
Why do we care about mechanical properties 
of materials?

William D. Callister, Jr.  Materials Science and Engineering, An Introduction.  John Wiley & Sons, Inc.  1985



Engineering stress and strain -- with respect to original 
geometry of specimen

Engineering Stress: ? = P/A0
Engineering Strain: e = (l-l0)/l0

where l is the instantaneous length

Engineering Stress 
and Strain

Serope Kalpakjian.  Manufacturing Engineering and Technology, 3rd Edition.  Addison-Wesley Publishing Co.  1995



William D. Callister, Jr.  Materials Science and Engineering, An Introduction.  John Wiley & Sons, Inc.  1985

Stress and Strain Response
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Ductility

Elongation = 100*(lf-l0)/l0

Reduction of area = 100*(A0-Af)/A0

{0 = original; f = fracture}



Serope Kalpakjian.  Manufacturing Engineering and Technology, 3rd Edition.  Addison-Wesley Publishing Co.  1995

Mechanical Properties of Various Materials at 
Room Temperature



Materials 
Selection Chart

(Young’s 
Modulus-
density)

M.F. Ashby.  The Materials 
Selector, Volume 1.  1997.
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Materials 
Selection Chart
(Yield strength-

density
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Materials 
Selection Chart

(Specific 
modulus-

specific strength



Mechanical Properties of Materials Data

MIL-HDBK-5E



with respect to actual instantaneous geometry of specimen

True Stress:   ? = P/A
True Strain:   ? = ln(l/l0)

For small values of strain (elasticity), engineering and true strains 
are equivalent -- but they rapidly diverge.

Manufacturing processes involve plastic deformation, so true 
stresses and strains must be considered

True Stress and True Strain



EXAMPLE:  A bar of initial length 6" is stretched to a length of 8".  Compute the 
nominal and true strains in the direction of stretching.

Engineering Strain: e = (l-l0)/l0 = (8-6)/6 = 0.333
True Strain: e = ln(l/l0) = ln(8/6) = 0.2877

If the 8" bar is further extended to 12", find the additional nominal and true strains in 
the direction of stretching.

Engineering Strain: e = (l-l0)/l0 = (12-8)/8 = 0.5
True Strain: e = ln(l/l0) = ln(12/8) = 0.4055

Compute the nominal and true strains if this had been performed in a single operation.

Engineering Strain: e = (l-l0)/l0 = (12-6)/6 = 1.0
True Strain: e = ln(l/l0) = ln(12/6) = 0.6932

NOTE: summing the operations in the first two examples illustrates that engineering 
strains are not equivalent , but true strains are (true strains are additive)

True stress and true strain example



Toughness

Toughness: Area under the true stress true strain curve



K.C. Ludema, R.M. Caddell and A.G. Atkins.  Manufacturing Engineering, Economics and Processes.  Prentice-Hall, Inc.  1987.

Useful Relationships for Stress and Strain

==> Ao/A = l/lo

? = ln(l/lo) = 

e = (l- lo)/lo = 

Recall: s = F/Ao, ? = F/A



Thus, if nominal values of s-e coordinate points are available, they can be

Useful Relationships for Stress and Strain

K.C. Ludema, R.M. Caddell and A.G. Atkins.  Manufacturing Engineering, Economics and Processes.  Prentice-Hall, Inc.  1987.

? = ln(l/lo) = 
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Useful Relationships for Stress and Strain
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Useful Relationships for Stress and Strain

Divide by twl: 



For ductile materials with no prior work hardening, true ? ? ? behavior follows 
power law: ? = K?n (strain hardening eqn)
where K = strength coeff., n is strain hardening exponent

Zone 1:  Elastic behavior.  True 
strain of 1 produces E.
Zone 2:  Transition region.  All 
ductile materials exhibit "double n"
Zone 3:  Fully plastic behavior.  
Data used to generate K and n

• Based on true stress-true strain 
data beyond initial transition 
region (0.04 < ? < 0.08)
• Use of this equation for inital
yield strength quite inaccurate. Use 
offset yield definition
• After necking, equation must be 
corrected (triaxial state of stress)

K.C. Ludema, R.M. Caddell and A.G. Atkins.  Manufacturing Engineering, Economics and Processes.  Prentice-Hall, Inc.  1987.

True Stress-Strain Behavior of 1100-O Aluminum



Most materials exhibit transition region, which should be 
neglected for computation of strength coefficient and strain 
hardening exponent

K.C. Ludema, R.M. Caddell and A.G. Atkins.  Manufacturing Engineering, Economics and Processes.  Prentice-Hall, Inc.  1987.

Stress-Strain Plastic Transition



Most materials exhibit transition region, which should be 
neglected for computation of strength coefficient and strain 
hardening exponent

Stress-Strain Plastic Transition

K.C. Ludema, R.M. Caddell and A.G. Atkins.  Manufacturing Engineering, Economics and Processes.  Prentice-Hall, Inc.  1987.



Plasticity Examples

Representative stress-strain curves
Typical material properties

- strength, strain hardening coefficient
- strain rate
- barreling



Material yielded in tension 
to max. load, then cycled to 
compression to same 
negative load

Plastic deformation in 
compression occurs before 
negative yield strength

Bauschinger effect 
observed in most 

metals

J.A. Bannantine, J.J. Comer and J.L. Handrock.  Fundamentals of Metal Fatigue Analysis.  Prentice-Hall,  1990.



Under cyclic loading, materials can harden, soften, be stable, or be mixed 
(soften or harden depending on strain range)

For soft materials, initial dislocation density is low.  Plastic cycling 
increases dislocation density (strain hardening)    (? ult/? y > 1.4,  n > 0.2)

J.A. Bannantine, J.J. Comer and J.L. Handrock.  Fundamentals of Metal Fatigue Analysis.  Prentice-Hall,  1990.

Strain Hardening



For hard materials subsequent cycling rearranges dislocations, offering 
less resistance to deformation (softening)     (? ult/? y < 1.2,  n < 0.1)

J.A. Bannantine, J.J. Comer and J.L. Handrock.  Fundamentals of Metal Fatigue Analysis.  Prentice-Hall,  1990.

Strain Softening


