
Accepted Manuscript

Three-dimensional modeling of interfacial stick-slip in carbon nanotube
nanocomposites

Giovanni Formica, Walter Lacarbonara

PII: S0749-6419(16)30263-7

DOI: 10.1016/j.ijplas.2016.10.012

Reference: INTPLA 2119

To appear in: International Journal of Plasticity

Received Date: 10 June 2016

Revised Date: 25 October 2016

Accepted Date: 29 October 2016

Please cite this article as: Formica, G., Lacarbonara, W., Three-dimensional modeling of interfacial
stick-slip in carbon nanotube nanocomposites, International Journal of Plasticity (2016), doi: 10.1016/
j.ijplas.2016.10.012.

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.ijplas.2016.10.012


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 
 
 
 

Three-dimensional modeling of interfacial stick-slip in
carbon nanotube nanocomposites

Giovanni Formicaa, Walter Lacarbonarab,∗

aDipartimento di Architettura, University of Roma Tre, 00184 Rome, Italy
bDipartimento di Ingegneria Strutturale e Geotecnica, Sapienza University of Rome,

00184 Rome, Italy

Abstract

A 3D nonlinear constitutive theory is proposed to describe the hysteretic re-
sponse of non-functionalized carbon nanotube nanocomposite materials caused
by the shear stick-slip between the carbon nanotubes and the polymer chains of
the hosting matrix. The theory combines the mean-field homogenization method
based on the Eshelby equivalent inclusion theory, the Mori–Tanaka homogeniza-
tion approach, and the concept of inhomogeneous inclusions with inelastic eigen-
strains introduced to describe the shear stick-slip. The evolution of this inelastic
eigenstrain flow is regulated by a constitutive law based on a micromechanical
adjustment of the von Mises function associated to the interfacial stress disconti-
nuity. The 3D model is implemented in explicit dynamic form in a finite element
platform called FEniCS. The time integration scheme utilises the Extended Aver-
age Mean Value Theorem together with a special form of the Impulse-Momentum
Law. Parametric studies show that the predicted damping capacity of carbon nan-
otube nanocomposites made of epoxy or PEEK polymers is in agreement with
previous results. Moreover, a validation of the proposed model is achieved com-
paring the experimentally obtained force-displacement cycles with the theoretical
response of nanocomposite specimens.
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