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Flastic Deformation

Most metals can only obey hook’s law for
Strains up to 0.005

_______

Nearly all engineering
s performed in the elastic
region
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Stress

Yield strength at offset

It IS often difficult to define
the exact yield point due to
a slow transition between the
two regions
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/. It IS common to define an
offset Strain, from this offset
,, a line parallel to the initial
Young's Modulus Is drawn.
/, The intercept of the “strain line”
B L with the Stress/ Strain curve
| defines the Yield Strength
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d Point Phenomenon

The yield point phenomenon, which refers to a characteristic yielding pattern shown,
is considered to occur due to the segregation of solute atoms around dislocations.
There is a natural impetus for this action to occur because it results in reducing the
strain energy associated with the distorted atomic arrangement around a dislocation.
It is believed that the yield point phenomena in iron and low carbon steels occur due
to the segregation of impurity atoms carbon and/or nitrogen. These impurity solute
atoms pin down or anchor the dislocations. Thus, deformation in this case requires an
additional stress so as to free the dislocations from their anchored atmospheres. The
increased stress required to set dislocations in motion, which is needed for plastic
deformation, accounts for the upper yield point. Once dislocations have been freed
from their atmospheres, the stress needed for their motion drops abruptly. It is this
lowered stress that accounts for the lower yield point. The minor fluctuations in stress
during the lower yield region arise because of the interaction of moving dislocations

Strain

with the impurity solute atoms in their paths.



What happens next

Region of elasticity
Yield strength at offset
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The maximum load that
can be sustained by a

cylindrical specimen having an

original diamater of 12.8 mm
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The change in length
of a specimen 250 mm long
10 Subjected to a stress of 345 MPa

20

0.20
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345 MPa has a strain of 0.06

Al = el, = 0.06 X 250 mm = 15 mm



Ductlility

The measure of the amount of plastic

deformation that has been sustained at fracture.
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Brittle Ductility can be measure In
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A material is considered brittle if it has a %EL of < 5



Resllience

Resilience is the materials ability to absorb energy when
deformed elastically and release it upon unloading

N Modulus of resilience
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Resilient materials have high yield strength
and low modulus of elasticity.
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loughness

several definitions of toughness

Fracture toughness: A samples resilience to fracture when a
crack in the material occurs.

A better definition is the amount of energy a materials can
absorb (after plastic deformation) before fracture.

In this definition Toughness will have the same units
as Resilience



Questions on Material Properties

Yield Tensile Fracture Elastic
Material Strength Strength

S0 L Strength Modulus
Facture

(MPa) (MPa) (MPa) (MPa)

340

310

100 120 0.4 105 150
415 550 0.15 500 310
700 850 0.14 720 210
Fractures Before Yielding 650 350

nich will experience the greatest % reduction in area”? Why?
nich is the strongest? Why*?
nich is the stiffest? Why?
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Key points

Ductility
Resilience
Toughness
Yield Strength

Tensile Strength

Strain at fracture
Facture Strength
Elastic Modulus

Yield strength at
offset
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True Stress and Strain

Does this reduction
Brittle imply the material Is

/B e getting weaker
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Engineering
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