
Proceedings of the  7th International Conference on Mechanics and Materials in Design 

Albufeira/Portugal 11-15 June 2017. Editors J.F. Silva Gomes and S.A. Meguid. 

Publ. INEGI/FEUP (2017) 

-669- 

 

PAPER REF: 6682  (Invited Paper) 

 

 

THE ATOMISTIC STUDIES OF MECHANICAL BEHAVIOR OF 

GRAPHENE SHEET USING TERSOFF POTENTIAL 
 

Daniela A. Damasceno
1(*)

, E. Mesquita
1
, R.K.N.D. Rajapakse

2
, Renato Pavanello

1
 

1
Department of Computational Mechanics, University of Campinas, Unicamp, Brazil 

2
School of Engineering Science, Simon Fraser University, Burnaby, Canada  

(*)
Email: daniela@fem.unicamp.br 

 

 

ABSTRACT 

In this work the atomic-scale finite element method (AFEM), proposed by Liu et al. (2004), is 

used to describe the mechanical behaviour of graphene sheet having armchair edges. 

Nanomaterials as graphene sheet, carbon nanotubes (CNT) (IIjima, 1991), require many-body 

potential formulations. In this work the Tersoff potential is considered. Initially, in order to 

validate the AFEM implementation, the force-strain curve of perfect graphene sheet will be 

compared with molecular dynamics (MD) LAMMPS code. Additionally, the influence of the 

presence of crack on the ultimate tensile strength of graphene will be studied considering four 

different sized meshes. 
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INTRODUCTION 

Graphene as carbon nanotubes (CNT), are found to possess superior mechanical, electronic, 

thermal and optical properties [The Royal Society and The Royal Academy of Engineering, 

2004]. AFEM, proposed by Liu et al. (2004) has been used to model the mechanical 

behaviour of graphene sheet. AFEM uses both first and second derivatives of system energy 

in the energy minimization computation.  

Tersoff potential, proposed by Tersoff (1987), is used to study the mechanical behaviour of 

graphene sheet, as well as the effects of vacancy defects on the mechanical behaviour. In this 

potential, the internal force between two atoms depends on their separation distance, ij
r  and 

it’s based on the relative position of second nearest-neighbor atoms. The energy stored on the 

bond between atoms i and j is given by, 

 

( ) ( ) ( )R A

ij c ij ij ij ij ij ijV f r V r +B V r =       (1) 

 

RESULTS AND CONCLUSIONS 

In order to validate the AFEM implementation, the force-strain curve of perfect graphene 

sheet, as shown in Figure 1(a), will be compared with molecular dynamics (MD) LAMMPS 

code. The curve obtained from AFEM shows good agreement with the curve obtained from 

MD, as shown in Figure 1(b). 
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(a) (b) 
Fig. 1 - (a) Graphene sheet, (b) force-strain curves obtained from AFEM and MD 

 

Figure 2 shows the stress-strain curves of the graphene sheets obtained from AFEM under 

uniaxial tensile loading. The crack of length is set as 1.4 nm, and the size of graphene sheet is 

increased from 5 nm x 5 nm to 14.5 nm x 14.5 nm.  

 

Fig. 2 - Stress-strain curves obtained from AFEM 

 

ACKNOWLEDGMENTS 

The research leading to this article has been funded by the São Paulo Research Foundation 

through grants 2013/08293-7 (CEPID). The support of CNPq and Unicamp is also gratefully 

acknowledged. 

 

REFERENCES 

[1]-Liu B, Huang Y, Jiang H, Qu S, Hwang KC. The atomic-scale finite element method. 

Comp. Meth. Appl. Mech. Engrg, 2004, 193, p. 1849-1864. 

[2]-Dewapriya MAN. Molecular dynamics study of effects of geometric defects on the 

mechanical properties of graphene. M.A.Sc. Thesis, Dept. of Mech. Eng. Univ. of British 

Columbia, 2012. 

[3]-Tersoff J. New empirical approach for the structure and energy of covalent systems. Phys. 

Rev. B, 1987, 37. 

[4]-Nanoscience and nanotechnologies: opportunities and uncertainties, The Royal Society 

and The Royal Academy of Engineering, London, (2004). 

0 0.01 0.02 0.03 0.04 0.05 0.06
0

10

20

30

40

50

60

εεεε

S
tr
e
s
s
 (
G
P
a
)

 

 

Armchair

Size = 5 nm x 5 nm

7.5 nm

10 nm

14.5 nm


