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1. INTRODUCTION 

Materials have always served the purpose of meeting human needs related to every aspect of life, be it 

daily living things to the aircraft, aerospace, and automotive industries. Materials have always been an 

integral part of human beings. Specific properties lead to specific applications. Materials possess excellent 

light weight and high strength for aircraft and aerospace applications. Functionally graded materials (FGM) 

are a completely unique concept in terms of their ability to have innovative features and superior properties 

that cannot be achieved by standard traditional materials [1]. It can be effectively fabricated using additive 

manufacturing [2, 3]. Mechanical performance is crucial for FGM structures, and the impact of porosity on 

their mechanical performance must be investigated [4, 5]. The study [6] comprehensively investigated the 

natural frequency analysis of a shear-deformable functionally graded porous plate with cutouts, utilizing an 

FE-based multilayered FGM model. Analyzing natural frequencies was vital to prevent catastrophic failure in 

porous plates, particularly in cooling plates. Cutouts in cooling plates enhanced heat dissipation, improved 

airflow, reduced weight,... This study employed an FE-based multilayered FGM model that considered three 

distinct porosity distributions (even, uneven, and sinusoidal) and incorporated a power law distribution based 

on a modified rule of mixture to derive the effective material properties of the FGM porous plate. The paper 

[7, 8] presented the behaviors of FGM plates and beams with porosities related to the third-order shear 

deformation theory or the differential transformation method. The maximum deflection of a functionally 

graded sandwich conoidal shell with porous core was studied in [9]. Two types of porosity distribution was 

listed to study the effect of porosity in the core layer of the shell. The modified power law was used and the 

governing equations were considered based on an isoparametric Q9 element having 63 dofs. The studies [10–

12] were given in the mechanical behaviors of FGM nanoplates, thin annular plates, or rectangular plates 

with porosities. The articles [13-15] were carried out to investigate the combined effect of porosity and 

temperature on the FGM sandwich structures. These studies relied on high-order shear deformation theories, 

a modified power law function as well as focusing on the interplay of gradient index, aspect ratio, porosity 

index, and boundary conditions. Furthermore, the forced vibration analysis of a viscoelastic spherical cavity 

with double porosity had been presented in the context of the Nunziato and Cowin model as in [16]. The 
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articles [17-20] focused on the design and production of titanium-based materials with better mechanical 

properties and improved the connection between the implant and the bone and so on.  

To initiate these studies, the value of the effective Young’s modulus needs to be considered, especially for 

exponential functionally graded material with porosity. This is also the goal of this article. 

 

2. FORMULATION 

The effective Young's modulus of exponential functionally graded material is given by 

 

( )
1

ln
2

c

m

z

h

    
 +    
    

E

E

mE z = E e  (1) 

 

with porosity effect, the effective Young's modulus of exponential functionally graded material is rewritten 

as 
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or be changed as follows 
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3. THE EFFECTIVE YOUNG'S MODULUS 

 

For example, the change of the effective Young’s modulus is presented with the material properties as 

metal Aluminum (Em = 70 GPa) and ceramic Zirconia (Ec = 200 GPa). 

 

 

 
 

Figure 1. The effective Young’s modulus of exponential functionally graded material (Aluminum / Zirconia) 

without porosity. 
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(a) 

   
(b) 

Figure 2. The effective Young’s modulus in Type 1 of exponential functionally graded material (Aluminum / 

Zirconia) with porosity factor α 

 

It can be seen that as the porosity factor increases, the Eeff value gradually decreases, corresponding to the 

first three types of porosity distribution, as shown in Figures 1–4. For type 3, based on a slight change in the 

porosity distribution, the Eeff value increases slightly for the upper and lower face regions of the structure, as 

depicted in Figure 4a. In Figure 5, for type 4, increasing the porosity reverses the increase and decrease of the 

Eeff value in the region near the upper and lower faces of the structure, respectively. 

 

 

 
(a) 
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(b) 

Figure 3. The effective Young’s modulus in Type 2 of exponential functionally graded material (Aluminum / 

Zirconia) with porosity factor α 

 

 

 
(a) 

  
(b) 

Figure 4. The effective Young’s modulus in Type 3 of exponential functionally graded material (Aluminum / 

Zirconia) with porosity factor α 
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(a) 

 
(b) 

Figure 5. The effective Young’s modulus in Type 4 of exponential functionally graded material (Aluminum / 

Zirconia) with porosity factor α 

 

4.  CONCLUSION 

In this article, the effective Young’s modulus of porous exponential functionally graded material is depicted. 

The main aim is to illustrate this value as applied to the mechanical analysis of structures based on porous 

exponential functionally graded material in reality. 
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