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1. Introduction 
 

GPLRMF refers to carbon materials with nanoscale 

pores on two-dimensional substrates. Compared with the 

single GPLs material, GPLRMF not only retains the 

original excellent properties of graphene, but also has the 

excellent physical and chemical properties such as high 

specific area and high transmission efficiency. Therefore, 

GPLs has a wide range of applications, and it has very 

important application value and research significance in the 

new energy, new materials, energy storage, catalysis and 

other fields, there are a lot of literatures on it. For example, 

Van Doan et al. (2022) investigated the nonlinear buckling 

of functionally graded graphene reinforced composite (FG-

GRC) annular shells using the Donnell’s shell theory 

(DST). Based on the higher-order shear deformation theory 

(HSDT), Ramezani et al. (2022) analyzed the nonlinear 

behavior of FG-GRC cylindrical shells. Allahkarami and 

Tohidi (2022) illustrated the thermal post-buckling behavior 

of FG-GRC plates. Phuong et al. (2022) employed the 

HSDT to research the nonlinear thermal post-buckling 

response of FG-GRC plate. Saiah et al. (2022) discussed the 

free vibration response of FG-GRC plate using the first 

order shear deformation theory (FSDT). Kolahchi et al. 

(2019) researched the influence of movable boundary 

condition on the thermal post-buckling response of 

quadrilateral graphene platelets by HSDT. Ebrahimi et al. 

(2020) applied the HSDT to explain the thermal vibration  
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phenomenon of GPRC plate. Gholami and Ansari (2019) 

investigated the nonlinear free vibration behavior of FG-

GRC rectangular plate using the Von Karman method. 

Phuong et al. (2021) researched the nonlinear thermal post-

buckling behavior of FG-GRC laminated shells on an 

elastic foundation using the DST. With the aid of the strain 

gradient theory, the nonlinear bending response of 

GPLRMF micro/nano beam is investigated by Sahmani et 

al. (2018). 

Thermal buckling is a common failure type of plate-

shell structures in engineering applications (Basha 2022, 

Eltaher et al. 2019a, b, Akbari et al. 2015, Bagherizadeh et 

al. 2012, Hendi et al. 2022, Asadi et al. 2016, Melaibari et 

al. 2023, Torabi et al. 2013, Boroujerdy et al. 2014, 

Mohamed et al. 2021, Alazwari et al. 2021, Assie et al. 

2023, Babaei 2021, 2022a, b, Javani et al. 2020, Quyen et 

al. 2021, Mirjavadi et al. 2020, Nguyen et al. 2021, Aris 

and Ahmadi 2022, Malikan et al. 2019, 2022). Many 

scientists have carried out a lot of research on this kind of 

problems. For example, Shahgholian et al. (2020) 

researched the buckling phenomenon of GPLRMF 

cylindrical shells using the FSDT. Shahgholian-

Ghahfarokhi et al. (2021) operated the FSDT to study the 

buckling response of GPLRMF cylindrical shells under 

external pressure. Kiani (2020) analyzed the thermal 

buckling behaviors of GPRC laminated plate based on the 

FSDT. Nguyen et al. (2021) applied the DST to study the 

thermal post buckling behavior of FG-GRC cylindrical 

shells. With the help of the FSDT, Mahani et al. (2020) 

illustrated the thermal buckling behaviors of FG-GRC 

shells. Phuong et al. (2020) researched the nonlinear 

buckling and post-buckling characteristics of FG-GRC 

cylindrical shells in thermal environment by the DST.  

 
 
 

Thermal post-buckling behavior of GPLRMF cylindrical shells  
with initial geometrical imperfection 

 

Yi-Wen Zhang, Gui-Lin She, Lei-Lei Gan and Yin-Ping Li 
 

College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China 

 
(Received December 20, 2022, Revised February 17, 2023, Accepted February 20, 2023) 

 
Abstract.  Initial geometrical imperfection is an important factor affecting the structural characteristics of plate and shell 

structures. Studying the effect of geometrical imperfection on the structural characteristics of cylindrical shell is beneficial to 

explore the thermal post-buckling response characteristics of cylindrical shell. Therefore, we devote to investigating the thermal 

post-buckling behavior of graphene platelets reinforced mental foam (GPLRMF) cylindrical shells with geometrical 

imperfection. The properties of GPLRMF material with considering three types of graphene platelets (GPLs) distribution 

patterns are introduced firstly. Subsequently, based on Donnell nonlinear shell theory, the governing equations of cylindrical 

shell are derived according to Eulerian-Lagrange equations. Taking into account two different boundary conditions namely 

simply supported (S-S) and clamped supported (C-S), the Galerkin principle is used to solve the governing equations. Finally, 

the impact of initial geometrical imperfections, the GPLs distribution types, the porosity distribution types, the porosity 

coefficient as well as the GPLs mass fraction on the thermal post-buckling response of the cylindrical shells are analyzed. 
 

Keywords:   cylindrical shells; Galerkin’ method; graphene platelet; initial geometrical imperfection; metal foams; 

thermal post-buckling 

 



 

Yi-Wen Zhang, Gui-Lin She, Lei-Lei Gan and Yin-Ping Li 

 

Initial geometrical imperfection is inevitable in the 

design and manufacture of engineering structures, and its 

existence will greatly reduce the stiffness and strength of 

the structure. Therefore, it is necessary to research the 

impact of initial geometrical imperfection on the 

mechanical behavior of components. Salehi et al. (2022) 

investigated the nonlinear resonance response of GPLRMF 

cylindrical shells with initial geometrical imperfection 

under external loading. Through numerical analysis, 

Martins et al. (2021) discussed the post-buckling response 

of beam under distorted conditions. Krasovsky and Evkin 

(2021) proposed an experimental model to analyze the pre- 

and post-buckling phenomena of initial geometrical 

imperfection shell. Dinis et al. (2021) studied the strength 

and post-buckling response of column with initial 

geometrical imperfection using finite element analysis 

(FEA). Zmuda-Trzebiatowski and Iwicki (2021) employed 

the vibration correlation techniques to study the influence of 

geometrical imperfections on the ultimate loading and 

buckling behavior of silo segments. Ming et al. (2021) 

deliberated the influence of geometrical imperfection on the 

energy absorption capacity of the tube using the numerical 

analysis. Ahmadi et al. (2021) applied the classical shell 

theory to research the nonlinear vibration behavior of 

stiffened FG doubly curved shell. Khaniki et al. (2022) used 

the von Karman method to analyze the effect of geometrical 

imperfection on the vibration characteristics of GPRC beam 

under different boundary conditions. Ismail et al. (2020) 

came up with the numerical model to illustrate the buckling 

response of geometrically imperfect cone columns. 

Kolakowski et al. (2020) proffered a finite element model 

to explain the nonlinear buckling behavior of thin-walled lip 

beams. Trang and Tung (2022) explored the influence of 

initial geometrical imperfection on the post-buckling 

behavior of carbon nanotube reinforced plates under 

external thermal loading. Ma et al. (2020) investigated the 

buckling response of cylindrical shells under external loads 

using the energy method. Yilmaz et al. (2020) used the 

classical shell theory to examine the stabilities of conical 

shells with initial geometrical imperfection subject to the 

external loads. Martins and Silvestre (2020) employed the 

nonlinear generalized beam theory to analyze the 

imperfection sensitivity of the cylindrical plate after 

buckling. Stawiarski et al. (2020) researched the 

mechanical properties of conical shells with concave 

convex imperfection on the bearing capacity by the FEA. 

Martins et al. (2019) studied the imperfection sensitivity 

and post-buckling response of the pipe under external loads 

using the NGBT. In addition, these years, a set of papers 

published by She and his collaborators (for example, Xu 

and She 2022, She and Ding 2023, She et al. 2022, She and 

Li 2022, She et al. 2021, Zhang et al. 2022, Zhang et al. 

2023a, b, Zhang and She 2022, Lu et al. 2021, Ding and 

She 2021, Ding et al. 2022a, b, Chen et al. 2022a, b, She 

2022, She 2020, She 2021, Zhao et al. 2022a, b, Zhang et 

al. 2021, Zhang and She 2023a, Zhang and She 2023b), but 

none of them examined such a topic in this paper. 

To make a long story short, no papers examined 

nonlinear thermal stability of GPLRMF cylindrical shells 

with initial geometrical imperfection. It is known that  

 

Fig. 1 A GPLRMF cylindrical shell 

 

 

 
Fig. 2 Material attributes (Wang and Wu 2017) 

 

 

geometrical imperfection has significant impact, in addition, 

for common engineering equipment, the existence of initial 

geometrical defects will significantly increase the 

probability of material damage during their service. 

Therefore, this paper focuses on analyzing the influence of 

initial geometrical imperfections on the thermal post-

buckling response of cylindrical shells. The Galerkin 

method is applied to solve the governing equations with 

considering two different boundary conditions. In addition, 

the effects of several parameters on the post-thermal 

buckling behaviors are also investigated, including initial 

geometrical imperfections, porosity distribution types, 

porosity coefficient etc. By conducting this research, it is 

hoped to provide references for the thermal stability 

analysis of cylindrical shell structures in engineering 

practice. 

 

 

2. Material properties 
 

In this paper, we study the thermal post-buckling 

behavior of GPLRMF cylindrical shell, and the geometrical 

dimensions and coordinate system of the shell are shown in 

Fig. 1. The shell is affected by a uniform temperature field 
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ΔT. The density ρ(z) of the shell is related to the density of 

GPLs and matrix, 1,2,3)( ,, ieρρ miMgpl  respectively 

represent GPLs’ density, matrix’ density, porosity 

coefficient are (Yang et al. 2017, Zhang and She 2023a) 
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(1) 

The thermal expansion coefficient α(z) is also related to 

the thermal expansion coefficients of GPLs αgpl, and matrix 

αM, and (Yang et al. 2017, Gao et al. 2018, Zhang and She 

2023a, Wang et al. 2019) 
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(2) 

For all the foam types, the Poisson’s ratio μ(z) is also 

related to the Poisson’s ratio of GPLs μgpl and matrix μM, 

and (Yang et al. 2017, Gao et al. 2018, Zhang and She 

2023a) 

   1gpl gpl M gplz V V      (3) 

The effective elastic modulus E(z) is also related to the 

elastic modulus of GPLs Egpl and matrix EM,which has the 

following expression (Gao et al. 2018, Zhang and She 

2023a) 
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(4) 

In which, 
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The symbol Vgpl  appeared in Eqs. (1)-(4) is the GPLs 

weight fraction, which can be described as (Zhang and She 

2023a) 
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(5) 

In which, the coefficients Si1, Si2 and Si3 can refer to 

(Wang et al. 2020). And the porosity coefficients 

em(i=1,2,3) can be determined by the following expression 

(Zhang and She 2023a) 
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3. Governing equations 
 

Based on Donnell nonlinear shell theory, the 

components for the strain can be written as (Zhang and She 

2023a) 
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(7) 

Herein, w
is the initial geometrical imperfection, using 

Eq. (7), the relationship between stress and strain is as 

follows (Zhang and She 2023b) 

11 12

12 22

66

- ( )

- ( )

x x y

y x y

xy xy

Q Q z T

Q Q z T

Q

   

   

 

  

  

  
(8) 

In which, T is the uniform temperature change, and 

the stiffness coefficients )22 12, 11,( jQij i  are (Zhang and 

She 2023b)  
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At this time, the control equations have the following 

expressions 
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The internal forces and couples have the following 
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expressions 
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In which (Zhang and She 2023a) 
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Using Eq. (11), the equations of motion become 
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4. Solution method 
 

In the following analysis, we consider two different 

boundary conditions, that is the displacement shape 

function satisfying simply supported and clamped edges has 

the following forms 
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Here U , V  and W  are the undetermined coefficients. 

Substituting Eq. (16) into Eqs. (13)-(15), and then 

employing Galerkin’ method, we can get the following 

control equations, which can be used to obtain the thermal 

post-buckling response. 
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5. Numerical analyses 
 

In order to carry out the following research, firstly, a 

comparative analysis was carried out, as shown in Fig. 3, 

which can confirm the correctness of present paper. And the 

computing data in comparative analysis are (Liu et al. 

2022): EM=130 GPa, μM=0.34, ρM=8960 Kg/m3, Egpl=1010 

GPa, μgpl=0.186, ρgpl=1060 Kg/m3, L=d=2 m, h=0.1 m, 
gpl

=2.35×10-5/K, 
M =1.67×10-5/K, e1=0.6, Wgpl=0.01, and if 

there is no special description, the working condition is, m 

=1, n=2, L=2m, R = 0.4m, h=0.02m,Wgpl=0.01,e1=0.4,GPL-

B, Porosity- Ⅱ. 

In Fig. 4, we studied the influence of initial geometrical 

imperfections on the thermal post-buckling behavior of 

GPLRMF cylindrical shells. It can be seen from the figure 

that the initial geometrical imperfections have a significant 

influence on the thermal post-buckling behavior of 

cylindrical shells. When the initial geometrical defects do 

not exist, that is to say, w1=0, thermal post buckling will not 

occur only until when the cylindrical shell reaches the 

critical buckling temperature; Whereas, when the 

cylindrical shell has initial geometrical defects, that is, w1 ≠ 

0, as long as the temperature changes, the cylindrical shell 

will have a deflection, and the relationship curve between 

temperature and deflection is a parabola with the opening to 

the right. In addition, it should be noted that the deflection 

for the shells with geometrical defects are larger than those 

in the shells without geometrical defects. This is because 

defects will reduce the stiffness of the shell systems. 

In Fig. 5, we studied the influence of the GPLs 

distribution types on the thermal post-buckling behavior of 

GPLRMF cylindrical shells. It can be seen that under 

different initial geometrical defect conditions, GPL-A 

cylindrical shells need the highest temperature for the 

occurrence of thermal post-buckling phenomenon, while 

GPL-B cylindrical shells need the lowest temperature to 

cause thermal post-buckling phenomenon, indicating that 

different GPLs distributions will affect the thermodynamic 

properties of shell structure. 

In Fig. 6, we studied the influence of porosity 

distribution types on the thermal post-buckling behavior of 

GPLRMF cylindrical shells. It can be seen that from the 

perspective of porosity distribution types, in the case of 

 

 

 
Fig. 3 Control study 

 
(a) 

 
(b) 

Fig. 4 Thermal post-buckling response for different 

initial geometrical imperfection 

 

 
(a) 

 
(b) 

Fig. 5. Thermal post-buckling response for different 

GPLs distribution types 
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(b) 

Fig. 6 Thermal post-buckling response for different 

porosity distribution types 
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Fig. 7. Thermal post-buckling response for different 

porosity coefficient 
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(b) 

Fig. 8 Thermal post-buckling response for different 

GPLs mass fraction 

 

 

same deflection, porosity -II and porosity -I have the lowest 

and highest thermal buckling temperatures respectively, and 

porosity -III is between them. That is, Porosity - I 

cylindrical shells need the highest temperature the thermal 

post-buckling phenomenon taking place, while Porosity - II 

cylindrical shells need the lowest temperature. Therefore, in 

order to obtain cylindrical shell structure with better 

performance, we suggest that the porosity distribution type 

should be set to Porosity - II when manufacturing the 

cylindrical shell structures.  

In Fig. 7, we studied the influence of porosity 

coefficient on the thermal post-buckling behavior. When the 

porosity coefficient increases, the critical buckling 

temperature will also increase. Moreover, it is obvious that 

compared with cylindrical shell with S-S, the occurrence of 

thermal buckling of the cylindrical shell with C-S requires a 

higher buckling temperature when remaining other 

parameters unchanged.  

In Fig. 8, we studied the influence of GPLs mass 

fraction. It can be seen that the greater the GPLs mass 

fraction, the larger the critical buckling temperature, 

suggesting that as the reinforcement of composite materials, 

GPLs can significantly improve the rigidity of the 

cylindrical shell, thus greatly increasing the critical 

buckling temperature of the cylindrical shell. Therefore, the 

introduction of GPLs is a good choice to improve the 

performance of the shell structure. 

 

 

621



 

Yi-Wen Zhang, Gui-Lin She, Lei-Lei Gan and Yin-Ping Li 

 

6. Conclusions 
 

All the results are based on three different GPLs 

distribution patterns in this paper. The governing equation is 

acquired according to Eulerian-Lagrange equation. Meanwhile, 

Galerkin principle is applied to solve the governing equation. 

The effects of several parameters on the thermal post-buckling 

behavior of GPLRMF cylindrical shells are also investigated, 

including initial geometrical imperfections, porosity 

distribution types, porosity coefficient etc. The following 

results can be obtained: 

(1) Thermal post-buckling will occur only the external 

temperature reaches critical buckling temperature as the 

cylindrical shell without initial geometrical imperfections. 

Conversely, the larger deflection will happen in the cylindrical 

shells with initial geometrical imperfections as long as the 

temperature changes. 

(2) In the small deflection range, the thermal post-buckling 

temperature-deflection curve of the GPLRMF cylindrical 

shells without initial geometrical imperfections are always 

located above the GPLRMF cylindrical shells with initial 

geometrical imperfections, and the distance between these is 

gradually shortened with the increase of the deflection. 

(3) GPL-B and GPL-A have the lowest and highest thermal 

buckling temperatures when the deflection changes are 

constant, and GPL-C is in between. 

(4) Porosity -I has the greatest thermal buckling strength, 

while Porosity -I has the smallest one.  

(5) In the situation of same external temperature changes, with 

the increase of the porosity coefficient, the deflection of the 

cylindrical shells also increases. 

(6) When keeping the temperature increment unchanged, the 

larger the GPLs mass fraction is, the smaller the deflection 

change is. 
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