
Prandtl Stress Function Summary
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For the warping displacement
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Thin rectangular cross section (neglect ends)
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Membrane Analogy
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For cross sections with holes we also need  to satisfy
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If one has multiple holes, this additional condition is applied at 
each hole to solve for the multiple unknown constants
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Torsion of Thin, Closed Sections
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Torsion of a Thin Closed Section
(multiple cells)
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1. If the torque T is known, then q1 and q2 are first found in terms 
of the unknown φ' from Eqs. (2) and (3). These qm 's are then 
placed into Eq.(1) which is solved for the unknown φ' . Once φ' 
is known in this manner, the qm 's are completely determined.

2. If φ' is known, Eqs.(2) and ( 3) can be solved directly for the 
qm 's and then Eq.(1) can be used to find the torque, T

(1)

(2)

(3)

( the q in Eqs.(2) and (3) is the total q flowing in
a given cross section, i.e it is q1 – q2 flowing
in the vertical section)
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Ω = area contained within the 
centerline of the cross section

For a single cell, we can write these more explicitly
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(no stress concentrations)



Torsion of a Thin Closed Section
(single cell)
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Ω = area contained within the 
centerline of the cross section

1. If T is known, q follows directly from Eq. (1),
φ' is found from Eq.(2)

(1)
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2. If φ' is known, T follows from Eq.(2),
and q is then found from Eq. (1)



Torsion of a Thin Closed Section
(single cell)

The shear stress is not quite uniform across the thickness for thin 
closed sections

t
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The difference looks much like that for an open section
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Torsion of closed sections with fins
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In a fin
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