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 Example question on work & Energy. 
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PROBLEM 2 : Work and Energy     ( ca 40 min ) 
 

A prismatic curved beam with radius a is loaded at B by a vertical concentrated load F. The 

bending stiffness is denoted with EI and the axial deformation is neglected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remark : Make use of the given formula sheet if necessary!!! 

 

 

 

Questions: 

 

a) Sketch the moment distribution (M-line) including the deformation sign and the 

extreme value of the bending moment expressed in F and a. 

 

b) Find the strain energy stored in this structure by bending. 

HINT: Use polar coordinates 

 

c) Find the vertical displacement at B using Castigliano’s theorem expressed in F, a 

and EI. 
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FORMULA SHEET 
 

Inhomogeneous and/or non-symmetrical cross sections: 
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Deformation energy:      Kinematic relations: 
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Complementary energy:     Constitutive relations: 
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Castigliano’s theoreme: Work method with unit load: 
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Rayleigh: 
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Mathematical tricks: 
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ANSWER MODEL 

 
Problem 2 

 

a) Set up the moment distribution of a straight cantilever beam and project the 

moments to the position on the curved beam and put the value perpendicular to the 

beam axis. 

 

b) Use the standard expression for the energy stored due to bending. The unit per 

length of element length is in this case along the curved beam axis: 

   

  
2( )

d
2

v

s

M s
E s

EI
=   

 

The bending moment along the beam’s s-coordinate can be transferred to a 

coordinate system in polar coordinates. Use for this: 

 
d ds a θ=  

 

This results in a moment which depends on θ and can be expressed as: 

 

  ( ) cosM Faθ θ= −  

 

c) By differentiating the deformation energy to the load, the displacement at the point 

of application of the (concentrated) load can be obtained (Castigliano’s 2nd 

theorema): 
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Elaborating results in the expression for the displacement: 
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