angle of twist, 348349
limitations, 349
shour stresses and shear {low, 344 345
stritknt enerpy and torsion constant,
3M7-34%
torsion formuly, 345 347
Timoshenko, S.P, 1033, 1034, 1037
Torque, 282, 1046
Torque release, 393
Torsion, 281-384
cireulisr har deformustions, 282 285
circular burs of lincarly clastic muterials,
285-297
miroduction, 282
noncircular prismatic shafts, 334343
nomuniform torsion, 298 309
power trunsmission by circulur shafis,
319-323
relationship between moduli of clasticity
Eand G, 317318
stutically indeterminate torsronul
members, 323-327
strum encrgy in torsion and pure shear,
12714
stress concentrations, 352-356
stresses and strains in pure shear,
30317
thin-walled 1ubes, 344352
Torsional deformutions of circular bar,
282-285
angle of twist, 283
angle of twist per unit length, 284
circulur tubey, 285
pure torsion, 283
sheur strains at outer surfice, 283285
sheur strains within bar, 253
Torsional displucement diagrum (TDD),
300-302
Torsional Nlexihilicy, 288

Torsional rigidity, 288
Torsional stifToess, 288
Torsion formuly, 287288
urcular tube, 346
median line, 345
rectungular tube, 347
thin-walled tubes, 345-347
Torsion of noncircular prismutic shufts,
334343
elliptical, trisngulir, and rectangular cross
sections, 336338
shear stress distribution and angle of
twist, 336
thinewalled open cross sections, 338
Transformation equations, 658
moments and products of inertia, 1079
plane stress, 661 -662
Transformed-section method, 379-587
comments, 581
modular ratio, 579
moment-curvature relationship, 80
neutral axis, $79-580
normal stresses, S80-581
Triangular cross sections, 337
Trinxial stresa, 693 697
Hooke's law for triaxial stress, 694- 695
maximum shear stresses, 694
spherical stress. 696697
straim-energy density, 695-696
unit volume change, 695
True strain, 32
True siress, 32
True stress-strain curve, 4
Truss structure, 12
Tumbuckles, 171
double-ucting tumbuckle, 171
Twisting moment, 282
Two axes of symmetry, 1064

U

Ultimate strength, 34

Ultimate stress, 34, 63

Uniform load, 414

Uniaxial stress and steain, 2§, 184, 662, 671
homogenous malerinly 25

Uniform load, 392

Units, 1047

Unit systems, 1042- 1043
ubsolute system. 1043
British Imperiul System, 1042
gravitational systems, 1043
International System of Units (S1), 1042
metric, (42
femperature, 1050
LLS, Customury System (USCS), 1042

Unstuble equilibrium, 972

Unstuble structure, 965

Unsymmetric beams und bending, 594-604
alternate unalysis procedure, $95-599
analysis procedure, $97-598
neutral uxis, 595-396

Linsymmetnc cross section, 606

Upper flange und shear stress, 609611

v

Vector, 282

Verticul und horizontal shear stresses,
94498

Volume change, 68969

Volume modulus of elisticity, 696-697

von Kirman, T., 1040



w

Watt (W), 1047

Web and shear stress, 611612
Wedge-shuped stress element, 660
Weight, 1044

Wide-flange boum_ 514, 756 757
Wind-up, 304

Wire rope, 126

Wood beams, 452

Wood box beam, §15

Work, 1044, 1046

Writing styles for SI unita. 1047-1048
Y

Yicld moment, 621, 624
Yield point, 33
Yield strength, 34

Index

Yield stress, 33
Yielding. 33

Young, DH., 1040
Young, T, 1033
Young's modulus, 45

Z

Z-section, 613
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