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Nanomechanics analysis of graphene via development of an MD-based AFEM
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Due to their accuracy and reliability, atomistic-based methods such as molecular dynamics (MD)
Received 09 January 2016 simulations have played an essential role in the field of predictive modeling of single layered graphene
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‘Available Online 26 March 2016 sheets (SLGSs). However, due to the computational costs, applications of these methods are limited to

small systems. Additionally, according to the discrete nature of SLGSs, conventional continuum-based
methods cannot be utilized to study the mechanical characteristics of them. To overcome these issues,

K ds: . . .

G?Z;Vﬁern:, Atomic scale finite element method here, a new Atomic-scale Finite Element Method (AFEM) based on the Tersoff-Brenner potential has
(AFEM) been developed. Efficiency of the proposed method is evaluated through a numerical example analyzed
Molecular dynamics simulation by both the proposed method and MD simulation. The results show that the computational cost is much

Periodic boundary conditions

8 ; reduced (~100 times), while the accuracy of MD simulation is kept. Furthermore, the effects of initial
Mechanical behavior

C-C bond length and number of atoms on the speed of the proposed method is investigated. To mimic
the MD simulation completely, periodic boundary conditions have been implemented in the extended
AFEM. It is demonstrated that there is a noticeable deviation from MD results without considering this
type of boundary condition.
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Fig. 1 The 6-node element representing the angle bending in graphene
structure based on the Tersoff-Brenner potential
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' Atomic Force Microscopy (AFM)
? Atomic-scale Finite Element Method (AFEM)
® Finite Element Method (FEM)
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Table 1 Comparison of the Young modulus obtained by the present
study and the ones given in the literature
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Fig. 6 Failure process of the perfect sample (a) early stages of fracture
(b) final configuration
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Fig. 4 Accurate prediction of the stress-strain curve in two special
loadings by the proposed AFEM ignoring the history-dependent
mechanical behavior of the sample
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Fig. 5 Validation of the proposed AFEM: Stress-Strain curve of the
sample obtained by this method is completely in accordance with the
MD results
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Table 2 Effects of initial bond length on the computational time and

iterations needed to acquire the equilibrated structure of the graphene
sample
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Fig. 8 Non-linear dependence of the computational time on the number

of atoms
laals o g sl slass o as pé abal ;8 S

4 ojloits 16 095 1395 L5 yurde Suille wiie

e i & Sl oad (B2 Gdo ol o ol Ses (sl IS5
sl 592U 0.00L 5 e (55,50 i ST ke 4 35,5 oo |, Son
sl p3¥ Slsbre Gloj ol mias 5 bapls olass ouds ol (2% 4 425 L
Olis 2 Joaz 5o oglite Wigey et sladsb b (315 Jobs 4 e,
Sl pY S5 slaws a5 09l o0 cdalive Jguz ol illae el ool ools
Jobo M) yiegili 0.155 L 0.135 wigyy s Jsb b o315 Jsle
) 2egil 015 L 0.14 5 (egb £ 0.01 Jolss a0 Cnns Sigy
Alse ooy el iy (ol £ 0,005 Jolas a4y Caps wigey Jsbo
Jsb ST 4 ol 4 oy sl 3V IS5 Slaws a5 <85 ames
@8l (S S (Jold Ng S (S pne g (i
(FolsS g & Cunnd (Jols a8 Wy sl Jsb (S2s5 9 (5 )
(Sleloe loy 5 )15 slass sl slass 50 gy 2 gl aslol jo
5 40 x40 A° 30 A° x 29 A° 20 A° X 20 A° ola) L e oilS
IS 0 eadile (650 sl 5 (Joles Cosge (gl ks a5 50A% x524°
2ol ad 5o Jlosl (5955 (rizpa ool onds a8 T iy e 3
2 son ol § Jels @l el pg ST 23028 20 g
OlFse 3 gz 4 azg bl oad ool (lad 8 JSb 5 3 Jyar
Sl oY SlyS5 Sl oS il Lol slaws Laaliil a5 5,8 soalice
Sland oy alaly 8 S Billae a5 ol (] S0 ppe 455 0l Ll Ko
3 Jsr @mls ool (b AFEM (35 55 Sleslre ol 5 Lags]
(22 5.8 Lo,i) 984 4 170 5l lagsl slaws Lial33l b a5 sws o olis
oads plp 104 Loyas AFEM i) 5o (silwancd lp 5l 0550 olej
p9o OlF Ay 5l Js¥Use Snlins (ilwanes Sl 4 azgi oo
33.6 ol o Ladad Lol oloss )0 gl 5.8 Lioljal caslags! slass
P9y 8y S & alply 0980 MDD (g5luands sl (o 53 00
3y50 ol olaws Liglil b aSl cesl YL Sl MD 4 o AFEM

WS (o0 Iy @8 (5 i 3903 4 (nl il o 1S

Sloy93 530 bl i 556-3-4
8, sl o AFEM sl 5y ondiplonl Slalllas sles 55 5955

180
60 [ * 40.135nm
x0.14 nm
140 |
4 +0.145 nm
120 |
Py ¢(0.15 nm
51oo
Ny «0.155 nm
X
S go f
60 [
[
40 .
X
20 |
A
0 Lt @ B igigiigiigigigiigiigis
0 2 3 4 5 6 7 8 9 10 11 12 13

Iteration

Fig. 7 Effects of initial bond length on the convergence rate of the
proposed algorithm
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