
Accepted Manuscript

Homogenized moduli and local stress fields of unidirectional nano-composites

Guannan Wang, Qiang Chen, Zhelong He, Marek-Jerzy Pindera

PII: S1359-8368(17)33666-1

DOI: 10.1016/j.compositesb.2017.11.029

Reference: JCOMB 5391

To appear in: Composites Part B

Received Date: 24 October 2017

Revised Date: 31 October 2017

Accepted Date: 22 November 2017

Please cite this article as: Wang G, Chen Q, He Z, Pindera M-J, Homogenized moduli and
local stress fields of unidirectional nano-composites, Composites Part B (2017), doi: 10.1016/
j.compositesb.2017.11.029.

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.compositesb.2017.11.029


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Homogenized moduli and local stress fields of

unidirectional nano-composites

Guannan Wang∗, Qiang Chen∗∗, Zhelong He∗∗ and Marek-Jerzy Pindera∗∗

∗Mechanical Engineering Department, Texas Tech University, Lubbock, TX 79409, USA

∗∗Civil Engineering Department, University of Virginia, Charlottesville, VA 22904-4742, USA

November 23, 2017

Abstract

The recently generalized locally-exact homogenization theory is further extended to en-

able the determination of homogenized moduli and local stress fields in unidirectional nano-

composites with surface effects based on the Gurtin-Murdoch model. The excellent stability

and quick convergence of the homogenization theory with the concomitant rapid execution

times enables repetitive solutions of the unit cell problem with variable geometric and ma-

terial parameters, thereby enabling extensive parametric studies to be conducted efficiently.

The distinguishing feature of the theory is its ability to provide accurate homogenized moduli

as well as accurate local stress fields for square, rectangular and hexagonal arrays of nano-

inclusions or nano-porosities. The extended elasticity-based computational capability is val-

idated by published results on homogenized moduli and stress concentrations in nanoporous

aluminum obtained using classical micromechanics, elasticity-based, semi-analytical and nu-

merical approaches. New results are generated aimed at demonstrating the effects of nanopore

arrays on homogenized moduli and local stress fields in a wide range of porosity volume fractions

and nanopore radii. These results highlight the importance of adjacent pore interactions either

neglected or not directly taken into account in the classical micromechanics models, nor easily

captured by numerical techniques.
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