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2.2 Strain 

 Normal Strain: The elongation or contraction of a line 

segment per unit length 

In order to describe the deformation of a body by changes in 

length of line segments and the changes in the angles between 

them, we will develop the concept of strain. 
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Hence, when 𝜖 (or 𝜖𝑎𝑣𝑔) is positive the initial line will elongate, 

whereas if 𝜖 is negative the line contracts. 

Note that normal strain is a dimensionless quantity , since it 

is a ratio of two lengths. 

SI system is used, then the basic unit for length is the meter (m). most 

engineering applications 𝜖  will be very small, so measurements of strain are 

in micrometers per meter (𝜇𝑚/𝑚) , where 1 𝜇𝑚 = 10−6m . 
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If we select two line segments that are originally perpendicular to 

one another, then the change in angle that occurs between them is 

referred to as shear strain . 
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2.3 Shear Strain 

Notice that if  𝜽′ is smaller than 

𝝅 𝟐  the shear strain is positive, 

whereas 

if 𝜃′ is larger than 𝜋 2  the shear 

strain is negative. 
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Shear Strain: The change in angle between two line segments 

that were originally perpendicular. 
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Cartesian Strain Components. 

The approximate lengths of the sides of the parallelepiped are  

 

 

 

 

The approximate angles between sides, again originally defined 

by the sides Δ x, Δ y and Δ z are  
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Notice that the normal strains cause a change in volume of 

rectangular element, whereas the shear strain cause a change in 

shape  
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Most Engineering Materials undergo very small deformations, 

and so the normal strain 𝝐 ≪ 𝟏. This assumption of “small strain 

analysis” allows the calculations for normal strain to be 

simplified, since first-order approximations can be made about 

their size. 

Small Strain Analysis 

The rubber bearing support under this 

concrete bridge girder is subjected to 

both normal and shear strain. The 

normal strain is caused by the weight 

and bridge loads on the girder, and the 

shear strain is caused by the horizontal 

movement of the girder due to 

temperature changes. 
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Ex:-1 
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1:- The rigid beam is supported by a pin at A and wires BD and 

CE. If the load P on the beam causes the end C  to be displaced 

10 mm downward, determine the normal strain developed in 

wires CE and BD. 

Homework 


