
Chapter 9  Torsion of  Thin-Walled  Tubes 
 
 

Summary of Saint-Venant Torsion Theory 
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Membrane  Analogy 
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compatibility relationship: 
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boundary condition: 
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Examples  of  Solid  Cross  Sections 
 
 

 elliptical cross section rectangular cross section 
 

   
 

   
 

 
 

 triangular cross section I-beam cross section 
 

   
 

   



Discontinuous  Boundary 
 
 

y

z

y
x ζ(y,z)

ζ = 0

ζ = ζ1
p

y

z

y
x ζ(y,z)

ζ = 0

ζ = ζ1
p

 
 
 

 elliptical cross section with hole rectangular cross section with hole 
 

   
 
 

   



Narrow  Rectangular  Cross  Section 
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equilibrium in x-direction 
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End  Correction 
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1D approximation: 
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2D “tapered” approximation: 
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General  Thin-Walled  Shapes 
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Single-Cell Thin-Walled  Tube 
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constant shear flow q 
 

1 1 2 2q t t= τ = τ  
 

twisting moment T 
 

dT dF r t ds r q ds r= = τ =  
 
1
2

d ds rΓ =  

 
2dT q d= Γ  
 

2T q= Γ
 

 

2
Tq =
Γ

 

 

surf( )
2
T

t
τ = τ =

Γ
 



Rate  of  Twist,  Torsional  Stiffness 
 
 

total strain energy over length L 
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Bredt’s formula 
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Example: closed tube of circular cross section: 
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Warping  Displacement 
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given torque T: 
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Multicell  Tubes 
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For general n-cell cross section: 
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Restraint  of  Warping 
 

Example:  I  Sections 
 

symmetric loading u(x = 0, y, z)  =  0 
 

 
 

top view of the upper flange with differential element 
 

 
 

axial view 
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bending of the upper flange: 
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torque due to shear force in the flanges: 
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(called the sectorial area of inertia) 
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boundary conditions: 
 

( 0) 0xβ = =      (no warping at the center) 
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