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ABSTRACT 

In this papei, a new eight-unknown sheai defoimation theoiy is developed foi bending and 
fiee vibiation analysis of funchonally graded plates by finite element method. The theoty basetl 
on full twelve-unknown higher order shear deformation theory, simultaneously satisfy zeros 
transverse snesses at top and bottom surface of FG plates A four-node rectangular element with 
sixteen degiees of fieedom pet node is used. Poisson's latios. Young's moduli and material 
densities vaiy continuously in thickness dtiection accoiding to the volume fi-action of 
con,stiments which is raodeled as powei law functions. Resuhs ate verified with available results 
in the literaUire. Pararaetnc studies are perfonned for different power law index, side-to-
thickness tatios 

Keywords: ftinctionally graded plate, finite element method, bending, vibration analysis, 

1, INTRODUCTION 

Since ll was invented by Japanese scientists in 1984 [1], fiinctionally graded materials 
(FGMs) are incieasingly and widely used in many fields, such as aerospace, marine, 
raechanical, and smictutal engineenng due to its advantages compaied to classical fiber-
leinfoiced laminated composites. The typical FGMs composed of ceramic and metal materials. 
The ceiamic composition offeis thennal baniei effects and protects the metal Irom cortosion anil 
oxidation, and the metallic composition provides FGM toughness and stiength. 

FOI dynamic and static analysis of ftinctionally graded plates and shells, many plate 
tneones are developed, A review of sheai defomiarion theories for isotropic and laminated plates 
was cartied out by Ghugal and Shimpi [2] and Khandan et al, [3], Focus on modeling of 
lanctional y graded plates and shells. Thai Huu-Tai and Kira Seung-Eock [4J reviewed various 
theoretical raodels to investigate their raechanical behavior. The classical plate theoty (CPU 
based on Kuchhoff^ assumptions and ignores the transverse shear defonnation effect give! 
appropriate tesults fot thm plates. Fiist-oidei sheai defonnauon theory (FSDT) takes into 
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account tlie transverse shear deformation effect and needs a shear correction factor which is 
dirricult to determine due to its dependence on many parameters. To overcome the weaknesses 

I of FSDT. the higher-order shear deformation theories are proposed 

A comprehensive review of the various methods employed to study the static, dynamic and 
stability behavior of functionally graded plates can be found in work of S'vvaminathan et al. [5] 
The review focuses on comparing the stress, vibration and buckling characteristics of FGM 
plates using different theories. Based on third order shear deformation theory with five 
displacement unknowns, Reddy [6] developed analytical and fmite element solutions for static 
and dynamic analysis of functionally graded rectangular plates. El-Abbasi and Meguidm [7] 
used a new thick shell element to study the thermoelastic behavior of fiinctionally graded plates 
and shells. They extended the four-nodded seven-parameter shell element to account for the 
varying elastic and thermal properties, as well as the temperature boundary conditions on both 
faces of FG plates and shells 

Oyekoya et al. [8] developed Mindlin-type element and Reissner-type element for the 
modelling of functionally graded plate subjected to buckling and free vibration. The Mindhn-
type element formulation is based on averaging of transverse shear distribution over plate 
thickness using Lagrangian interpolation The Reissner-type element formulation is based on 
parabolic transverse shear disU-ibution over plate thickness using Lagrangian and Hermitian 
interpolation, Talha and Smgh [9] studied free vibration and static behavior of functionally 
graded plates using higher order shear deformation theory. A continuous isoparametric 
Lagrangian finite element with 13 degrees of freedom per node is employed for the modeling of 
fiinctionally graded plates Tbai Huu-Tai and Choi Dong-Ho [10] presented finite element 
formulation of various four-unknown shear deformation theories for the bending and vibration 

- analyses of functionally graded plates To describe the primary variables, a four-node 
quadnlateral finite element is developed using Lagrangian and Hermitian interpolation functions. 
Three-dimensional graded finite element method based on Rayieigh-Ritz energy formulation has 
been applied to study the static response of the thick functionally graded plates [11]. 

In this paper, a new higher order displacement field based on twelve-unknown higher order 
shear deformation theory is developed to analyze the free vibration and buckling of functionally 
graded plates. The new eight-unknown higher order shear deformation theory is derived from 
the satisfaction of vanishing transverse shear stress at the top and bottom surfaces of the plate. 
The finite element model is developed for bending and free vibration analysis of power-law 
functionally graded plates A C' continuous four-node quadrilateral plate element with sixteen 
degrees of freedom per node is employed Lagrangian linear interpolation fimctions are used lo 
describe the in-plane displacements and the rotation of normals about -T, V axes; Hermitian cubic 
interpolation functions are given for the trans\erse displacement, rotation about z-axis, higher-
order term of displacements and iheir first derivation. 

2. KINEMATICS 

The twelve-unknown higher order displacement field is given as follow ri2T 

H(-V.V,Z)-;/„(.V,V) + Z^.(.V,V) + ---»,;(.V,J) + Z-X(.V.V); 

v(,v,v,z) = v;,(.v.v}-Fr^,(v,v) + r-r,;(.v,_v) + r'^;(.v.v), (I) 
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where w, v, iv denote the displacements ofa point along the (jr,̂ ', z) coordinates. «„, v̂ , ŵ  an 
corresponding displacements of a point on the midplane. (9,, ,̂, and ^, are die rotations of the 

line segment normal to the midplane about the ;-axis, jr-axis and z-axis , respectively. The 

fimctions u' , v',vf', 8'. $' and 6'. are the higher order terms in the Taylor series expansion 

defined in the mid-plane. 

For bending plates, the transverse shear stresses a^^, tT^ must be vanished at the top and 

bottom surfaces. These conditions lead to the requirement that the corresponding transverae 

f ^^^ ^ ''̂  
strains on these surfaces be zero. From y^ J.'. v,±-

Thus, the displacement field (1) becomes: 

.-^K.«iC)-yh(«.+w,.) + < ] ; 

~K.+^.e;,)-y[^i(e, + »'.„)+tf;..,]; 
K-i-rwi-i-z'S'. 

-.onn matnx notation as: 

{u}=[H]{d]. 

I 0 z - ^ 0 0 ^ : 2 ^ 0 0 — O O ^ O Q i l i o 
3 , 3 , 2 ^ 3 2 

0 1 0 z - S i - 0 0 :£2^o 0 : ^ 0 0 : ^ 0 0 ^ 
3 3 2 3 2 

O O " 0 1 0 0 0 0 j ' 0 0 i ' 0 0 

{u} - {u,v,n-) displacement vector of any genenc point within the plate; 

{<')=^'..i'..«.,e,,w„%„w,,,e„e„,e,^,».;,H,;,,iv;,,e;,6i;,,e;j 
Following stt-ain - displacement relation, the non-zero strains are given as: 
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{e°l={f;',f,",£°,,ij={„,„..,,ft.„.,+v.,}; 

{ < , < , < , < ) ={s,„fl,,2w;,(? -KJ 1: 

(E..E,,«-,/„} = - A„ +c,e;„ ,3e;. 

-j( ' '=(«.,+»,.-^2.e.„) + 2 » ' „ ) | : 

{/:.r;,}=H(».,+e.),-C:(.v+e,)}:{<„<)={(^, 

(8) 

(9) 

(10) 

3, CONSTITUTIVE EQUATION 

Consider a rectangular FGM plate with the length a. mdth b. and thickness h The r- v-
and z-coordmates ate taken along the length, width, and height of the plate respectively' as 
shown in Fig, I. The material properties of FG.M plates are a.ssumed to vaiy contmuously 
through the thickness of the plate by a powei law dismbution as [6] 

!•(--)=(' .- IJ + F., (11) 

wheic !'(.-) lepiesents the effective matenal propeny such as Young's modulus E mass density 
p. and Poisson's ratio v: subscnpts ,„ and c represent the metallic and cciamic constituents 
respecti\ely; and;? is the volume fraction exponent 
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Figure I. Geometry of FG plate with positive set of reference axes. 
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relationship forthe FGM plate can be written 
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7, 
y» 

/,. 

a.,=a. 

a,= & 

as: 

OI: {CT) = 

E 

2(1 + ") 

= 2,1. 

(12) 

4. FINITE ELEMENT FORMULATION 

A C conunuous foui-node quadiilateial plate bending element with sixteen degiees of 

freedom per node is used (Fig. 2). The Lagiangian lineai inteipolation funcrions N, ((,1)) ate 

employed to describe the vanables u„v„,e,,e^. aad the Heimitian cubic inteipolation ftinctions 

/^,, {^•'/) ate employed to describe the variables w„,w. ,w. ,6 ,e ,8 ,w',iv! ,w'. ,6' 

3(1,1) 

11-1,-1) 2(1,-1) 

Figure 2 Node number of foui-node quadnlateial element in its naniial coordinate. 
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W-yi>\O.Af=t,N,{u,r,y,rAiA,Y-[Bi]{qe}^ (13) 
1=1 

{»'»-''.-»;:e;r=ZZ«,{»'.••%-,.».,..a,.e,,,,9...»•;,,»;,,,>•;,,:€•»;,•»;,}'=[«.,]{?,}: (i4) 

I"!...;".••••;,.»;,}'-zi;'',,K,»'.,,,»•.,,.»„.«,,,«.,:»•;„«;..»;,,:«;.»;,•C}'-[B= ]{?,}: (i5) 

{,r.,,»,,:,.;,,o;,f-ttn,.{»•„,»'.,„„•.„,,a„e,„e,,:,.-;„«;,..»•;,.:S;.D;,-O:.}'-[«!,]{«.} (16) 

FOI rectangulai elements, the inteipolation ftinctions jV and H„ lor the i"-th node are given 
in teiras of the namial cooidinates as: 

'V,=^(l-l-«f)(l + OT), (17) 

' ' „ = ^ ( l + « ) ( l - l - M ) ( 2 + « + M - f - t 7 = ) , 

H = = J « ( « - l ) ( l + OT)(l + « = ) , (18) 

rf„=j';,(OT-l)(l-'-«)(l-i-«=). 

{'Je}~{^^''^2^'^i^^4} 's element nodal displacement vector. 

h}^{"<>,-''^.AiAi^Wu.^%..^'^'i,.A,A ,.A u-''i-»ii,-%iiA.A ,,A ,y hnod^^ 
displacement vector corresponding to /-th node 

The displacement vector at any genenc point can be wntten as; 

{''1=[5]{?.-) (19) 

where. [B]-[[ lf , ] , [S, , ] , [B. ,] , [s , , ]J is the shape ftmction matnx 

The stiain vector is expressed by 

{e]=[L]{d]-[L][B]{,,]=[BU]. (20) 

\L\ is differential operator matrix, [fi] - [l][fi] is the strain - displacement mamx. 

The Hamilton's pnnciple can be expressed as: 

0 = j{SU + Sii'-ST)dr. (21) 

and applying for each element-
The strain energy of the FGM plate element is given by. 

407 
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V.= '-\[ai{e}dV^\\[q.}'[B]'[D\[BU}dV=\{q^'[K,]{q„}. (22) 

The extemal woik done on die plate element by distributed applied load may be written as: 

W.'-\{d]' {f}dA^'\{q,f[B]' {m=-{l,Y {F.]- (23) 

and {/} IS mechanical load vector 
The kineric energy of the FGM plate can be expressed as: 

l=\\{uUu]p{z)dV^\\[qX[fi'J{Bi[HjB]^^^ (24) 

Substitufing Eqs. ( l lb-l ld) into Eq. (Ha), finite element stifftiess equation is obtained as; 

[MMMfcMMK]. (25) 
where [K^]. [M^] and {Fg) are the element stiffhess matrix, element mass matrix and elemeot 
nodal load vector, [qe] is nodal displacement vector, and {9^} is the second derivative of the 
displacements of the element with respect to time. 

By assembling the element matrices, the global equilibrium equations for the plate can be 
obtained as 

[K]{Q]*[M]{Q]^[F]. (26) 

where [K\, [Sf\ and \F] are the global stiffhess matrix, mass matrix and nodal load vector of the 
structure, {gj is nodal displacement vector, and [gJ is the second denvadve of the 
displacements of the stmctures with respect to fime. 

The generalized governing equation (26) can be employed to study the free vibration and 
static analysis by dropping the appropriate terms as: 

For linear static analysis: 

[i^]{Q]={F]. (27) 
For free vibration analysis, the frequency of natural vibration can be obtained from the 

bellow eigenvalue problem: 

{[K]-ay[M]){Q]^[0]. (28) 

This equation can be solved after imposing boundary conditions of the structure, wilh 
eigenvalues solving common problems. 

The boundary condinons for an arbitrary edge with simply supported and clamped edge 
conditions are. 

Clamped (C) 

"ii^>'(,-^, -dl ^>'ti-'!(,, ^w,,^=e^=e._, =0^^, = wl^wl^ = wi^.=ei=el^=el,. 
al.v= 0; aand v = 0, b 

Simply supported (S)-
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5, NUMERICAL RESULTS 

Madab codes fot finite element model have been buih foi numencai investigation Aftei 
checking conveigence, a 10x10 mesh of foui-node element has been used in the computation 
The selechve integiation scheme based on Gauss-quadiatore mIes, widi 3^3 for membrane, 
coupling, flexure and inertia tenns and 2x2 for shear tenn. A rectangular FG plates with different 
boundary conditions as shown m Fig. 3 are considered (F-free, S-simply supported, and C-
clamped). Material properties of the P-FG plate are given m Table I. For convemence, the 
following dimensionless forms are used [13]: 

_ iow£*' _ , n^ 

Table I Material properties used in the P-FG plate [13] 

Figure 3 Boundary conditions of plates 

Example 1, Validation study 

Dimensionless centtal deflections »• of isotropic square plates (p = 0) widi vanous values of 
thickness tanos a/hare presented in Table 2 The piesent results are compared with the solutions 
given by Thai, HT., & Choi, D.H. [10] based on four-unknown shear defonnation theories 
(zeros shape fiinction - FSDT) and the analytical solutions reported by Zenkour [14] based on a 
mixed first-order shear defonnation theoiy (MPT). It can be seen that the present solution is in 
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close agreeraent widi those solunons (enors <0.2 %) . 

Dimensionless ftmdamental frequencies S of simply supported (SSSS) square FG plates Ip = 
0) widl vanous values of diickness ratios a/li and powei law index p ate presented in Table 3. Tlie 
comparison of the dimensionless ftmdamental frequencies of present results shows good agreement 
widl analyftcal solunons of Thai H. T., & Kim S. E. [12] based on simple higher-order theoiy, 
and finite element results of Thai H. T., & Choi D.H. [9] based on four unknowns sheai 
defoimation theories. 

Table 2. Dimensionless deflection iT- of isotropic square plates under uniform loads. 

a/h 

5 

10 

25 

10,000 

5 

{ 
! 
f 

Method 

MPT [14] 

FSDT [13] 

Present 

MPT [14] 

FSDT [13] 

Present 

MPT [14] 

FSDT [13] 

Present 

MPT [14] 

FSDT [13] 

Present 

: / / ^-—--

scsc 
0 3021 

0 2837 

0,2833 

0 2209 

0 2220 

0,2550 

0,1965 

0,2047 

0,2005 

0 1917 

02014 

0,1919 

I T 

sssc 
0.3827 

0.3686 

0J565 

0 3059 

0.3062 

0J337 

0.2830 

0.2887 

0.2816 

0 2785 

0.2853 

0,2736 

—; 

Boundary contlidon 

SSSS 

0.4904 

0 4929 

0,4526 

0 4273 

0 4298 

0,4390 

0-4096 

0.4121 

0.3961 

0.4062 

0 4087 

0.3905 

1 > 

! • 

SFSC 

0.7139 

0 6945 

0,6958 

0 6065 

06121 

0,6625 

0,5737 

0.5890 

0,5822 

0.5667 

0 5847 

0,5694 

.,,..̂  
t£r 

SPSS 

0.9072 

0.9146 

0.8837 

0.8224 

0 8314 

0,8629 

0.7981 

0.8080 

0,8005 

0.7931 

0.8036 

0.7918 

SFSF 

14539 

14794 

1.5742 

13459 

1.3722 

1.5406 

1.3154 

13422 

1,4487 

13094 

1.3365 

1.4324 

i n s 

'Z2%^. 

Figure 4 Variation of dimensionless deflecUon 
w versus power law index/; of AI'AI203-i 

square plates under uniform loads (i///; = 10), 

Figure 5. Variation of dimensionless 
deflection w versus thickness ratio alh of 

AI/AI203-I square plates under uniform loads 
ip-l). 

—r^r^ 
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Figure 6. Variation of dimensionless fiindamental Figure /.Variation of dimensionless 
(i-equency 0} veisus powei law index ;> of iundamental ftequency di veisus fliickness 

AI/AljO, square plates (alb - 10) ratio alb of Al/AI,Oj squaie plates ip - 2). 

Ttift/c 3. Dimensionless fiindamental ftequency d> ofSSSSAI/AIA squaie plates. 

a/h 

5 

10 

20 

a/h 

5 

10 

20 

TSDT[14] 

FSDT [13] 

Present 
TSDT[14] 

FSDT [13] 

Present 
TSDT[14] 

Present 

0 

0 2113 

0.2108 

0.2280 
0 0577 

0,0576 

0.0591 
0,0148 

0.0154 

Table 4 Dimensionless deflection 

P 

0 

05 

1 

2 

5 

10 

0 

0.5 

1 

5 

10 

0 

0.5 

1 

0.2064 

0 3048 

0 3897 

0.5090 

0,6757 

0.7802 

0.1800 

0,2720 

0 3424 

0.42 go 

0,5271 

0,5999 

0.1393 

0.2135 

0 2725 

0,2833 

0 4225 

0,5418 

0.7053 

0 9205 

1.0537 

0 2550 

0,3875 

0.4899 

0.6131 

0.7489 

0 8469 

0.2056 

0.3158 

0.4039 

0.5 

0 1807 

0.1802 

0.1949 
0 0490 

0.0489 

0.0502 
0,0125 

0.0130 

Power law index (p) 
1 

0.1631 

0,1629 

0.1765 

0.0442 

0 044! 

0.0457 
0.0113 

0.0119 

0.1378 

0.1396 

0.1504 

0.0381 

0.0382 

0.0402 
0.0098 

0.0105 

iv of AI/AljOj square plates under uniform loads. 

Boundarv condition 

0,3565 

0.5379 

0 6919 

0,8956 

1-1406 

1 2921 

0-3337 

0 5104 

0 6491 

0-8144 

0 9827 

1 1016 

0.2862 

0,4411 

0.5659 

0 4526 

0,6909 

0,891! 

1 1463 

1.4234 

1 5952 

0 4390 

0.6756 

0 8642 

1,0868 

12960 

1,4402 

0 3996 

0,6175 

0 7945 

0 6958 

1.0545 

13602 

1-7574 

2 2019 

2.4780 

0 6625 

1,0148 

12974 

1.6364 

1 9656 

2 1933 

0.5895 

0 9085 

1.1696 

0 8837 

1 3526 

1 7498 

2.2511 

2 7611 

3 0770 

0,8629 

1 3290 

1 7087 

2 1622 

2 5738 

2.8499 

0 8056 

1 2445 

1,6075 

0,1301 

0.1322 

0.1420 
0.0364 

0 0365 

0.0383 
0 0094 

1.5742 

2 4082 

3.1272 

4 0427 

4 9461 

5.5048 

1 5406 

2.3678 

3 0590 

3 9014 

4.6574 

5 1563 

1.4562 

2 2444 

29MI 
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0.3429 

0.4088 

04536 

0 1297 

0 2001 

0 2566 

0.3231 

0.3801 

0.4181 

0,5086 

0.6042 

0 6689 

0.1940 

0.2996 

0.3846 

0 4848 

0 5698 

0 6263 

0 7136 

0.8439 

0.9309 

0.2756 

0.4259 

0 5478 

0 6913 

0.8118 

0-8913 

1.0029 

1.1809 

1.2984 

0 3919 

0.6062 

0.7810 

0 9863 

1 1570 

12690 

14810 

1.7518 

1.9302 

0.5727 

0.8848 

1 1413 

1.4460 

1.7013 

1 8679 

2.0400 

2.4059 

2.6432 

0.7942 

1.2280 

1.5877 

2.0156 

2 3708 

2.6000 

3.7224 

4,4104 

4 8511 

1.4395 

2.2205 

2.8827 

3.6873 

4.3596 

47882 

Example 2. Effect of power law index p and side-to-thickness ratio a/li on the dimensionless 
central deflection »•. 

In this example, the square FG plate with different boundary conditions under unifonmly 
distributed load is considered. The calculated dimensionless central deflection with vanous power 
law index p = 0. 0.5: 1.0: 2:5; 10 and a/li = 5. 10; 20; 50 are given in Table 4. Figures 4 and 5 show 
the vanation of power law mde.x. p and side-to-thickness ratio a/h versus dimensionless central 
deflection. It is found thai the dimensionless central deflection increases as power law index p 
increases, white dimensionless central deflection decreases as slde-to-thickness ratio increase with all 
types of boundary conditions. 

Table 5 Dimensionless iundamental Q) frequency of Al/AliOj square plates. 

Boundary condition 
CCCC SCSC SSSC SSSS SFSC SPSS SFSF' 

0,3422 0 2896 0.2562 0.2280 0.1480 0.1386 0.1097 

0 2970 0,2503 0.2201 0.1949 0.!263 0.1180 0.0933 

02702 02274 0 1996 0.1765 0 1143 0 1067 00840 

0.2432 02051 0 1806 0,1602 0 1037 00968 0.0758 

02174 0 1850 0 1651 0 1482 00962 0.0903 00706 

0 2052 0,1755 0,1575 0.1420 0 0924 0.0869 0.0682 

0 0984 0,0805 0 0684 0,0591 0.0312 0 0300 0,0252 

0,0843 0.0688 0 0582 0 0502 0.0267 0.0256 0 0215 

0.0775 0.0631 0.0532 0.0457 0.0248 0 0238 0,0197 

0.0714 0.0582 0.0490 0.042! 0.0233 0 0222 0.0182 

0 0661 0 0543 0 0461 0 0398 0.0219 0.0209 0,0172 

0.0630 0 0519 0 0442 0,0383 0,0209 0.0200 0.0165 

00275 00220 0,0182 0.0154 00080 0,0077 0,0064 

0 0234 0 0187 0 0154 0.0130 0 0069 0.0066 0.0055 

00214 0,0171 00141 0,0119 0 0064 00061 0.0050 

00197 00158 00130 00109 0.0060 0.0057 0,0046 

00187 00150 0,0123 0.0104 0.0057 0.0054 0,0044 

OOISO 00144 00119 0.0100 0.0054 00052 0,0042 

0,0046 00036 0 0030 0,0025 0.0013 0.0012 00010 

0 0039 0 0031 0 0025 0.0021 0,0011 0 OOI 1 0,0009 

- ^ 
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0 0035 0 0028 0.0023 0.0019 0.0010 0 0010 0.0008 

0.0033 0.0026 0 0021 0.0018 0.0010 0 0009 0 0007 

00031 0.0025 0.0020 0.0017 00009 0 0009 0 0007 

00030 00024 0.0019 0.0016 0.0009 0.Q0Q8 0 0007 

Esample 3. Effect of powei law index p and side-to-thickness ratio a/It on the fimdamental 
frequency ty 

Table 5 presents the dimensionless Rmdamental frequency foi vanous powei law mdex p • 0; 0.5, 
1.0; 2, 5; 10 and d/* = 5, 10, 20; SO Diffeient boundaiy condition foi each case is considered. The 
vanahon of dimensionless fundamental frequency veisus powei law index p and side-to-thickness 
latio a/b IS illustrated in Figures 6 and 7. 

K IS obseived that, foi all types of boundary condiBon, dimensionless frequencies decreases 
as powei law index and side-to-thickness ration increases Effect of boundaiy conditions ts cleariy 
too, the dimensionless frequency of FG plate with boundary conditions CCCC is highest and the 
lowest with SSSS boundaiy conditions. 

6, CONCLUSIONS 

In this study, the new eight-unknown sheai defoimation theoiy is used to analyze the 
bending and free vibiation of rectangulai fuctionally giaded plates by finire element appioach. 
The governing equations and boundaiy conditions are derived by employing the Hamilton's 
pnnciple. Validation studies have been canted out to confinn the accuracy of the present 
fonnulanon. The obtained lesult show-s a good agieement with those available m the liteiature 
Influence of powei law index, side-to-thickness ratio on bending and vibiation icsponses of FG 
plates have been investigated and discussed The new eight unknowns sheai defonnation theoiy 
IS accurate m piedicdng static and free vibration responses of FG plates. 
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TOM TAT 

PHAN TiCH UON VA DAO DONGTLT DO CUA TAM C 6 CO TINH BIEN THIEN (FGM) 
BANG PHU'ONG PHAP PHAN T C H O U HAN DUA TREN LI THUYET TAM VCSl 8 AN 

CHUYEN VI 

Nguyen Van Long', Trfin Hiru Qu6c^ Trin Minh Tiî  
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Bai bao de xual li thuyet tam bien dang cdt voi 8 thanh ph4n chuy8n vi d6 phan tich uon 
va dao dgng rieng ciia tam c6 ca tinh bidn thien (FGM) bang phuong phap ptiSn tu hmi han Li 
thuyet nay duoc phat tnen tren ca so li thuyet tSm bac ba d4y dii, d6ng then thoa man diiu ki?n 
ling suat ngang tai mat tren va mat duoi cua tdm bing khong. Mo hinh phk ni hiiu han sir dyng 
phan ni tur giac 4 nut, moi nut 16 bac tir do. Mo dun dan h6i keo (neo), he s6 Poisson va kh6i 
luong neng ciia vat lieu bien thien dpc theo chik day tim theo quy luat ham rau. Kgt qua tinh 
dugc so sanh ven cac ket qua da cong b6 ciia mot s6 tac gia khac cho thiy dp tin c?,y cua li thuyet 
va mo hinh tinh da xay dung Anh huong cua chi s6 ti le thi tich, ti le kich thuoc hinh hgc... da 
duoc khao sat, 

Tirkhoa- tim FGM. PTHH. dao dgng tu do, u6n, kit ciu tim 

: T ^ 




