Accepted Manuscript [ ;

Architected Squirt-flow Materials for Energy Dissipation

Tal Cohen, Patrick Kurzeja, Katia Bertoldi

Pll:
DOI:
Reference:

To appear in:

Received date:

Revised date:

Accepted date:

||||||

Joumal of the
Mechanics
and Physics

of Solids

A O ——
O o
S0022-5096(17)30201-6

10.1016/j.jmps.2017.08.003
MPS 3168

Journal of the Mechanics and Physics of Solids

15 March 2017
3 August 2017
7 August 2017

Please cite this article as: Tal Cohen, Patrick Kurzeja, Katia Bertoldi, Architected Squirt-flow Ma-
terials for Energy Dissipation, Journal of the Mechanics and Physics of Solids (2017), doi:
10.1016/j.jmps.2017.08.003

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.jmps.2017.08.003
http://dx.doi.org/10.1016/j.jmps.2017.08.003

Architected Squirt-flow Materials for Energy Dissipation

Tal Cohen®P*, Patrick Kurzeja®, Katia Bertoldid

@ Department of Civil & Environmental Engineering, Massachusetts Institute of Technology, 77 Massachusetts
Avenue Cambridge, Massachusetts, 02139, USA
b Department of Mechanical Engineering, Massachusetts Institute of Technology, 77 Massachusetts Avenue
Cambridge, Massachusetts, 02139, USA
¢Institute of Mechanics, Technical University Dortmund, Leonhard-Euler-Str. 5, 44227 Dortmund, Germany
¢ John A. Paulson School of Engineering and Applied Sciences, Harvard University, 29 Odford Street,
Cambridge, Massachusetts, 02138, USA

Abstract

In the present study we explore material architectures that lead o enhanced dissipation prop-
erties by taking advantage of squirt-flow - a local flow mechanism triggered by heterogeneities at
the pore level. While squirt-flow is a known dominant_souxce of dissipation and seismic attenu-
ation in fluid saturated geological materials, we study=itssuntapped potential to be incorporated
in highly deformable elastic materials with embedded fluid-filled cavities for future engineering
applications. An analytical investigation, that isolates the squirt-flow mechanism from other
potential dissipation mechanisms and c¢onsiders an idealized setting, predicts high theoretical
levels of dissipation achievable by squitt=flow and establishes a set of guidelines for optimal dissi-
pation design. Particular architéctures are then investigated via numerical simulations showing
that a careful design of the“internal voids can lead to an increase of dissipation levels by an
order of magnitude, compared with equivalent homogeneous void distributions. Therefore, we
suggest squirt-flow as a promising mechanism to be incorporated in future architected materials
to effectively and reversibly dissipate energy.
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1. Introduetion

From space crafts, cars and buildings to cell phones, tablets and micro-scale electric devices,
the ability of a structure to both dissipate and mitigate energy upon impact and vibration is
imperative to its functionality. Some engineered structures are equipped with dedicated devices,

such as hydraulic pistons and rubber bearings, to damp unwanted vibrations or to absorb shocks.
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