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Abstract

In this article, static analysis of clamped-clamped (C-C) functionally graded carbon
nanotubes reinforced composite (FG-CNTRC) cylindrical shell subjected to external
pressure was conducted. The governing equations were established by using higher-order
shear deformation theory (HSDT) taking transverse normal stress effect into account. In
this theory, the transverse displacement w is not a constant but rather is the second order
polynomial of the coordinate along the thickness direction. Distribution of carbon
nanotubes (CNT) across the shell thickness is assumed to be uniform (UD) or functionally
graded in four types: FG-A, FG-V, FG-O, and FG-X. Effective material properties of
FG-CNTRC cylindrical shells were estimated by the rule of mixture. An analytical solution
using the simple trigonometric series and the Laplace transformation to solve governing
equations of shell with clamped boundary condition at the both ends is presented. The
validation of the applied approach was examined by comparing the results based on 3D
exact model. The effects of the CNT distribution, the CNT volume fraction, and the
geometrical parameters on the static behaviour of cylindrical shells subjected to external
pressure were investigated. The result is remarkable that the stress components near the
outer or inner surface vary most strongly, and in the case of a short or/and thick shell, the
geometric parameter greatly affects the stress of shell.

Keywords: Static analysis; the higher-order shear deformation theory; functionally graded carbon
nanotubes reinforced composite; cylindrical shell; FG-CNTRC.

1. Introduction

The high strength and stiffness, and thermal properties of CNTs make it to be as
an excellent reinforcement material for high-performance structural composites with
great potential application. However, material properties in traditional composites do
not vary spatially at the macroscopic level because the distribution of reinforcements is
either uniform or random in the matrix phase. Functionally graded materials (FGMs) are
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a new generation of composite materials with specific properties in the preferred
direction/orientation.

Combining the unique properties of FGM and the excellent properties of CNT,
FG-CNTRCs become an advanced material that can be applied widely in engineering.
Attracted by the potential provided by FG-CNTRCs, many researchers have studied the
mechanical behaviour of FG-CNTRC structures in the recent decade. The first model of
FG-CNTRC material was proposed by Shen in 2009 [1] with CNT distribution within an
isotropic matrix design specifically to grade them with certain rules along the desired
directions. Based on this model, many scientists have studied FG-CNTRC structures in the
past few years and their results were recorded in the recent reviews by Liew et al. [2, 3],
Zhang et al. [4]. The static analysis of FG-CNTRC plates and shells has been conducted
based on the different plates theory by many researchers.

Based on classical shell theory (CST), Nguyen Dinh Duc et al. [5] studied thermal
and mechanical stability of a FG-CNTRC truncated conical shells surrounded by the
elastic foundations. Using the same theory, Do Quang Chan et al. [6] carried out the
nonliner buckling and post-buckling behavior of FG-CNTRC truncated conical shells.
They used the Airy stress function and Galerkin method to solve the governing
equation. Duong Tuan Manh et al. [7] presented the nonliner post-buckling analysis of
arbon nanotubes (CNTS) reinforced sandwich composite annular spherical (AS) shells
supported by elastic foundations in the thermal environment. In this work, the governing
equations are etablished by using CST and von Karman’s geometrical nonlinearity.
Dinh Gia Ninh and Dao Huy Bich [8] used the CST and Galerkin method to investigate
of electro-thermo-mechanical vibration of simply supported FG-CNTRC cylindrical
shells surrounded by an elastic medium.

The first-order shear deformation plate theory (FSDT) was employed to study
mechanical behavior of FG-CNTRC structures in various article. Liew et al. [9]
presented the postbuckling of FG-CNTRC cylindrical panels under axial compression
by using FSDT. The Ritz method is employed to obtain the discretized governing
equation. Based on the FSDT, Ansari and Torabi [10] studied the vibration and buckling
of FG-CNTRCs conical shells subjected to compressive axial loads. The DQM and
periodic differential operators were used to solve the governing equations. Vu Thanh
Long and Hoang Van Tung [11] investigated thermomechanical postbuckling behavior
of CNTRC sandwich plate models resting on elastic foundations. Governing equations
are established within the framework of FSDT taking into account von Karman’s
nonlinearity. Galerkin method is used to solve these equations for plate with simply
supported boundary conditions.
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In order to acquire more accurate results for studying plate/shell structures,
higher-order shear deformation theories (HSDTSs) were created as improvements of the
FSDT. Mehrabadi and Aragh [12] investigated the bending behaviour of FG-CNTRC
open cylindrical shells subjected to mechanical load. Both the three-dimensional theory
of elasticity and the third-order shear deformation theory (TSDT) were employed. The
generalized differential quadrature method (GDQM) was used to solve the governing
equations. Zghal et al. [13] studied static behaviour for various types of FG-CNTRC
structures (plate, skew plate, and cylindrical shell) using discrete double director shell
elements. Moradi-Dastjerdi et al. [14] carried out static analysis of FG-CNTRC
cylinders under internal and external pressure by a mesh-free method. In this method,
moving least squares shape functions were used for approximation of displacement field
in the weak form of equilibrium equation. Based on the HSDT which was proposed by
Reddy, Nguyen Dinh Dat et al. [15] investigated nonlinear magneto-electro-elastic
vibration of smart sandwich plate with carbon nanotube reinforced nanocomposite core
in hygrothermal environment. The Galerkin method is used to obtain natural frequency
the smart sandwich plate with simply supported at four edges. Huu Quoc Tran et al. [16]
developed a new four-variable refined plate theory for static analysis of laminated
FG-CNTRC plates integrated with a piezoelectric composite (PFRC) actuator under
electro-mechanical loadings. Duong Thanh Huan et al. [17] also used this theory to
study free vibration analysis of FG-CNTRC plates submerged in a fluid medium.

The three-dimensional (3D) theory of elasticity was used by several authors to
examine FG-CNTRCs structures. Based on 3D theory and Navier's method, Alibeigloo
et al. [18] conducted static analysis of the FG-CNTRC plates embedded in piezoelectric
layer subjected to mechanical load with simply-supported edges. Using the same theory
and method, Alibeigloo et al. [19] studied the bending of the simply supported
FG-CNTRC cylindrical panels. The static and free vibration of FG-CNTRC cylindrical
shells based on the three-dimensional theory of elasticity was carried out by Alibeigloo
and Jafarian [20]. In this study, the authors employed the differential quadrature method
to solve the governing equation with various boundary conditions.

As can be seen from the above studies, the model based on the 3D theory is the
most exact. Nevertheless, 3D solution is difficult to compute for structures with non-
simply supported boundary conditions. In addtion, the CST can be applied for thin
plate/shell structure, and the FSDT requires the shear correction coefficients because
transverse shear deformations are assumed to be a constant variation through the
structure thickness. Using HSDTs is more convenient in most boundary conditions
thanks to the low computational effort compared to 3D models. Consequently, many
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HSDTs are continuing to be introduced to study the mechanical behavior of
structures. However, the transverse normal stress effect was ignored in most of HSDTs
with constant transverse displacement. This assumption about the displacement field is
inaccurate, especially for thick plates/shells. To solve this issue, the HSDT type quasi-3D
which accounts for the transverse normal stress effect was presented. Doan et al. used
this theory to conduct static analysis of laminated cylindrical shell [21], and FGM
cylindrical shell [22]. Results showed that the stresses in clamped boundary condition in
these studies were much different compared to those based on other HSDTs and very
closed with those based on 3D theory.

Motivated by the efficiency and accuracy of the HSDT type quasi-3D which
accounts for the transverse normal stress effect, it was applied to the static analysis of
the clamped-clamped FG-CNTRC cylindrical shells in this article. The principle of
virtual work is used to establish governing equations and associated boundary
conditions. An analytical solution for a cylindrical shell with clamped boundary
conditions at both ends is presented. In this solution, the simple trigonometric series and
the Laplace transform were employed. Effective material properties of the FG-CNTRC
cylindrical shell were estimated by the rule of mixture. Present approach is validated by
comparing the results based on 3D exact model in the open literature. Numerical
examples are carried out to investigate the effects of CNT distribution and CNT volume
fraction on the bending behaviour of cylindrical shells subjected to external pressure.

2. Material properties

The CNT reinforcements can be uniformly (UD) or functionally graded in four
types: FG-A, FG-V, FG-O, and FG-X along the radial direction of the cylindrical shell
as shown in Fig 1. The effective mechanical properties of FG-CNTRC are determined
based on the rule of mixture as follows [1, 20]:

B =mVenr ElC1NT +V,En
M Vo Moo 7 _Vor Vi (1)
E, EJ" E. G, G G

m m

where 7,(i=12,3) are CNT efficiency parameters, ES'™,EQ, GG, Veur» EniGi Vi

are Young’s modulus, shear modulus, the volume fraction of carbon nanotube, and
matrix, respectively.

The relation between the CNT and matrix volume fractions is stated as
Veyr +V,, =1 )
Relations of CNT volume fraction distribution for five cases are as follows [20]:
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For UD: V_; =V (3.1)
For FG-A: Ve =2((r, — 1)/ h)V (3.2)
For FG-V: Vo =2((r =)/ h)Viy (3.3)
For FG-O: Vg =2(1- 2|r—r |/ 0V (3.4)
For FG-X: Veyr =4(Ir =1,/ h Vo (3.5)

where I and h are the mid radius and thickness of the cylindrical shell, respectively.

Fig. 1. Volume fraction distribution for five cases.

Effective Poisson’s ratio, Uy, , and effective density, p are defined by [1, 20]:

Oy, =Vt +Valia P =Vur Pt + Vi (4)
where v'", v, are Poisson’s ratio of CNT and polymer matrix.
The other effective elastic constants for FG-CNTRC are [20]:
E,, =By Gl =Ci3 =Gys, U = Uy, Uy = Uy, Uy = Uy = 0,0, =0, B [E;; (5)
3. Governing equations

Considering the FG-CNTRC cylindrical shell, and an orthogonal curvilinear
coordinate system O&6z as shown in Fig. 2. The displacements of an arbitrary point

along the &, @ and z directions are denoted by u, v and w, respectively. The shell is
subjected to transverse normal loads q“(&,6) and g (£,0) on the outer and inner

surfaces, respectively. The displacement field in O&0z was expressed by the Taylor
series [21]:
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v(§,¢9,z):v0(§,0)+v1(§,6?)z+v2(§,0)%+v3(§,0) (6)

2

W(E,0,2)=w,(&,0)+w,(&,0)z+w, (50)%

This model has 11 variables according to 11 displacement components. The
transverse displacement w is not a constant but rather is the second order polynomial of
the coordinate along the thickness direction. Therefore the transverse stress in present
model is not equal to zero.

The linear strain-displacement relation is defined as follows:

16u 1 1ov 1 au

===, &= — AW, Y=o —,
R 0¢ R+z\ 06 RO R+200 -
1 ow v v low au 1 ow

- - ’ Z___+ 1 z "
Yo" Riz00 a2 R+z ¢ ROE oz R oz

Fig. 2. The geometry of the FG-CNTRC cylindrical shell.

The stress-strain relation is given by Hooke’s law as:

O C, C, Cy|lé T C, O 0 [|7w

0,1=|C Cp Cyuli&, Tep (= 0 C; O Ver (- (8)
o Cu Cun Cyulle T 0 0 Cg Veo

z z £0
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where the stiffness elements, C; can be obtained as follows [20]:

C,=E, (1_ Uy3U3, )/A ,Cp,=E, (1_ U303 )/A ,Cys = By (1_ Uy, )/A '
Cos =Gy, Cos = Cuy Cpp = Epy (01 +000 ) /A, Cip = By (03 + 0,103 ) /A, (9)

Cay =Gis:Crp = Epy (U5 + 03,03 ) /A, A = 1= 03,0, = Vg3 = Uilyy = 20,0505,

Using the principle of minimum potential energy to establish the equilibrium
equations. This principle is defined in the following formula:

A1=5(U-A)=0 (10)

The elastic potential energy U, and the work done by external forces A can be
obtained as follows [21, 22]:

U = ”'[[0'5585 + 0,08, + 0,08, + T;00 1 + 2,00, + 15,7, ](l+ z/R)R*d<dOdz

SA= j j [g7ow (1+h/2R)+q 6w (1-h/2R) [R°d&de (11)
£0

in which w* = w, +w, h/2+w,h?/8,w™ =w, —w, h/2+w,h?/8.

Integrating separately the expression (10) according to displacement components,
then taking independently the possible displacement equals zero. The equilibrium
equations are derived as follows:

ON, N oN, N

Su,  —= + —= =0, oV, 1 —2 < +Q, =0,
FINFY o0 tor T
d oM, M
5W0:&+%—N9—Rp0=0, 5“1:_6"' gf_Rngo,
o0& 06 oc 00
oM S,
oV, : 5‘9+%—RQQ=O, 5W13—5+@—M9—RQZ—RP1=07
o& 00 o5 00 (12)
oN.  oON; ON; ; .
§U2: f_'_ 9§_RS§:O’ 5V2:—§9+%_RSQ_Q5:01
o& 06 oc 00
oM* - .. M. oM, .
: 50+—8M9—RQ9—289:0,5u3:—‘5+—6§—RQ§=0,
FERREY. o& 00
oQ; S
5W22&+8Qg—N6,—RSZ—Rp2:0
o 00
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In Equation (12), the symbols are used for extending internal forces as follows:

+h/2 7 Z2 23
(N, M, N M) = | a§(1+ﬁj(1, z,?,Esz,

-h/2

+h/2 2 3
(Ny M, Nju M3 )= | 06[1, Z, % Z—]dz,

—h12 6
. +h/2 Zz 23
(Ngéty MHf’ N9§7 Mgf): j Z—A’:H(l’ Z; ?’ Ejdz,
~h/2
+h/2 2 .3
* * Z z Z
(Nfe’ M, N, Mfa):h,[lsze(l“‘ﬁ {1: Z, o Ejdz, (13)

+h

(Q,. S,)= J'a (1 z)( jdz (Q.. s.. Q;);].’zfa (1, z, Z—;J(l-i-%)dz,

-h -h/2

(Qa’SwQ;’S ):+TZT€Z£1 Z’Z? ]d )

-h/2

6
oo o 3

For closed cylindrical shells, the boundary conditions for simply supported (S),
clamped (C), and free (F) at £ =0, L/R edges are assumed as follows [21, 22]:

, 1=0,1,2.

Cuyy=u=u,=u;=0, v,=v, =V, =V, =0, W, =w, =w, =0. (14)

4. Solution procedure

To solve these differential equations, we developed an analytical solution, which
can be applied to a cylindrical shell with different boundary conditions, including:
simply supported, clamped, and free. For this solution, we employed the simple
trigonometric series and the Laplace transform. The process of solving differential
equation (12) has been detailed in the article [21, 22].

Substitution of equations (6) + (9) and (11) into equilibrium equations (12), leads to
the system of 11 differential equations corresponding to 11 displacement components
u;,v,,w;, 1=0..3, j=0..2. The general solution with the internal constants is derived by
solving these equations. Then, apply the boundary conditions in equation (14) to obtain
these constants. The partial differential equations are transformed into a system of

ordinary differential equations by using trigonometric series and the Laplace transform.
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The displacement field and the load are represented as follows [21, 22]:

u (£,0)=U,, (5)+2[U§§3 (£)cosmo+U D (£)sinme |

o0

Vi (£,0)=V,(&)+ Z[Viﬁnl) (£)sinm@-V,? (£)cos me],
m:loo (15)
W, (£,0)=W,,(&)+ Z[Wj(;) (&)cosmo+W 2 (&)sin me},

m=1

q°(£,0)=Q; (§)+i[Qr(nl) (&)cosmd+QP (&)sin me}

m=1

Substituting the root expression of the displacement into equations (6) + (8),

stresses o, o, and 7, are obtained. The shear stress components are determined by

integrals form as follows [21, 22]:

- 0 0
T, =— L J. (1+£j&+& dz,
R+z ;, R)o& 00
z 2 o
T, =— R - j (l+£}a%+(l+£j SAE NI (16)
(R+2)" ;, R/ 00 R) 0¢

z o _
o,=- L I (1+£j—r§2+%—o—9 dz+R h/2q’.
R+z R)o& 06 R+h/2

-h/2

The equation (16) is derived from the equation of equilibrium based on the 3D
theory of elasticity. According to this equation, the stress field can satisfy
simultaneously the internal equilibrium state of the shell element and the boundary
conditions on the inner and outer surfaces.

5. Numerical results and discussion
5.1. Validation

To validate the present approach, numerical results obtained for the one-layer
orthotropic cylindrical shell are compared with those reported by Varadan and Bhaskar [23]
based on 3D elasticity solutions. The material properties are assumed to be,
E =25E,, G,, =0.2E,, G, =G, =0.5E,, Poisson’s ratio v,=025  and

non-dimensional ~ parameters are w=(10wE,)/(Qhs*), &, =10c,/(hSQ,),
(..6,)=10(0..0,)/(hS*Q,). Shell has geometrical parameters as: the length to

radius ratio L/R=4 and some different radius to thickness ratios
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R/h=4,10, 50, 100, 500. It is observed from Table 1 that the obtained results are in

good agreement with those in [23]. Also, when the radius-to-thickness increases, the
cylindrical shell behaves as a thin shell, the results of the present model converge well
with those of the 3D model.

Table 1. Comparison of displacement and stresses for one layer cylindrical shell

W G, G, 0. 0. o,
R/h Method
z=0 z=-h/2 z=h/2 z=-h/2 z=h/2 z=0
Varadan [23] 2.873 -6.969 4.859 -0.2295 0.0981 -0.69
’ Present 2.7723 -7.0758 4.5767 -0.28403 0.08925 -0.658
Varadan [23] 0.9189 -4.509 4.051 -0.0656 0.0663 -1.37
w0 Present 0.91724 -4.5286 4.0160 -0.08667 0.05528 -1.373
Varadan [23] 0.5385 -3.979 3.902 -0.0086 0.0845 -5.38
> Present 0.53838 -3.9825 3.8972 -0.01220 0.08128 -5.383
Varadan [23] 0.5170 -3.876 3.843 0.0288 0.1190 -10.13
10 Present 0.51693 -3.8784 3.8410 0.02704 0.11734 -10.128
Varadan [23] 0.3060 -2.293 2.306 0.1924 0.2459 -29.24
>0 Present 0.30596 -2.2935 2.3053 0.19218 0.24573 -29.240

5.2. The effect of CNT distribution

In this section,

numerical

illustration for clamped-clamped FG-CNTRC

cylindrical shell subjected to external uniform pressure Qo = 1 MPa with five cases of

CNTs distribution UD, FG-A, FG-V, FG-0O, and FG-X is carried out. The shell has the
following geometrical parameters: h =0.1 m, R/h =10, L/R = 4.

The material properties of the (10,10) SWCNTs used here from [13] are

N =5.6466 TPa, E,," =7.0800 TPa, G;'" =1.9445 TPa; and o' =0.175. The

material properties of matrix are E, =2.1 GPa, v, =0.34.
Efficiency parameters of CNT depend on CNT volume fraction as follows:
Ve =0.11 5, =0.149; 17, =0.934; , =1y,
Vi =0.14; i, =0.150; 7, =0.94L, 1, = 1y,
Vo =0.17; 3, =0.149; 5, =1.38L, 1, =1,
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Fig. 3. Effect of CNT distribution on non-dimensional stresses and displacements
at the middle position & =L/2R with Vg, =0.17.

The displacement and stress components are non-dimensionalized as follows:
w=w/h; (0_-55’0_-09’0_-22’2_—50'2_-52'2_-20) = (0-5’O_e’o_z’Qe’ng’Tze)/Qo (17)

Fig. 3a-d represents the effect of five cases of CNT distribution on the stress and
displacement fields at &=L/2R along the radial direction of the FG-CNTRC

cylindrical shell with V., =0.17 . As can be seen from the figures that:
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- The through-thickness distribution of stresses and displacement strongly depends
on the case of CNT distribution.

- The displacement of the UD case is the largest, and the displacement of the
FG-A case is the smallest. The stress components at a given point along the radial
direction for the case of UD are situated between the distributions for the case of FG-V
and FG-A, respectively. The variation of stress components for the case of uniformly
distributed UD is smaller than that for other cases of CNT distribution.

- The varitation of non-dimensional axial and circumferential stress near the

outer/inner surface (z=+h/2) and middle surface (z=0) is strongly. This varitation
can be explained by the CNT volume fraction on the outer/inner surface (z = J_rh/2) and

middle surface (z =0) reaching maximum or minimum values.

- The maximum of stress components of the FG-V shell are the smallest when
compared to those of other CNT distribution types for the shell subjected to extenal
pressure. In the case of FG-V, CNTs were concentrated majority near the outer surface.

5.3. Effect of CNT volume fraction

In this section, to investigate the effect of CNT volume fraction on stresses and
displacement fields, a clamped-clamped FG-V cylindrical shell with the above-
mentioned geometrical dimensions and material properties is analyzed. The numerical
results in Fig. 4 show that:

- Increasing of CNT volume fraction leads to a decrease in the value of non-
dimensional radial displacement. Moreover, increasing of CNT volume fraction has a
significant influence on the non-dimensional axial and circumferential stress near the
outer surface and it has a small influence on those near the inner surface. The difference
between affect levels, in the FG-V case, can be explained by the CNT volume fraction

on the inner surface (z=-h/2) for different values of V¢, are all zero, and the

deviation of the CNT volume fraction on the outer surface (z =h/2) is the largest.

- The non-dimensional radial stress increases from zero at the inner surface to the
maximum value at the outer surface.
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Fig. 4. Effect of CNT volume fraction on non-dimensional stresses and displacements
at the middle position &=L/2R for FG-V case.

5.4. Effect of geometrical parameters

To investigate effect of the radius to thickness ratio, the clamped-clamped FG-V
cylindrical shells with V; =0.17, L/R = 4 and different values R/h =5, 10, 20, 50 are

considered. The effects of the radius to thickness ratio on the non-dimensional stresses
and displacements at the middle position along the radial direction are shown in
Fig. 5. It can be seen from this figure that increasing the value R/h causes the increase of
non-dimensional radial displacement, axial stress, and circumferential stress. It is
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noteworthy that increasing the value R/h makes non-dimensional radial stress decrease
in the case of FG-V shell subjected to external pressure.

0.8
0.6
0.4
w
0.2
gl
-0.21
-04 -02 0 02 0.4
z/h
[— RmM=5 - R/h=10 — — R/h=20 — — R/h=50]
a) Radial displacement
60 — .
I =T
504 e
\ - -
401
00 304
‘ — — _— | 7
W\ e————
10-" ...........................................
N
0— ! . . .
-04  -02 0 0.2 0.4
z/h
—— RMh=5 - R/h=10 —— R/Mh=20 — - — R/A=50

c) Circumferential stress

04 -02 0 02 0.4
z/h

—— R/h=5--""" R/h=10 — — R/h=20 —-— R/h=50

b) Axial stress

T T T

04 -02 0 0.2 0.4

z/h
—— R/h=5 """ R/h=10 — — R/h=20 — - — R/h=50

d) Radial stress

Fig. 5. Effect of the radius to thickness ratio on non-dimensional stresses and displacements
at the middle position &=L/2R for FG-V case.

To investigate effect of the length to radius ratio, numerical illustration for the
clamped-clamped FG-V cylindrical shells with V., =0.17, R/h = 10 and different
values L/R = 0.5, 4, 6, 10 is carried out. Fig. 6 shows the infuence of the length to radius
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ratio on the non-dimensional stresses and displacements at the middle position along the
radial direction. It can be seen from this figure that:

- For the shell of medium or large relative length (L/R > 4), the values L/R does not
have any significant influence on the displacements and the stresses at the middle position.

- For short shells (L/R = 0.5), the values L/R have a large effect on the
displacements and the stresses at the middle position. The maximum axial stress of the
short shell (L/R = 0.5) is equivalent to 300% of the medium and long shell (L/R > 4).
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6. Conclusions

In this article, static analysis of clamped-clamped FG-CNTRC cylindrical shells
was presented using the higher-order shear deformation theory taking the transverse
normal stress effect into account. The transverse displacement was expressed by second
order polynomial of the coordinate along the thickness direction. The material
properties of the FG-CNTRC were determined by the extended rule of mixture. The
governing equations and the boundary conditions were derived based on the virtual
work principle. An analytical solution is presented to solve the governing equations of a
cylindrical shell with clamped boundary conditions at both ends. The simple
trigonometric series and the Laplace transform were employed in this solution. The
obtained results of the present approach were validated by comparing its numerical
results with the results based on 3D theory of elasticity of published works. Effects of
the types of distribution, the volume fraction of CNT on the displacement, and stresses
of clamped-clamped FG-CNTRC cylindrical shell subjected to external pressure were
investigated. Some notable results were obtained from this investigation:

- The HSDT type quasi-3D which accounts for the transverse normal stress effect
is effective for static analysis of thick FG-CNTRC cylindrical shell.

- The present analytical solution can be applied to calculate the cylindrical shell
with non-simply supported boundary conditions.

- The type of CNT distribution and the CNT volume fraction have a significant
effect on the static behavior of cylindrical shells. The varitation of components stress
near the outer/inner surface and middle surface is strongly. For the cylindrical shells
subjected to external pressure, the maximum value of stress components is smaller
when CNTSs are concentrated majority near the outer surface.

- The geometrical parameters have a significant effect on the static behavior in the
case of short or/and thick cylindrical shells.
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KHAO SAT TINH VO TRU COMPOSITE GIA CUONG BANG ONG
NANO CACBON BUGC PHAN BO BIEN THIEN, HAI DPAU NGAM
CHIU TAI AP SUAT TREN BE MAT NGOAI

Dwong Vin Quang, Tran Ngoc Poan, Poan Tric Luit

Tém tit: Trong bai bao nay, phdn tich tinh ciia vé tru bang vit liéu composite gia cuong
bang éng nano cacbon dwgc phin bé bién thién (FG-CNTRC) ¢6 hai dau ngam (C-C) chiu tdi
dp sudt trén bé mat ngodi da duge thiee hién. Hé phirong trinh cdn bang dwoc thiét lip bang
cach sir dung 1y thuyét bién dang cdt bdc cao c¢é ké dén ing sudt phdp tuyén. Trong 1y thuyét
nay, chuyén vi cdt theo phuong phdp tuyén khéng phai la hang sé ma la da thirc béic hai cia toa
dé theo chiéu day vé. Cdc kiéu phin b6 CNT theo dé day vé dwoc gia thiét la khéng doi (UD)
hodc bién doi theo 4 kiéu: FG-A, FG-V, FG-0 va FG-X. Pdc tinh hiéu dung cua vo tru bcing vat
liéu FG-CNTRC dugc xdc dinh bang quy ludt trén lan. Phirong phdp gidi tich sir dung chudi
liwong gidc va phép bién doi Laplace dé gidi hé phwong trinh cin bang ciia vo ¢6 diéu kién bién
ngam hai dau. D¢ tin cdy ciia mé hinh sir dung dwoc kiém chitng bang cdach so sanh véi két qua
dwa trén mo hinh chinh xdac 3D da dwoc cong bé. Sau do thuc hién khdo sdt anh hwong cua cua
quy ludt phdn bé cot CNT, ti 1é thé tich CNT va cdc théng sé hinh hoc dén dap img tinh ciia vo
tru duwdi tdc dung tdi trong dp sudt trén bé mdt ngoai. Két qua dang leu ¥ rang iing sudt ciia vo
bién thién manh nhdt & mdt trong hodc mdt ngodi Va trong truong hop vé ngdn va/hodc day,
théng s6 hinh hoc dnh hwéng I6n dén gid tri img sudt ciia vo.

Tir khéa: Phén tich tinh; 1y thuyét bién dang cit bac cao; composite c6 co tinh bién thién;

vo try; FG-CNTRC.
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