
 

Chapter 4 

Mechanical properties 

The Stress–Strain Diagram 

 

 

 

 

 

 

 

 

 

 

Elastic behavior 

If the load is removed, the specimen will return back to its original shape. 

proportional limit 

The stress-strain relationship up to this point is linear elastic. 

Elastic limit  

After this point the stress-strain curve is not linear but still elastic. 

Yielding 

 A slight increase in stress above the elastic limit will result in a breakdown of the 

material and cause it to deform permanently and becomes plastic. 

Strain hardening  

Increase in the stress after yielding until it reaches maximum stress 𝜎𝑢. 



Necking 

When the  

Figure: Stress strain curve for steel. 

Necking 

A “neck” tends to form due to the elongation in the specimen and finally the 

specimen fails at the fracture stress 𝜎𝑓. 

 



True Stress–Strain Diagram. 

In reality, due to the elongation of the specimen, the cross-sectional area decreases 

and the length increases. As a result, the true stress-strain curve is obtained by 

using the real area A then 𝜎 =
𝑃

𝐴
 and the true strain is obtained bu using the true 

length L then 𝜖 =
𝛿𝐿

𝐿
. 

 

Ductile Materials. Any material that can be subjected to large strains before it 

fractures is called a ductile material (an example is steel). 

 

Example of stress-strain curve for steel. 

From the above figure we see: 

Proportional limit stress is 𝜎𝑝𝑙 = 35 𝑘𝑠𝑖. 

Yield stress is 𝜎𝑌 = 36 𝑘𝑠𝑖 



Ultimate stress is 𝜎𝑌 = 63 𝑘𝑠𝑖 

Failure stress is 𝜎𝑓 = 47 𝑘𝑠𝑖 

Proportional limit strain  𝜖𝑝𝑙 = 0.0012 

Yield strain  𝜖𝑌 = 0.03 

Failure strain  𝜖𝑓 = 0.38 

Brittle Materials. Materials that exhibit little or no yielding before failure are 

referred to as brittle materials (an example is concrete). 

 

Hook’s law (Hook 1676) 

 

 

From the above stress-strain curve of the steel 

 

 

 



And E is Young’s modulus of elasticity (Young 1807) 

 

Strain Energy density 

Energy is work= Force*distance and strain energy 

is work due to deformations. 

For the specimen in tension in this figure, assume 

the elongation is 𝛿𝐿 and the cross-sectional area is 

A, then 

Strain energy density is the strain energy divided 

by the volume 

𝑆𝑡𝑟𝑎𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =

1
2

𝐹 ∗ 𝛿𝐿

𝛥𝑉
 

=
1

2𝛥𝑉
(𝜎 ∗ 𝐴) ∗ (𝜖 ∗ Δ𝑧) =

1

2𝛥𝑉
(𝜎𝜖) ∗ (𝐴 ∗ 𝛥𝑧) =

1

2𝛥𝑉
(𝜎𝜖) ∗ (𝛥𝑉) 

𝑆𝑡𝑟𝑎𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
1

2
(𝜎𝜖) =

1

2
(𝜎 ∗ 𝜎/𝐸) =

1

2𝐸
𝜎2 

 

 

We notice that strain energy density and modulus of resilience are the area under 

the stress-strain curve. 



 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 



Examples 

 

Solution  

 

 



 

Example  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



Example 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The total elongation of the rod is the elongation in AB (which is elastic) and the 

elongation in BC (which is plastic) as follow 

 

 

 

 

 

 

 

 بقية هذا الفصل ياخذها الطالب من محاضرات د. شامل 

 

 

 

 

 


