
Accepted Manuscript

Theoretical framework and design of mechanochemically augmented
polymer composites

Meenakshi Sundaram Manivannan, Meredith Silberstein

PII: S2352-4316(17)30181-5
DOI: https://doi.org/10.1016/j.eml.2017.12.005
Reference: EML 334

To appear in: Extreme Mechanics Letters

Received date : 24 October 2017
Revised date : 11 December 2017
Accepted date : 11 December 2017

Please cite this article as: M.S. Manivannan, M. Silberstein, Theoretical framework and design of
mechanochemically augmented polymer composites, Extreme Mechanics Letters (2017),
https://doi.org/10.1016/j.eml.2017.12.005

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.eml.2017.12.005


Theoretical framework and design of mechanochemically

augmented polymer composites

Meenakshi Sundaram Manivannan, Meredith Silberstein∗

Sibley School of Mechanical and Aerospace Engineering, Cornell University, United
States

Abstract

Interfacial debonding is an important failure mode for polymer composites.
A novel approach for managing this damage mechanism is to develop self-
healing and self-reporting capabilities by augmenting the matrix/filler inter-
faces with mechanophores. Mechanophores are chemical groups that have
useful reactions (e.g. fluorescence, cross-linking) in response to mechanical
work. We refer to such a composite system as an Interfacial Mechanophore
Augmented Composite (IMAC). Here we build the framework for under-
standing the governing physics and predicting the mechanochemical response
of IMACs. By using an extensible link mechanophore model that assumes
sparse mechanophore loading, we are able to utilize classical mechanics com-
posite solutions for deformation fields in composites to predict mechanophore
response as a function of macroscale stress, filler geometry, and component
material properties. Using a 2D plane strain scenario of a fiber within an
infinite matrix, we develop a comprehensive understanding of the progression
of debonding and mechanophore activation. We find that the mechanophore
activation length relative to the debond length is critical in determining the
relative onset of debonding and activation. The change in the separation
of the mechanophore attachment points between the not-activated and acti-
vated states therefore needs to be considered for mechanophore selection in
addition to the required chemical functionality. Other factors such as matrix
elasticity, particle elasticity, and particle size are found to have secondary
effects on this relative progression. This modeling approach can readily be
applied to diverse loading modes and material properties and can be ex-
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