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A short course on

Cross-section Analysis

This video: 
Omega Diagram for the Calculation of Cross-section Constant and Stress in Warping Torsion



Scope
yo, zo  =  centroid coordinates

ysc, zsc =  shear centre coordinates

A    =  cross-section area

Iy , Iz  =  moments of inertia

Iyz   =  product of inertia

q    =  orientation of principal axes

J    =  Saint Venant torsion constant

W    =  omega diagram

Cw   =  warping torsion constant

Avy, Avz =  shear area

s    =  axial stress

t    =  shear stress

qs   =  shear flow



Warping Torsion
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Omega Diagrams
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Omega Diagram

(ysc, zsc)

(ytrial, ztrial) ds

– dz

dy

(y, z)

dΩsc = dy ⋅ z − zsc( )− dz ⋅ y − ysc( )

dΩtrial = dy ⋅ z − ztrial( )− dz ⋅ y − ytrial( )

dΩsc − dΩtrial = ysc − ytrial( ) ⋅dz − zsc − ztrial( ) ⋅dy

Ωsc −Ωtrial = ysc − ytrial( ) ⋅ z − zsc − ztrial( ) ⋅ y +C

Ω =Ωtrial + ysc − ytrial( ) ⋅ z − zsc − ztrial( ) ⋅ y +C
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Closed Cross-sections
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Cw = Ω2 dA
A
∫

Δ = δM ⋅ M
EI
dx
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Shear Stress

σ x + dσ x

σ x

dx

ds

τ xs + dτ xs

τ xs

x

s

t

dσ x ⋅ds ⋅ t + dτ xs ⋅dx ⋅ t = 0   ⇒    dσ x

dx
⋅ t + dτ xs

ds
⋅ t = 0   ⇒    dqs

ds
= − dσ x

dx
⋅ t

qs =
dqs
ds

⋅ds
0

s

∫ = − t ⋅ dσ x

dx
ds

0

s

∫ = − dσ x

dx
dA

0

s

∫

= − dN
dx

⋅ 1
A
−
dMz

dx
⋅ 1
Iz
⋅ y +

dMy

dx
⋅ 1
Iy
⋅ z + dB

dx
⋅ 1
Cw

⋅Ω
⎛

⎝⎜
⎞

⎠⎟
dA

0

s

∫

= − dN
dx

⋅ 1
A
⋅As +

Vy
Iz
⋅Qy −

Vz
Iy
⋅Qz −

dB
dx

⋅ 1
Cw

⋅QΩ

= −#
!

"
𝑑𝐵
𝑑𝑥

'
1
𝐶#

' Ω	𝑑𝐴 = −
𝑑𝐵
𝑑𝑥

'
1
𝐶#

' 𝑄$

QΩ = ΩdA
0

s

∫ = Ω⋅ t ds
0

s

∫′B = −ECw ⋅ ′′′φqs = − T
Cw

QΩ=



Shear Stress

ts
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Shear stress from St. Venant torsion of open cross-section

Shear stress from warping torsion

τxs

Shear stress from St. Venant torsion of closed cross-section



Modified Theory
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