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Thermo-coupled Surface Cauchy-Born Theory: An Engineering Finite Element Approach to Modeling of Nanowire
Thermomechanical Response
There are remarkable studies geared towards developing thermomechanical analyses of nanowires based on
quasiharmonic and Molecular Dynamics simulations. These methods exhibit limited applicability due to the associated
computational cost. In this study an engineering finite-temperature model based on Surface Cauchy-Born theory is
developed, where surface energy is accounted for in the prediction of the thermomechanical response. This is achieved by
using a temperature-dependent interatomic potential in the standard Cauchy-Born theory with a surface energy
contribution. Simultaneous calculation of thermal and mechanical stresses is achieved by eliminating the diagonalization
matrix of entropy in the quasiharmonic system. This leads to a reduction in the degrees of freedom by more than 99} in
comparison with equivalent Molecular Dynamics models. For the purpose of validation, results obtained on copper and
nickel nanowires through the proposed method are compared with those of the more involved Molecular Dynamics
simulations. This comparison verifies the significant reduction in the computational process with an acceptable accuracy.
Hence, the proposed method provides a promising engineering tool without compromising the underlying physics of the
problem and has potential implications in the effective modeling of the nanoscale thermomechanical behavior.
 
General information
State: Published
Organisations: Department of Mechanical Engineering, Manufacturing Engineering, Koc University
Authors: Esfahania, M. N. (Ekstern), Sonne, M. R. (Intern), Hattel, J. H. (Intern), Alaca, B. E. (Ekstern)
Pages: 46-52
Publication date: 2016
Main Research Area: Technical/natural sciences
 
Publication information
Journal: Mechanics of Materials
Volume: 94
ISSN (Print): 0167-6636
Ratings: 
BFI (2017): BFI-level 2 
Web of Science (2017): Indexed yes 
BFI (2016): BFI-level 2 
Scopus rating (2016): CiteScore 2.76 SJR 1.256 SNIP 1.546 
Web of Science (2016): Indexed yes 
BFI (2015): BFI-level 2 
Scopus rating (2015): SJR 1.224 SNIP 1.785 CiteScore 2.66 
Web of Science (2015): Indexed yes 
BFI (2014): BFI-level 2 
Scopus rating (2014): SJR 1.357 SNIP 1.838 CiteScore 2.56 
Web of Science (2014): Indexed yes 
BFI (2013): BFI-level 2 
Scopus rating (2013): SJR 1.204 SNIP 1.758 CiteScore 2.58 
ISI indexed (2013): ISI indexed yes 
Web of Science (2013): Indexed yes 
BFI (2012): BFI-level 2 
Scopus rating (2012): SJR 1.325 SNIP 1.909 CiteScore 2.2 
ISI indexed (2012): ISI indexed yes 
Web of Science (2012): Indexed yes 
BFI (2011): BFI-level 2 
Scopus rating (2011): SJR 1.488 SNIP 1.915 CiteScore 2.22 
ISI indexed (2011): ISI indexed yes 
Web of Science (2011): Indexed yes 
BFI (2010): BFI-level 2 
Scopus rating (2010): SJR 1.413 SNIP 1.846 
BFI (2009): BFI-level 2 
Scopus rating (2009): SJR 1.905 SNIP 2.067 
Web of Science (2009): Indexed yes 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/43254811?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


BFI (2008): BFI-level 1 
Scopus rating (2008): SJR 1.882 SNIP 2.112 
Web of Science (2008): Indexed yes 
Scopus rating (2007): SJR 1.87 SNIP 2.135 
Scopus rating (2006): SJR 1.797 SNIP 2.136 
Scopus rating (2005): SJR 1.638 SNIP 1.881 
Scopus rating (2004): SJR 1.47 SNIP 1.711 
Scopus rating (2003): SJR 1.691 SNIP 1.661 
Scopus rating (2002): SJR 1.611 SNIP 1.312 
Scopus rating (2001): SJR 1.173 SNIP 1.042 
Scopus rating (2000): SJR 1.54 SNIP 1.27 
Scopus rating (1999): SJR 0.832 SNIP 0.887 
Original language: English
Surface Cauchy-Bron, Temperature, Nanowire, Finite element, Surface Energy
DOIs: 
10.1016/j.mechmat.2015.11.011 
Source: PublicationPreSubmission
Source-ID: 118860958
Publication: Research - peer-review › Journal article – Annual report year: 2015

 


