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Analysis of the mechanical behavior of multilayered composite and sandwich structures 

requires accurate models and affordable computational costs. A high accuracy may be 

obtained by adopting Layer-Wise (LW) approaches, wherein assumptions on the displacement 

and stress fields are made per each layer. A major limitation of LW theories is constituted by 

challenging computational costs, since the number of unknowns increases with the number of 

layers. This problem may be addressed by adopting Equivalent Single Layers (ESL) theories 

that have a fixed number of unknowns, regardless of the number of physical laminae. 

However, ESL approaches are less accurate than LW theories, especially in terms of through-

the-thickness distribution of displacements, strains, and stresses. A successful compromise 

between LW and ESL theories is represented by the so-called Zigzag theories [1]. These 

maintain the low computational cost of ESL theories while achieving remarkable levels of 

accuracy (comparable to those of LW theories) through enrichment of the displacement field 

with appropriate zigzag functions. Zigzag functions are piecewise continuous functions of the 

thickness coordinate modeling the normal distortion typical of multilayered structures.  

 

At least two zigzag functions are present in the open literature. The Murakami’s zigzag 

function was proposed in the framework of the first model for multilayered plates based on 

the Reissner Mixed Variational Theorem [2]. Some authors have successively proposed the 

application of the Murakami’s zigzag function within several displacement-based and mixed 

formulations of ESL theories [3,4]. Inspired by Di Sciuva’s original zigzag theories [5,6], the 

Refined Zigzag Theory (RZT) has been recently presented [7,8]. Several authors have also 

followed Di Sciuva’s approach [9,10]. 

 

In a recent paper, Gherlone [11] presented a thorough investigation on the relative merits and 

deficiencies of the Murakami’s zigzag function and of the Refined Zigzag (RZ) function, 

examining both displacement- and mixed-field formulations of the Timoshenko beam theory 

whose in-plane displacement field is enhanced with the considered zigzag functions. The 

numerical results, presented for the static response of simply supported beams in planar 

bending, demonstrated that the RZ function performs better than that of Murakami [11]. The 

present paper extends the comparison by considering bending, vibration and buckling of 
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multilayered composite and sandwich plates under different boundary conditions, including 

the case of clamped edges. Exact elasticity solutions (when available) or high-fidelity FE 

solutions are used to provide reference results in the comparison. The RZ function has been 

demonstrated to be more effective in improving the accuracy of the underlying ESL theory, 

especially for un-symmetric sandwich-like and symmetric (with more than three layers) 

stacking sequences. 
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