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Strain energy is a fundamental concept in applied mechanics, 
and strain-energy principles are widely used for determining the 
response of machines and structures to both static and dynamic 
loads.

Strain Energy in Axially Loaded members



Consider a prismatic bar of length L subjected to a tensile force P
We assume that the load is applied slowly, so that it gradually increases

from zero to its maximum value P. Such a load is called a static load
because there are no dynamic or inertial effects due to motion.

The bar gradually elongates as the load is applied, eventually
reaching its maximum elongation δ at the same time that the load
reaches its full value P. Thereafter, the load and elongation remain
unchanged.

During the loading process, the load P moves slowly through the
distance δ and does a certain amount of work. To evaluate this
work, we recall from elementary mechanics that a constant force
does work equal to the product of the force and the distance
through which it moves.
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 In this case the force varies in magnitude from zero to its maxi-mum 
value P. To find the work done by the load under these conditions, 
we need to know the manner in which the force varies. This 
information is supplied by a load-displacement diagram
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In geometric terms, the work done by 
the load is equal to the area below the
load-displacement curve.



When the load stretches the bar, strains are produced. The presence
of these strains increases the energy level of the bar itself. Therefore, a
new quantity, called strain energy, is defined as the energy absorbed
by the bar during the loading process. From the principle of
conservation of energy, we know that this strain energy is equal to the
work done by the load provided no energy is added or subtracted in
the form of heat.
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 U is the symbol for strain energy. Sometimes strain energy is referred to
as internal work to distinguish it from the external work done by the
load.
 The strain energy recovered during unloading, called the elastic strain energy
 Energy that is lost in the process of permanently deforming the bar. This energy is 

known as the inelastic strain energy.
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Linearly Elastic Behavior
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Strain energy is not a linear function of the loads, not even when the material is
linearly. Therefore we cannot obtain the strain energy of a structure supporting
more than one load by combining the strain energies obtained from the
individual loads acting separately.



 In many situations it is convenient to use a quantity called  strain-
energy  density, defined as the strain energy per unit volume of  
material. 

Strain energy per unit volume of material (details in next lecture)
 For material under tensile or compressive stress
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 For material under pure shear
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Strain-Energy Density



Resilience
 Ability of a material to absorb energy in the elastic region when is it strained

Proof resilience
 Maximum energy absorbing capacity of a material in the elastic region
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Another quantity, called toughness, refers to the ability of  a 
material to absorb energy without fracturing. The corresponding 
modulus, called the modulus of toughness ut, is the strain-energy 
density when the material is stressed to the point of  failure.

Strain-Energy Density in Pure Shear
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