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Ductile Brittle and Plastic Material Stress Strain Curve Comparison
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Brittle Materials

Brittle material breaks with small elastic deformation and without plastic deformation due
to the external force.

In other words, A brittle material’s elastic limit, yield strength, ultimate tensile strength,
and breaking strength are equal. Brittle material absorbs relatively little energy before
fracture.

For example, brittle materials such as pencils or glass break suddenly with a snapping
sound and small deformation. Ceramic, wood, glass, PMMA, graphite, and cast iron are
brittle materials.
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Plastic Materials

Similar to ductile materials, plastic materials also exhibit elastic properties up to the
proportional limit. But plastic material requires very little stress (compared to the ductile
materials) to produce deformation. Plastic materials do not show any work hardening

during plastic deformation.

For example, If we apply an external force to bend a plastic spoon. After the elastic limit,
the Spoon will not retain its original position.
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Mechanical stress measures internal resistance exhibited by a body or material due to an
external force. Mathematically, mechanical stress is equal to the internal resisting force
acting on a body per unit area.

Resistive Force R
o=Stress= ——MMMM = —
Unit Area A

Strain in mechanics measures the deformation in a material due to stress.
Mathematically, Mechanical strain is the ratio of change in length to the original length.

Changeinlength AL
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Stress Strain Diagram comparison for Ductile Brittle and Plastic
Materials

We can classify most materials available in the market into three categories.

1. Ductile
2. Brittle

3. Plastic Materials

Each of these materials exhibits different behavior when we apply an external force. We
can understand the behavior of these materials by analyzing their stress-strain curve.
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Ductile Materials

A ductile material has different points for ultimate stress and fractures on the stress strain
diagram because they have elastic and plastic deformation. Copper, aluminum, and steel
are examples of ductile materials.

Example of Ductile Material Behavior

Steel sheets regain their initial position up to the elastic limit during the sheet-metal
bending process. But after the elastic limit, the material starts showing plastic behavior
and does not come to its original position. If we continue applying force beyond this elastic
limit, the material will break at the fracture point.




