
Page 1 of 2 
 

Useful Equations 
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Generalized Hooke’s law: 

    
 
Axial deformations: 
𝑒𝑒𝐴𝐴𝐴𝐴 = 𝑢𝑢𝐵𝐵 − 𝑢𝑢𝐴𝐴      𝑒𝑒 = ∫ 𝐹𝐹

𝐴𝐴 𝐸𝐸
𝐿𝐿
0 𝑑𝑑𝑑𝑑 + ∫ 𝛼𝛼 𝛥𝛥𝛥𝛥𝐿𝐿

0  𝑑𝑑𝑑𝑑,  𝑒𝑒 = 𝐹𝐹 𝐿𝐿
𝐴𝐴 𝐸𝐸

+ 𝛼𝛼 𝛥𝛥𝛥𝛥 𝐿𝐿 
 
Planar trusses: 𝑒𝑒 = 𝑢𝑢 cos(𝜃𝜃) + 𝑣𝑣 sin (𝜃𝜃) 
 
Torsional deformations: 
𝜙𝜙𝐴𝐴𝐴𝐴 = 𝜙𝜙𝐵𝐵 − 𝜙𝜙𝐴𝐴   𝜙𝜙𝐴𝐴𝐴𝐴 = ∫ 𝑇𝑇𝐴𝐴𝐴𝐴(𝑥𝑥)

𝐺𝐺(𝑥𝑥) 𝐼𝐼𝑝𝑝(𝑥𝑥)
𝐿𝐿
0 𝑑𝑑𝑑𝑑     𝜙𝜙𝐴𝐴𝐴𝐴 = 𝑇𝑇𝐴𝐴𝐴𝐴𝐿𝐿

𝐺𝐺 𝐼𝐼𝑃𝑃
 

 
 𝛾𝛾 = 𝜌𝜌 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 𝜏𝜏 = 𝐺𝐺𝐺𝐺 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
    𝛾𝛾 = 𝜌𝜌𝜌𝜌

𝐺𝐺 𝐼𝐼𝑝𝑝
 𝜏𝜏 = 𝜌𝜌𝜌𝜌

𝐼𝐼𝑝𝑝
 

       with ,  
 

Bending deformation 

( )dV w x
dx

=
                    

''M EIv=
                                          0M M∆ = −  

 

( , ) zz

zz

Ey M yx y
I

σ
ρ
− −

= =
                      (rectangle),   (circle)    

 

,                     A
V

2
3

max =τ
(rectangle), 

max
4
3
V
A

τ =
(circle) 

 
Parallel axis theorem:  
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Strain energy density: 
 

𝑢𝑢� =
1
2

[𝜎𝜎𝑥𝑥(𝜀𝜀𝑥𝑥 − 𝛼𝛼𝛼𝛼𝛼𝛼) + 𝜎𝜎𝑦𝑦�𝜀𝜀𝑦𝑦 − 𝛼𝛼𝛼𝛼𝛼𝛼� + 𝜎𝜎𝑧𝑧(𝜀𝜀𝑧𝑧 − 𝛼𝛼𝛼𝛼𝛼𝛼) + 𝜏𝜏𝑥𝑥𝑥𝑥𝛾𝛾𝑥𝑥𝑥𝑥 + 𝜏𝜏𝑥𝑥𝑥𝑥𝛾𝛾𝑥𝑥𝑥𝑥 + 𝜏𝜏𝑦𝑦𝑦𝑦𝛾𝛾𝑦𝑦𝑦𝑦] 
 
Energy methods: 
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Castigliano’s 2nd theorem: 
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fs=6/5 (rectangular cross section), fs=10/9 (circular cross section) 

 
 


