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Oplecilves: Aftar coplolation gf s
rmocdulegdyoll spotld ge z2gle to:

e Demonstrate your understanding of

elasticity, elastic imit, stress, strain, and
ultimate strength.

e Write and apply formulas for calculating
Young’s modulus, shear modulus, and
bulk modulus.

e Solve problems involving each of the
parameters in the above objectives.




An elastic body is one that returns to its original
shape after a deformation.

Golf Ball Rubber Band Soccer Ball



An inelastic body is one that does not return to its
original shape after a deformation.




An elastic collision loses In an inelastic collision,
no energy. The deform-  energy Is lost and the
ation on collision is fully * deformation may be
restored. permanent. (Click it.)



g Isian example offan elastic hedy that
e defermed Py stiretching,

In the direction opposite
the displacement of the

% A restoring force, F, acts
= oscillating body.




/gL 15 stretecrea, therels: a restonng,
118l /S PIropoIteRal 10 e a/SPIacCEmenL:

J1e 5011IG COYISIANIL: AF
£ S aNIIOPEIA O IIE K =—
Sprng genby: AX

The spring constant K Is a measure

of the elasticity of the spring.



N

ress and Strain

efers to the cause of a deformation, and
n refers to the effect of the deformation.

e
-
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=
=
eachi other. SOIMPIESSIoN



S\ the ratie) ofi aniapplied fierce: E tertne
A GVERWRICH IT acts:

Units ; Pa:ﬁ2 or I_l32
A m IN.

SticInNSIne el averchanoeNn e dImENSIeNsIeN
SHape! i 2 edy as ueNesuli-eiranrappliearstiess:

Examples: Change in length per unit length;

change in volume per unit volume.




A

EQIFWIres; Ieds, and 19ars;
therelisialongittdinal
Stiess E/A thal prealces a
change Ilengtirperunii
IERgu I SLUCIICASES:

Strain = A—L
L




A steel wire 10 m long and l
ZaniimgReiameter Is; attached tor the

EISE R area GIWITE:
D* 7(0.002 m)’
4 4
A =3.14 x 105 m?

A="

= 200 N Stress




N

A 10 m steel wire
.08 mmi due: to the: 200: N

Given: £ =10/ AL = 3108 mim

| o _ AL _ 0.00308 m

______ | L 10 m

ALT Longitudinal Strain

3.08 x 104



[T the stress exceeds the elasuCH I e
length will be longer than tne orJangn.J 2



[T the stress exceeds the ultimatesieneing
the string breaks!



=l e elastic limit for steel is ‘
sy Pa. What Is the maximum
WEIEstinat canl Be supported without
SXeEEUIng| the: elastic limiit?

Recall: A =3.14 x 106 m?

Stress = % —2.48 x 10°Pa

F = (2.48 x 108 Pa) A

F = (2.48 x 108 Pa)(3.14 x 10®® m?) F=7/9N



’ The ultimate strength ‘
IGIISIEEINST 2089 x 10° Pa. What Is the
EaENtUm Welght that can: e

sHspEIted Without breaking| the wire?

Recall: A =3.14 x 106 m?

Stress = % —4.89 x 10°Pa

F = (4.89 x 108 Pa) A

F = (4.89 x 108 Pa)(3.14 x 10® m?) F=1536 N



PIeVIded that the elastic ImItIS net exceeded;
2pelastic defermaten (Stran)ius ciectly,
OBPEIGHEING tHE mMAagnItlce el therapplied
(GICENPERURIE areaN(SIress)).

stress

Modulus of Elasticity = _
strain




=c1110) =ReMN OUI previeus example, '
ENSUESsPapplied to the steel wire was

eyl Pa and the stram was 3.08 x 10,
SRENME modulus ofi elasticity: for steel.

Stress 6.37 x 10'Pa

Modulus =

Strain  3.08 x 10™

Modulus = 207 x 10° Pa

This longitudinal modulus of elasticity Is called
Young’s Modulus and is denoted by the symbol Y.




enalsiwhose: Iengin IS much greater tinan the
O INICKIESS;, WeE! alé CONCEMEd WItnIthe

dinal meeibsieirelasuCIty, G YOURg S
MoclulusiGe):

longitudinal stress

Young's modulus = —— :
longitudinal strain

F/A FL _ b
Y=——=——@Units: Pa or —
AL/L AAL Jnits: Pa o in.2




Exarnple 4: {oftlglefsNaalele[0]|¥fs
IBIMIIESSHENS. 96 x 10°Pa. A
|/O I\J wm At IS attached O g m

=SSR Era e e oI WITE:

- zD*  7(0.0015 m)’

— A=177x10°m?
4 4




01 Pa: E=120IN:
A= 1T 107 mz

=20 NG AL =7

\— i A\ = E
AVAY S AN
A _FL_ (120 N)(8.00 m)

AY (177 x 10°m?)(8.96 x 10"'Pa)

DEERER R ERGE 1/ = 0.605 mm



ANSHEENIERSTESS alters) only thershiape: ofi the: Body,

3 c
> —
B
- -

The shearing force £ predlces arsiieaning

angle @. The angle o is thesstiainrand the
stress Is given by E/A as before:



' =  Stress /s
— Rt area:

EssiicinNs therangle
EXNESSEUNIINEEIEISE

A
d

Strain=¢ = T

e shear medulus SIS defined asitheNae o the
shiearing striess F/A 1Ofhe sheaing)straiipo:

The shear modulus:

Units are in Pascals.




e caemasieel stud (S = 8.27 x 10*°Pa) ‘
INEHNRNEIAIELer projects 4 cm from the

WEIARSHRO 00! N shearnng force s applied te
ENEREP\What 1S the defection) @ of the stud?

- zD*  7(0.01 m)°
4 4
ANrger A= 7,85 ¢ L0 2

S_F/A_F/A_il_ q_Fl
6 d/l Ad AS

q— (36,000 N)(0.04 m) = 0.999 mm
(7.85 x 10°m?)(8.27 x 10°Pa) '




srmations ane linear. Semetimes an applied
iesults inia decrease offvelume. lnsuch
ere Is a ulkmooulus B el elasticity.

_ Volume stress  —F/A
Volume strain AV /V

The bulk modulus Is negative
because of decrease In V.



~ Volume stress  —F/A

B > _
Volume strain AV /V

SINCENZ/ANS GEREallN pPressurer 2 We may/ Wiite:

o P _-PV

TAVIV AV

Units' remain in Pascaisiiea)
since the strain Is uniiless.



el CAAYdydrostatic press contains S ‘
IETSREREIpEING the decrease i velume: of
UIERGTINIEI IS Slubjected! to a pressure of
SOPONGPE. (Assume that B = 1700 MPa.)

P PV
AV IV AV
_—-PV _ —(3x10°Pa)(5 L)

\Y —
B (1.70 x 10°Pa)

B

Decrease in V;

milliliters (mL): AV=-8.82 mL




An elastic body is one that returns to its original
shape after a deformation.

stic collision loses no energy. The deform-
ation on collision is fully restored.

An inelastic body Is one that does not return to its

original shape after a deformation.

In an inelastic collision, energy Is lost and the
deformation may be permanent.



Summary
Types of Stress

A tensile stress occurs when
equal and opposite forces are
directed away from each other.

A compressive stress occurs m '
when equal and opposite l . "

forces are directed toward I - _
ompression
each other. EE——




S\ the ratie) ofi aniapplied fierce: E tertne
A GVERWRICH IT acts:

Units ; Pa:ﬁ2 or I_l32
A m IN.

SticInNSIne el averchanoeNn e dImENSIeNsIeN
SHape! i 2 edy as ueNesuli-eiranrappliearstiess:

Examples: Change in length per unit length;

change in volume per unit volume.




A

EQIFWIres; Ieds, and 19ars;
therelisialongittdinal
Stiess E/A thal prealces a
change Ilengtirperunii
IERgu I SLUCIICASES:

Strain = A—L
L




The Elastic Limit

The elastic limit is the maximum stress a body can
experience without becoming permanently deformed.

The Ultimate Strength

The ultimate strength Is the greatest stress a body can
experience without breaking or rupturing.




.

For materials whose length Is much greater than the
width or thickness, we are concerned with the
longitudinal modulus of elasticity, or Young’s
Modulus Y.

Young’s Modulus

longitudinal stress
longitudinal strain

Young's modulus =

F/IA FL : Ib
Y=—"—=——I8Units: Pa or —
AL/L AL Vs Pao i 2




The Shear Modulus

d A |

=)  Slress /s =

— unit area: A
d

The strain Is the angle
expressed In radians:

Strain = ¢ = T

The shear modulus S is defined as the ratio of the
shearing stress F/A to the shearing strain (:

The shear modulus:
Units are in Pascals.




The Bulk Modulus

~ Volume stress  —F/A
Volume strain AV /V

B

Since F/AIs generally pressure A, we may write:

P —PV

B: - —
AV IV AV

Units remain in Pascals (Pa)
since the strain Is unitless.
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