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ABSTRACT 

Thermal buckling study on the symmetric laminated composite trapezoidal plate with a circular cutout subjected to a 

uniform increase in temperature for various boundary conditions is explored in this paper. In a mathematical model, 

the first-order shear deformation principle is employed in accordance with the variational energy system. For 

acquiring the thermal buckling temperature, a nine-node heterosis plate relation has been used in the finite element 

formulation. By correlating the present findings with accessible literature, the effectiveness of the present 

formulation is verified. The impact of different parameters, such as trapezoidal shape, cutout size, ply-orientation, 

plate edge conditions and plate width to thickness ratio have been considered to study the effect of each parameters 

on the buckling characteristics of plate under various temperatures. It is observed from the study that each parametric 

investigation significantly affect the thermal buckling behaviour of trapezoidal plates. 

Keywords: Trapezoidal shape; cutout offset; laminated composite; heterosis element; thermal load 

 

 

 
INTRODUCTION 

 
 

Advances in material science have resulted in a remarkable rise in the allowable material 

stress level. It is more evident in the case of light-weight and high-strength fibre-reinforced 

composite materials. These materials are extensively used in laminated thin-walled structural parts 

for various modern engineering structures in mechanical, civil and aerospace engineering sectors. 

The diverse usage and application of such thin walled laminated composites which are highly 

susceptible to buckle at low stress levels has been the subject of interest for researchers owing to its 

importance in the design application of the structures. In most of the cases, these laminated 
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composites are plate like-structural elements and which are of different shapes. For instance, the 

aeroplane wings and ship bodies are made up of different shapes of structural elements, namely  

square, rectangular, trapezium, etc. Most of the literature covers the stability analysis of rectangular 

and square plates under mechanical and thermal loads, but trapezoidal plates are also commonly 

found. And there is not enough literature regarding these trapezoidal plates. Further, in many 

situations, these trapezoidal plates are provided with cutouts or openings in order to facilitate many 

functional requirements, such as easy access for inspection, providing hydraulic lines, fuel lines and 

electrical lines, often simply reducing the structural total weight [1]. Nevertheless, during the initial 

fabrication and final use, the laminated composites are subjected to changing environmental 

conditions. Out of various environmental loads that may exist, the ones that are of interest to us 

arise from two considerations. The first one is the effect of temperature known as thermal effects 

[2]. The second one is the effect of absorption of moisture from the atmosphere known as 

hygroscopic effects. The in-plane thermal stress distribution within the plate may be more 

complicated by the shape of the trapezium and discontinuities, thereby the making stress field is 

highly non-uniform in nature, resulting in the loss of stability at an extremely low levels of stress. 

Therefore, a complete knowledge of thermal buckling behaviour of trapezium plates with cutouts is 

most necessary in order to prevent the premature failure and also to use their full strength. This can 

be explored to a great extent in the area of thin walled structures. Since the shapes of fibre-

reinforced composites are highly vulnerable to elevated temperature during the operational life, 

these are considered as the subject of interest for the present work. 

  Manickam et al. [3] and Biswal et al. [4] studied the effect of hygrothermal loading on the 

buckling behaviour of laminated composite plates by adopting the finite element technique (FE). A 

quadratic iso-parametric eight-noded element with first-order shear deformation theory has been 

used in their study. This study is restricted to square/rectangular plates without any openings. 

However, for certain mesh configuration and boundary conditions, the eight-noded plate element 

appears to be locks in shear, even when selective or reduced integration techniques are used for a 

thin plate configuration. It is also stated that the eight-node serendipity element is comparatively 

more sensitive to element aspect ratios and element shape distortions Palani et al. [5]. Numerical 

investigation based on the finite element technique (FE) were performed by Panda et al. [6] to study 

the hygrothermal effect on the free vibration of delaminated woven composite plates. Behera et al. 

[7] investigated the effect of variable thermal environment on the free vibration, stability and 

flexural behaviour of clamped composite laminated plates without cutouts by using commercial 

software ABAQUS. Jeyaraj [8] examined the effect of varying temperature distributions on the free 

vibration and buckling behaviour of an isotropic plate by using FE technique. Ram and Sinha [9] 

have investigated the effect of hygrothermal environment on the buckling behaviour of laminated 

plates by using FE technique. The effect of thickness, boundary conditions and different elevated 

temperature as well as moisture has been considered in their study to investigate the buckling 

characteristics of symmetric and anti-symmetric laminated plate. Twinkle et al. [10] carried out 

numerical and experimental investigation to study the influence of local heating on the vibration 

analysis of an isotropic plate. It has been revealed in their study that the elevated temperature 

significantly affects the vibration modes of the plate. Also the free vibration of the plate 

predominantly decreases with the increase in the elevated temperature. Yang et al. [11] 

investigated the effect of pressure load on the thermal buckling and dynamic characteristics of 

composite plates by using FE technique. They showed in their study that the pressure distribution 

has a significant effect on the buckling mode shapes of the plate. The hygro-mechanical coupling 

and multiscale swelling coefficients evaluation of flax yarns and flax/epoxy composites have 
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been investigated by Abida et al. [12]. Hygro-thermal effect on the tapered laminated composite 

structural members was conducted by Gayen and Roy [13], in which they utilized an analytical 

approach to find out stress distributions such as axial in-plane and inter-laminar shear stresses in 

their study. Biswal [14] investigated the effect of hygro-thermal impact on the buckling 

behaviour of laminated composite cylindrical shells by conducting experiment as well as 

numerical investigation. Patel et al. [15] utilized higher-order concepts to do his research on 

hygro-thermal effect on the structural behaviour of thick composite laminates. The effect of 

variation in temperature on the buckling behaviour of hybrid angle-ply laminated composite plate 

with a cutout was studied by Sahin [16]. Chikh et al. [17] contributed their research on the 

thermal buckling study using a simplified HSDT for cross-ply laminated plates. Chandrashekhara 

[18] has investigated the effect of temperature on buckling behaviour of laminated plates using a 

deformation flexible finite element formulation. Hsu and Sun [19] analyzed the effect of thermal 

buckling by using the theory of transverse shear deformation of composite laminates. By using a 

finite element approach, Chockalingam et al. [20] evaluated the effect of critical temperature on 

the hybrid laminates. An impact of temperature on the buckling action of composite laminated 

plates has been observed by Thangaratnam and Ramachandran [21]. The effect of thermally 

induced buckling behaviour of thicker composite laminated plate in the use of non-uniform 

temperature concentration has been reported by Chen et al. [22]. The outcomes of variations in 

moisture and temperature on the frequency responses of skew laminated interbred composite and 

sandwich plates have been achieved by Kattimani et al. [23]. Nguyen-Xuan et al. [24-26] 

presented the study on the generalized shear deformation theory for static, dynamic and buckling 

analysis of functionally graded materials (FGM) and sandwich plates. 

 

From this brief overview of the past literature, it has been observed that a vast amount of 

work deals with the vibration and buckling behaviour of laminated square and rectangular plates 

exposed to hygrothermal loads. On the contrary, relatively less amount of research work deals 

with the effect of thermal loads with centrally located circular cutouts, but they are restricted to 

square/rectangular laminated plates only. There is very scanty literature related to the buckling 

behaviour of trapezoidal plates with and without cutouts under thermal loads. To the best 

knowledge of the authors, there is no work identified in the literature which relates to the effect 

of thermal loads and circular cutouts on the buckling characteristics of trapezoidal laminates. 

Further, it is also observed from the available literature that in finite element formulation, most of 

the authors have used eight-noded serendipity elements by considering the effect of shear 

deformation. However, the eight-noded serendipity element is comparatively more sensitive to 

element aspect ratios and element shape distortions as compared to that of nine-noded Lagrangian 

elements. Even though the nine-noded Lagrangian element exactly interpolates the quadratic 

displacement fields and has nearly optimal performance, the stiffness matrix exhibits rank 

deficiency resulting in the appearance of spurious mechanisms, i.e. zero energy modes. These 

communicable mechanisms may result in erratic solutions. These shortcomings, namely locking 

and spurious mechanisms can be completely eliminated by developing a nine-noded heterosis 

element. This element exhibits improved characteristics as compared to each of the previous 

quadratic elements and offers high accuracy for extremely thin plate configuration [27-29]. 

Therefore, by taking into account various parameters such as trapezoidal shape, cutout offset, 

ply-orientation, plate edge condition and width to thickness ratio, an effort is made to study the 

impact of trapezoidal shape and the cutout offsets on the thermal buckling behaviour of 

trapezoidal plate through this work by adopting nine-noded heterosis element. 
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MATHEMATICAL FORMULATION 
 

The basic form of the problem considered here is a trapezoidal shaped plate with a circular 

cutout, whose geometry and meshing pattern considered are shown in Figs 1(a) and 1(b) 

respectively.  

                                                                                      
(a)                                                                                        (b) 

 

Fig. 1. (a) Geometry of the plate with its co-ordinate system. (b) Detailed mesh pattern 

 

The trapezoidal laminated plate consists of N layers, each layer is of thickness tn, and total 

thickness h, so that  =
=

N

n nth
1

.The laminate lateral measurements are b and b1 and longitudinal 

measurement a are exposed to a homogeneous temperature variation ΔT between laminated plate 

and ambient. Here x denotes cutout offset distance from the origin and  denotes cutout diameter as 

shown in Fig. 1(b). The linear stress-strain relationship for each layer is expressed with x, y axes 

and has the form: 
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(1) 

 where xx, yy, xy, yz and xz are the stress components,   is the temperature raise, xx, 

yy are the thermal expansion coefficients in x and y direction respectively, xy is the  coefficient 

of thermal shear, such as [16]: 
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(2) 

Here   and  are the constants of thermal expansion in longitudinal and transverse 

directions of the fibre, respectively.    

The Reissner-Mindlin’s plate theory is employed in this study based on the assumption that the 

mid-plane normal remains straight but not necessarily perpendicular to the axis after deflection. The 

displacement field are stated as [28]: 
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(3) 

where θy and θx are rotations of the mid-plane with respect to y and x axes respectively and  u0, 

v0 and w0 are the displacements an arbitrary point (x,y) on the mid-plane. 

The bending strains xx yy and shear strains xy, yz, x at any point of the laminate are: 
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(4) 

 

The resultant forces Nxx, Nyy and Nxy, moments Mxx, Myy and Mxy and shearing forces Qxx, Qyy 

per unit length of the plate are given as 
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The thermal load total potential energy π of a laminated plate is equated to: 

 

, ++= ssbs UU  (6) 

where bsU , ssU and   denotes the strain energy of bending, strain energy of shear and potential 

energy, respectively of in-plane loadings due to the alteration in temperature: 
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(7) 

where dɅ=dxdy, r is the plate region excluding hole. 
b

nN , 
b

sN  are in-plane loads applied on the 

boundary r . 

To achieve equilibrium, the potential energy  must be stationary. The equilibrium equations 

of the angle-ply laminated plate subjected to temperature change can be derived from the 

variational principle through the use of stress-strain and strain-displacement relations. One may 

obtain these equations by 0= [27]. 

 

Finite element formulation 

A computer program by using FORTRAN language has been developed to work out buckling 

problems. The different participating structural matrices are obtained by assembling each individual 

element level matrices by using skyline technique. Eigenvalues and Eigenvectors involved are 

obtained by using subspace iteration technique [27]. In the computer program, selective integration 

scheme, in which 3 x 3 gauss rule for in plane as well as bending terms and 2 x 2 gauss rule for 

shear terms has been incorporated to generate element elastic stiffness matrix without any shear 

locking. Similarly, a full integration scheme (i.e., 3 x 3 gauss rule) has been used for both geometric 

stiffness as well as mass matrices. Fig. 2 shows the schematic example of various types of 

elements. The 9-noded heterosis element as shown in Fig. 2 has been used in the discretization of 

the trapezoidal plate. 



16                                                            ADVANCES IN MATERIALS SCIENCE, Vol. 21, No. 1 (67), March 2021 
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Node with u, v, w, θx, θy degrees of freedom

Node with u, v, θx, θy degrees of freedom
 

 
Fig. 2. Schematic example of various types of elements 

 

The 9-noded heterosis element is generated by incorporating 9-noded Lagrangian shape 

functions for u, v, θx, θy and 8-noded serendipity shape functions for w degrees of freedom. A 9-

noded heterosis plate element has been employed in the current research to study the buckling 

behaviour of the trapezoidal plate. This type of element exhibits high level accuracy as compared to 

that of 8-noded serendipity and 9-noded Lagrangian elements [29].  

By the use of minimum potential energy rule, the stiffness matrix of the plate is achieved. 

Bending stiffness [Kbs], shear stiffness [Kss] and geometric stiffness [Kgs] can be represented as: 
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 Here  ijA ,  ijB and  ijD  represents extension, extension-bending and bending stiffness 

respectively and 6/5*

2

*

1 == kk  represents the shear correction factors. 

 

Governing Equations 

 

After assembling the elastic stiffness and the geometric stiffness matrices, the corresponding 

eigenvalue problem can be solved by using any standard extraction procedures [30]. 
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(15) 

The critical buckling temperature Tcr, is that which corresponds to the smallest eigen-value 

cr is equals to 

crcrT =  (16) 

rf TTT −=  (17) 

where, ∆T is the temperature difference between the final temperature (Tf ) and the reference 

temperature (Tr). 

 

 

RESULTS AND DISCUSSION 
 
 

There are several approaches for solving eigenvalue study. In this analysis, the subspace 

iteration technique has been adopted to solve the eigenvalues problem. The angle-ply and cross-

ply laminated trapezoidal composite plates with an eccentrically placed circular cutout considered 

and are symmetrically bonded. 

The trapezoidal plate considered in this research is thin in nature with h/b = 0.01, having 

symmetrical 4-layers unless otherwise stated. The thermo-elastic properties of the material that 

are used for E-glass / epoxy are shown in Table 1. 
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Table 1. Material properties used for numerical solutions at different temperature [9] 

Elastic Moduli 

(GPa) 

Temperature T (K) 

300 325 350 375 400 425 

E11 130.0 130.0 130.0 130.0 130.0 130.0 

E22 9.50 8.50 8.00 7.50 7.00 6.75 

G12 6.00 6.00 5.50 5.00 4.75 4.50 

 

G12 = G13, G23 = 0.5G13,  =   = −− and    = − here E11, E22, and   are 

modulus of elasticity in the direction of 1 and 2 and Poison’s ratio respectively,  and  are the 

coefficients of thermal expansion of the materials considered in the solution. 

In the string of any support conditions, the notations SSSS and CCCC indicate simply support and 

clamped boundary conditions respectively. The boundary conditions adopted in this work are as 

follows [31]: 

(1) Simply supported condition (SSSS): 

At x = 0, a ; u0 = w0= θy = 0 

At y = 0, b; v0 = w0 = θx = 0                            

(2) Clamped condition (CCCC): 

At x =0, a; and y = 0, b; u0 = v0 = w0 = θx = θy = 0 

 

Convergence and comparison study 

 

The convergence study is most necessary in order to decide the size of the mesh to be 

considered to get moderately good converged results. In this study, a 10 x 10 mesh size is found 

to be optimally converged and hence, the same mesh size is chosen throughout this work. On the 

other hand, a comparison study is also most essential in order to decide the accuracy of the 

present finite element formulation developed to carry out the study of the thermal buckling 

problems. The effect of aspect ratios of plate on the thermal buckling has been studied and the 

numerical results are shown in Table 2 along with the results of Chandrashekhara [18]. It is 

observed that the present results agree with the literature.  
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Table 2. Comparison of the temperature buckling loads of simply supported (SSSS) isotropic plate.  
E=1.0x109 Pa,  = a/h =100, a/b=1, a =254,  =  − 

a/b 

Critical thermal buckling (αTcrx10-4)  

    Present Chandrashekhara [18] 

    Mesh size Mesh size 

4x4 5x5 10x10 15x15 20x20 4x4 

0.25 0.6731 0.6725 0.6720 0.6720 0.6720 0.6727 

0.50 0.7918 0.7912 0.7906 0.7905 0.7905 0.7913 

0.75 0.9897 0.9889 0.9882 0.9881 0.9881 0.9890 

1.00 1.2667 1.2657 1.2648 1.2647 1.2646 1.2657 

1.25 1.6227 1.6214 1.6202 1.6201 1.6201 1.6234 

1.50 2.0577 2.056 2.0546 2.0544 2.0543 2.0561 

1.75 2.5715 2.5695 2.5676 2.5674 2.5674 2.5696 

2.00 3.1641 3.1615 3.1593 3.1590 3.1589 3.1617 

2.25 3.8354 3.8322 3.8295 3.8292 3.8291 3.8324 

2.50 4.5850 4.5813 4.5780 4.5777 4.5776 4.5817 

2.75 5.4132 5.4088 5.4050 5.4046 5.4044 5.4096 

3.00 6.3193 6.3152 6.3098 6.3093 6.3091 6.3144 

 

Case studies on buckling behaviour of trapezoidal plate under uniform thermal loads 

 

In this section, the buckling action of angle-ply and cross-ply trapezoidal laminates is 

examined by considering various cutout offsets. The term trapezoidal indicates when the 

percentage of b1 value changes from 0.5 to 1. For instance, if b1/b ratio equals 1, it indicates a 

square plate. Six different temperature combinations have been considered and the performance 

of each combination on different parametric conditions is investigated in detail in the following 

sub-sections.  

 

Thermal Buckling behaviour under different ply-orientations 

 

The effect of thermal buckling performance of trapezoidal plate has been studied by 

considering trapezoidal shape ratio(b1/b) 0.9 and results are shown in Fig. 3. The cutout offset ratio 

(x/a) is taken as 0.4 under the action of various temperature. The plate considered here is 

trapezoidal and all four sides are simply supported. It is evident from Figs 3(a) and 3(b) that the 

thermal buckling resistance (Tcr) increases with the increase in ply-angle and found to be the 

highest at a ply-orientation of (±45)s thereafter reduces with further increase in the ply-angle. It is 

necessary to note that even though the thermal buckling behaviour remains the same for both thin 

(b/h=100) and thick (b/h=5) plates, the thick plate shows significantly higher thermal buckling 

resistance as compared to that of thin plate configuration. It may be due to the effect of high 

stiffness of the material. It is also important to mention that the critical buckling temperature (Tcr) 

increases with the decrease in temperature, and is found to be the highest at a temperature of 300 

K.  
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Fig. 3. Thermal buckling behaviour under (a) thick laminate and (b) thin laminate 

 

Thermal Buckling behaviour under various trapezoidal shape 
 

An impact of trapezoidal shape ratio on the critical thermal buckling (Tcr) behaviour of cross-

ply laminated plate is observed by considering thick and thin plates and the results are illustrated in 

Figs 4(a) and 4(b) respectively. The cutout size considered here is medium i.e b= 0.2 and is 

located at a distance, x/a=0.5. From the Figs 4(a) and 4(b), it is clear that the buckling resistivity of 

the plate progressively decreases as the temperature increases in both thick and thin laminates. It is 

also observed that the thermal buckling behaviour of the thick plate is similar to that of thin plate 

with a significantly higher value of thermal buckling coefficient. Also as the trapezoidal shape ratio 

increases, irrespective of the b/h ratio, thermal bucking resistance increases and is found to be at its 

peak when the trapezoidal shape ratio reduces to 0.5. 
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Fig. 4. Thermal buckling behaviour under different trapezoidal shapes with (a) b/h= 20 (b) b/h=100  
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Impact of cutout offset on Thermal Buckling behaviour 
 

An impact of cutout offset ratio on the critical thermal buckling (Tcr) activity of trapezoidal 

configured plate has been observed and the results are shown in Figs 5(a) to 6(b). The cutout 

offsets considered are 20%, 40%, 60% and 80% of the total length of the plate. Symmetric angle 

ply orientation of (±45)s and (0/90)s is considered with cutout size 0.2 under simply supported 

edge conditions. It is evident from the figures that the thermal buckling stability increases 

gradually when the cutout moves towards higher stiffness zones. However, this behaviour is 

completely reversed in thin laminates, and does not show much difference in the buckling load in 

thin plates as shown in Figs 5 (b) and 6 (b). Therefore, it is clear from this analysis that the 

thicker laminated plate with (±45)s has the capability to withstand higher thermal buckling load. 
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Fig. 5. Thermal buckling behaviour under different cutout offset ratios (a) b/h=5 with (±45) (b) b/h=100 with (±45) 
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Fig. 6. Thermal buckling behaviour under different cutout offset ratios where (a) b/h=5 and (b) b/h=100 
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An impact of different thickness ratio on thermal buckling behaviour 

 

A similar research is carried out to examine the effect of plate thickness ratio by taking into 

account two different ply configurations with all four edges being simply supported. Trapezoidal 

shape ratio considered here is 0.9 with cutout ratio (b) is 0.2. The results are exemplified in Figs 

7(a) and 7(b) by considering the cross-ply and angle-ply laminated schemes, respectively. It is 

very clear from Figs 7(a) and 7(b) that the value of Tcr reduces with the increase in plate 

thickness ratio irrespective of temperature loading. The highest thermal failing load is seen in the 

case of angle ply laminates i.e (±45)s. As the thickness ratio and temperature further increases, 

there is not much increase in the thermal buckling stability, wherein the quantity of Tcr is found to 

remain almost unchanged for thickness ratios (b/h) as well as temperature. 
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Fig. 7. Thermal buckling behaviour under different thickness (a) cross-ply and (b) angle-ply  

 

 

Impact of cutout size on thermal buckling parameters of trapezoidal plate 
 

An impact of cutout size on the thermal buckling behaviour of SSSS and CCCC edged  

trapezoidal plate has been investigated and the numerical results are shown in Fig. 8 (a) and 8 (b) 

respectively by considering angle-ply laminated scheme. It is noticed from Figs 8 (a) and 8 (b) 

that the thermal buckling resistance significantly increases with the increase in the cutout size and 

follows parabolic variations. The peak thermal buckling load is observed at cutout ratio 0.7 and a 

temperature of 300 K and is minimum at a cutout ratio of 0.1 and a temperature of 425 K. As the 

cutout size increases, the thermal stress distribution within the vicinity of the cutout moves 

towards the stiffer region of the plate and this may be the reason for the increasing thermal 

buckling resistance with respect to the cutout size. It is also clear from the study that the CCCC 

edged plate shows significantly higher buckling resistance as compared with SSSS edge 

conditioned plate at different temperatures.  
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Fig. 8. Impact of boundary conditions and cutout ratio on the thermal buckling behaviour of (a) SSSS 

 and (b) CCCC edged plates 

 

Impact of Boundary Conditions on trapezoidal plate 

 

An impact of various boundary conditions on the thermal buckling behaviour of trapezoidal 

plate has been studied by considering a cutout offset ratio of 0.6 and trapezoidal shape ratio of 0.9 

for cross-ply and angle-ply layup schemes and the responses are shown in the Fig. 9(a) and 9(b) 

respectively. It is observed from Figs 9 (a) and 9 (b) that the buckling resistance of the 

trapezoidal plate reduces with the increase in temperature and is maximum for CCFF edge 

condition and minimum for SSFF condition irrespective of plate cutout offset ratios (x/a) as well 

as temperature. It is also observed from the graph that for any given boundary condition, the 

value of Tcr is initially higher at the temperature of 300 K and reduces as the temperature 

increases uniformly.  

  

300 325 350 375 400 425

0.1

0.2

0.3

0.4

0.5

0.6

 CCCC

 SSSS

 SSFF

 CCFF

 x/a=0.6,b/h=100, b1/b=0.9, b=0.2, =(±45)s  BC's

T
h
e
rm

a
l 
b
u
c
k
lin

g
(T

c
r)

Temperature(K)  
(a) 

300 325 350 375 400 425

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

 CCCC

 SSSS

 SSFF

 CCFF

 x/a=0.6,b/h=100, b1/b=0.9, b=0.2, =(9)s  BC's

T
h
e

rm
a
l 
b

u
c
k
lin

g
(T

c
r)

Temperature(K)

 (b) 
Fig. 9. Impact of thermal loads on different boundary conditions of (a) angle ply (b) cross ply laminate schemes 
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CONCLUSIONS 
 
 

Thermal buckling behaviour of trapezoidal plates with different sized cutouts have been 

studied in this research by considering different intensities of temperature. The important 

findings from this work are as follows:  

− Plate indicates higher buckling temperature as the cutout offset shifts inwards on either edge 

(left and right). However, the effect of offset is significantly higher for thick plate 

configuration. 

− The critical temperature for buckling depends heavily on the size of the cutout.The existence 

of a hole initially decreases a laminate's critical thermal load and eventually increases at 

higher cutout ratios. 

−  The trapezoidal shape ratio plays a significant role in the thermal buckling resistance. For 

any given cutout size, the thermal buckling resistance of the plate increases with the increase 

in trapezoidal shape ratio and found to be highest at b1/b=0.5. 

−  As the thickness ratio increases, the laminated plate becomes thinner in nature, and hence 

reduces the stiffness of the laminated plate. This reduces the thermal buckling resistance.  

− For any given trapezoidal shape as well as temperature, the thermal buckling resistance of the 

plate decreases with the increase in thickness ratio (b/h). However, the variation in the 

thermal buckling resistance among different temperatures is significantly higher for thick 

configuration, but it is insignificant for thin plate configuration.  

− For any given trapezoidal shape ratio and temperature, the thermal buckling resistance of the 

plate increases with the increase in ply-orientation and found to be highest at an angle of 

(±45)s.  

− It is also observed from the study that for any given boundary condition, the value of Tcr is 

initially higher at temperature of 300 K and gradually reduces as the temperature increases 

uniformly. 
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