
Accepted Manuscript

Adaptive and Off-Line Techniques for Non-Linear Multiscale Analysis

Stefano Zaghi, Xavier Martinez, Riccardo Rossi, Massimo Petracca

PII: S0263-8223(18)32140-8
DOI: https://doi.org/10.1016/j.compstruct.2018.08.022
Reference: COST 10072

To appear in: Composite Structures

Please cite this article as: Zaghi, S., Martinez, X., Rossi, R., Petracca, M., Adaptive and Off-Line Techniques for
Non-Linear Multiscale Analysis, Composite Structures (2018), doi: https://doi.org/10.1016/j.compstruct.
2018.08.022

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.2018.08.022
https://doi.org/10.1016/j.compstruct.2018.08.022
https://doi.org/10.1016/j.compstruct.2018.08.022


  

Adaptive and O�-Line Techniques for Non-Linear Multiscale

Analysis

Stefano Zaghia, Xavier Martineza,c,∗, Riccardo Rossia,b, Massimo Petraccad

aCIMNE - Centre Internacional de Metodes Numerics en Enginyeria, Universitat Politècnica de
Catalunya (UPC-BarcelonaTech), Barcelona 08034, Spain

bDepartment of Civil and Environmental Engineering, Universitat Politècnica de Catalunya
(UPC-BarcelonaTech), Barcelona 08034, Spain

cDepartment of Nautical Science and Engineering, Universitat Politècnica de Catalunya
(UPC-BarcelonaTech), Barcelona 08003, Spain

dDepartment of Engineering, University "G.d'Annunzio" of Chieti and Pescara, Pescara 65127, Italy

Abstract

This paper presents two procedures, based on the numerical multiscale theory, developed
to predict the mechanical non-linear response of composite materials under monotoni-
cally increasing loads. Such procedures are designed with the objective of reducing the
computational cost required in these types of analysis. Starting from virtual tests of the
microscale, the solution of the macroscale structure via Classical First-Order Multiscale
Method will be replaced by an interpolation of a discrete number of homogenized surfaces
previously calculated. These surfaces describe the stress evolution of the microscale at
�xed levels of an equivalent damage parameter (deq). The information required for these
surfaces to conduct the analysis is stored in a Data Base using a json format. Of the two
methods developed, the �rst one uses the pre-computed homogenized surface just to ob-
tain the material non-linear threshold, and generates a Representative Volume Element
(RVE) once the material point goes into the nonlinear range; the second method is com-
pletely o�-line and is capable of describing the material linear and non-linear behavior
just by using the discrete homogenized surfaces stored in the Data Base. After describ-
ing the two procedures developed, this manuscript provides two examples to validate the
capabilities of the proposed methods.
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Introduction

A composite material is de�ned as a complex structure characterized by two or more
components with di�erent mechanical, thermal and/or chemical properties. The combi-
nations of multiple constituents leads to a new material that usually improves signi�cantly
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