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Stress-Strain Diagram (cont)
• Elastic Region (Point 1 –2)

εEσ  
σ : Stress(psi)
E : Elastic modulus (Young’s Modulus) (psi)
ε : Strain (in/in)

- Point 2 : Yield Point & Yield strength 
a point where permanent deformation occurs.  (If it is passed, 
the material will  no longer return to its original length.) 
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- The material will return to its
original shape after the material 
is unloaded(like  a rubber band).

- The stress is linearly proportional
to the strain in this region.
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Stress-Strain Diagram (cont)
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• Plastic Region (Point 2 –3)

- The strain deviates from being 
proportional to stress in this 
region

- The material will not return to its
original shape after the material 
is unloaded

- The ability of a plastic deformation  
depends on the ability of 
dislocation to move

• Tensile Strength (Point 3)
- The largest value of stress on the diagram is called Tensile 
Strength(TS) or Ultimate Tensile Strength(UTS)

- It is the maximum stress which the material can support without breaking.
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• Strain Hardening
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- Raising the yield strength by permanently straining the material is 
called Strain Hardening; an increase in σy due to plastic deformation.

- Strain hardening is one of the most commonly used means of 
adding strength to an alloy. ex. the use of permanent deformation to 
increase the strength of the metal. (cold work or work hardening)

- If the material is loaded 
again from Point 4, the 
curve will follow back to 
Point 3 with the same  
Elastic Modulus (slope).

- The material now has a 
higher yield strength of 
Point 3.

Stress-Strain Diagram (cont)
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• Strain Hardening

Stress-Strain Diagram (cont)

- When a material is permanently deformed, the dislocations move
until they are stopped by dislocation stopper such as another
dislocation, grain boundaries and alloying elements in the
crystalline lattice.

- Where dislocations run on (during cold work) different planes and
intersect, they cannot pass through each other.

- The dislocations pile up against each other,
and can become intertwined. This dislocation
entanglement prevents any further permanent
deformation of that particular grain, without the
use significantly greater energy. This greatly
increases the strength of the material under
any subsequent loading.
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• Strain Hardening : cold work

Stress-Strain Diagram (cont)

- Cold rolling process : The strip
material is passed between two
rollers and it is compressed
through the gap and becomes
much longer and thinner.

- The grains in the metal also become elongated. This permanent
deformation causes the dislocations to pile up, which increases
the strength of the material. The larger grain boundary area
serves as an inhibitor to subsequent dislocations

- At high levels of cold work, the material becomes very difficult to
further process or form. If it must be formed, or reduced further in
thickness, then annealing becomes necessary.
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• Strain Hardening : cold work

Stress-Strain Diagram (cont)

- Annealing is a high temperature 
soak, which causes the grains to 
recrystallize. 

- Cold work is one of the most important means of improving the
strength of metals. However, a balance must be struck between
the amount of strength imparted to the metal and the amount of
ductility lost (bad formability).
ex. Superspring have high strength and low ductility

- Old grains are obliterated, and new grains start to grow. All 
effects of the prior cold work disappear. This returns the strength 
and elongation of the material to the starting value. 

- The material is then ready for any further cold work that may be 
necessary. 
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• Strain Hardening

Stress-Strain Diagram (cont)

- The total elongation available has now diminished because
there are fewer free dislocations to become entangled.

- This increase in strength will therefore diminish ductility and
formability since the material is less able to plastically
deform, fracture becomes much more likely


