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Abstract.  In this paper, we present a strain-sensitive composite skin-like film made up of piezoresistive 
zinc oxide (ZnO) nanorods embedded in a flexible poly(dimethylsiloxane) substrate, with added reduced 
graphene oxide (rGO) to facilitate connections between the nanorod clusters and increase strain sensitivity. 
Preparation of the composite is described in detail. Cyclic strain sensing tests are conducted. Experiments 
indicate that the resulting ZnO-PDMS/rGO composite film is strain-sensitive and thus capable of sensing 
cycling strain accurately. As such, it has the potential to be molded on to a structure (civil, mechanical, 
aerospace, or biological) in order to provide a strain sensing skin. 
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1. Introduction 
 

Dynamic monitoring of structural strain is fundamental to structural health monitoring and 

maintenance during extreme events (Nagarajaiah and Erazo 2016). Problematically, 

industry-standard resistance-based foil strain gages measure strain unidirectionally and locally, 

limiting their utility for large-scale monitoring. To facilitate such distributed monitoring, recent 

research has explored alternative materials with inherent strain sensing properties (Li et al. 2004, 

Dharap et al. 2004, Withey et al. 2012, Sun et al. 2015, 2016).
 
Piezoelectric materials such as zinc 

oxide (ZnO) have attracted considerable interest due to their ability to transduce mechanical strain 

into electrical signals with minimal power requirements (Park et al. 2008). Such materials are 

capable of sensing strain, but are unsuitable for standalone use, as they are typically highly brittle 

(Klingshim et al. 2010). Researchers have found rGO—reduced graphene oxide—thin films (Loh 

et al. 2010, Trung et al. 2014, Tang et al. 2015) to be effective strain sensors. The possibility of 

combining ZnO and rGO for strain sensing is investigated in this study. 

In order to be utilized in strain sensing, piezoelectric materials must be supported by a scaffold. 

Previously, we demonstrated a low-temperature solvo-thermal method to fabricate ZnO nanorods 

on a cellulose scaffold, and demonstrated that the final construct constituted an accurate, flexible, 

low-cost strain sensor (Gullapalli et al. 2010). However, the nature of the cellulose scaffold made 
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