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Chapter 3: Mechanical

Properties of Materials

Chapter Objectives

v" Understand how to measure the stress and strain through

experiments

v" Correlate the behavior of some engineering materials to the stress-
strain diagram
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Tension and compression test
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Uniaxial tension test: Tl e
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Characteristics of stress-strain diagram (ﬂ(A . 4\ | e i A,’. orca

Elastic behavior (recoverable deformation): Plastic behavior (permanent deformation):

o Peversible Je focmarion

* Materials loaded in this region regain its * Stresses above the elastic limit will cause the
original shape if load is removed material to deform permanently

* The curve is a straight line throughout most of ~ *  JYield strength| oy: highest stress that the material
this region (stress is proportional to strain). can withstand Without undergoing significant

* Linear region is limited by the proportional yielding -

*  Ultimate strength (a,,) is the maximum value of
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Ductile materials Lo cof

+ Rupture occurs along a cone-shaped
surface that forms an angle of
approximately 45° with the original
surface of the specimen

« Shear is primarily responsible for
failure in ductile materials

+ Axial loading: maximum shear stress

occurs at 459 i e hagpenn Whert
A ehear Vg = {fw iz

*  Ways to specify ductility: -@W .
o ; _ (Lf_LO) Q o (ksi
* % elongation = 100 X ———= AL ™\60 )
‘)(e/e \({4):\ =51 //
. (Ao—Ay) )(.0 gf*fﬁc’” P
* % areareduction = 100 X — » /
\'0)(' Jd'\rﬁ '\/e-C\A 0 . //
* The yield strength oy is often defined as the ) /
stress at which unloading would produce a . /
plastic or permanent strain of 0.002 (offset . o
method) cosl 0005 o010 < Un/in)
\_ (0.2% offset) J
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Strain-Hardening:

Plastic deformation example \

If a specimen of a ductile material is loaded into the plastic region and then unloaded, elastic strain is
recovered as the material return to its equilibrium state

The plastic strain remains, resulting in permanent deformation
If material is reloaded, it will have a higher yielding point — strain hardening. The material has a
greater elastic region, however is has reduced ductility
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Some Example Data: Loading and unloading

of some structural metals
o 6061 Aluminum—2014
ey .
ge|%t
Y. )
3 20 ! ,’l 4 80 G\D
1,4 20 1018 Steel—2011
/ /0.2‘. i P gg* 40 Steel—2008
000 0.005 015 0.020 028 30 ;:w e = “"‘""—3:: 2014
— £, s
=
€ 15 dedermined by 22 /=
20
’H\Q Qr‘\w\m\{ e\PMC’V‘Sr = T
o 'K’ %l\‘e a‘\ 0\" gooo 0.002 0.004 0.006 0.008 0.010 0.012 0.014 0.016
Axial strain, g,,

\S+e«,\s have one & walwe -

A\M\'\mxmg kq\\le One o\‘\ﬁﬁ"rw& E \lq\u&
fic,

Ch. 3 - Material Properties Page 7



/ b,‘ N’ﬂ \(\e\&“v\S) o (ksi) \

Brittle materials ot fracture 40°F
e Material that exhibit little or no yielding before failure 8
* Absence of necking 7
1H0°F
* Rupture occurs along a surface perpendicular to the load 6
5
e Normal stress is primarily responsible for failure of brittle materials |

{peve materials

Concrete (brittle material) wca\‘ \ g Yo max
horma) steess (07 ot ) =

e Maximum compressive strength is substantially larger
than the maximum tensile strength
» For this reason, concrete is almost always reinforced -0.0030 —0.0025—-0.0020—0.0015 —000T0—0.0005 |5

with steel bars or rods whenever it is designed to
support tensile loads /
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Hooke’s law

For small deformations (elastic region up to yield strength)

W

Maximum load

F Fracture

J

@/ \ Plastic'region
Ao ® ey
é 0 Iu' Elastic region
For plastic deformation:
a L — n w)er |
For the plastic region: o=Ke \0\4\') 5 —»}=— 0.2% Offset g
K = strength coefficient C We N \ 5 0‘(‘ %
n = strain hardening exponent ‘Q \* é\QQ \(,\4\5 4~\ V\'\
/K\/ d\\\O\\ r (\P' o\v
’ ‘ |_very
g, &al’) E?‘— r@\\a\ok@
Steel 400 MPa 250 MPa 200 GPa
Al 110 MPa 95 MPa | 70 GPa
Concrete 28 MPa \ 25 GPa
(compression)
\ L~ 14\6& yir ‘g
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(D)

Which material has highest stiffness
(Young’s modulus, E)?

B ) Steepest linear
Which material is moste;l At
MB% est ¢

betore raptart

Which material is most brittle?

A \80&9‘\' \/tt’\d“"j

11 o (none
Which materialhas the lowest yield

strength gy ? ‘D
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Hooke’s law for shear stress and strain
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Poisson’s ratio

Undeformed configuration

T E L

Deformed configuration
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Lateral strain
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Poisson’s ratio: v = _w Poisson’s ratio L a’f‘_r A

’ axial strain =S
,j_ﬁ <v <05 v 03 j\:gg W\ Axial extension mmm) Lateral contraction

s X hortC macte al o
< . (
N A — = 0.5 =y sochofl NN
\Zave 920 Y=0 = Nolume —§ €€

Ch. 3 - Material Properties Page 12



Isotropic vs. anisotropic materials:

Isotropic: material properties are independent of the direction
Anisotropic: material properties depend on the direction

=
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Pmm

Strain J
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Repeated Loadings - Fatigue
Tl o Op

» If stress does not exceed the elastic limit, the specimen returns to its original
configuration

* However, this is not the case if the loading is repeated thousands or millions of times

* In such cases, rupture will happen at a stress lower than the fracture stress - this
phenomenon is known as fatigue

1045 steel

o - 60
Fatigue
limit

140

2014-T6 aluminium

Stress amplitude (MN/m?)
1
Stress amplitude (107 psi)

| 1 1 L | 1 0
1000 100 100 100 100 100 100 10"

Number of cycles, N,
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