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The development  of  the  BEST element  has  evolved great  strides  since the  concept  was 
preliminarly introduced in 2007 [1] in the form of a new rotation-free shell triangle element. 
The element avoids the introduction of any rotational degree of freedom to the basic triangle 
by enhancing the geometric and kinematic description of the element by means of a cubic 
Bézier construction [2].

The authors have recently reported in [3] a relationship between the mathematical expression 
of a  cubic Bézier  curve and the membrane energy in  a thin shell  that  enables  this  new 
element  to  solve  accurately  non-linear  problems.  Thus,  using  the  information  from the 
neighbouring elements and applying some fundamental criteria for the geometric continuity 
of the surface, a set of very simple equations are built to obtain the control points of the 
Bézier  net  (see  Figure  2).  The  closure  of  these  equations  is  obtained  applying  the 
aforementioned energy-geometry relationships.

In the present communication the authors report another development which improves the 
convergence properties of the BEST element. The authors have observed an inability of the 
element to converge at the theoretical cubic rate for all except some few purpose designed 
problems. The reason has been identified to lie in the inability of the BEST element (in its 
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previous  form)  to  reproduce  the  kinematics  associated  to  drilling  rotational  degrees  of 
freedom  [4][5].  Or  put  otherwise,  the  inability  of  the  element  to  model  in-plane  shear 
deformations beyond a linear  description.  This causes the element  to develop membrane 
strains and stresses in bending dominated problems, which is reported in the literature as 
membrane locking behaviour [6][7].

In order to enhance the description of in-plane shear deformations it would be necessary to 
add drilling rotational degrees of freedom. But this would be against the philosophy and 
objectives of the BEST element. Therefore a new strategy has been devised to consider this 
kind of kinematics without adding any additional degree of freedom to the element.

The authors use a so-called  fan analogy  (Figure 1) to compute the rotations at the nodes 
based on the relative changes in orientation of the edges converging at every node. These 
rotations are then introduced to compute the kinematics of the shell triangle in its Bézier 
description.

Numerical examples will demonstrate the effectiveness of the new technique in improving 
the accuracy and rates of convergence for a wide set of problems.
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