
Accepted Manuscript

Static assessment of nanoscale notched silicon beams using the averaged strain
energy density method

Pasquale Gallo, Takashi Sumigawa, Takayuki Kitamura, Filippo Berto

PII: S0167-8442(18)30097-1
DOI: https://doi.org/10.1016/j.tafmec.2018.03.007
Reference: TAFMEC 2018

To appear in: Theoretical and Applied Fracture Mechanics

Received Date: 26 February 2018
Revised Date: 14 March 2018
Accepted Date: 14 March 2018

Please cite this article as: P. Gallo, T. Sumigawa, T. Kitamura, F. Berto, Static assessment of nanoscale notched
silicon beams using the averaged strain energy density method, Theoretical and Applied Fracture Mechanics (2018),
doi: https://doi.org/10.1016/j.tafmec.2018.03.007

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.tafmec.2018.03.007
https://doi.org/10.1016/j.tafmec.2018.03.007


  

 

1 
 

Static assessment of nanoscale notched silicon beams using the averaged strain energy density 

method 

Pasquale Gallo
a *

, Takashi Sumigawa
a
, Takayuki Kitamura

a
, Filippo Berto

b
 

 

a 
Kyoto University, Department of Mechanical Engineering and Science,  

Kyoto-daigaku-Katsura, Nishikyo-Ku, Kyoto 615-8540, Japan 
b 

Norwegian University of Science and Technology (NTNU), Department of Mechanical and 

Industrial Engineering, Richard Birkelands vei 2b, Trondheim, Norway 

 

*Corresponding author: pasquale.gallo@aalto.fi 

 

Abstract 

This paper extends the averaged Strain Energy Density (SED) method to the static assessment of 

notched components at the nanoscale. First, in situ micromechanical testing of notched nano-

cantilever beams made of single-crystal silicon is briefly reviewed. Then, an alternative strategy 

based on the Theory of Critical Distances is employed to evaluate the SED control volume and the 

critical SED. The method is later verified against experiments and FE analyses. The SED method 

successfully estimates the load at fracture of nanoscale notched specimens with a maximum 

discrepancy of 4.7%. Moreover, the method is mesh-independent, and therefore very coarse meshes 

can be employed in numerical analyses. Finally, the results are discussed on the basis of the 

breakdown of continuum fracture mechanics at the nanoscale. The extension of the SED approach 

to the micro- and nanoscales provides a fast and simple tool for the design of micro- and 

nanodevices.  
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1. Introduction 

The miniaturisation of electronic devices, for example, the use of micro- and nano-

electromechanical systems (MEMS and NEMS) as sensors and actuators, have brought problems of 

material behaviour at the nanometer scale into the domain of fracture mechanics [1]. Thus, new 
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