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Lecture 5: Corotational Bernoulli beam
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2Sources of nonlinearity

Non proportionnality between applied forces and displacements

Geometrical 
non linearity

Material
Non linearity

Strain measure

- Large displacements

Stress measure

nodal 
displacements 
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3Geometrically NL formulation in PC?

Catenary effect

- Possible strength enhancement
- Changes in the shape have to be taken into account
- Finite displacement formulation
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4Example of nonlinear structural response

3F. Sadek et al., J. Struct. Engng. ASCE, 137, 881-892 (2011)
4H.S. Lew et al., NIST Technical Note 1720 (2011)
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5Corotational Bernoulli beam formulation

initial configuration

deformed 
configuration

Structural coordinate system

Corotational coordinate system
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6Global to local displacements

rigid rotation

rigid rotation
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7Strains and stresses in corotational system

vary 
along x

Interpolation of local displacements

naturally decoupled from rigid rotation

Generalized strains

Generalized stresses

co
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8

Interpolation of local displacements

naturally decoupled from rigid rotation

Axial strain at a given beam depth (Bernoulli)

Internal work

Strains and stresses in corotational system
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9

naturally decoupled from 
rigid rotation

Internal work

Internal forcesco
nj

ug
at

ed

with

evaluated at 
Gauss points

Strains and stresses in corotational system
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10Local to global forces
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11Computation of internal forces - summary
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naturally decoupled from rigid rotation

conjugated

conjugated

Gauss pt level
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12Structural stiffness matrix

with

sectional stiffness

E
gen

 = Σ
gen

 = 
dE

gen

dΣ
gen

 
H = with
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13Structural stiffness matrix

with

Contribution of the 
stress variation

Other terms: contribution of 
the change in the geometry
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