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Description 
 

In many industrial applications, such as in aeronautical and aerospace sec-

tors, materials with high strength-to-weight and stiffness-to-weight ratios are 

necessary for achieving cost-effective solutions. To this end, the use of lami-

nated composite materials is ideal to achieve lightweight structures while en-

suring the necessary structural integrity. A laminated composite material in the 

current proposal is defined as a collection of unidirectional fiber layers bonded 

together in a matrix material. The most common way of modelling them in 

Finite Element (FE) analysis is through Equivalent Single Layer (ESL) 

theories, in which a heterogeneous laminated plate is treated as a statically 

equivalent single layer by making suitable assumptions concerning the 

kinematics of deformation or the stress state through the thickness of the 

laminate [1]. Among ESL theories, focus is given to the Classical Plate Theory 

(CLPT) and the First-Order Shear Deformation Plate Theory (FSDT) [1][2]. 

Despite these formulations being well known and widely adopted, open-source 

software material with an emphasis on structural dynamics to support 

academic investigations is scarce and limited to verbose multi-purpose tools. 

The objective of this project is to implement, validate and evaluate the 

traditional ESL formulations for FE laminated composite shells in a minimalistic 

application focused on structural dynamics. 

 

Task 
 

• Get familiar with ESL theory. 

• Implement CLPT and FSDT formulations for FE shell element. 

• Perform modal analysis in planar structures discretized with the derived element. 

• Validate the modal analysis results against a commercial software reference. 
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Figure 1 - A laminate made up of unidirectional 
laminae with different fibre orientations [1]. 
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