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ЉϷЯгЮϜ 

 

ϸϜнгЮϜ ев ϣКнзЋгЮϜ ϱϚϝУЋЯЮ сЫувϝзтϹЮϜ ЭуЯϳϧЮϜ ϢϽЪϻгЮϜ иϻк ЬмϝзϧϦ ЈϜнϷЮϜ ϣϮϼϹϧв (FGM)  аϜϹϷϧЂϝϠ

ЈϜнϷЮϜ ϣϮϼϹϧв ϸϜнгЮϜ ϿугϧϦм .ЉЧЮϜ инЇϧЮ ϣуϫЯϫв ϣтϽЗж (FGM)  ϝлЋϚϝЋ϶ сТ ϽгϧЃв ϬϼϹϧϠ

аϝК ЭЫЇϠ сЫужϝЫугЮϜм рнузϡЮϜ ϝлϚϜϸϒ еуЃϳϦ сТ бкϝЃт ϝгв ̪ЩгЃЮϜ ϽϡК ϣуЫужϝЫугЮϜ. 

ϝгЮϜ ЈϜн϶ дϒ ЌϜϽϧТϜ бϦ ̪ϣувϝЃгЮϜ ЙтϾнϧЮ ϢϹЧЛгЮϜ ϤϜϽуϪϓϧЮϜ ϾϜϽϠшм ϻ϶ϓт ЬϹЛв с̵Ђϒ днжϝЦ ХТм ϽуПϧϦ Ϣϸ

ϢϸϝгЮϜ ϬϼϹϦ ϽІϕв ϣЮъϹϠ ЩЮϺм ̪ϣувϝЃгЮϜ ЙтϾнϧЮ ϣУЯϧϷв Аϝгжϒ ϣЛϠϼϒ ϼϝϡϧКъϜ сТ (p) ϣувϝЃгЮϜ ϽІϕвм. 

ϢϸϝгЮϜ ϬϼϹϦ ϽІϕв ϝлзуϠ ев ̪ЭвϜнК ϢϹК ϽуϪϓϦ ЭуЯϳϧЮ ϣтϽϧвϜϼϝϠ ϣЂϜϼϸ ϥтϽϮ̳ϒ (p)ϣуЂϹзлЮϜ ϣϡЃзЮϜм ̪ 

(a/h)ЯК ̪ϣувϝЃгЮϜ ЙтϾнϦ Инжм ̪ ϸϜнгЮϜ ев ϣКнзЋгЮϜ ϣувϝЃгЮϜ ϱϚϝУЋЯЮ ϣтϹЛϠыЮϜ ϣуЛуϡГЮϜ ϤϜϸϸϽϧЮϜ п

ЈϜнϷЮϜ ϣϮϼϹϧв. 

 ϬϺнгзЮϜ ϣϳЊ ϹЪϕт ϝгв ̪ϣугЯЛЮϜ ϤϝуϠϸцϜ сТ ϢϼнЇзгЮϜ ϭϚϝϧзЮϜ Йв Ϝ̯ϹуϮ ϝ̯ЧТϜнϦ ϣтϸϹЛЮϜ ϭϚϝϧзЮϜ ϤϽлДϒм

йϧЦϸм ϰϽϧЧгЮϜ. 

 

ϣуϲϝϧУгЮϜ ϤϝгЯЫЮϜ: ЈϜнϷЮϜ ϣϮϼϹϧв ϸϜнгЮϜ ϱϚϝУЊ (FGM) ϣтϽЗж ̪ϝуЯЛЮϜ ϣϡϦϽЮϜ ев ЉЧЮϜ инЇϦ 

(HSDT)ϣувϝЃгЮϜ ̪ϢϽϳЮϜ ϤϜϾϜϿϧкъϜ ̪. 



 

Abstract  

 

 

 

This thesis deals with the dynamic analysis of functionally graded material (FGM) 

plates using a trigonometric shear deformation theory. FGM materials are characterized by a 

gradual variation of their mechanical properties through the thickness, which improves their 

overall structural performance. 

To highlight the complex effects of porosity distribution, the material properties are 

assumed to vary according to a modified power-law distribution that takes into account four 

different porosity distributions as a function of the material index (p) and the porosity index. 

A parametric study was carried out to investigate the influence of several parameters, 

including the material index (p), the geometric ratio (a/h), and the type of porosity distribution 

on the dimensionless natural frequencies of porous FGM plates. 

The numerical results obtained are in good agreement with those reported in the 

literature, confirming the validity and accuracy of the proposed model. 

 

Keywords: FGM plates, higher-order shear deformation theory (HSDT), free vibration, 

porosity. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

R®sum®  

 

Ce m®moire porte sur lôanalyse dynamique des plaques en mat®riaux ¨ gradient 

fonctionnel (FGM) en utilisant une théorie trigonométrique de déformation en cisaillement. Les 

matériaux à gradient fonctionnel (FGM) se caractérisent par une variation continue de leurs 

propri®t®s m®caniques ¨ travers lô®paisseur, ce qui permet dôam®liorer leurs performances 

structurelles globales. 

Afin de mettre en évidence les effets complexes de la distribution de la porosité, les 

propriétés du matériau sont supposées varier suivant une loi de puissance modifiée prenant en 

compte quatre distributions différentes de la porosit®, en fonction de lôindice de gradient du 

mat®riau (p) et de lôindice de porosit®. 

Une ®tude param®trique a ®t® r®alis®e afin dôexaminer lôinfluence de plusieurs 

param¯tres, notamment lôindice de gradient (p), le rapport g®om®trique (a/h) ainsi que le type 

de distribution de la porosité, sur les fréquences propres adimensionnelles des plaques FGM 

poreuses.Les résultats numériques obtenus sont en bon accord avec ceux rapportés dans la 

littérature, ce qui confirme la validité et la précision du modèle proposé. 

 

Mots-clés : plaques FGM, th®orie de d®formation en cisaillement dôordre sup®rieur (HSDT), 

vibrations libres, porosité. 
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General Introduction  

In recent years, the industrial world has experienced remarkable evolution due to 

advances in science. Intensive scientific research has been carried out to design innovative 

processes and high-performance materials meeting the incessant needs of industry. 

Functionally Graded Materials (FGMs) have strongly proven their presence in the 

industrial world and have gained great popularity due to their considerable thermal and 

mechanical capabilities. These materials are a new generation of composite materials, first 

introduced by a Japanese scientific group in 1984 [22, 23]. 

FGMs are obtained by continuously varying the constituents of multi-phase materials 

within a predetermined volume fraction of the constitutive material. The power-law function 

and the exponential function are employed to describe the variations of material properties of 

FGMs, with the appearance of stress concentrations at the interfaces where the material is 

continuous but changes gradually. 

A number of works dealing with various aspects of FGMs have been published in recent 

decades. They show that most of the early research on FGMs focused on the analysis of 

mechanical behavior and fracture treatment under the effect of mechanical loading and thermal 

stresses, based on finite element calculations. 

The modeling of FGM plates has been the subject of numerous research works using 

different plate theories. The Classical Plate Theory (CPT), developed by Kirchhoff [1], neglects 

transverse shear effects and remains valid only for thin plates. To improve this approach, 

Mindlin [2] proposed the First-order Shear Deformation Theory (FSDT), which accounts for 

transverse shear effects but requires the use of a shear correction factor. Subsequently, several 

refined Higher-order Shear Deformation Theories (HSDT) have been developed to obtain a 

more realistic description of thick plate behavior without resorting to correction factors [3ï6]. 

The main objective of this thesis work is to analyze the influence of porosity distribution 

on the free vibration behavior of porous FGM plates, based on advanced theoretical modeling 

and accurate analytical solutions. 

The outline of this thesis is organized into four chapters as follows: 

Chapter 1 is devoted to FGM materials, their uses, developments, and fields of application. The 

different laws governing the variation of their properties are also presented. 
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Chapter 2 is dedicated to a review of the different plate theories used in the analysis of FGM 

structures. 

Chapter 3 is devoted to the mathematical formulation and the higher-order shear deformation 

theory (HSDT) model adopted for the study of porous plates. 

Chapter 4 is reserved for the obtained numerical results, their interpretation, as well as a detailed 

discussion of the influence of the various studied parameters. 
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 :  

General Information on FGM Materials 

1.1 Introduction  

The development of composite materials has enabled the integration of distinct, specialized 

properties within a single structural component. However, achieving localized optimizationð

such as bonding a high-hardness material to the surface of a tough substrateðfrequently 

introduces severe interfacial challenges. This abrupt compositional transition can induce 

significant localized stress concentrations. 

To mitigate this singularity, Functionally Graded Materials (FGMs) offer an elegant solution by 

implementing a continuous spatial transition of the desired properties via a composition 

gradient. Characterized as an advanced class of composites, FGMs feature a seamless, 

uninterrupted variation of constituent volume fractions, typically through the thickness 

direction, to achieve a well-defined property profile. Consequently, this type of material has 

garnered substantial research attention recently due to its exceptional capability to suppress 

material property mismatches and drastically reduce thermal stresses. 

1.2 General Overview of FGM Development 

In 1987, the Japanese government launched a comprehensive research project entitled "Research 

on the Basic Technology for the Development of Functionally Graded Materials and the Study 

of Thermal Stress Relaxation". The primary objective of this project was to develop materials 

featuring structural configurations capable of serving as thermal barriers for aerospace 

programs. The materials constituting spacecraft walls are required to operate at surface 

temperatures reaching 1800°C, under temperature gradients of approximately 1300°C. At that 

time, no existing industrial material was capable of enduring such severe thermomechanical 

loads. Consequently, three key characteristics must be considered for the design of these 

materials: 

Å High-temperature thermal and oxidation resistance at the material's surface layer; 

Å High material toughness on the lower-temperature side; 

Å Effective thermal stress relaxation throughout the material profile. 


