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Abstract.  

 

The formulation of beam theories is a fundamental subject in structural engineering. Despite significant 

progress in computational mechanics and the continual increase in computing power, beam models 

remain popular due to their inherent simplicity. Consequently, they are employed in a wide range of 

engineering applications. 

The present work adopts the Carrera Unified Formulation (CUF) [1], a robust and versatile method for 

generating beam, plate, and shell theories. Within this framework, one can conveniently choose the 

expansion functions over the beam cross-section and the shape functions along its axis. Furthermore, 

this formulation is fully compatible with the Finite Element Method (FEM). 

Finite elements are susceptible to numerical issues when modeling thin structures. For instance, in 

bending-dominated problems, this manifests as an artificial stiffening of the element, a phenomenon 

known as shear locking. This results from an excessive increase in the shear stiffness component, and 

is a well-documented limitation of standard finite element formulations. 

This work has three concurrent objectives: improving computational efficiency by reducing the 

system's degrees of freedom, implementing strategies to resolve FEM locking issues, and all while 

maintaining accurate predictions of displacements and out-of-plane stresses. 

To achieve these goals, the CUF was reformulated to permit the use of different shape functions for 

each displacement component. Furthermore, it allows for the adoption of distinct structural theories 

for individual displacements [2]. 

These concepts are expressed mathematically as follows: 
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where 𝐹𝑢𝑥𝜏
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, respectively. The index 𝜏 indicates summation, while 𝑀𝑢𝑥
, 𝑀𝑢𝑦

, 

and 𝑀𝑢𝑧
 represent the number of expansion terms for each displacement component. Moreover, 𝑁𝑢𝑥𝑖

, 

𝑁𝑢𝑦𝑖
, and 𝑁𝑢𝑧𝑖

 denote the different shape functions for the displacement fields, with the repeated 

subscript 𝑖 implying summation. 𝑁𝑛𝑢𝑥
, 𝑁𝑛𝑦, and  𝑁𝑛𝑢𝑧

 the number of shape functions per element and 

displacement component. In this case, Lagrange polynomials are used. 

In the present work, several numerical cases from the literature are presented to validate the new 

method, including compact and thin-walled section beams. 
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