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Stress and Strain

Stress and strain are two of the most important concepts in materials science and

engineering. Stress refers to the force applied to a material per unit area, while strain

is a deformation or change in the shape of the material that results from the applied

force. However, the relationship between stress and strain is not always

straightforward. Different materials can exhibit very different stress-strain

behaviours depending on their composition, structure, and loading conditions.

What Is Stress?
Stress is defined as the force per unit area that acts on a material. This property helps

define how different materials behave under specific loading conditions.

Various types of stress can occur inside an object, including compressive stress,

tensile stress, shear stress, and torsional stress, among others. Different symbols are

used to represent each type of stress, with the Greek letter sigma (𝜎) being the

primary symbol.

https://www.xometry.com/resources/materials/stress/
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What Is Strain?
Strain is a measure of the deformation of a material under the influence of an

external force. It represents the amount of deformation that occurs in a material

when subjected to stress. Strain is defined as the ratio of the change in length (or

other dimensions) of a material to its original length (or dimension), and is

expressed as a unitless quantity or as a percentage.

Is Stress Cause of Strain?
Yes, stress is the cause of strain. When a force is applied to a material, it creates an

internal resistance, which is stress. The stress causes the material to deform, which

is the strain. Therefore, stress is the initial force applied to the material, while a

strain is the resulting deformation of the material due to the stress.

Types of Stresses
Residual Stresses       Structural Stresses    Pressure Stresses

Flow Stresses               Thermal Stresses      Fatigue Stresses
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Classification of Forces:- 
a. Tensile force: 
Tensile force is a type of loading in which the two sections of material on 

either side of a plane along its length tend to be pulled apart or elongated.

b. Compressive force:
 Compressive force is a type of loading in which the two sections of 

material on either side of a plane along its length tend to be pushed or 

compressed.

Tensile or compressive stress acts normal to the stress plane.
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c. Shear force: 
Shear involves applying a load parallel to a plane which caused the 

material on one side of the plane to want to slide across the material on the 

other side of the plane. 

• A shearing stress acts parallel to the stress plane. 

• Shear properties are primarily used in the design of mechanically 

fastened components, webs, and torsion members, and other components 

subject to parallel, opposing loads.
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d. Bending moment: 

Bending involves applying a transverse load in a manner that

 causes a material to curve shape and results in compressing 

the material on one side and stretching it on the other.

e. Torsion or twisting moment: 

Torsion is the application of a force that causes twice sting in a 

material. Torsion induced in the material when the transverse 

load is not lying on the longitudinal axis (away from the 

longitudinal axis).
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Types of loads 
• Static loading is a constant force acting on a material.

 • Dynamic or cyclic loading is not constant force but 

fluctuates on the material.

 • Load is the combined effect of external forces acting on 

a body. 

a) Point load or concentrated load: It is the load 

considered to act at a point.

 b) Distributed load : The load is distributed or spread in 

some manner over the length of the beam.

 c) Uniformly distributed load (u.d.l): The load is 

distributed or spread uniformly.

 d) Uniformly varying load (u.v.l): The load distributed or 

spread is not uniform i.e. varying along the length. 

Triangular load, trapezoidal load, parabolic load, etc
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Example  No. 5
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