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ABSTRACT. The paper examines a static bending of porous functional plates
(FGP) and rectangular plate solutions, based on an underlying high-order

shear deformation theory. The proposed high-order shear deformation
theory, as opposed to other theories, includes four unknowns. For this
reason, a new shear strain function is considered. The technique of Navier is
used in closed-form FGP solutions. Results of deflections and stresses are
presented for simply supported border conditions. Current figures are
contrasted with the non-poreous plate deflecting solutions and the literature's
stresses. Effects of different parameters, including thickness, gradient index
and porosity of FGM plates, are discussed.
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INTRODUCTION

used composites gives various fields such as engineering, the acronautics, chemical, nuclear energy, electronics ,
optics, civil engineering, biomaterials, etc. [1-4]. The materials used in this field are functionally graded materials
(FGMs). The material compositions of FGMs are assumed to vary smoothly and continuously in all gradient directions. In
the mid 1980s, Japanese scientists developed the earliest FGMs as high-temperature-resistant materials for aerospace
applications. During the sintering process and in the production of FGM porosity, materials may occur. This porosity is

T hese materials are generally recognized and produced in many foreign science labs, and one of the most widely
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because of the large temperature coagulation difference between the material components [5]. The porosities in ref [0] are
identified in lateral FGM samples with multi-stage sequence filtration. It is thus critical that the porosity effect is taken
into account when designing FG dynamic load components.

The most popular of these theories are classic platform theory (CPT), the theory of first plate order (FSDT) and refined
plate theory (RPT). The Kirchhoff Love hypothesis is based on the classical plate theory (CLPT) [7-9], an extension of the
traditional plate theory (CPT), this model is provides acceptable results for the analysis of plates thin and neglect Normal
deformation and transverse shear results. Both Reissner [10] and Mindlin [11] used the FSDPT (first-order sharp
deformation theories) and accounted for the cross-sectional shear effects through simple linear differences in in-ground
thickness shifts. The correction factor is not appropriate for this model, refined plate theory (RPT) and higher order
theories of shear deformation (HSDT) are responsible for shear deformation effects and stress-free boundary conditions.
For decades, a large number of RPT and HSDT' have been proposed with a particular number of unknowns [12-20].

A great number of analysis and complex platform hypotheses were recently suggested to study the conduct of mechanical
FGM plates. Information concerning the study of static bending is especially important for the optimal design of
structures. A new, higher order sharp theory of deformation (HSDT) is used in the study of the bending and free
vibration of multi-layered panels and coats [21]. The rectangular bending motion on plate, which is supported only on
four sides (FGM), has been studied more and more during recent years, subject to transverse static loading, with a refined
shear deformation theory in high order [22-26]. It is proposed to study twin (2D) and quasi-3D (sometimes 3D)
functionally graded plates to bend and free vibration using hyperbolic HSDT function [27].

The literature reviews on porosity effect are presented by several researchers in the recent works on porosity effect of
FGM plates and beams. The effect of porosity is therefore important to consider in the design of static and bending plates
made of functionally graded materials FGM [28-33] and sandwich plates FGM with porosity Usage [33-35] of a high-order
shear-deformation theory. Consequently, studies focused more and more on the dynamic and free vibration of plate made
of functionally graded FGM materials in recent years [37-47]. The dynamic fracture behavior of homogeneous and
functionally graded materials under dynamic loading [48] and the investigating damage of functionally graded particulate
materials by means of a multiscale approach based on micromechanics principles [49].

This paper aims to present a research solution for the performance of static porosity-grading plates analysis using high-
order shear deformation theory. During the manufacture of these plates, defects such as porosities may appeat,
considering the porosities that can occur inside the functionally graded materials (FGM) plates. The board is called a
porous board according to the power law on volume fractions of the platform elements, the Poisson ratio is constant. The
Navier solution in closed-form is used to correct the limit conditions of simply supported FG pourer boards. The Navier
solution is also used. This theory removes the effect of shear correction factors on the plates and follows the equilibrium
conditions of the porous FGM layer. The results of the current theory of the porous FGM plates are studied as well as the
effect of the aspect ratio, the thickness ratio, the scaled exponent factor, and the deflection and stress porosity. In the
assessment of deflations and stress distribution of functionally classified material plates, the impact of porosity on shave
deformation has been increased.

THEORY AND FORMULATIONS

onsider a rectangular, wide FG-platform with length (a), width (b) and thickness (h) of a given functional material
as shown in Fig. 1.

1

Figure 1: Geometry and FG porous plate coordinates.
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The FGM plate is subjected to a transverse load ¢(x;, y) for deformation analysis of the plate and a rectangular cartesian X
and Y co-ordinates are attached. The analysed plate is bounded by coordination levels (x = 0, a) and (y = 0, b). Let the
present platform be transformed by exponential or polynomial law from lower to upper surfaces .First and foremost, we
will look at a non-homogeneity material with a porosity volumetric function, namely, £(0 = £< 1).

The functional relation for the ceramic and metal FGM plates between E(3) is assumed.

V4
Bo=(E ~E) G_%) B (E ) (1

When E. and E,, are the corresponding ceramic and metal elements, and "P" is an exponent volume fraction that takes
values greater or equal to zero. The above power law theory demonstrates a simple blending rule used to achieve the
efficient characteristics of a ceramic metal platform.

The theory of shear deformation plates is ideal for displacements in this study:

Ow Ow
u(x, 9,3) = #, (x,y)—za—;—f(z) —
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In the present theory, this function f{3) is considered:

f(z)=z—sin(%j+2—7;z 3

With the small strain assumptions, the strain-displacement relation is given by the following equation:

g =e i+ [REL, £,=6)+3 K + f(R) K, £,=0 (42)
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The constituent relationships can be written as elastic and isotropic FGMs

O, On Qi 0 &, 7, O 0 (7,
o, r=1%n COn 0 |18, z' = 0 0 7’ ’ ©)
Z-xy 0 0 «Q()G }/xy ¢ » ¢

Using the material properties, the coefficients of stiffness, 07, can be expressed
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E(z) v E(z) E(z)

2(1+v)

On=0y= O = 3O = Os5 = O =

The static equations can be solved by virtual displacement. It may be classified as analysis

h/2
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The top surface. Where the results of stress IN, M and § are described by:
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The stress result is given as
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where A7, Bij, etc is defined as plate stiffness
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Thus the balance equations associated with the newest shear deformation theory can be obtained,
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FG PLATES ANALYTICAL SOLUTIONS

O

n the side edges of the FG plate are placed the following easily endorsed boundary conditions:

ow, 0
vo=w,=w, = ="t N =M =M =0 and x=0, a

&)

on, _ O,

- — M= A = -
=N, =M'=M’,=0 and y=0, b
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The external force can be expressed as per the Navier solution:

9(x, )= 2. q,,sin(A x)sin(x y)

m=1n=1

(12a)

(12b)
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15

wherte A= mz/a and y= nn/b, « m » and « n» are mode numbers. Whete ¢y represents the intensity of the load at the plate

centet.
For the case of a sinusoidal distributed load, we have

On=qym=n=1

(16)
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We consider the following solution form (#, », ws, ), following the Navier solution protocol, to satisfy the boundary
conditions

u U,, cos(A x)sin(u y)
v 17 sin(A x)cos(u y)

_ | Vinsin(4 x)ec (17
w, I/Vv/mm Sll’l(ﬂ, X) Slﬂ(/lj/)
w.f LVJ‘?/I” Sin(l X)Sin(ﬂj)
where the parameters Uy, Vi Wi and W, are arbitrary. First order equations system as:
[K]{A}={F} (18)
where the {A}and {F}columns are referred to
T T
{A} ={Uwﬂ’Vmﬂ’Wbmn’LVwm}’{F} ={0’0’_qr/m’_qr/m} (19)
A dip 43 dyy
Ay dy Ay 4
[K]= 12 dyp Ay Ay 20)

The elements @;= a; of the coefficient matrix [K].

NUMERICAL RESULTS AND DISCUSSIONS

to confirm the exactness of the present formulation. The material properties of the FG plates are aluminum and
alumina:

* Metal (Aluminum, Al): E, = 70 GPa,v=10.3.

* Ceramic (Alumina, AlbOs3): Ec = 380 GPa, v = 0.3.

The following non-dimensional parameters are used for simplicity:

— 10hE b — 1047 A b b
w= [w(i,—j,ﬁx= . crx(f,—,—),rxf—rx (0,—,0) 1)
272 a’q, 2°2°2 agy, "\ 72

E ] umerical results for changes and stresses in functionally graded porosity plates are given in this section in order

Thicknesses coordinatez =z / / .

Tab. 1, dimensionalless deflection (a/h = 10), normal square FG plate transverse stress (a=b=1) and separate Power-law
index values p , higher-order shear deformation theory four uncertain predictions in relation to the theory of Zenkour [50]
and refined plate theory (RPT) Hadj Henni et al [20] in the literature. The inclusion of the coefficient of porosity (¢=0) is
not included in Tab. 1. Displacements and stresses resulting from the new theory are found to be in excellent agreement
with Zenkour [50] and Hadj Henni et al [20] RPT theories. Furthermore, Tab. 1 indicates that the shifts increase with the
increase of the power-law indices when the plates are made from either fully ceramic (p = 0) or fully metal (p = %) normal
stress and transverse normal stress are similar. This is due to the increased power law index, which makes FG plate more
flexible, that is to say decreases its rigidity.

Fig. 2 shows non-dimensional displacement differences for two thickness ratos (a / h=10 and a / h=20) based on the
power and law index "p" for the perfect floor (€ = 0) and the three porosity values (£ = 0.1, 0.2 and 0.3) From this cutve,
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it can be concluded that the dimensional transition is the with the rise in the force law index. Moreover, increasing the

porosity coefficient increases the dimensional displacement of the two thickness ratios.

w O x Tz

Zenkoutr[50] RPT|[20] Present Zenkout[50] RPT[20] Present Zenkour[50] RPT[20] Present

Ceramic 0.2960 0.2961  0.29603 1.9955 1.9943  1.9955 0.246 2 0.2386  0.2205
1 0.5889 0.5890  0.58891 3.0870 3.0850  3.0850 0.246 2 02386 0.2369

2 0.7573 0.7573  0.75733 3.6094 3.6067  3.6067 0.226 5 02186  0.2249

3 0.8377 0.8375  0.83768 3.8742 3.8709  3.8709 0.210 7 0.2024  0.2105

4 0.8819 0.8816  0.88187 4.0693 4.0655  4.0655 0.202 9 0.1944  0.1984

5 0.9118 0.9112  0.91183 4.2488 4.2447  4.2447 0.201 7 0.1930  0.1898

10 1.0089 1.0085  1.00892 5.0890 5.0849  5.0849 0.219 8 0.2114  0.1986
Metal 1.6070 1.6074  1.60702 1.9955 1.9943  1.9943 0.246 2 02386  0.2205

Table 1: Functionally graded plate FG with non-dimensional deflections and stresses on various power law index.
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Figure 3: Displacement Vatiation depending on the thickness ratio (a/h) for vatious porosity factor values &.

71



¢

S. Merdaci et alii, Frattura ed Integrita Strutturale, 55 (2021) 65-75; DOIL: 10.3221/IGF-ESIS.55.05

Fig. 3 illustrates the influence of the aspect ratio (a/h) for the fluidization of the FG plate for petfect plate size (&= 0),
and three values of the imperfect plates of the porosity coefficient (£ = 0.1, 0.2 and 0.3). It is assumed the power-law
index to be constant, p = 2. The increase in dimensional displacements, explained through the effect of material rigidity,
i.e. the rise of the value of the porosity coefficient (& is seen in this figure, leads to an increase in plate displacements. The
impact of porosity on the bending of a plate has also been shown to increase with the larger values of the ratio of
thickness to length.
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Figure 4: Displacement vatiance as a geometric ratio feature (a / b) for different porosity factor values ().

In Fig. 4, we study a dimensionless Displacement variation function as a geometric ratio of square (a=b=1) and
rectangular (a#b) FGP, as well as of the different porosity coefficient values (¢=0.1, 0.2 and 0.3), with equal density ratio
(a / h = 10) and a material index p = 2. We found a dectease in that ratio reduces displacement.
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Figure 5: The thickness of FGP axial stress distribution for different porosity factor () (a/h=10 and p=2).

Fig. 5 took account of the effect of the porosity of the FGP by adding the coefficient (§. Therefore, four values atre
maintained (£ = 0, 0.1, 0.2 and 0.3). The increase in the porosity index (& can be observed to contribute to increased
stress. This can be explained by the reduction of the rigidity of the plate by the porosity. The stresses are tensile above the
middle plane and compressed under the middle plane. It should be remembered that the overall stress based on the
magnitude of the volume fraction exponent. Fig. 6 indicates shear stresses through the transverse thickness distribution.
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This figure shows the remarkable direct impact of the porosity effect; this occurs at a point in the FGP middle plane and
lowers transverse shear stress.
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Figure 6: Via the thickness distributions of the FG shear stress (a/h=10 and p=2).

CONCLUSION

occur inside of this type of plates based on the concept of high order shear deformation. Analytical solutions with

realistic grades for porous and rectangular plates are given. This paper supports study and the analysis of various
parameters, such as the material parameter, volume fraction, appearance ratio, surface thickness and coefficient of
porosity. The control equations are resolved with the Navier-style closed-form solution for sinusoidal FG plates. The
material characteristics vary in the thickness direction of the sheet according to the rules of the mixture and are
reformulated to approximate the material characteristics in the phased porosity. The results from the static bending study
for this test are fully validated by the observations present and those present in the literature. There is discussion of the
use of graded and porosity parameters. From this work, we can say that the current and simple theory of the tesolution of
the mechanical behavior of porosity FGM plates that defect factories.

T he paper is intended to analyses the static bending effect of functionally labeled plates with porosities that can
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