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Abstract. In this study, the results of normal stress values in unidirectional fibrous composite with locally curved carbon nanotube
(CNT) were obtained as much as the second approximation and the obtained results were analyzed. For these investigations, were
used in the frame of the piecewise homogeneous body model the three-dimensional geometrically nonlinear exact equations of
elasticity theory. The boundary value problem is solved by using boundary form perturbation method. For simplicity, a small
carbon nanotube is considered and interaction between the carbon nanotubes is not into account. Numerous results are obtained for
the normal stress distribution and the effect of the problem parameters on this stress distribution is analyzed.
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INTRODUCTION

One of the most important factors determining the stress state in fiber composite materials is the curvature of the
fibers , [1,5,6,9,10]. For this reason, Akbarov and Guz [2] focused on the stress state in unidirectional composite.
The investigation in [2] is made within the framework of a piecewise homogeneous body model, by using the exact
three-dimensional equations of elasticity theory. But the unidirectional fibrous composites are traditional materials.
Nowadays, nanotechnology is used in the world and the importance of nano materials is increasing day by day. For
this reason researchers have concentrated their work on this field. One of these studies Alan and Akbarov [3] studied
the normal stresses state in the nanocomposite with a locally curved covered nanofibers. In [4], a method was given
for the investigation of the stress distribution in the nanocomposites with unidirectional locally curved and hollow
nanofiber. Coban and Kosker [8] was considered the stress distribution in the infinite elastic body containing a single
locally curved carbon nanotube (CNT). However, results for the first approximation were obtained only. Increasing
the number of approaches is crucial in order to increase the sensitivity of the results

In this study, a mathematical formulation was developed to determine the normal stress distribution of the infinite
elastic body containing a single local curved carbon nanotube (CNT) as much as up to the second approximation on
the Carbon nanotube and matrix interface . The problem is solved using the boundary form perturbation method. In
addition, an Algorithm is designed to solve the related problem. We obtained the numerous numerical results on the
normal stress distribution on the surface between the CNT and matrix . The influence of the problem parameters on
this distribution were analyzed. The investigation is made in the framework of the three-dimensional geometrically
nonlinear exact equations of elasticity theory. The model an infinite body containing a single CNT regards the case
where the concentration of carbon nanotubes in the composite is assumed to be low, and the interaction between the
carbon nanotubes is neglected.
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FORMULATION OF THE PROBLEM

Infinite elastic body with local curved carbon nanotube is given as in figure 1 . In this work, the cross section of the
carbon nanotube normal to its axial line is described two circles of constant radius R1 and R2 along the entire length
and the body is compressed or stretched of the uniformly distributed normal forces with intensity p acting along axis
direction. With the middle line of the carbon nanotube , we associate Lagrangian rectilinear and cylindrical system of
coordinates (Figure 1). The carbon nanotube and matrix materials are homogeneous, isotropic and linear elastic. The
equation of the carbon nanotube middle line is given as follows:

x1 = F(x3) = εδ(x3); x2 = 0;
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Where A and L geometrical parameter were shown in Figure 1. We assume that A is smaller than L, we describe a
small parameter ε = A

L , (0 ≤ ε < 1). The function δ j
n is the local curving form of the carbon nanotube. For the field

equation we refer to Akbarov and Guz [1]. Also, perfect contact conditions are defined at the interfaces S :

σ(1)in(g j
n + ∇nu(1) j)|S 1 n j = 0

σ(1)in(g j
n + ∇nu(1) j)|S 2 n j = σ(2)in(g j

n + ∇nu(2) j)|S 2 n j (2)

u(1) j|S 1 = u(2) j|S 2

The conditions are given in Eq. (3)

lim
r→∞

σ(1)
zz = p

lim
r→∞

σ(1)
i j = 0 (3)

(i j) , zz

where n j are the covariant components of the unit normal vector to the surfaces S . In this way, the mathematical
formulation of the problem is completed .The problem was solved by using the boundary form perturbation method
given in Akbarov and Guz [1].

NUMERICAL RESULT AND DISCUSSION

The numerical results related to the normal stress are analyzed on the intersection surfaces between the CNT and
matrix . We assume that α used in table is smaller than its critical values corresponding to microbukling of the fiber
in the matrix in [5]. It is assumed that ν(1) = ν(2) = 0.3, ε = 0.07, θ = 0 and κ = R2

L , bk = h
R and α =

p
E2 .

Table 1 shows the effect of various values of E(2)

E(1) , m and α on σττ
|p| normal stress values. In this table, the values

of σττ
|p| are calculated under κ = 0.3, x3/L = 1.0 , for m = 0, 1 and 3 respectively and α is 0.0005 for tension and

−0.0005 for compression. From this table it is seen that the absolute maximal values of σττ
|p| normal stresses increase

monotonically with m .
In this work, a method was developed to study the normal stress distribution in an infinite elastic body with a

locally curved carbon nanotube. In order to examine the normal stress distribution, the mathematical formulation of
the relevant boundary value problem is given. In this case, we assume that the concentration of an infinite elastic body
containing a single locally curved carbon nanotube is low. We neglect the interaction between the carbon nanotubes
For the investigation, we used the three-dimensional geometrically nonlinear exact equations of the theory of elasticity
in the piecewise homogeneous model. We have developed a method that obtains normal stress values as much as up
to the second approximation on the interface the carbon nanotube and matrix material. The numerical results were
presented for a single locally curved and carbon nanotube. As a result of this research, the following were obtained :
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FIGURE 1. The geometry of a Locally Curved Carbon Nanotube and its cross section

TABLE 1. The values σττ
|p| obtained for various E(2)

E(1)

m 0 1 3
E(2)

E(1) 300 500 1000 300 500 1000 300 500 300

Tension 1 1.0551 1.0312 0.9897 1.1593 1.1419 1.1093 1.4986 1.5052 1.5064
2 1.2328 1.2309 1.2198 1.2996 1.3017 1.2955 1.4940 1.5042 1.5104

Compression 1 -1.0550 -1.0311 -0.9894 -1.1593 -1.1419 -1.1091 -1.4989 -1.5055 -1.5066
2 -1.2328 -1.2308 -1.2195 -1.2997 -1.3016 -1.2953 -1.4942 -1.5044 -1.5106

(i) When the radius of hollow approach to 0 as a limit , The normal stresses values in the carbon nanotube are
the same as to the locally curved nanofiber in an nanocomposite material in same parameter values.

(ii) The absolute maximal values of the normal stresses increase monotonically with m. The numerical results
obtained agree with well-known mechanical consideration and, in some particular cases, coincide with known results.
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