
 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



Castigliano’s Theorems: 
The theorem of least work derives from what is known as Castigliano’s second theorem. So, let’s first 
state the two theorems of Carlo Alberto Castigliano (1847-1884) who was an Italian railroad engineer. 
In 1879, Castigliano published two theorems. 

 
Castigliano’s first theorem 

The first partial derivative of the total internal energy (strain energy) in a structure with respect to any particular deflection 
component at a point is equal to the force applied at that point and in the direction corresponding to that deflection 
component. 

 
This first theorem is applicable to linearly or nonlinearly elastic structures in which the temperature is constant and the 
supports are unyielding. 
Castigliano’s second theorem 
The first partial derivative of the total internal energy in a structure with respect to the force applied at any point is equal to 
the deflection at the point of application of that force in the direction of its line of action. 

 
The second theorem of Castigliano is applicable to linearly elastic (Hookean material) structures with constant temperature 
and unyielding supports. 

 

Note that in the above statements, force may mean point force or couple (moment) and displacement 
may mean translation or angular rotation. Proofs of Castigliano’s theorems are given at the end of this 
document. 

 

Without further due, here is the theorem of least work, a.k.a. Castigliano’s theorem of least work: 
 
The redundant reaction components of a statically indeterminate structure are such that they make the internal work (strain 
energy) a minimum. 

 



 



 



 



 


