
23 May 2023

POLITECNICO DI TORINO
Repository ISTITUZIONALE

High-fidelity impact analysis of composite structures using refined structural theories / Nagaraj, M. H.; Carrera, E.;
Petrolo, M.. - ELETTRONICO. - (2019). (Intervento presentato al convegno First European Conference on
Crashworthiness of Composite Structures – ECCCS-1 tenutosi a Belfast, UK nel 19-21 November 2019).

Original

High-fidelity impact analysis of composite structures using refined structural theories

Publisher:

Published
DOI:

Terms of use:
openAccess

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2769313 since: 2019-11-24T13:21:37Z

Brian Falzon



1st European Conference on Crashworthiness of Composite Structures – ECCCS-1 
19-21st November 2019, Queen’s University Belfast 

www.qub.ac.uk/sites/ecccs-1 

 

HIGH-FIDELITY IMPACT ANALYSIS OF COMPOSITE 

STRUCTURES USING REFINED STRUCTURAL THEORIES  

M. H. Nagaraj1,*, E. Carrera1, and M. Petrolo1  

1 MUL2 Group, Dept. of Mechanical and Aerospace Engineering, Politecnico di Torino, Turin, Italy 
* Presenting author: manish.nagaraj@polito.it  

 

 

 Laminated composite materials are susceptible to damage and subsequent reduction in load carrying 

capacity under transverse loads, such as low-velocity impact. High-fidelity models are thus necessary 

to accurately predict the structural response due to impact. Various numerical techniques have been 

considered in the literature, for instance, using only cohesive zone modelling for both intra- and inter-

laminar damage [1], or a combination of cohesive and continuum damage models [2]. Nevertheless, 

such numerical approaches lead to very high computational costs, making them infeasible for the 

analysis of large and complex composite structures [3]. The current work aims to address this issue 

by means of higher-order modelling via the use of the Carrera Unified Formulation (CUF). 

  

CUF is a framework capable of developing advanced structural theories in a generalised manner [4]. 

Refined 1D and 2D elements are considered, where the use of expansion functions leads to an 

enrichment of the element kinematics, resulting in a 3D displacement field. Such an approach leads 

to 3D-like accuracy of the solution without a corresponding increase in the computational cost of the 

analysis. In the current work, expansion functions based on Lagrange polynomials are used to 

describe the beam cross-section and plate thickness, leading a purely displacement-based formulation. 

Such an approach results in a layer-wise modelling of the composite structure. This methodology has 

been used in previous works, such as the micromechanical progressive failure analysis of composites 

[5]. 

 

A non-linear explicit dynamics framework has been developed which utilises higher-order structural 

theories derived using CUF, to accurately capture transient phenomena that occur during impact. 

Contact between the bodies is modelled using node-to-surface contact with Lagrange multiplier 

constraints. Progressive damage in the composite structure is modelled using the continuum damage 

approach. Numerical experiments have been conducted to demonstrate the capability of the CUF-

Explicit framework in the high-fidelity impact analysis of composite structures. 

 

REFERENCES 

 

[1] C. Bouvet et al. (2009). International Journal of Solids and Structures, 46(14-15), 2809-2821. 

[2] C.S. Lopes et al. (2016. International Journal of Impact Engineering, 92, 3-17. 

[3] Sun, X. C., & Hallett, S. R. (2017). International Journal of Impact Engineering, 109, 178-195. 

[4] E. Carrera et al. (2014). Finite Element Analysis of Structures through Unified Formulation. 

[5] I. Kaleel et al. (2018). Journal of Applied Mechanics, 85(2), 021004. 

 

mailto:manish.nagaraj@polito.it

