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Properties of Materials

 The design of machines and structures so that they
will function properly requires that we understand
the mechanical behavior of the materials being
used.

e Ordinarily, the only way to determine how
materials behave when they are subjected to loads
IS to perform experiments in the laboratory.



Tensile Test

* The tension test is commonly employed to

determine such engineering properties as
1- Young’s modulus ,E
2- Yield strengtho,,
3- Ultimate strengtho,,
4- Percent elongation , and percent reduction af.are
5- Toughness
6- Modulus of Resilience
/- Ductile/brittle behavior



Tensile Test
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e One of the most common tests of material is theita test.

* In the usual tension test the cross section ofpgeeimen is
round, square, or rectangular.




Tensile Test

!

 The tensile-test specimen is placed in a teshmac
called tensile-test machine.

 The deformation is recorded by extensometer arrstr
gauge.






Tensile Test: Stress Calculation

Loads are gradually applied to the specimen andis&amaeous
readings of the load and deformation are takepextied
Intervals.

 Nominal, or engineering, stregss determined by the
formula P

A,

g —

whereA is theoriginal cross-sectional area in the gage section
andP is the applied load.



Tensile Test: Strain Calculation

Specimen:
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» Corresponding values of strain are founa by angane aerormauon py tne gauge

length.
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* Wherel, is theoriginal length of an axial line element ahts the current current

length of this element.

The convention for strain is that it is positiveneml| is greater thaty, .



Tensile StressStrain Curve




Tensile Test: Curve
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The stress and strain values obtained can th@tokbed in a stress-
strain curve.

The shape of the curve will depend on the kinthaferial tested.

(The temperature and speed at which the testrierp®ed also affect the
results.)



Stress-Strain Curve: Regions

e Elastic behaviarThe
sample returns to its
original shape/ length
when the load Is
removed. Curve acts
like straight line, the
end of this region Is oad
the elastic limit.
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Stress-Strain Curve: Regions

Elastic | Plastic

e Yielding: An increase of the
load above the elastic limit will
result in a permanent
deformation of the material.
This behavior is called yielding.
The stress that causes yielding
Is called “yield stress” and the
strain that occurs is called a
plastic strain.

e Question How to detefrmine
the yield point if the curve not
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Stress- Strain Curve: Regions

e Strain Hardeningwhen yield
has ended, an increase In the
load will result in a stress
rising until it reaches a
maximum value of stress =7
called theultimate stressg, veing [ S e Hecking | 1A
All materials have an uItlmat‘ 7 Y St
strength given by K

O-U — Pmax
Ay

e whereP ., IS the maximum

load sustained In tension, an _

Stess, O
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A, Is theoriginal cross- v Strain, ¢
sectional area.



Stress- Strain Curve: Regions

* Necking:

After the stress exceeds the
value, the cross sectional area
of the sample starts to

decrease rapidly at almost
midpoint of the gauge length.

Since the area decreases, it can’t
hold large loads so the the
stress strain-curve tends to
curve downward until the
material breaks at fracture
Stresso;




Yound s Modulus: E

For all materials, the slogeof the
linear portion of the stress—strain
curve for small strain is a
characteristic of the material, called
Young’s modulsi

For example, Young’s modulus of
most steels is about 200 GPa, while
that of aluminum and glass is about
70 GPa.

Young’'s modulus is an example of a
bulk propertyof a material—one

that is determined primatrily by the
major constituent of the material.
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Yound s Modulus

Madwlus of Efasticity
[pai = {00 (MPa = [F)]

Metal F160] L [111]
Aluminum 9.2 [(h3 [[.0
(63.7) {72.6) {76.1)

Copper 9.7 8.9 27.7
(66, 7T) (T3).3) (191.1]

lron 18.1 305 36
(125400 (210.5) (272.7)

Tungsten 55.8 35.8 55.8

(324.6) (384.6) (384 _6)




Poissors Ratio:V

e When a bar of a material is

stretched longitudinally, the bar
extends in the direction of the
applied load. Thisongitudinal
extension is accompanied by a
lateral contractioof the bar, as
shown.

In the linear-elastic range of a
material the lateral strain is
proportional to the longitudinal
strain; ife, Is the longitudinal
strain of the bar, then thateral
strain Isg,




Poissofs Ratio Cont.

v = (strain perpendicular to applied load)/(strain in
direction of the applied load) /¢,

The constant in this relation is known a8oisson’s ratipand for
most metal has a value of about 0.3 in the linéastie range.

If the longitudinal strain is tensile, the lates#étlain is a contraction;
for a compressed bar there is a lateral expansion.

With a knowledge of the lateral contraction oti@&hed bar it is
possible to calculate the change in volume dué¢ramsng.



Ductile and Brittle Materials

For abrittle material, the
stress—strain curve is linear
almost to failure. Glass, Gre
cast iron, exhibit brittle
behavior.

with strain. Ductile material
can sustain large strains
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For aductilematerial, there | E‘
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before fracture. Examples ¢
ductile materials are mild
steel, aluminum and rubber.
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Ductility- Necking

e Ductile materials will f e

oftenneckprior to faillure ____ e A
e The necking begins whe _iﬂ} -

theultimate strengtlihas
been reached, at which
point the stress begins tc
decrease with increasing
strain. -
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(a) EBefore Zecking (b)) After secking



Measurement of Ductility

« Ductility is measured bgercent
elongationor percent reduction of

area
- ;f

| —I
Percentlongation= - I > (L00%) W
(0] .-"-!f

Percenteductiornof area=

H A (100%)
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Strength and Ductility

Yield Strenath Tensife Strength Ductility, %EL
Metal [psi (MPa)] [psi (MPa)] (in2in.)

Gold Nil 19,000 {130) 43
Aluminum 4,000 (28) 10,000 {69) 43
Copper 10,000 (69) 29,000 (200) 43
Iron 19,000 (130) 38,000 (262) 43
Nickel 20,000 {138) 70.000 {480) 40
Titanium 35,000 (240) 48.000 (330) 30

33

Molybdenum

82,000 (363)

95,000 (633)




Brittle Fracture

 Brittle fractures are
characterized by a flat fracture
surface perpendicular to the
maximum principal normal
stress direction. The fracture
originates at the surface, due
to the presence of a suitable
flaw, such as a scratch,
machining mark, or crack

e Brittle materials fail at small
strains and In tension




Ductile Fracture

* Ductile failures are often ahe cup-and-
cone typeNecking produces a triaxial

state of stress that results in ductile i

tearing, starting at outward. i
* As the fracture approaches the surfact b ‘

the outside ring of unbroken material T H

becomes loaded approximately Y

uniaxially and may fail in shear along Y

45° surfaces.

e |f this shear surface forms continuous
around the specimen, then a cup form  pyctia tearing Shearfaiu
on one side, and a cone on the other. at cantar at ackge



Ductile Fracture

Shear failure
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Cup-and -cone faflure in 1045 steel. Shear Tailure in 2024-16 a umimum.



Hook s Law

 When a material behaves elastically
and also shows a linear relationship
between stress and strain (line stal
from O stress up to proportional lim
It is said to beinearly elastic materiz

 Hooke’s law stress is proportional t
strain in the linear elastic region of
stress-strain diagram

o =Ee¢

* The slope of the stress-strain curve
IS the elastic modulus or modulus of
elasticity (Young's Modulus).




Strain Energy

* As the material is deformed by an external logdthe
material tends to store energy internally throughits
volume. This energy is called strain energy.

e |tis convenient to formulate strain energy peit uolume of
materials. This is called thetrain energy densitand is given

as 1
U=—-0¢f
2

 Two Material’'s quantities related to the strainrgyedensity:
Modulus of Resilience and Modulus of Toughness



Modulus of Resilience: u

» [tis a measure of the capacity of o
the material to absorb (elastically)
energy without undergoing
permanent deformation .

* Modulus of resilience ithe area
under the portion of the stress-
strain curve that is delimited by the
proportional limit

usingHookslaw 2 :
ur — } 0- |g I : — } O- pl | Maoduluis of resilicnoe N,
2 PP 2 E

 the units of u: energy per volume.




Modulus of Toughness; u

e |t indicates the strain |
energy density of the
material just before it
fractures.

 The modulus of
toughness is defined
by the total area under
the stress-strain curve

e Units of toughness are
energy per volume

a3




Ductility and Toughness Relation
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True Stress-Strain Curve

“True stres$ g,, Is based on the actual load divided by the
currentarea A rather than the initial arg

Notice that when the ardais reduced (as in the tension
test), the “true stress” is larger than the nomaral
engineering stress.

“True strain,”&1s based on the summation of incremental
strains based oturrentlength |,

Since, in tension, the current length is largantthe initial
length, the “true straing; is smaller than the nominal or
engineering straig.



True Stress-Strain Curve
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Shear Stress Strain Diagram

e The pure shear stress AL
IS generated by *'
applying a torque ovel
a sample that has a
circular shape. The
measurement is made
between the torque
and the resulting angl
of twist.




Torsion




Shear StresStrain Diagram

e Hook’s law for Shear

r=Gy
7 :shearstress 7 ) . W

y :Sheaistrain | /

G : SheamosulusModulusof Rigidity) ™ i

{r

E

G = _ ¥

2(1+v) 2 7 ’




Values of E, G, and

Modulus of Elasticity Shear Modulus |
Poisson’s

Metal Aoy psi x 10°  MPax 10F  psi % 10°  MPa % (¢ Ratio

Aluminum 10.0 6,9 3.8 2.6 (.33
Brass [4.6 10,1 5.4 3.7 (1,33
Copper 16.0 1.0 6.7 4.6 (.33
Magnesium 6.3 4.5 2. 1.7 0.29
Nickel 30,0 20.7 [1.0) 7.6 0.31
Steel 30,0 0.7 12.0 8.3 0.27
Titanium 15.5 10.7 6.5 4.5 (.36

Tungsten 59.0 40.7 23 16.0 0.28




