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Abstract: In the present work, the profound information on the mechanical properties of carbon nano-tubes (CNTs) were 
presented as an application of nano-technology in nano-materials are being most powerful in the current world. This would 
focuses/emphasis for designing and optimizing the CNTs based materials. Computational modeling technique was applied and 
developed to examine the mechanical characteristics for single-walled carbon nano-tube (SWCNT) of armchair chirality type. 
The atomistic based finite element method (FEM) was used to investigate the influence of various geometrical properties 
(diameter, wall thickness, and height-to-diameter ratio) of SWCNT armchair of chirality type on Poisson’s ratio and Young’s 
modulus values. Atomistic based finite element modeling was successfully developed and explored the mechanical behaviour 
of SWCNT exactly. The results were shown that the investigated geometrical parameters had much influenced on the 
mechanical properties of SWCNTs. 
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1. Introduction 

Nanotubes are like a powder or dark ash. In general, the 
carbon nano-tube (CNT) is a truly wrapped up graphene 
sheets that set up empty strings owning dikes with single 
atom width [1]. The formation of carbon nanotube has three 
independent contact regions such as internal surface, external 
surface contact, and the contact between two ends. In fact, 
the nanotubes are being classified based on several 
parameters such as construction with one wall, construction 
with several walls as much as possible and the arrangement 
of carbon nano-tubes (CNTs) [1-5]. Moreover, both single 
wall nano-tube (SWNT) and multiple wall nanotubes 
(MWNTs) are being used as commercial products in 
numerous applications in day-to-day life [5] as the nano-
tubes products are having much flexibility [4]. Nanotubes 
can be used extensively in modern applications [6] such as 
micro and nano-electronics devices, reinforcement for 
composite materials, gas container, as a coating plate for 
radar, many capacitors, utilized in Atomic Force Microscope 
(AFM), technical textiles, biosensors for harmful gases, 

batteries with improved lifetime, additional durable fibers 
etc. [6]. Also, carbon nanotubes appeared as appropriate 
selection not only for treatment supply but also as a useful 
instrument in cancer diagnosis [7]. Smalley and Yacobson [8] 
have found the molecular arrangements of carbon in the 
1980s. It was reported that carbon molecules were arranged 
within arbon atoms in the geometric forms of the sphere-
shaped crate. The carbon atoms in the crate are composed of 
hexagonal and pentagonal circles [9]. At the same time, Ijima 
[10] was presented about CNTs who characterized the CNTs 
as a moderately tall and thinning fullerene structures. It was 
found that carbon nano-tube walls were arranged in the form 
of hexagonal carbon cells with sphere-shaped heads at the 
ends. The binding of two heads together could form a 
fullerene [11]. 

CNTs have prodded extensive interest among researchers 
on account of their typical physical properties since 1991. As 
the name suggest, CNTs are having lengthy hollow 
nanostructures with walls formed by sheets of carbon. The 
CNTs are generally classified into two types namely; (i) 
single-walled nanotubes (SWNT) which is consisting of an 
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atom of a thick layer of graphene [12, 13], and (ii) multi-
walled nanotubes (MWNT) which (loosely) is a concentric 
tubes of graphene [13]. These nanostructures have possessed 
to own peculiar electronic and thermal properties; electric 
current capacity which exceed that of copper wires by 1000 
times [14]; thermal conductivity greater than that of diamond 
[15] etc. In addition to exceptional electronic and thermal 
properties, CNTs have also shown remarkable mechanical 
properties which includes extremely higher in elastic 
modulus and strengths. Further, based on several researchers 
works, it was found that Young’s modulus value of CNTs is 
having a higher value of more than 1TPa and ultimate tensile 
strength of greater than 150 GPa that far away from the 
properties of high strength steels [16-18]. Due to these 
distinguished mechanical properties of CNT’s, the science 
research communities have focused to explore unknown 
things from CNTs from past two decades. Several studies 
have presented about CNTs in the form of its atomic structure 
and its potential applications in physics, chemistry, materials 
science and engineering fields. CNT’s are being used in 
various fields, which include reinforcements in composite 
materials, nano-fibers, catalysts, and numerous elements of 
novel electronic and thermal equipment [9, 19-24]. 

CNTs are one of potential candidate materials, which show 
many useful characteristics in the form of mechanical, 
thermal and electronics [25]. The major futuristic characters 
of CNT’s are its chemical stability, high surface region, 
smallest dimensions, negligible mass, high stiffness and 
excellence in optical properties, electronic properties, and 
thermal behavior. These interesting properties of CNT’s 
would motivate its applications into energy storages and 
nano-mechanical systems [9, 24, 26-28]. The modeling of 
CNT’s is based on like construction of architecture in which 
the boundary conditions have to be given as constrained 
inputs and then simulation procedures are to be followed. In 
general, theoretical modeling of CNT behavior could be 
classified into three sets, namely, atomistic modeling, nano-
scale continuum modeling and continuum modeling [29]. 
The simulation of molecular dynamics could be used to 
develop the elastic constants for SWCNT [30]. Further, the 
numeric values of Young’s modulus, the modulus of rigidity 
and Poisson’s ratio could be computed using the values of 
elastic constants [30]. The computations of material density 
as functional criteria could be used to examine the intrinsic 
mechanical properties of SWNT by the nano-tube diameter 
ranges from 0.3 nm to 0.8 nm [31]. By using this theory, it 
was found that the modulus of elasticity was exhibited 
distinguished value at the diameter less than 0.4 nm due to its 
higher value of the radius of curvature [31]. Ghadyani et al. 
[32] study the effect of the chiral angle and the aspect ratio 
on the modulus of rigidity for SWCNTs. This study is 
valuable for choosing the best configurations for SWCNTs. 

Based on several researchers, the investigation towards the 
modeling of mechanical behavior of CNTs is still an open 
field for research. Therefore, in the present research work, 
systematic feasible simulation procedure was developed to 
investigate the modulus of elasticity for SWCNT in armchair 

chirality type. Further, finite element simulation (FES) was 
also developed to examine the effect of dimensional 
parameters of SWCNT armchair chirality type on its modulus 
of elasticity. For this, the various geometrical parameters 
such as diameter, wall thickness, and height-to-diameter ratio 
were taken for investigation. 

2. Finite Element Model (FEM) 

Based on the main objective of the present work, the finite 
element based simulation procedure was developed to predict 
the mechanical properties for SWCNT using atomistic 
modeling technique. For this, the following steps are to be 
used: 

(1) Generate the structural model of SWCNT using 
Nanotube Modeler software; shown in Figure 1. 

(2) Export the model generated in step (1) as a PDB file; 
presented in Figure 2. 

(3) Write a Python code by using the Py Charm program 
to convert the PDB file into Ansys nodes, key points, 
and lines; displayed in Figure 3. 

(4) The output text file in step (3) would be in the XYZ 
directory, as created in (1). 

(5) Then imported the text file in Ansys program for 
tensile test simulation. 

(6) Then export the text file from Ansys program contains 
the reaction forces and the extensions values which 
result from the simulation of the tensile test for further 
analysis; presented in Figure 4. 

 

Figure 1. Generation of the structural models of SWCNT using Nanotube 

Modeler with height of 9.769 nm. 

Some important points are to be taken into account to 
create a finite element model for an SWCNT. These points 
are: (i) understanding the geometry of nano-tubes; (ii) 
determining the atomic coordinates for nano-tube formation, 
(iii) the base of atomic modeling which mainly depends on 
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atomic coordinates, (iv) molecular bonding between atoms 
which should be built up as per experimental observations, 
and (v) chemical bond should be substituted by a suitable 
simulation element called beam element. 

 

Figure 2. Export the model generated in Nanotube Modeler software as a 

PDB file. 

The BEAM188 element in finite element analysis (FEA) 
program using ANSYS was used to emulate the carbon 
chemical bonds. It is to be noted here that the cross-
sectional area of the BEAM188 element is supposed to be a 
circular and uniform. The diameter (d), modulus of elasticity 
(E) and modulus of rigidity (G) are the major input 
parameters of the BEAM188 element. These parameters are 
to be calculated using the following equations [33-37]: 

d= ���
��

�
                                         (1) 

E = 
�	���
	
��

                                       (2) 

G = 
�	���	��
�
���

                                    (3) 

 

Figure 3. Write a Python code by using Py Charm program to convert the PDB file into Ansys nodes, key points, and lines. 
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All the above parameters were obtained from [38-39], 

where: 
Kθ, Kr, and Kτ = are the molecular mechanic's parameters, 
and 
L = ac-c = is the length of C-C bond in carbon nano-tube. 
Kθ = 126 kcal mole-1 rad-2 = 0.8758 nN nm/ rad2 
Kr = 938 kcal mole-1 
-2 = 651.97 nN/ nm 
Kτ = 40 kcal mole-1 rad-2 = 0.278 nN nm/ rad2 
L = 0.142 nm 

 

Figure 4. Export the text file from Ansys program contains the reaction 

forces and the extensions values. 

Then, the required input parameters of the BEAM188 
element were calculated by the following: the diameter of the 
BEAM188 element (d) is 0.147 nm, Young’s modulus (E) is 
5.49 TPa and the modulus of rigidity (G) is 0.871 TPa. Using 
the isotropic elasticity concept, the equation of [G = E/2 
(1+	ν)] was used to determine the value of Poisson’s ratio (ν) 
in which the values of E and G are to be used. However, the 
observed result of Poisson’s ratio (ν) using this equation was 
2.15 which is larger than 0.5 which violate the isotropic 
elasticity principle. Therefore, Natsuki et al. [40] proposed a 

new procedure of numerical estimation of Poisson’s ratio (ν) 
for the BEAM188 element. These researchers were 
calculated the Poisson’s ratio (ν) value to be around 0.27 by 
using the following equation: 

ν � 	 ��������
���������                                 (4) 

Finally, the yield strength of the BEAM188 element is 
47.22 GPa according to reference [41]. Figure 5 displays the 
finite element analysis model for single-walled carbon nano-
tube (SWCNT) armchair chirality type.  

 

Figure 5. The finite element analysis model for SWCNT. 

3. Results and Discussion 

In this research, the mechanical properties of single-walled 
carbon nano-tube were predicted by utilizing the concept of 
the finite element model based simulation procedure using 
tensile test results of SWCNT. The nano-tube was modeled 
like a hexagonal grid of bonds. Single-walled nano-tube with 
different geometrical parameters and chirality for armchair 
type were modeled with bonds between the atoms which 
considered as a beam element. In this research, a finite 
element simulation (FES) was carried out to investigate the 
influence of geometrical parameters (diameter, thickness, and 
height to diameter ratio) on the modulus of elasticity (E) and 
the Poisson’s ratio (υ) for SWCNT armchair nano-tube type. 
To estimate the tensile stress and the tensile strain from the 
FE results, the following equations were utilized: 

σ � 	 ��
�                                          (5) 

�� �	 ∆�		� 	                                      (6) 
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Where: 
σ = the tensile stress, 
Fz = is the tensile force applied at one end of the nano-tube 

during the tensile test, 
A = is the nano-tube cross-section area, which is: 

A=π. dt. t                                      (7) 

(Where: dt = is the diameter of nano-tube, and t = nano- 
tube wall thickness), 

ε� = the tensile strain, 
∆h = is the extension during the tensile test, and 
ht = is the interlayer original nano-tube height. 
To calculate the axial modulus of elasticity (E), the 

following equation was utilized in elastic zone: 

# = 	 $
%&
)()*+,-.	/012                             (8) 

Also, the finite element results were utilized to compute 
the Poisson’s ratio (ν) for single-walled carbon nano-tube. To 
evaluate the Poisson’s ratio (ν) from the FE results, the 

following equations were utilized: 

3 = 	�	%�
%4

                                      (9) 

�5 =	
657
57

                                    (10) 

Where: 
ν = is the Poisson’s ratio, 
ε8 = is the radial strain, 
Δr; = is the change in the nano-tube radius, and 
r; =	is the nano-tube radius. 
The estimated modulus of elasticity was 1.2 TPa at a nano-

tube wall thickness of 0.34 nm in the case of SWCNT 
armchair chirality type, which reached well agreement with 
other values of literature presented in the following table 
(Table 1). Furthermore, the modulus of elasticity of the 
present FEA work (1.2 TPa) is even closer to the average 
modulus of elasticity of the experimental work (1.002 TPa) 
as mentioned in the literature [26]. 

Table 1. Comparison of modulus of elasticity between the present work and other values of literature. 

Researchers Method 
CNT wall thickness 

(t, nm) 

Chirality  

(n, n) 

Modulus of 

Elasticity (E, TPa) 

The Present FEM work Atomistic modeling technique 0.34 (5, 5) 1.2 
Giannopoulos et al. [42] Atomistic modeling technique 0.34 (5, 5) 1.2850 
Lier et al. [43] ab initio multiplicative integral approach (MIA) 0.34 (5, 5) 1.06 
Shokrieh and Rafiee [44] Nano-scale continuum mechanics 0.34 (5, 5) 1.033 
Lu [45] Molecular dynamics 0.34 (5, 5) 0.971 
Jin and Yuan [46] Molecular dynamics 0.34 (6, 6) 1.217 

 

3.1. Effect of Variation of Carbon Nano-Tube Diameter (dt) 

Carbon nano-tube diameter was computed by using the 
following equation [47]: 

dt = 
<=
>
	?3	(nC +mC + nm)                (11) 

Where: 
dt = nano-tube diameter, 

ao= Length of unit vector, ao= √3	ac-c 
(Where: ac-c = 0.142 nm = the length of the C-C bond), and 

n, m = are chirality index of nano-tnbes. 
Figure 6 shows the engineering stress – engineering strain 

curves at different values of carbon nano-tube diameter for 
single-walled carbon nano-tube armchair type. It was 
observed the interesting results that when the geometrical 
properties of CNT’s started to decreases the observed stress 
value increases drastically for the same amount of strain. 
SWCNT of 12x12 chirality type had exhibited maximum 
stress value of 235 GPa at 0.8 fraction strain. Whereas, 
SWCNT of 3x3 chirality type had produced 1125 GPa at the 
same amount of 0.8 fraction strain which was 4.8 times 
higher than that of 12x12 chirality type SWCNT. This fact in 
real case SWCNT was attributed to more surface energy 
usually available with the function of decreasing its 
geometrical properties that enhance the strength of nano-
materials. The same phenomenological behavior was 
observed by simulation results which meant it correlates with 

the experimental and materials behavior. Therefore, the 
present work of developed atomistic model would predict the 
stress-strain behavior of SWCNT consequently it eliminates 
the experimental work and its cost. Further, the increasing 
stress value with a function of decreasing the geometrical 
properties in simulation point of view was attributed to more 
value of the radius of curvature of SWCNT. 

The variation of modulus of elasticity (E) with the function 
of the diameter of SWCNT (dt) is shown in Figure 7. It is to 
be noted here that the observed modulus of elasticity (E) 
value was 2 TPa, 1.23 TPa, 0.8 TPa and 0.5 TPa for CNT 
diameter of 4 nm, 6.5 nm, 10.75 nm and 16.25 nm 
respectively. These results were explained that the predicted 
modulus of elasticity by atomistic FE model for CNT of 4 
nm had 400% higher than CNT of 16.25 nm which exactly 
matches with experimental analysis of modulus of elasticity 
with the function of decreasing of its diameter [25, 26]. 

The variation of Poisson’s ratio (ν) with the function of 
CNT diameter is also shown in Figure 8 in which the 
predicted Poisson’s ratio was started to decreases with 
increasing the CNT diameter. In general, a higher value of 
Poisson’s ratio in the material would exhibit more stress 
(Figure 6) and hence the smallest diameter of CNT’s 
investigated here had produced more Poisson’s ratio (Figure 
8) and stress values (Figure 6). Based on these results, it can 
be understood that the developed atomistic modeling 
technique using the present finite element simulation can be 
used to predict the CNT’s mechanical behavior exactly when 
compared to other’s work. 
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Figure 6. Engineering Stress – Engineering Strain curve for armchair carbon nano-tube type at different values of the CNT diameter (dt) for armchair 

chirality type. 

 

Figure 7. Variation of the modulus of elasticity (E) with diverse values of the CNT diameter (dt) for armchair chirality type. 

 

Figure 8. Change of the Poisson’s ratio (ν) at various values of carbon nano-tube diameter (dt) for armchair chirality type. 
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3.2. Effect of Variation of Carbon Nano-Tube Wall 

Thickness (t) 

The changing of the thickness of SWCNT in several ways 
was investigated by more researchers [48-51]. The nano-tube 
wall thickness of 0.066 nm was used by Mohammed Pour, 2013 
[48] when investigating the numerical and experimental work of 
CNT’s based polymeric composites using non-linear finite 
element method. Further, several researchers have used 0.34 nm 
as the thickness of CNT’s during its simulation [49-51]. 

The variation of engineering stress-engineering strain as a 
function of SWCNT thickness is shown in Figure 9. It is to 
be noted here that the simulated stress behavior was started to 
increases drastically when the thickness of SWCNT 
decreases from 0.69 nm to 0.066 nm. For instance, the 
thickness of 0.69 nm SWCNT had exhibited the maximum 
stress value of 375 GPa whereas 0.066 nm thickness of 

SWCNT had produced the maximum stress value of 3250 
GPa which was around 870% higher than the initial one. 
Further, it can be observed that there was a slight increase in 
maximum stress value when the thickness of SWCNT 
decreases from 0.69 to 0.34 nm, it was increased 
considerably up to 0.147 nm thickness of SWCNT and then it 
increased drastically at 0.066 nm thickness of SWCNT. 

The variation of modulus of elasticity of SWCNT with the 
function of its thickness is shown in Figure 10. These results 
were explained that the modulus of elasticity of SWCNT was 
started to increases when the thickness of SWCNT decreases. 
The wall thickness of 0.066 nm SWCNT had shown the 
modulus of elasticity value of 6.2 TPa whereas 0.69 nm wall 
thickness of SWCNT had produced only 0.62 TPa which 
meant around 10 times more in a lower value of SWCNT 
thickness. 

 

Figure 9. Engineering Stress – Engineering Strain curve for armchair carbon nano-tube type at diverse values of the CNT wall thickness (t) for armchair 

chirality type. 

 

Figure 10. Variation on the modulus of elasticity (E) with different values of the CNT wall thickness (t) for armchair chirality type. 
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3.3. Effect of Variation of Carbon Nano-Tube  

Height-to-Diameter Ratio (ht/dt) 

The effects of SWCNT geometry of its diameter and its 
thickness on its mechanical behavior were discussed early. In 
a similar manner, the SWCNT height-to-diameter ratio (ht/dt) 
would also affect the mechanical behavior which was 
discussed in this section. 

Figure 11 shows the variation of engineering stress-
engineering strain as a function of the height-to-diameter 
ratio of SWCNT. It can be noted here that as the height-to-
diameter ratio of SWCNT was started to increases, the 
observed value of stress also started to increases 
considerably. When the height-to-diameter ratio of SWCNT 
increases seven times with original, there was not that much 
improvement in engineering stress-strain behavior. However, 

as the height-to-diameter ratio of SWCNT increases fourteen 
times with initial, it had exhibited enhanced stress-strain 
behavior which is an interesting and these results would 
emphasis more on further research. 

In a similar manner, the variation of modulus of elasticity 
(E) and Poisson’s ratio with the function of the height-to-
diameter ratio are shown in Figure 12 and Figure 13 
respectively. As the height-to-diameter ratio was increased, 
both of these values started to increases slightly and then it 
increased marginally which indicated the significance of 
height-to-diameter ratio geometry. Based on these results and 
finding, it can be concluded that the present atomistic finite 
element procedure would help us to design a proper SWCNT 
that can be used in real-time applications. 

 

Figure 11. Engineering Stress – Engineering Strain curve for armchair carbon nano-tube type at varied values of the CNT height-to-diameter ratio (ht/dt). 

 

Figure 12. Variation of the modulus of elasticity (E) with different values of the CNT height-to-diameter ratio (ht/dt) for armchair chirality type. 
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Figure 13. Change of the Poisson’s ratio (ν) with dissimilar values of the CNT height-to-diameter ratio (ht/dt) for armchair chirality type. 

4. Conclusion 

Atomistic based finite element modeling technique was 
developed to predict the mechanical behavior of SWCNT of 
armchair chirality type in which various geometrical features, 
namely, CNT diameter, thickness and height-to-diameter 
ratio had been varied and achieved the interesting results. 
The following conclusions were drawn through the present 
investigation: 

1. Novel atomistic modeling technique was developed 
using finite element analysis. 

2. The simulated modulus of elasticity of 4 nm diameter 
SWCNT had exhibited 2 TPa which was 4 times 
higher than 16.5 nm diameter SWCNT. 

3. The smallest geometric properties of 3x3 SWCNT had 
produced the ultimate stress value of 1125 GPa whereas 
12x12 SWCNT had shown the ultimate stress value of 
235 GPa which was around 4.8 times lower than 3x3 
SWCNT geometry for the same 0.8 fraction of strain. 

4. Further, 0.34 nm thickness SWCNT had given the 
ultimate stress of 3250 GPa which was 767% higher 
than 0.69 nm thickness SWCNT which implied clearly 
the significance of CNT thickness on its mechanical 
behavior. 

5. In addition, the value of the height-to-diameter ratio of 
SWCNT of 1.44, 7.38 and 14.76 on its Poisson’s ratio 
was 0.16, 0.17 and 0.25 respectively which 
emphasized that there was not that much significance 
in the value of Poisson’s ratio up to 7.38. However, a 
higher value of 0.25 Poisson’s ratio was obtained in 
the case of 14.76 height-to-diameter ratio of SWCNT. 

6. Through this investigation, the scientific research 
community can design and develop an appropriate 
geometry of SWCNT for its targeted applications. 
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