
Int. J. N

 

 
 

 

 

 

 
 

 

 
nano
mism
spot.
comp
simp
assum
prope
probl
ANS
thoug
the in
are i
along
the s
mism
the in
 
Keyw
PAC
 
 

carbo
reinf
“Nan
wher
produ
such 

        
) For 

Nanoelectronic

The i
NanoC

Waleed K

1ERU, Fa
2Material
Baghdad,

Received

Abstrac
 
The stud

ofiber reinfo
match exists
 A represe
posite.  The

plification, 
med to be a
erties of th
lem, 2D fi

SYS/Mechan
gh the expe
nvestigation
investigated
g the transv
second case
matched spo
nterfacial st

words: FE; in
S: 81.05.uj; 

1. Intro
 

The nan
on nanotub
forcements 
nocomposite
re one of th
uced by em
as a polym

                  
correspondence

cs and Materials

mpact o
Composite

K. Ahmed1

aculty of Eng
ls Engineerin
, IRAQ. 

d 25 Decem

ct 

dy investiga
orced comp
s between th
entative vo
e reinforcem
since the l

along the na
he nanofibe
inite eleme
nical is use
ected distan
n proposes 
d regarding 
verse side o
e. The leve
ot are analyz
tresses incre

nterfacial; m
02.70.Dh; 78

oduction 

nocomposite
bes have i

in polyme
e materials”
he constitu

mbedding re
mer in a simi

                  
e, Tel: + (971) 

s 7 (2014) 157-

of a mi
e 

, Sa’ed A. 

gineering, Un
ng Departme

mber 2012; R

ates the infl
osite using 
he nanofibe
lume elem

ment propert
ocation and

anofiber/ma
er is consid
nt analysis
d to estima
ces between
to be system
the misma

of the nanof
l of the loc
zed using F
ease as the d

mismatch; nan
8.67.Sc. 

es is one of
mpressive 

ers and oth
” [1-5]. Nan
ents has di
einforcemen
ilar manner

     
3 7135328, Fax

-166 

ismatch 

Shakir2 

nited Arab E
ent, College 

Revised 16 

luence of th
finite elem

er and the m
ment (RVE)

ties of the n
d the antic

atrix interfac
dered as ins
s is carried
ate the stress
n mismatch
matic mism

atch’s locati
fiber, where
cal interfac
EA under a
defected are

nocomposite

f the fastes
mechanica

her matrice
nocomposit
imensions i
nt in the for
r to convent

x: + (971) 3 713

on the 

Emirates Univ
of Engineeri

March 2013

he mismatch
ment analysi
matrix of th
 is chosen

nanofiber ar
cipated failu
ce. Therefo
significant. 
d out to m
ses of the m

hes in the ph
match. As a 

ion. In case
eas is positi
cial normal 
axial tension
ea approach

e; nanofiber.

st growing 
al propertie
es to form
tes are a nov
in the range
rm of nano
tional comp

34975, E-mail: 

interfac

versity, Al Ai
ng, Al-Musta

3; Accepted

h on the int
is (FEA). It
he nanocom
n to model 
re considere
ure due to 
re,  the imp
Because o

model the n
matrix/nano
hysical phen
consequenc
e one, the 
oned in the
and shear 

n. As a resu
hes the nano

areas of na
es and is 

m what is 
vel class of 
e 20-200 n

ofibres or na
osite materi

w.ahmed@uaeu

cial stre

in, UAE. 
ansereyia Un

d 22 March 

terfacial stre
t is assumed

mposite as a
the nanor

ed as an iso
 mismatch 

pact of the t
of complexi
nanofiber co
ofiber interfa
enomenon is
ce, mainly t
mismatch i

e longitudin
stresses ari

ult, it is obse
ofiber end.  

anotechnolo
intensively 
nowadays 

f composite 
nm [6]. The
anotubes in

rials [7]. In t

eu.ac.ae  

 

sses in 

niversity, 

2013 

esses in a 
d that the 

a defected 
reinforced 
otropic for 

effect is 
transverse 
ity of the 
omposite. 
ace. Even 
s random, 
two cases 
is located 

nal side in 
ise at the 
erved that 

ogy, since 
used as 

is called 
materials 

ey can be 
n a matrix 
the recent 



Waleed K. Ahmed & Sa’ed A. Shakir / The impact of a mismatch on the interfacial stresses in NanoComposite 

158 
 
 

years, the nano applications has introduced in the whole life sectors, starting from 
nanodevices for electrical [8] and organic applications [9] as well as nanofluid [10], whereas 
nanomaterials nowadays are utilized in the renewable and green energy sectors [11].  

In particular, nanocomposite is fascinating for the fact that it is a bottom-up process, 
unlike the traditional method of producing engineering components from raw materials [12]. 
Industries, even aerospace has already benefited from the introduction of conventional 
composite materials with high strength reinforcements such as carbon fibers. The use of 
nanotubes which can be 50-100 times stronger than steel and six times lighter, making 
nanocomposites a key candidate for aerospace applications [13]. Besides, it was shown that 
nanotubes increase composite strength by as much as 25% [14, 15]. Reinforcement 
materials for nanocomposites may include nanofibers, nanoplatelets and nanoclay. These 
reinforcements are functionalized with additives, by this means resulting in a strong 
interfacial bond with the matrix [6].  

In general, the main three mechanisms of interfacial load transfer are the weak van 
der Waals force between the matrix and the reinforcement, chemical bonding and 
micromechanical interlocking [16]. Mainly, there are two causes behind a mechanically 
strong or weak nanocomposite material, the matrix interface with the nanofibres and the 
stress transfer. Therefore, efforts are done to make this interaction strong [12]. As the 
nanocomposite subjected to mechanical loading, stress concentrations will take place at the 
matrix/nanofibre interface which will eventually lead to damage nucleation, initiation, 
growth and final nontolerated failure [12]. There are two probable sources of damage 
nucleation in nanocomposites, poor wetting of the nanofibres by the polymer and the 
aggregation of the nanofibres [17]. Both cases produce polymer rich nanocomposite 
portions that are likely to experience low stress to failure. Researchers [18] have observed 
that one of the reasons that nanocomposites may have a low strain to failure is the high 
interfacial stress that can lead to nanofibre/matrix debonding. In addition, the stress transfer 
from the matrix to the reinforcement is the main factor that will dictate the final 
nanocomposite material strength. It is reported that load transfer through a shear stress 
mechanism was observed at the molecular level [6]. So far, it has been difficult to quantify 
the improved interfacial bonding between the matrix and the nanofibers accurately, either by 
direct measurement at the nanoscale [6]. Up to now, it has been quite complicated to 
evaluate the improved interfacial bonding between the matrix and the nanofibers accurately 
at the nanoscale level by direct measurement techniques, but it is quite easy to estimate the 
mechanical properties of the final macroscale nanocomposite materials with different types 
of standard tests for engineering materials [6]. A uniform dispersion and good wetting of the 
nanofibers within the matrix must be guaranteed in order to get the maximum utilization of 
the properties of nanofibers [6]. Moreover, local interfacial properties affect the macrolevel 
material behavior, like reduction in flexural strength in nanotube/epoxy composite beams 
due to weakly bonded interfaces [19], as well the reduction in composite stiffness which was 
attributed to local nanofibers waviness [20, 21]. It was reported that local interfacial stress 
level in nanocomposites would be much higher than that in traditional composites because 
of high property mismatch between the nanoscale reinforcement and the matrix. Since high 
interfacial stress may lead to interfacial debonding and then final failure of nanocomposites, 
this may contribute to the low failure strains in nanocomposites seen in many experiments 
[22], whereas the impact of the nanoholes existence on the interfacial stresses in 
nanocompaosite was investigated using finite element method [23]. Moreover, finite 
element analysis in particular was used to study the influence of the flexural loading [24] 
and the nanoinclusion [25] on failure of the nanocomposite. In general, the benefit of small 
diameters of nanotubes is an increased interfacial contact area with the matrix, while its 
shortcoming is a high possibility of initial interfacial defects, which may lead to low failure 
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strain of nanocomposites [6]. Consequently, a theoretical analysis of interfacial stress 
transfer mismatch between the nanoscale reinforcement and the matrix will be highly 
required before designing and producing nanocomposite materials [6, 12].  

In this context, the present paper discuss through using the finite element technique 
the consequences of an interfacial defect, i.e., mismatch, which is located between the 
nanofiber and the matrix of a nanocomposite on the behavior of the nanocomposite. 
Therefore, the impact of the mismatch is studied and discussed. Uniaxial load is proposed in 
the study through two cases. The first case when the mismatch located along the transverse 
side of the nanofiber in order to study the interfacial stresses on both transverse and the 
longitudinal sides of the nanofiber. Similarly in the second case when the mismatch is 
positioned in the longitudinal side of the nanofiber to investigate the interfacial stresses at 
the both sides of the nanofiber. Each case are investigated individually through using 
traditional software ANSYS/Mechanical to predict interfacial stresses at the interface 
between the matrix and the nanofiber. Representative volume element (RVE) is proposed to 
model the case, and two dimensional analyses are implemented to model the nanocomposite 
because of the complexity of the problem. 

 
 
2. Finite Element Modeling 
 
Many studies and researches have used the finite element analysis (FEA) as the 

primary tool to investigate the interfacial stresses and the failure strains of the 
nanocomposites instead of molecular dynamic simulation [6]. Since the latter can only deal 
with physical phenomena at the level of a few nanometers at the present stage, the size of a 
representative volume of a nanocomposite material ranges from 10nm upward to several 
hundreds of nanometers. 

It was reported that mostly the smallest dimension of the nanofiber under 
investigation of the researchers lies in the range 20-50nm [6], therefore continuum 
mechanics assumptions, like the one used in the finite element analysis are still valid at such 
length scales. Analogous finite element analyses have been reported by Fisher et al. [20] 
with a focus on stiffness analysis incorporating micromechanics theory. In fact, these finite 
element analyses simplified the complex interaction among the nanoscale reinforcement, 
matrix and the doable interphase [6]. 

Although the applicability of continuum mechanics (including micro mechanics) to 
nanocomposites has been subjected to debate [21, 26], many works directly applying 
continuum mechanics to nanostructures and nanomaterials have reported meaningful results 
and elucidated many issues [27-36]. 

In this paper, the aim of the finite element analysis (FEA) is to investigate the impact 
of a proposed mismatch between the matrix and the reinforcement, i.e., nanofiber, by 
estimating the interfacial stresses (x, y, xy ) along the nanofiber sides. The FEA modeling 
was carried out using ANSYS/Mechanical software. In order to simplify the modeling of the 
study, two dimension analyses were conducted by FEA which is mainly based on the 
representative volume element (RVE) of the nanocomposite material, since the present 
analysis based on investigating the impact of the mismatch on the failure of the 
nanocmposite, where the orientation of the mismatch is proposed to be along the 
longitudinal direction only of the nanofiber/matrix interface, therefore the other direction of 
failure is eliminated. Besides, constituents properties of the nano-reinforcement and the 
matrix have been obtained used similar to the previous investigators [6]. The model and the 
boundary condition used in this study is shown in Figure 1a, whereas Fig. 1(b) illustrates the 
coordinate details around the nanaofiber. 
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Fig. 1 (a): RVE of the nanocomposite, (b) detailed nanofiber and local coordinate system. 
 
Due to complexity of the problem, 2D finite element analysis is carried out to model 

the nanofiber composite, i.e., RVE. Eight-node quadrilateral element is employed in the 
investigation through ANSYS/Mechanical software to assess the interfacial stresses. The 
interfacial defect, (i.e., the mismatch) is modeled as a debonded spot. Tie constraints are 
applied locally at the interface between the nanofiber and the matrix except for the 
mismatched spot in order to represent the defected zone. A dense mesh in and around the 
nanofiber-matrix interface to a relatively coarser mesh utilized for the rest of the RVE. 
 
 

3. Materials Specification 
 
The material properties used in the baseline RVE is epoxy matrix has a Young’s 

modulus of Em= 2.6 GPa and Poisson’s ration of νm= 0.3., whereas  the nanofiber is 
considered as transversely isotropic materials [18,20] which is similar to other finite element 
analyses done previously [6]. Since the proposed mismatches through the study are assumed 
to be located along the nanofibe/matrix interface, the prospective failure will be along the 
interface and only the longitudinal properties of the nanofaber play the major role in the 
failure mechanism. The transvers properties has insignificant impact accordingly. The 
nanofiber is considered as a carbon fiber of elastic modulus of Ef = 200 GPa. A tensile stress 
of 0.01nN/nm2 is applied on the nanocomposite and directed parallel to the longitudinal side 
of the nanocomposite meanwhile the transvers direction of the nanocompsite is not 
subjected to any load. 

The adopted RVE of the proposed nanocoposite is proposed to have a length of LRVE 

= 200 nm and width of WRVE = 100 nm [6]. The RVE consist of a matrix of polymer and a 
nanofiber. The nanofiber has a rectangular shape of Lf = 40nm and Wf = 20nm which is 
equivalent to Lf/LRVE = 0.2 and Wf/WRVE = 0.2 which can be expressed by a fiber volume 
fraction of the nanocomposite Vf = 4%. 
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 The mismatch length of 1nm is considered in the analysis of the two cases, and this 
value is corresponded to mismatch length to the nanofiber length of Lmis/Lf = 0.025, as 
Lmis/Wf = 0.05 with respect to the nanofiber’s width. The nanofiber and the matrix in the 
model are assumed to be bonded perfectly with the exception of the mismatch’s faces. 
Frictionless sliding behavior is assumed between the mismatch’s faces. 

The level of the local interfacial stresses arises at the mismatched spot are inspected 
as well. The defected nanocomposite, i.e., mismatched, is investigated under static loading 
conditions for uniaxial tensile stress. In addition, the defected location along the transverse 
and the longitudinal side of the nanofiber is considered as parameters in the analysis through 
the two cases investigated. 

In the first case, the impact of the mismatch on the transverse side of the nanofiber is 
studied for both interfacial normal stresses y and shear stresses xy. Mainly three locations 
of the mismatch are chosen along the nanofiber of XT/Wf = 0.05,0.25 and 0.5, where XT is 
distance measured from the y-axis to the end of the mismatch along the transverse side of 
the nanofiber. Besides, the influence of the transverse mismatch is investigated as well on 
the longitudinal side through estimating the normal stresses x and the shear stresses xy. 

Conversely, the second case investigates the effect of a mismatch on the longitudinal 
side of the nanofiber and is studied for three locations which is analogues to YL/Lf = 0.025, 
0.25 and 0.5, where YL is the distance measured from the x-axis to the end of the mismatch 
along the longitudinal side of the nanofiber. Moreover, the influence of longitudinal 
mismatch on the interfacial normal stresses y and shear xy on the transverse side of the 
nanofiber is investigated as well. 
 
 

4. Results and Discussion 
 

 In the FE analysis of the RVE which contains either transverse or longitudinal 
mismatched spot, the impact of the location of the mismatch along the fiber’s sides, i.e., the 
traverse and the longitudinal side on the interfacial normal and shear stresses are 
investigated. 

In case I, the mismatch is presumed to have a length of 1 nm and the location of the 
mismatch is proposed to be poisoned at three locations along the short side. The following 
general conclusions which can be drawn from the results: 

 
a) The mismatch affects the level of the interfacial stresses on the same side. It is clear that 
considerable increasing in the normal stresses y stresses of 2.23 to 3.4 times the stresses of 
the non-mismatch case as the mismatch comes to be at the right tip of the fiber as illustrated 
in Fig. 2. While the shear stresses xy along the same side, i.e., short side, shows an 
increasing of its value up to 2.4 times the value of the non-mismatch case as shown in Fig. 
3, whereas an exceptional reduction of 60% in xy arisen in the first location of the 
mismatch (i.e., XT/WT = 0.05). 
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Fig. 2: Interfacial stress distribution (y) along the transverse side of the nanofiber due to transverse 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3: Interfacial stress distribution (xy) along the transverse side of the fiber due to transverse 

mismatch. 
 
b) In the other hand, the influence of the transvers mismatch on the longitudinal interfacial 
stresses are investigated. A considerable more consequence on the interfacial stresses on the 
longitudinal side of the nanofiber can be shown in Fig. 4, where the normal stresses x  
decreased 3.8 times in in comparison with the non-mismatch case, while the interfacial shear 
stresses xy shows rising in stresses up to 2.5 times with respect to the non-mismatch case as 
clarified in Figure 5, except when XT/WT = 0.05, where the decrease in the stresses was 
48%. 
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Fig. 4: Interfacial stress distribution (x) along the longitudinal side of the fiber due to transverse 
mismatch. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5: Interfacial stress distribution (xy) along the longitudinal side of the fiber due to transverse 

mismatch. 
 

In the second case, the following conclusions which can be obtained from the results 
obtained when the mismatch falls along the longitudinal side of the nanofiber: 

 
a) It is clear that the normal stress x changes it status from negative to positive value as the 
mismatch approaches the top edge of the nanofiber, i.e., YL/LF = 0.05 as shown in Fig. 6, 
while the interfacial shear stress xy exhibits an increasing of 1.34 times in comparison with 
the non-mismatched case as the mismatch gets near the top edge of the fiber as illustrated in 
Fig. 7. 
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Fig. 6: Interfacial stress distribution (x) along the longitudinal side of the fiber. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Interfacial stress distribution (xy) along the longitudinal side of the fiber. 
 
b) The last investigation is done to estimate the transverse interfacial stresses y and xy due 
to the change in the longitudinal mismatch’s location. The effect of existing mismatch in the 
longitudinal side of the nanofiber shows a considerable increasing of a maximum interfacial 
normal stress y up to 1.67 on the short side of the fiber as shown in Figure 8 at YL/LF = 
0.025, while a maximum increase of shear stress xy of 2.38 time the no-mismatch case 
along the transverse side as shown in Fig. 9. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Interfacial stress distribution (y) along the transverse side of the fiber. 
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Fig. 9: Interfacial stress distribution (xy) along the transverse side of the fiber. 
 
 

5. Conclusion 
 
In this numerical investigation it has been proved that of mismatch existence around 

a nanofiber in a RVE of nanocomposite has a great influence on the increasing of the 
interfacial stresses between the nanofiber and the matrix. The location of the mismatch 
toward the tip of the nanofiber increases the interfacial stresses many time compared with 
the non-mismatch case for both transverse and longitudinal location of the mismatch, while 
the middle location of the mismatch has the lowest influence on the increasing the 
interfacial stresses. 
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