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Technological Significance

The materials used in sports 
  b  l h h  

Aircraft, such as the one 
shown here  makes use of equipment must be lightweight, 

stiff, tough, and impact resistant. 

shown here, makes use of 
aluminum alloys and carbon-
fiber-reinforced composites. 
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Various Tests for Plastic Deformation
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Schematics of Normal and Tensile Stresses

(Fig. 6-4)

gauge
lengthlength
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Common States of Stress

FF

Simple tension:  cable

Ao = cross sectional 

Area (when unloaded)

FF

σ =
F
A

Area (when unloaded)

σσ
oA

Simple shear:  drive shaft

F
M Ao

FsAc

Simple shear   drive shaft

o
τ =

Fs
A

M

Ac

5

M
2R

http://bp.snu.ac.kr



Common States of Stress

Simple compression

Ao

Canyon Bridge, Los Alamos, NM

F Compressive
Balanced Rock, Arches 
National Park o

σ =
F
A

Compressive
structure member
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Common States of Stress

Hydrostatic Tension Hydrostatic Compression

Fish under waterPressurized tank

 > 0

σz > 0

σθ > 0

σh < 0
7

z σh < 0
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St d t iStress and strain:
What are they and why are they used, instead of load 

d d f ti ?and deformation?

El i b h iElastic behavior:
When loads are small, how much deformation occurs?  
Wh t t i l  d f  l t?What materials deform least?

Plastic behavior:
At what point do dislocations cause permanent 
d f   Wh  l      deformation?  What materials are most resistant to 
permanent deformation?
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Load - The force applied to a material during testing
Stress - Force or load per unit area of cross-section overwhich the force 

or load is actingor load is acting
Strain - Elongation change in dimension per unit length
Engineering stress - The applied load, or force, divided by the original 

cross-sectional area of the material
Engineering strain - The amount that a material deforms per unit length 

in a tensile testin a tensile test
True stress - The load divided by the actual cross-sectional area of the 

specimen at that loadp
True strain - The strain calculated using actual and not original 

dimensions, given by εt ln(l /l0)
Young’s modulus (E) - The slope of the linear part of the stress-strain 

curve in the elastic region, same as modulus of elasticity
Shear modulus (G) - The slope of the linear part of the shear stress-
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Shear modulus (G) The slope of the linear part of the shear stress
shear strain curve
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Elastic Deformation

1. Initial 2. Small load 3. Unload

bonds 
stretch

return to 
initial

F

δ

F
F Linear- 

elastic

Elastic means reversible!

elastic

Non-Linear
elastic
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Plastic Deformation (Metals)

bonds 
1. Initial 2. Small load 3. Unload

planes 
still 
sheared

bonds 
stretch 
& planes 

shearedshear

δelastic + plastic
δplastic

F F

Plastic means permanent.! linear linear 
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Elastic and Plastic Deformation

Elastic

- Initially we stretch atomic bonds.
- When we release the applied load,

the atomic bonds return to their original statethe atomic bonds return to their original state.

Plastic

- When the applied load is large enough, some atomic bonds are broken.
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When the appl ed load s large enough, some atom c bonds are broken.
- Atoms move from their original positions, and atomic bonds are re-formed.
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Tensile Test

Measures the resistance of a material to 

a static or slowly applied forcea static or slowly applied force.

As the force is applied, the metal 

deforms (elongated).

(Fig 6 3)(Fig. 6-3)

Typical tensile specimen
(Fig. 6-2)
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Engineering Stress

Ft Ft F
Tensile stress, σ Shear stress, τ

Area  A

Ft

Area  A

Ft

Fs

F

Area, A Area, A Fs

Ft F

Fs
F

Ft

σ =
Ft
A o

FtFτ = Fs
Ao (Fig 6 1)A o

original area 
before loading Stress has units:

(Fig. 6-1)
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Engineering Strain

δ/2

Tensile strain: Lateral strain:
δ/2

Low
εL =

−δL

wo (E 6 2)

ᇫL——Lε =

δ/2

δ /2δ /2

wo
wo (Eq. 6-2)

θ/2

δL/2δL/2
Shear strain: (Fig. 6-1)

Strain is always 

/2

π/2 - θ

θ/2

y
dimensionless,
m/ m  m/ m
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π/2 θ/2 cm/cm or nm/cm.
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Tensile Stress and Shear Stress

Tensile StressTensile Stress

(Fig. 6-1)
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Schematics of Different Stress States

Shear
(Fi 6 1)(Fig. 6-1)

Tensile Compressive Torsion
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Linear Elastic Properties
Modulus of Elasticity, E: resistance to elastic deformation

(also known as Young's Modulus) Fσ
(Eq. 6-5)

( w Young s Mo u us)

Hooke's Law: σ = E ε
Fσ

1
E

ε

Poisson's Ratio, ν:
ε

Linear- 
elastic

1 ε

εν = − L
ε

F
√ metals:     ~ 0.33
√ ceramics: ~ 0.25
√ polymers: ~ 0 40

simple 
tension 
test

εL

ε (Fi 6 9)√ polymers:  0.40

E:  [GPa]

testε

1
-ν (Eq. 6-8)

(Fig. 6-9)

21 ν:  dimensionless
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Elastic Properties

(Fig. 6-5)

(Fig. 6-6)(Fig. 6 6)

Linear elastic deformation for

loading and unloading cycles.

Nonlinear elastic deformation
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Force versus Interatomic Separation

(Fig. 6-7)

23
http://bp.snu.ac.kr



Elastic Modulus

(Table 6-1)(Table 6 1)

__
~1/3

__
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Elastic Modulus vs. Temperature

(Fig. 6-8)

25
http://bp.snu.ac.kr



Contents

1 IntroductionIntroduction

Stress and StrainStress and Strain2

Elastic DeformationElastic Deformation3

Pl i  D f iPl i  D f iPlastic DeformationPlastic Deformation4

HardnessHardness5 HardnessHardness5

26
http://bp.snu.ac.kr



Stress-Strain Testing

(Fig. 6-11)
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Plastic (Permanent) Deformation
Simple tension test (at lower temperatures, T < Tm/3)

tensile stress, σ
Elastic+Plastic 
at larger stress

(Fig. 6-10)

Elastic 
i iti llinitially

permanent (plastic) 
after load is removed

engineering strain, εεpp
plastic strain

Crystalline solids slip

28
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Yield Strength, σy

Measure of resistance to plastic deformation.

Stress at which noticeable plastic deformation has Stress at which noticeable plastic deformation has 
occurred.

when εp = 0.002 p

tensile stress, σ

(Fig 6 10)σy (Fig. 6-10)

Proportional limit

i i  t i  
29

engineering strain, ε

εp = 0.002
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Tensile Strength, TS
M i  ssibl  i i  st ss i  t siMaximum possible engineering stress in tension

TS
g

 
TS (Fig. 6-11)

e
ri

n
g

ss
n

g
in

e
e

 s
tr

e

Typical response of  a metal

 e
n Typical response of  a metal

strain
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Mechanical Properties of Several Metals

__ __

__ __
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Tensile Test

1. Elastic Modulus, E
2. Yield Strength, Y.S.g
3.  Tensile Strength, T.S.

(Fig. 6-10)
(Fig. 6-11)
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- Elastic Strain Recovery
Strain Hardening (= Work Hardening)- Strain Hardening (= Work Hardening)

(Fig. 6-17)
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Engineering and True Stress-Strain Curves

ttrue stress 
F

σ

t
i

F   σ =
Ai

ttrue strain ε
l

t
dl lε = =ln

⎛ ⎞
⎜ ⎟∫

o

t
ol

 ε ln
l l⎜ ⎟

⎝ ⎠
∫

(Eq 6 15)

(Fig. 6-16)

(Eq. 6-15)
(Eq. 6-16)
(Eq. 6-17)
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Temperature Effect

Fe (Fig. 6-14)

35 Aluminum alloy http://bp.snu.ac.kr
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The stress-strain curve for an aluminum alloy

____
_____

____

_____
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Tensile Test

(skip)
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Hardness

Resistance to Permanently Indenting 
(skip)

the Surface
A Measure of a Material’s Resistance to 

Localized Plastic Deformation

TestTest
A hard indenter is pressed into the 

specimen.  Standard load is applied.spec men.  Standard load s appl ed.
Magnitude of indentation is measured: 

Area of Indentation, or Depth of 

39
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Indentation.
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Summary

Stress and strain:  

Size-independent measures of load and displacement  respectivelySize-independent measures of load and displacement, respectively.

Elastic behavior:  Reversible behavior.

Plastic behavior:  Permanent deformation (at the yield strength).

Ductility:  The plastic strain at failure.

Problems from Chap  6 http://bp snu ac krProblems from Chap. 6 http://bp.snu.ac.kr

Prob. 6-3      Prob. 6-5       Prob. 6-9        Prob. 6-16

Prob. 6-24    Prob. 6-34     Prob. 6-44
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