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Investigating the effect of Nano-additives orientations on buckling
strength of polymeric Nanocomposite plates reinforced by CNT and
Nanoclay
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Keywords Abstract

Nanocomposites, Finite Element analysis, In this article, the effect of adding nanoparticles into the matrix on improving the buckling strength of
Nanoparticles distribution, Representative  polymeric nanocomposite plates was investigated through finite element analysis. Two types of
volume element, Linear buckling nanoparticles, including Carbon nanotubes (CNTs) and Nanoclays with different volume fractions (VF),

were added randomly into the Epoxy matrix and mechanical properties of the reinforced matrix were
estimated using simulation of a representative volume element (RVE). Moreover, a python script was
generated to distribute CNT nanoparticles in aligned orientations and calculate the equivalent Young's
modulus in horizontal and vertical directions. Afterwards, the critical buckling load of nanocomposite
plates made of unidirectional glass fibers and nanoparticle reinforced Epoxy matrix were studied, using
Eigenvalue analysis. Results were validated by previous studies and a very good agreement was obtained.
In general, adding nanoparticles into the matrix led to increasing the critical buckling load with an
increase of nano-additive’s VFs. When nanoparticles were dispersed aligned with fiber directions, which
is the same as loading direction, a higher increase of critical buckling load was observed. For the case of
reinforcing pure polymeric plates without fibers, when nanoparticles were aligned in the longitudinal
direction, axial critical buckling load rose to 55.3%, whereas for the random distribution, it was increased
by 14.2%. Finally, a parametric study was conducted to evaluate the effect of nanoparticle orientations,
the aspect ratio of plates, transverse loading, type, and volume fraction of nano-additives on the critical
buckling load of polymeric plates.
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Table 1 Mechanical properties and dimensions of nanoparticles [13-14]
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Fig. 1 Generated RVE of 3% VF (a) CNTs with random distribution (b) CNTs with aligned distribution (c) Nanoclays with random distribution
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Fig. 2 Symmetric boundary conditions and applied uniform
displacement load in 3D RVE model [2]

121y Jsb 55 0 Jlael bl C515550 5 e 550 Ll 2 JS
[2] ous o3l Joe (g0 4

53936 b oudig gli o yilo g1y Jolao (Sl (plg5 dmlins 2-2
< Sl Glegdge | alu;emaligil 5 iy jels (Sl el et
by, alor Sl aimse pluil Gl 55; 2 00508 slagtagh (liie
Lajlg, 5l oolaiwl adl o (020 dass g g00e (225 sl hg, coadadl )l
Sl 95 2B VB0 5 " slusmpmlle aile (SlSag e
o9 p Sldelb e wie b oy jsuliel (Sle olys s
RVE &S 4 s00e 55lu,Sen 00,5 0 g, 5l gy ol ,0 aiius
S Sl b ecenaliil Joleo f3e (Sl (olos oud wdgs
Sy S 5l o6 baplodl s susl sgms 4y sla i) 5 b i
b (sl [15] al oo s @ axly Jshoo S o (59, 2 (Sl
4 RVE Glopldl ples oz pfles (255 5 25 <" 50 Kb Jgoe

18] 003 alme 5 daly) 3l 5 (sl 05 S

N
S; X v;
Save = Z : v : (1)
1
J e; X Vi
Eave = Z % (2
1
Save
Eerr =2 @)
ave
° Halpin-Tsai

© Mori-Tanaka
1 Effective Young's modulus

1593

L og,Sb olal o @lydgl avaun IS Ol iy gileJow opl 5o
Aol Sggs 5 atw) oole Custi Ho byl (Sl elys plais]
ool (slailgil LSl 1 5 009 d> g5 9,90 (S jeelS il Slrin LiileS
e mli by ol a8 5 e 0w le 090 dlglgil lp St
03gamte ;0 L pile 5 odd ayje8 Olydgl o Jlasl e S i Cono
To S a8 L Jae S 5531 lsiisn 59k et 9> B ol sl S
85 W 20 b slagilaJae )3 45 el 55 4 oY w25 L
36 Ypana 2l Comal (JySge olal 53 mrile 5 S35l o 2S5 emp
sl RVE 5l 6gei aw 1 IS5 50 00,5 oo bl g5lo o j0 5w " Sbo
b 25 Syl b ool Cugll (Sl G Sle sl 5 4 00l oy
56 s 5 (2, 30) o Llyen (1S ol olas e
25,5 o0 SLI3 gomm v 5 Bolai i b )
G0 bulpd g 5,185, -1-2
s sy Joho 6 ol oY ignd (Sole olyS s jsliie &
S5 L B) ety 5 51k 5 ol S0 B (Satlid (55
5 s 5 sphe Jlasl o1}l azy S & RVE Job 71 L iy e
W fO)Ls.:.A &5 3l @i uls anl e cass a4 o1 5l Jol> slayzs,S
2 by g linly )0 S ) (o 5 (S i) Az e S5k 4
b3l @l o pled 5 azg aw o] bl ddais iz e g Wgd oo Coll S
bily 4w o (SlSe (olss e (slp - [2]058 %y b ok aty )]
laazy p alilas Ojg0 4 adye 4w 855 5L Wlatke Lol
a>ly Joho 651350 5 550 ulpd 2 S 50 005 o Jlosl aSo 3]
ol 0 00ls L X g sliwly jo

9 =Sgl pmle Jold o5 0ad gilodse 92y Jobo gam B 50
Oy b ik dsdie 03] e wdlige ol (39,0 eud i ol,3sil
Voo GloS oz st saman g4 5l ead solinl slagll ¢ 7ol
Blybl j0 a5 548 0 pll (G926 4 oo oLl 65,40l il o (C3D4)
sload 5 36l 51 a0 bla Croms 4 d> 2 g ail 55, boladl ©l,346
8o gy nl b gt 5ty laglell slal mg)oo (xS i sle
e IS 3 4 b Slialons a5 435, VL ol

* Fully bonded

2 Tie

% Interphase

4 Symmetric boundary conditions
® Pin

® Free

" Tetrahedral Elements

8 Seeding



Wled 9 i S3ue

wn&JgJgili s 0.3 iagiis (5 ey SR I9pel 9L ilxiio | nileS lSminal yg al) 3936 5 puS i a3l s e

S skl 55 (5555 T amie S (5555 ol 1 s ileS Alis
i gl e php 5B ek (slac ) ead Ml Sidges
Yolae o (gt lagos sty cal aidlbge  5Vb 4550 L2 S
[18] s 555 o> oo p (85 a5 o b ojle 5 kL 5 Jobs

b eS3E By (WS (b S )3 )l g Jolu Yol Bl
513 US aillas Ny o ppom0 a5 Cold L v domivo oilaS il
119,20] &l o cws &y 5 Lails,

Fig. 3 Geometry and loading of the classical plate buckling problem
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2 Classical Plate Theory (CPT)

% Modified Euler-Bernoulli and Timoshenko Beam Theory
* First Order Shear Deformation Theory (FSDT)

® Higher Order Shear Deformation Theory (HSDT)

® Laplace Operator

7 Biharmonic Operator

® Flexural rigidity
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Fig. 4 Effective elastic modulus of Epoxy matrix reinforced with
randomly oriented CNTs

6L°‘U$J$‘t L ol ‘-"-‘5'5" @“55"‘ u‘“)—’L‘ )‘5‘ At Yl JS‘“ 4 Jf“‘"’
ol @58 b (oS

Sy (6 5L cov RVE suls (g5leJoe dgai aw gl mlbs ol
ol ized Cawl odel Caws @y byl 5l B85 Sl g 11 258
dlre alie By & 5 ead Casl Gupile slr Jobe e Gseln
Sl 18] (i ol e ile Gl s b iz Solis 5 5
oy Gl b4 S o ol alasde bl gl s 5 el polie

15 Shell edge load

1595

P9y 9 d9aome izl By b e plodl (paileS” Llod i cnl o
oz 5l (leS Jelos il oo osSLT I3l SaS 4 Mohy i (s
1 Logas 035 e s g i gn laoslo Vgl & b e Jilive
Dgbi e 438 5 4 T glaojle el asligs b Slpu b eess
o e Sl W5 g & a2l oo ® s Suasl s g5 S g, 0
[21] 55 oolicial jls” LalSTh a4y ol 5 5k i 6yl o5l oy

@l o8 Jlis ar Lo o o2ileS oy polie By, 50 S sk
(13) doles o cplply ‘.s.;fu’_o"o).i:.o Iy Joe Vu,_:.b.,.u o ple &5 s
[21,22] cls wuales ot slacls

KMNpM = o (13)

3o Wl Jo 1S5 68 o 50 oads solitul e e il KMN a8
O i Jop pdend Gagaly 02 VY izen bl b Lol
Slgs oo o2 Jloel Jb atine giasw g3l Glrye S N g M il
A8k (Sl ok g ebulr S e b lad g )
o e QUL I L 555 S (A3) dobes J ol
M) 5L colpo 4o aaldl )0 g Cans mpee 00l iy yes b opl Jlade g
& alal) goges JSB 05 oo wpd o e dlis Ul oad ol

(K™ + L,KAM)vM =0 (14)

50 cel wb cdo b bl e sl KM (14) dolas o
56 KAM 0pS oo 2 39 55 1) Qb 9525 g0 50 PV MMl
3lge QU 5136 (il yins als) slo i g )b (s o iyl
Moy slaylep plen b (S slosge UKL V] whg poliali iz en
il o Bl (mileS 3ge 0jlads ;i i sl 5

5 0 i jlae (0 5aS Vsame (LS Sl Jl 095s] oo &
KM a5 el S5 a5 o3V cowd ojleo (25leS Jgl 090 b jbliis a5 il oo
oSl 3y Sl 1 waitle sad olite slagm il K2
Ol slagm Sle ohag slalon 5 polie glgeiul a4 ;06 L o laitel
5 polie gl sl TS slagts, Sl e s Kl S b 4 el
RPN IS slapls slass ax j0 oS G924 pios oy o slaloy
D JI8y93 VL @Ko 5 08 5l bl il

JRles 0 FEM (g, 5l amio oailes Sl b e jskaie 0 1Y
Sl olys olaisl 5 (eelS gl amio g3l due 5l uy oS
Szl Jo o8 S T ez i g awals Grizes 5 baY
Ot JBise oy slalon Sl g esged Sbml (LS gg g

* Eigenvalue analysis

2 Stability problems

® Bifurcation

# Stiff structures

® Linear perturbation procedure
& Imperfection

’ Stiffness Matrix

8 Singular

° Nontrivial solutions

0 Incremental loading pattern
* Preloads

2 Eigenvectors

3 Iteration

4 Composite lay-up



O 9 (i S3ue

AJ,J,JL: L: odub \_uga.\ S, ).o.da 3 un),.\olfyl) wl=xo ,,uu"' Iy IoLizu» |).3 \Lt|);\9.'\u G)an_bq > )J:Ll W R

Al ge 8018 ]38 D jgo 4 ond iy Job Cy 4T cul S 4y 03Y

29 R dges dxg p (85,5 CSIESy b Jleel cux ples el o g

ly aia! Jgse (il o ytin b blie a5 cesl RVE Job
205 H97e onl b bslyen (05 ladlgloll 5 <>

4 1 —e—FEM

== === Halpin-Tsai

38 |

-
—

g-f“ 3.6
g
M o34
32 |
3 \ . \ )
0 1 2 3 4

VF%
Fig. 5 Effective elastic modulus of Epoxy matrix reinforced with
randomly oriented Nanoclays
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Fig. 6 Effective elastic modulus of Epoxy matrix reinforced with
randomly oriented CNTs and Nanoclays
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Fig. 9 First buckling mode shape of (a) Simply supported and (b)
Clamped composite plate
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Fig. 12 Critical buckling load of CNT/Glass fiber reinforced and
Nanoclay/Glass fiber reinforced nanocomposite plates with random
distribution of nanoparticles inside Epoxy matrix for (a) Simply
supported and (b) Clamped boundary conditions
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Fig. 13 Critical buckling load of CNT/Glass fiber reinforced
nanocomposite plates with aligned distribution of nanoparticles at
different angles inside Epoxy matrix for (a) Simply supported and (b)
Clamped boundary conditions
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polymeric plates with aligned and random distribution of nanoparticles
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Fig. 14 Critical buckling load of CNT reinforced polymeric plates
with aligned distribution of nanoparticles at different angles inside
Epoxy matrix
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Fig. 18 Critical buckling load of (a) CNT reinforced polymeric plates
(b) Nanoclay reinforced polymeric plates with random distribution of
nanoparticles inside Epoxy matrix
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Fig. 17 Critical buckling load of polymeric plate under transverse
loading at different aspect ratios
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