
Accepted Manuscript

In-Plane and Out-of-Plane Buckling of Architected Cellular Plates: Numerical
and Experimental Study

H. Niknam, A.H. Akbarzadeh

PII: S0263-8223(18)32180-9
DOI: https://doi.org/10.1016/j.compstruct.2018.08.026
Reference: COST 10076

To appear in: Composite Structures

Received Date: 17 June 2018
Revised Date: 6 August 2018
Accepted Date: 14 August 2018

Please cite this article as: Niknam, H., Akbarzadeh, A.H., In-Plane and Out-of-Plane Buckling of Architected
Cellular Plates: Numerical and Experimental Study, Composite Structures (2018), doi: https://doi.org/10.1016/
j.compstruct.2018.08.026

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.compstruct.2018.08.026
https://doi.org/10.1016/j.compstruct.2018.08.026
https://doi.org/10.1016/j.compstruct.2018.08.026


  

1 

 

In-Plane and Out-of-Plane Buckling of Architected Cellular Plates: 

 Numerical and Experimental Study 

H. Niknam1, A.H. Akbarzadeh1,2* 

1 Department of Bioresource Engineering, McGill University, Island of Montreal, QC, H9X 3V9, Canada 

2 Department of Mechanical Engineering, McGill University, Montreal, QC, H3A 0C3, Canada 

Abstract 

In this article, the nature of instability in architected cellular materials is explored through 

computational modelling and experimental testing. The in-plane and out-of-plane buckling as two 

major instability mechanisms in cellular materials are distinguished and the effects of their 

microarchitectural parameters on the buckling behavior are demonstrated. Different architected 

cellular materials in the form of cellular plates are analysed with a finite element method (FEM) 

by eigen buckling and nonlinear analyses, while a few samples of elastomeric architected cellular 

materials are prototyped and experimentally tested to corroborate our numerical predictions for 

the buckling load. We show that an appropriate gradient of cell architecture within the cellular 

plates could lead to an increase in both out-of-plane and in-plane buckling loads. The experimental 

tests conducted on the casted cellular plates with uniform and graded microarchitectures, made of 

a two-component silicone elastomer, confirm that different buckling mode shapes can be observed 

by tailoring the microarchitectures of cellular plates. This idea can pave the path for devising 

advanced reconfigurable materials, for shape matching and energy absorption applications, whose 
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