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! nanotechnology
2 nanoscale
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! nanostructures

2 chemical and biological sensors
3 Aksencer and Aydogdu

* Brighenti and Carpinteri

° Milazzo et al.

¢ Brighenti
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! Kadari et al.

2 Thermo-electro-mechanical

? Daikh

* Couples stress theory

°> Modified couples stress theory
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' Chen
2 Nonlocal theory
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Figure (1) a) Sheet considering a continuous medium for the material, according to classical theory, b) Sheet
considering the separate effect of atoms according to non-local theories,
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! Eringen
2 Continuous medium
3 Constitutive law

* Eringen’s nonlocal elasticity theory
> Nonlocal modulus
¢ Fourth-order constitutive tensor



Ssd e Gl b Gl ml b et sl il il L S ol 3o olo € 0T s S
o Ao s T By (bl JISE gdslae 3 el et S S slal le ﬂ:(eoa)z ad 3o
S Lo TS 13 W Ml S e e o s T B S 3L (5o sk bl (X X[, 7) ad e b e

L;\;Li

lime (%' x|, 7) =&

X — x|) (v)

(8) sl oy 0 O JFEN SE 1 nd ot ool (salilan il s B S Lo 1 o3Y Jal

(l—yvz)o-”' =C:¢=0o' )

Q)HQASQ_VJ U,ABL:YJKL»& VZ)iHy J"MSJJ_M@U O'I ar‘j’_,,byﬁ.& JZ.«SJJ_.MU aO'nIa(f.) 4.2.3()):
. . . . e o2
jJ;S@JfJMWQTQ::I.:)J_}ya&%ﬁb&{\uﬁfﬁa.&;;’))y):bﬁ&k_qﬁv: 6)(2Jr ayZ

[8V] W gaps s 0=Cle KW gkl gaslas 4 o(8) bl

Sk J;— -y

Oladl ossa Pdan I3l 5 s e stal QS 5 s S s Gos st GBS Llos 6 canlllan ol o
alians 5 3 gdome Oll Shg) Goa 80 53 S5 s p Sose L3 Shba il O talans 535
a5 3 g Oladl (555 ol s s 3 Ikl s gme Ol & S o35 S 5 (lBG5 Jobos 5 w2 ¢l
2> o SIS 53 15 (558 Sl (S5l 5 XS o sl S5 S35 (S5 55 A Oea Bl (SAST Joe S il
a ko bl ol St alssler Gus ol Sl Gis cpl 55 S o0 o a3 b s bl Ol

&&S}WQ})J QYJ&AM}Qﬁd‘fwgwﬁ'bjwuwlu?)brjkdﬂ 4.5_}.0‘5&].3 Jgﬁljx:d

! Small-scale parameter

2 Dirac's delta function

3 Nonlocal

* Local

> MATLAB

¢ Extended finite element method (XFEM)
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Figure (2) Orthotropic nanosheet with central crack under uniaxial loading

! Resulting axial forces
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! Weighted integral form

2 Weight function

3 Material domain

* Displacement field

® First order shear deformation theory (FSDT)
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2 Resulting axial forces

3 Shear forces

* Shear correction factor

5 Extensional and bending stiffnesses
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! Weak form

s S Lol



(6

Q

oy ow
_I —K S A55 ox

dQ—ja—ZKSASSHXdQ—
5 OX

ja—ZKSAM g Q—jgy—ZKSAMeyd Q

Q

(\Y)

ow ow
_E[ZKSA%gd Q—£ZKSA559Xd Q—i;{KSAMng—iZKSAMHyd Q

ox. 24,
Y ox

%dg—ja—lD

666y

0

Q

dQ—Ia—ZDlz
&'OX

X

oy
06

OX

00
it A Q_Ia_ZDGS
2%y oy

Q

00,

a0y
06

0 0
66—de—j§D12—de—J‘—IDZZ

OX 5

"Ikl e agle < OF) By 3 oy i elal X =P,

Il
Q=

g,

0 0

%y

0,

90
OX |

0p; |

A44
0

O }
A55

P

o,

OX

dQ—ja—ZD%

00
—YdO
OX

26,
—2dQ
oy

(1=12,3) «ilso 03 4as skt b &S

IJJJ§‘_;G t}"éb- (\f,) @‘)Q)V‘U (KS)LBJJJ"L’

0 ¢ [|Wi
ay Hxi
(Di 0 eyi
AN
OX W,
0o o g
¥ g
o 92 O |
oy Ox

dQ

dQ \H

35 8 o Jol= (10) dal, S (Kg) Gussb " owdin (5o Slo ced 5 Cpmadis

! Standard stiffness matrices
2 Geometric stiffness matrices
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! Extended finite element method (XFEM)
2 Enrichmen

3 Strong discontinuity

* Heaviside function

® Singular functions
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Figure (3) Enrichedinodes withthe Heaviside function and singular functions [43].
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! Extended finite element method discretization
2 8-noded elements
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! Shape functions
2 Natural coordinate system

> Mindlin Theory

* Shear locking
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! Additional enrichment degrees of freedom
2 Crack tip functions

3 In plane

*Out of plane

° Rotational
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! Buckling coefficient

2 Eigen Problem
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! Convergence and verification



Figure (4) Sensitivity analysis of cracked orthotropic nanosheets under biaxial loading (a), orthotropic under
uniaxial loading parallel to the crack (b), orthotropic under uniaxial loading perpendicular to the crack (c).
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Table (1) Specifications of single-layer graphene
nanosheets
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! Aspect ratio

2 Boundary conditions (B.C.)

3 Trigonometric solution

* Pradhan

> Refined third shear deformation theory solutions
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Table (3) Verification of critical buckling load of orthotropic square nanosheet without cracks under biaxial

compressive load

M i laS o 2

(nm?) W/h=5 W/h=10 W/h=20 W/h=30
[Pl = s, T d/A0B4 SI5SY. SINF ..

LGS s a5 0 S 4 S ¥/ .00 O/AOYF - SI55Y0 $IAYAA

e IV s S e 4,k £/.7V4 O/NFFV g/880V FINFNY
ol Gl Y/aA40 O/AONV FIFEVE £/AYAA

LEV] g b SO s s %./- ¥ %./- ¥ %-/- - %-/..

Y71 sl 10 s, OVYY YASYA ¥/555 B/VEAY

LEV] (Al s 4 5 4 B RN Y/VEYN \tida\s O/V¥AN

) LV eI S s 4 8 JoVEa Y/\ 58 F/5VY0 O/VO-Y
FE G Y- Y/VEYY F/50Y O/VYa)

LEV] o b SNl ds ) %Y/\Y %-/\Y %- /Y0 %-/\V

[Pl (= i) VTS VYYSY ¥/6a¥Y £/90A0

LEV] Dl s a5 e 5 a laS SIYVYY VARES Y/09¥ . F/A0AY

Y LV E]as Sy 4,k /YO .- V/YYAY Y/0q0V F/904¥
Sl e AT VYAYYF Y/OVYF F/AFYA

V] e b Ml A %Y/YF %Y %100 % /Y'\

PPl st = s, VAPV ./qs5¥ Y/av\o \ATLE

L] (Al s 0 2 \ASY /305 YAy ¥/YOAA

Y VeI S e 4k /YAVE ./ABVA Y/avYv F/Y0aV
SOl oS WAVAE ./a¥oF Y/ VA YY.s

LEV] o b S ds s %Y/¥V AVAY % A#V %-/¥Y

7] sl - s JVEVWY IVEVA Y/E5.q ¥/AMAA

LEV] Ol s a5 0 S VENE JIVEVS Y/$5.V Y/AAAY

¢ IV E ] S s en o i JJVEYYE VEA. Y/¥ELV Y/ANAD
A G /AYA- EE Y/FEY Y/ASA)

LEV] o b ) ds s %Y/¥F %\/\# %-/V? %-/0)

9 g?)‘jj.?‘jj'i‘ LBJJJJU ‘6)3 Q).XJ.O{.QALB)) LS‘J.’ d}f )l.@;; 3 MUJ{ VTS J\i.)ﬁ GMuMAS‘)jbOLQ.A

MUJ_.: C_il.‘.b)‘ Q‘j@w‘wﬂ.& Q)MJJ&JTJM@-\JA[{)‘QSJSQKM&)) LS‘J'.’)SJJ D9l %)JS)J)}(

ged oalital 55 S 5 Oy il st kS Slew 5L 0350 s Gl



R 9 S0

R AST gl 0,8 e 515 Uil 3 il o3 (Gosmess 5 SO L s IsS 5 st iles
iy a5 (V1) alally &) s s g adl 3o G Ol [£4LEA] T laS L s oo ol b i Ll
2SS Sl

e e o5 aleS

Slasiie s b (Ker S5 HS oy 4 Gas Sl LS o Sd skins0lts () el Si555be

g:,..w‘ oL ML}U’ M L(VV) 4.2.!‘) gf"L"'"J” )js.)w “—"'i‘]" "y &Luw‘ LQJL!.:‘

SopadSS (SI8LL 25 1sS 5 s sl b, sl —V-0

2 (V) IS8 Gb crl 55 65O ol slagl 5 QoS 5 s 555l Gl sl mdse e LS

WIh) calbss 4 o8 s 5 (H) S S olide Jule 31 (0) IS5 55 ool a3 S 515 Eom 3550 Jisu (g
o )y ($o 5SS OSL 5 eade o8 4SS L SISETS mfe s 55500 slads s LElS L e 5
AU Il byl e b Jlods s BB 36 B plilalbis &5 das e 0Lz (0) Ko .ol
350 Ll 3 aS(gosba sl fly WS Sees sl @l pBlS il el b e lele
A e SRS Loy Vs s S L e il o SRl s 0 5 s dalingas oln 1 =1.5NM? aalllas

! Buckling load ratio
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Figure (5) Investigation of the effect of the small-scale’parameter (1) and the width-to-thickness ratio (W/h) on the
buckling load ratio of cracked square orthotropic nanosheets under uniaxial loading.
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Figure (6) Investigation of the effect of the small-scalesparameter (1) and the component (a/W) on the buckling load
ratio of cracked square orthetropic nanosheets under uniaxial loading.
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Figure (7) Investigating the effect of the small-scalejparameter (1) and increasing the dimensions of the square
nanosheet on the dimensionless critical bucklingdoad of cracked orthotropic nanosheets under uniaxial loading.
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Figure (8) Investigation of the effect of the small-scale parameter (1) and support conditions on the buckling load
ratio of cracked square orthetropic nanosheets under uniaxial loading.
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Figure (9) Investigation of the effect of the small-scale parameter (1) and the component (a/W) on the buckling load
ratio of cracked square orthotropic nanosheets under uniaxial loading.
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Figure (10) Investigation of the effect of the small-scale parameter (1) and loading perpendicular and parallel to the
crack direction on the buckling load ratio of cracked square orthotropic nanosheets:
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Figure (11) Investigating the effect of'nanosheet dimensions and loading perpendicular and parallel to the crack on
the dimensionless critical buckling load.of cracked orthotropic square nanosheets.
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Figure'(12) Investigation of the factor of length to width ratio of nanosheet (L/W) and loading perpendicular and
parallel to the crack on the dimensionless critical buckling load of cracked orthotropic nanosheets.
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Figure (13) Investigation of the effect of the factor (a/W) and loading perpendiculard@and parallel to the crack on the
dimensionless critical buckling load of cracked square orthotropic hanosheets:
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Figure (14) Investigation of the effect of small-scale parameter (u) and uniaxial and biaxial loading on the buckling
load ratio of orthotropic and isotropic’square cracked nanosheets
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Figure (15) Investigation of the effect of‘the small-scale parameter (i) and the aspect ratio of the nanosheet (L/W)
on the buckling load ratio of cracked orthotropic nanosheets under biaxial loading.
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Figure (16) Investigation of the effect of the component (a/W) and the width-to-thickness ratio (W/h) on the
dimensionless critical buckling load of cracked square orthotropic nanosheets under biaxial loading.
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Figure (17) Investigating the effect of the (a/W) component and increasing the dimensions of the square sheet on the
dimensionless critical buckling load of cracked orthotropic nanosheets under biaxial loading.
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Figure (18) Investigation of the effect’of the component (a/W) and support conditions on the dimensionless critical
buckling load of cracked square orthotropic nanosheets under biaxial loading.
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Figure (19) Investigation of the effect of the small-scale parameter () and the aspect ratio of the nanosheet (L/W)
on the dimensionless critical buckling load of cracked orthotropic nanosheets under biaxial loading.
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Figure (20) Investigation of the effect of the component (a/W) and the aspect ratio«©f the nanosheet (L/W) on the
dimensionless critical buckling load of cracked orthotropic nanosheets under biaxial loading
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