Chapter 6: Mechanical properties of metals
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Concepts of stress and strain

[0 Tension, compression, shear, and torsion




Stress-strain testing
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Elastic deformation
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Linear elastic properties

O Modulus of Elasticity, E:

(also known as Young's modulus)
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Stress-strain behavior

[0 Stress-strain for linear elastic deformation
[0 Stress-strain for non-linear elastic deformation
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o = Tangent moduslus (at a)

Stress-strain behavior(continue)

[0 Modulus of elasticity E is proportional to (dF/dr),

[0 Slope of stress strain plot (which is proportional to the elastic
modulus) depends on bond strength of metal
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Other elastic properties

[ Elastic Shear
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Comparison of Young’'s moduli

Eceramics * Emetals *® Epolymers

1
800 — ] Diamond
600 — ) .
Si carbide
400 —{ e Tungsten Al oxide ®Carbon fibers only
E (G P a) ®Molybdenum ¢ i nitride
200 — i?ﬁ'a‘lﬂ‘r'n <111> SCFRE(|lfioers)”
Platinum tSl crystal -
Cu alloys <100> ®Aramid fibers only
189 ;& oo
— gSilver, Go N SAFRE(]| fibers)*
60 — 'Aluman_m CEEssseit T )
20 — '%ﬁgneslum' ®GFRE(|| fibers)*
® Concrete
20 — GFRE*
CFRE*
10— Graphite oGFRE(Lfibers)*
8 —] oCFRE(Lfibers) *
6 ®AFRE(Lfibers) *
4 — olyester
WPET
tps
2 — PC ®Epoxy only
epp
1 —] ®HDPE
0.8 —
0.6 — o eWood( Lgrain)
0.4 —
0.2 oI DPE




Comparison of yield strength
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Elastic properties of materials

[0 Poisson’s ratio

metals: v ~0.33

ceramics: v ~ 0.25
polymers: v ~ 0.40

Units:
E: [GPa] or [psi]

v: dimensionless
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Plastic Deformation (Metals)
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Plastic deformation: yield and yield strength

[ Yielding
0 Proportional limit
[ Yield strength




Tensile strength

[0 Tensile strength: the stress at the

maximum on the engineering
stress-strain curve f

[J Metals: occurs when noticeable i
“necking” starts

O Ceramics: occurs when crack
propagation starts

O Polymers: occurs when polymer
backbones are aligned and about
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Plastic (permanent) deformation
(At lower temperature: T< Tmelt/3)

[0 Simple tension test:
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Elastic and plastic deformations

O Stress-strain relations under uniaxial loading

Ceramics
Polymeric material
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Ductility

[0 Ductility: a measure of the degree of plastic
deformation that has been sustained at fracture

%EL = (J—" ;"(’) X 100
(1]

GRA = (A_*’ = A") % 100
Ay




Mechanic properties of typical metals

Table 6.2 Typieal Mechanical Properties of Several Metals and
Alloys in an Annealed State

Metal Alloy

Yield Strength
MPa (ksi)

Tensile Strength
MPa (fsi)

Duetility. % EL
[in 30 mun (2 in.))

Aluminum 35 (5) 90 (13) 40
Copper 69 (10) 200 (29) 45
Brass (70Cu-30Zn) 75 (11) 300 (44) 68
Tron 130 (19) 262 (38) 45
Nickel 138 (20) 480 (70) 40
Steel (1020) 180 (26) 380 (53) 25
Titanium 450 (65) 520 (73) 25
Molvbdenum 565 (82) 635 (95) 35
Resilience

O Resilience: is the capacity of a material to absorb energy when it is
deformed elastically and then, upon unloading, to have this energy

recovered.
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Toughness

[0 Energy to break a unit volume of material

[0 Approximate by the area under the stress-strain curve

Engineering A small toughness (ceramics)

tensile large toughness (metals)
stress, ©

Adapted from Fig. 6.13,
Callister 7e.

Engineering tensile strain, ¢

Brittle fracture: elastic energy
Ductile fracture: elastic + plastic energy

\4

Summary
. and : These are size-independent
measures of load and displacement, respectively.
. behavior: This reversible behavior often

shows a linear relation between stress and strain.
To minimize deformation, select a material with a
large elastic modulus (E or G).

. behavior: This permanent deformation
behavior occurs when the tensile (or compressive)
uniaxial stress reaches Oy.

. . The energy needed to break a unit
volume of material.
. : The plastic strain at failure.
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