Accepted Manuscript o

Micro-to-macro transition accounting for general imperfect interfaces

Ali Javili, Paul Steinmann, Jorn Mosler

PIL: S0045-7825(16)30355-3
DOI: http://dx.doi.org/10.1016/j.cma.2016.12.025 s
Reference: CMA 11271

To appear in:  Comput. Methods Appl. Mech. Engrg.

Received date: 11 May 2016
Revised date: 8 December 2016
Accepted date: 15 December 2016

Please cite this article as: A. Javili, P. Steinmann, J. Mosler, Micro-to-macro transition
accounting for general imperfect interfaces, Comput. Methods Appl. Mech. Engrg. (2016),
http://dx.doi.org/10.1016/j.cma.2016.12.025

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.


http://dx.doi.org/10.1016/j.cma.2016.12.025

Micro-to-macro transition accounting for
general imperfect interfaces

Ali Javili>*, Paul Steinmann®, J6rn Mosler®

“Department of Mechanical Engineering, Bilkent University, 06800 Ankara, Turkey
b Chair of Applied Mechanics, University of Erlangen—Nuremberg, Egerlandstr. 5, 91058 Erlangen, Germany
Institute of Mechanics, TU Dortmund, Leonhard-Euler-Str. 5, 44227-Dortmund, Germany

Abstract

The objective of this contribution is to establish a micro-to-macro transition framework to study the behavior of
heterogeneous materials whereby the influence of interfaces at the microscale is taken into account. The term “inter-
face” refers to a zero-thickness model that represents the finite thickness “interphase” between the constituents of the
micro-structure. For geometrically equivalent samples, due to increasing area-to-volume ratio with decreasing size,
interfaces demonstrate a more pronounced effect on the material response at small scales. A remarkable outcome is
that including interfaces introduces a length-scale and our interface-enhanced computational homogenization captures
a size effect in the material response even if linear prolongation conditions are considered. Furthermore, the interface
model in this contribution is general imperfect in the sense that it allows for both jumps of the deformation as well
as for the traction across the interface. Both cohesive zone model and interface elasticity theory can be derived as
two limit cases of this general model. We establish a consistent computational homogenization scheme accounting for
general imperfect interfaces. Suitable boundary conditions to guarantee meaningful averages are derived. Clearly, this
general framework reduces to classical computational homogenization if the effect of interfaces is ignored. Finally,
the proposed theory is elucidated via a series of numerical examples.
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1. Introduction

Effective macroscopic properties of a heterogeneous material can be estimated from the response of its underlying
micro-structure using homogenization procedures. These mature procedures need to be extended to account for the

role of interfaces between the constituents at the microscale and consequently to capture the size-effect missing in
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