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Here we discuss interpolation functions for the field variables and their variations in rela-
tion to geometrically non–linear planar beam finite elements of Reissner’s type [4] within
the context of a non–standard, configuration–dependent interpolational setting.
We derive the configuration–dependent interpolation functions as an extension of the Borri
and Bottasso helicoidal interpolation [1] for two–noded elements, which is independent
on the choice of the beam reference axis, to higher–order elements. In linear analysis, the
proposed configuration–dependent interpolation coincides with the higher–order linked
interpolation [3], which is known to produce exact results for polynomial loading.
In non–linear analysis, the rotational part of the the configuration–dependent interpola-
tion reduces to strain–invariant interpolation introduced by Jelenić and Crisfield [2].
Such a configuration–dependent interpolation for the position field of a 2D problem is
given by the expression rh =

∑N
i=1 Jiri with

Ji = δIi

(
I −

N∑
m=1

Nm

)
+ Ni, (1)

where ri and rh are the position vector of node i and the interpolated position vector, δIi
is the Kronecker symbol (δIi = 1 if I = i and δIi = 0 otherwise), I is the chosen reference
node, and I is a two–dimensional unity matrix. Function Ni is defined as:

Ni = Ii
ψi sinψh

ψh sinψi

[cos(ψh − ψi)I + sin(ψh − ψi) ê], (2)

where Ii is the Lagrangian polynomial of order N−1 ( N is the number of nodes), index h
represents an interpolated quantity whereas index i represents a nodal quantity. Further,
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ψh = β (ϕh − ϕI)/2 and ψi = β (ϕi − ϕI)/2, with ϕi as the actual rotational nodal
unknown and ϕh as the interpolated unknown rotational field. Matrix ê is defined as
ê =

[
0 −1
1 0

]
. Depending on the coefficient β two variants of the configuration–dependent

interpolation are possible. Interpolation with coefficient β = 1 gives a solution indepen-
dent of the beam reference axis but does not represent the exact field distribution in the
linear limit. Interpolation with coefficient β = 2/N provides the exact field distribution
in the linear limit, but fails to provide the solution which is independent of the position
of the beam reference axis.
In the following figure, a graphical presentation of the proposed configuration–dependent
interpolation functions is given for a two–noded element. In the case when there are no
local rotations, the proposed interpolation reduces to Lagrangian polynomials, here pre-
sented by a thick line.
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Figure 1: Function N2(x1, ψ2 = 0,
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