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_ odulus of Elasticity o
Expansion, K

* The bulk modulus of elasticity K is a measure of a resistance
of a material to change in volume without change in shape
or form. It is given as:

E (8]

= =
31 -—2v) AV/V

* Where V is the volume and AV is change in volume. The
ratio AV / V is called volumetric strain and can be expressed

ds AV _ o _ 3(1-2v)
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* Problem 205 A uniform bar of length L, cross-sectional area A, and unit
mass p is suspended vertically from one end. Show that its total
elongation is § = pgl2 / 2E. If the total mass of the bar is M, show also
that § = MgL/2AE.

Solution 205

Given the total mass M-
p=M/V=M/AL

§ = pgL2/2E = (M/AL)(gL?/2E)
6 =MgL/2AE ok!

Another Solution:
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For you to feel the situation,
position yourself in pull-up
exercise with your hands on the
bar and your body hang freely
above the ground Notice that
vour arms suffer all your
weight and your lower budv
fells no stress (center of we:ght

is approximately just below the chest). If your body
is the bar, the elongation will occur at the upper half

of it.

The weight will act at the center of gravity of the bar:
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Problem 222 A solid cylinder of diameter d carries an

axial load P. Show that its change in diameter is 4Pv /

nEd.

Solution 222
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obleni 226 A 2-in.-diameter steel tube with-a wall'thick: of 0.05 inch
" just ﬁts in a rigid hole. Find the tangential stress if an axial compressive
load of 3140 Ib is applied. Assume v = 0.30 and neglect the possibility of

buckling.
Solution 226
9]
g, = —~—yv—L =0
E E
Ty = VOy

where | oy = tangential stress
o, = longitudinal stress

Py 3140
oy= — =

A m(2)(0.05)
G, = 31400/ 7 psi

ox = 0.30(31400/ w)
Ty = 9430/ psi
= 2298.5 psi




Problem 228 A 6-in.-long bronze tube, closed ends, is 3 in. in
diameter with a wall thickness of 0.10 in. With no internal pressure, the
tube just fits between two rigid end walls. Calculate the longitudinal
and tangential stresses for an internal pressure of 6000 psi. Assume v =
1/3and E = 12 x 106 psi.

Solution 228

] =
g =—%—_y—2 =(
E &
ox = voy = o1 = longitudinal stress

G; = Oy - tangential stress

~ __PD _ 6000(3)

2in 2 "2t 2(010)

. a: = 90,000 psi
- Y

a; = vay = + (90,000)
gy = 30,000 psi
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Shear Strain

Shear Strain. Deformations not only cause line segments to
elongate or contract, but they also cause them to change direction, [ we
select two line segments that are originally perpendicular to one another,
then the change in angle that occurs between these two line segments is
referred to as shear strain. This angle is denoted by y (gamma) and is
always measured in radians (rad), which are dimensionless. For example,
consider the line segments AB and AC originating from the same point
A in a body, and directed along the perpendicular n and ¢ axes, Fig, 2-2a,
Alter deformation, the ends of both lines are displaced, and the lines
themselves become curves, such that the angle between them at A s ¢,
Fig. 2-25. Hence the shear strain at point A associated with the n and r
axes becomes
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Important Points

Loads will cause all matenal bodies to deform and., as a result,
pomis i a body will undergo displacements or changes in position.

Normed strairs is a measure per unit length of the elongation or
contracton of a small ine segment in the body, whereas shear strain
is @ measure of the change in angle that ocours between two small
line segments that are ongmally perpendicular to one another.

The state of strain at & pomnt is characterized by six strain
components: three nommal strains €,. €, . and three shear
SITAINS ¥,y ¥y Yoo These components depend upon the original
onentation of the ing sepments and their locanon in the body.

Strain is the geometrical quantity that s measured wsing
experimental technigques, Once obtained, the stress in the body
can thea be determined from matenal property relations as
discussed in the next chapter,

Most engineering matenals undergo very small deformations and so
the normal strain ¢ << 1. This assumption of “"small strain analvsis”
allows the caleutations for normal strain 1o be simplified, since first-
order approximations can be made about their size.




Elastic Behavior. Elastic behavior of the material occurs when
the strains in the specimen are within the light orange region shown (n
Fig. 34, Here the curve s actually a straight line throughowt most of
this region, 5o that the stress s propartanal to the stram.The material
in this region is said Lo be linear elasric The upper stress limit Lo this
linear relationship 15 called the preportienal limir, o, 1f the stress
shghtly exceeds the proportional liot, the curve tends (o bead and
flatten out as shown This continues until the stress reaches the elasric
limis. Upon reaching this point, if the load is removed the specimen
will still return back 1o its original shape. Normally for steel, however
the elastic lmit 15 seldom determined, since it is verv close to the
proportional limit and therefore rather difficult 1o detect,

Yielding. A slight increase in siress above the elastic limit will result
in a breakdown of the material and cause it to deform permanently.
This behavior is cailed ylelding. and it is indicated by the rectangulas
dark orange region of the curve The stress that causes vielding is called
the vield stress or yield point oy and the deformation that oceurs
is called plastic deformation. Although not shown in Fig. 34, for low-
carbon steels or those that are hot rolled. the vield pont s often
distinguished by two values. The wpper vield poinr occurs first,
followed by a sudden decrease in load-carrving capacity to & lower
yield point. Notice that once the vield point is reached. then as shown
in Fig. 34, the specimen will continue to elongate (strain) without any
thcrease in load When the material is in this state, it is olten referred 1o
as being perfectly plasiic.

ol ane trie stress-strain i
| |EM{M¢HNW

Strain Hardening. When yielding has ended. an increase in load can
be supported by the specimen, resulting in a curve that rises continnously
but becomes flatter until it reaches a maximum stress referved to as the
wltimate stress, «r,. The rise in the curve in this manner is called strain
hardening. and it is identified in Fig. 3-4 as the region in light green.

Necking. Up to the ultimate stress. as the specimen elongates, its
cross-sectional area will decrease. This decrease is fairly wniform over the
specimen’s entire gauge length; however, just after, at the ultimate
stress, the cross-sectional area will begm to decrease m a localized
region of the specimen, As a result, a constriction or “neck” rends to
form in this region as the specimen elongates further, Fig. 3-5a. This
region of the curve due to necking is indicated in dark green in Fig. 3-4,
Here the stress—strain diagram tends to curve downward until the specimen
breaks at the fracture siress, o, Fig. 3-5h



* In most of the material, the stress strain relationship is
linear i.e. Increase in stress leads to proportionate increase

in the strain:
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Important Points

A conmventional stress-serain diagram is important in engineering
since it prowides a means for obtaining data about a material’s
tensile or compressive strength without regard for the material’s
physical size or shape.

Engineering siresy and strain are calculated using the original
cross-sectional area and gauge length of the specimen.

A ductile material, such as mild steel, has four distinct behaviors as
it is loaded. They are elastic behavior, vielding, strain hardeming. and
necking .

A material is Lnear elastic if the stress is proportional o the strain
within the elastic region. This behavior is described by Hooke's daw,
a = Ee, where the modidus of elestciry E s the slope of the line.

Important points on the stress—straim diagram are the proportional
lirriet, elaxtic Lvit, vield stress wlttonate stresy, and fracoare stress,

The ductility of a material can be specified by the specimen’s
percent elonganon or the percent recducteon in area.

If a material does not have a distinet vield point. a yield strength can
be specified using a graphical procedure such as the offser method.

Bristle materials. such as gray cast ivon, have very little or no
vielding and so they can fracture suddenly.

Strain hardening is used 1o establish a higher yvield point for a
material This is done by straining the material bevond the elastic
limit, then releasing the load. The modulus of elasticity remains
the same, however, the matenal’s ductility decreases,

Seratn emergy is energy stored in a material due toits deformation.
This energy per unit volume is called strain-emergy density. I
it is measured up 10 the proportional limit, it is referred to as
the modulies of resilience, and if it is measured up to the point
of fracture, it is called the maodalus of toughness, It can be
determined from the arca under the or—e diagram,




Poisson’s Ratio

When a deformable body is subjected to an axial tensile force, not only
does it elongate but 11 also contracts laterally. For example, if a rubber
band is stretched, it can be noted that both the thickness and width of the
band are decreased. Likewise. a compressive force actmg on a bodv causes
it tocontract in the direction of the foree and vet its sides expand laterally

Consider a bar having an onginal radius r and length L and subjected
toy the tensile force P in Fig 3-21. Thas force elongates the bar by an
amaunt & and its radius contracts by an amount &' Strains in the
longitudmal or axal direction and  the lateral or radial direction are.

respectively, H'\
£ .

e & — 5' -
Ejion = 5 ADL By = _
¥ L r Orrginnd Shinpe — g - = Firal Shape

In the zarly 18008 the French scientist S. D, Poisson realized that within
elistic range the ratio of these strains is a constant, since the deformation
& and &' are proportonal. This constant |s referred 10 as Poissons ratio,
¢ (nu), and it has a numerical value that is unique for a particular material
that is both homoegeneons and wotrapic. Stated mathematically it s

Tansion &

p = = l?,ﬂ]

€)onp




A bar made of A-36 steel has the dimensions shown in Fag. 3-22_ If an
axial foroe of P = 80 kN is applied to the bar, determine the change
in s length and the change in the dimensions of its cross section after
applvimg the load. The matenal belhaves elastically.

P = kN

Fig. 3-22
SOLUTION
Thce normal siress in the bar is
r BO{ 10 N
L =—= = 160010M) P
= 4 (1 m ) (ThOS oo ) ( L
From the table om the inside back cover for A-3G seel E,, = 2(0 GPa,

and so the strain in the r direction is

- - BO 1O
= £ 2000 10%) Pa ( ) o e

The axial clongation of the bar s therefore
S. = e f_ = [RTO™](1 Sm) = 120 um Anx

Using Eq. 3-49. where », = (L32 as foond from the mside back
cover, the lateral contraction strains in oth the ¥ and y directions are

€, = 8, = —p e = —()3Z2[80(10°")] = —~25.6 em/m
Thus the changes in the dimensions of the cross section are

b, = e, L, = —[256(10 ") {(1 m) = —2.56 um A
E, — e L, — —[256(10 ") (OLOSm) — — 128 jum Anx




