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Geometrically exact beam theory
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Introduction

Cosserat beam [1]
® Nonlinear beam finite elements
m Interpolation of the director field
m Does not rely on rotational degrees of freedom

m Frame indifference and conservation of angular momentum
Director-based theory in skew coordinates [2]

® Formulation in convected coordinates

m Accounts for the lack of orthonormality of the discrete
director frame

® Improves dramatically the numerical performance

Geometrically exact beam — Kinematical assumptions

m Reference and current configuration
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m Restricted position field

X(0%, s, t) = (s, t) + 0°d,(s, 1)
where R(s, t) € SO(3) such that

d«(s) = R(s, t)ex , with R =d, @ e
m Skew-symmetric effective curvature k

(dy),s=kdx =k xd,, withk=RsR ' =d;,sod

Virtual work and director formulation

m Virtual work
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m Constitutive law
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with

[D4] = Diag[GA1, GAs, EA] and [Dy] = Diag[El, Eb, GJ]

m Variational formulation of the geometrically exact beam
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Finite element formulation

m Galerkin type approach
P"(s,1) = > NAS)pa(t), di(s,t) =) NAs)dia(t)
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m Virtual work of the contact force

So
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m Virtual work of the contact torques

So
o
5Wént’h :E(Sd,'A . /det(R‘”‘)(mh . d2)€kji(NANgij — NQNBCI]B) ds—
St

S

1
004" / (det(R™")2NA(d3 x dg)(m" - d})ejmn(d] - dFy, 5) ds—

S1
S2

1
50024 / (det(R~""))2NA(d x df)(m" - df)ejmn(dh - d, o) ds—

S1
So

1
5dsa - [ (det(R1M)2NA(d x d3)(m" - df)ejmr(d - ) s

S1

Numerical example

Beam with slope discontinuity

Displacement

Geometry of the structure and tip displacement versus load F.
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Errors in tip displacements versus h-refinement.
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