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Stress, strain, and Hooke’s law: Hooke’s law states that in ~ Stress

, . . . . — = Elastic modulus (11.7)
* * elastic deformations, stress (force per unit area) is propor- Strain
\‘ o1 1N \‘ tional to strain (fractional deformation). The proportional-
z L N ity constant is called the elastic modulus.
Tensile and compressive stress: Tensile stress is tensile Tensile stress  F, /A F, Iy <~ Initial
force per unit area, F| /A. Tensile strain is fractional T Alfly A Al (11.10) -a state
change in length, Al/ly. The elastic modulus for tension is < .
: . . >
a l \‘ called Young’s modulus Y. Compressive stress and strain .
are defined in the same way. (See Example 11.5.) r ! :A Fl
<—[l—>
\‘ Ii I\ Bulk stress: Pressure in a fluid is force per unit area. Bulk _F 11.11
z stress is pressure change, Ap, and bulk strain is fractional r= A (11.11) Volime
volume change, AV/Vj. The elastic modulus for compres- A Pressure = py Vo
sion is called the bulk modulus, B. Compressibility, k, is the B = LE L stre':;s - er (11.13)
reciprocal of bulk modulus: k¥ = 1/B. (See Example 11.6.) Bulk strain AV/Vy F i
,—“: Pressure = p FLL Notume i o
C W52 R - -2
FE L
SR
Shear stress: Shear stress is force per unit area, F|/A, Shear stress  Fi/A  Fj h A1

* =" " - =_C Initial
, ] for a force applied tangent to a surface. Shear strain is § Shear strain ~ x/h A x (L, T Sl:altil
E L) n the displacement x of one side divided by the transverse .]:
dimension /. The elastic modulus for shear is called the —

shear modulus, §. (See Example 11.7.)

The limits of Hooke’s law: The proportional limit is the maximum stress for which stress and strain are
proportional. Beyond the proportional limit, Hooke’s law is not valid. The elastic limit is the stress beyond
which irreversible deformation occurs. The breaking stress, or ultimate strength, is the stress at which the
material breaks.
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Tensile stress/strain

Initial state ——Area A . FJ_
of the object Tensile stress = —
<— [, —>
B . . [ — 1y Al
| : Tensile strain = = —
—> Al (< l Iy
FJ_ . A FJ_

Object under :
. I
tensile stress !
I
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[ S] (stress) EA{ii: Pain SI; psi in British
' RZE (strain) EAfZ: none
< I1— 1 psi = 6895 Pa
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Force applied perpendicular
to cross section ======-..., . Original length

Young’s modulus., o R o
~ : - ’ see Fig. 11.14
for tension ;‘Y Tensile stress  F| /A F| [ (see g )
Tensile strain ~ Al/I, 14 Al "... Elongation
Cross-sectional area of object = (see Fig. 11.14)
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TABLE 11.1 Approximate Elastic Moduli

Young’s Modulus, Bulk Modulus, Shear Modulus,
Material Y (Pa) B (Pa) S (Pa)
Aluminum 7.0 x 101 7.5 x 101 2.5 x 101
Brass 9.0 x 10'° 6.0 x 10'° 3.5 x 1010
Copper 11 x 1010 14 x 100 4.4 x 10'°
[ron 21 % 10" 16 X 101 7.7 x 101
Lead 1.6 x 1010 4.1 x 100 0.6 x 10'°
Nickel 21 % 1010 17 x 10'° 7.8 x 1010
Silicone rubber 0.001 x 10" 0.2 x 101 0.0002 x 10"
Steel 20 % 10'° 16 x 10'° 7.5 x 1010

Tendon (typical) 0.12 x 1010 - _
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1 8-5

A steel rod 2.0 m long has a cross-sectional area of 0.30 cm?. It is hung
by one end from a support, and a 550 kg milling machine 1s hung from
its other end. Determine the stress on the rod and the resulting strain
and elongation.
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{Aogit4EE (Bulk modulus)

" Additional pressure
Bulk modulus----.., ir Bulk stress ﬁ]? on object

for compression o "
Bulk strain éV/ VO r-...- Original volume

Change in volume (see Fig. 11.17) -~ (see Fig. 11.17)

[E95%: %% (compressibility) :
I AV, 1AV

B Ap  Vy Ap
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Initial state
of the object

Pressure = p,

Volume
Vo

Pressure = p = py + Ap

Object under F| | L F,
bulk stress —ill-" Volume | | ——
:/V ¥ : |
! 1
FJ_:-" _____ \t__'?.;’x
Fl v=v, +av
(AV < 0)
_ . AV
Bulk stress = Ap Bulk strain =

Vo



A hydraulic press contains 0.25 m> (250 L) of oil. Find the decrease
in the volume of the oil when it i1s subjected to a pressure increase
Ap = 1.6 X 10’ Pa (about 160 atm or 2300 psi). The bulk modulus of
the oil is B = 5.0 X 10° Pa (about 5.0 X 10 atm), and its compress-
ibility is k = 1/B = 20 X 10 atm™ .
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Shear stress/strain

compressional stress

tensional stress

shear stress




YW /MWZZ Shear stress/straintE X :

Forces of equal magnitude but opposite direction act
tangent to the surfaces of opposite ends of the object.

A R IIVESS
. X
Initial state T Shear stress = -l Shear strain = —
of the object \T/ A
= VIRtRE :

Force applied tangent to
surface of object ======-...,

_ Shearstress  F)/A F” h
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Object under
shear stress

Area over which force 1s exerted
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Breaking stress: minimum stress to cause fracture

TABLE 11.3 Approximate Breaking

Stresses

Breaking Stress
Material (Pa or N/m?)
Aluminum 2.2 X 10°
Brass 4.7 x 10°
Glass 10 x 10®
Iron 3.0 X 10°
Steel 5-20 % 10

Tendon (typical) 1 X 108
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