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,Mefiah [ s
, (FGM) 1%
1
( D). [15-16] ,
U(x,z,t) = u(x,t)+ z¥(x,t), W(x,z,t)= w(x,t), (1)
u, w ) b
2 y

L
1
0 Ow
&= &+ ka, Y = "b+ ax, (2)
&= 0u/dx, k= 0V/0x.
; ( (2)
Oy = E(Z)f';x, ljcz: G(Z)sz (3)

E(z) = EtVi(z) + Ew(1- Vi(z)), (4)
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1.2

1 W(z) (1= Vi(z)) 5
G(z=)~ 6t N (5)
) f m : (4) (5 .
[16-13,17] . Vf , , Vl —
Vi(h/2), V2= Vi(0). [13-14], [1314]
Vi(z)= Vot (Vi- Vz)[Zl Z'} \ (6)
m , 0. J—
0.4
2 , — m=1
-~ i m=2
p 0.2 m:g
; F "=
N {AH Blj & 7 IL% 04— : , . .
= ) X 4 : 0.50 i 0.
M, Bu D, I E{E_ OﬁIO 0.45 %mﬁ%ﬁKOSS 60
o= Ass Y, (8) 02
-0.4-
N )= a9
2
, Au, Bu, D (Viz 0.6 V2= 0.4)
/2
A, B11,Dl}: bthnE(z){l,z,zz}dz, (10)
A55 :
/2
Ass = H([h/zG(z)dz, (11)
K , , 5/6.
1.1
12
M= 0= Lﬁ[Nﬁe% M. Sk + QY+ (Iuin+ To®) Sk
LS+ (1304 1) dxdi, (12)
/2
(I, I, I3) = b _h/zp(l,z,zz)dz. (13)
(1) (7) (8) (12), , Su, Sw, 5 0,
Vi( (6))
,BH 0, R .
0v & 2
ASS[E"’ Eg’z}— 11%_?= 0, (14)
ok 0 0%
D“ax_2_A55 ¢+£—]3a7= 0. (]5)
(14) (15)
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w = Wem,
b= W,
(16) (17), (14) (15
Lw o 5, dw_
d€2+ a c"W+ L qc = 0,
v 1 dw
czﬁ— (1- a’b*c?) W- T g= 0
2 [1L4(D2 [)2— 13 2 D ‘- x
R TTEE S 70 = T e A
woow (18) (19)
4
((11_27:+ az(b2+ c? ?j—g— az(l— azbzcz)W= 0,
Y 2y
dd€4 +d(b+ ) ‘37- a’(1- a’b’c’) w= 0.
(21) (22) L18]

(i)  [(0*= )+ a1V > (BP+ &),
W= Aicosh(aal) + Azsinh( aal)+ Ascos(afl)+ Aasin(a),
W= Bjsinh(aal)+ Bacosh(adl)+ Bisin(abBl) + Bacos(abl),

a
[B} Jli{l (B e [0 S+ vad
(i) (b= )+ 4] < (b ),
W= Ajcos(ad )+ iBasin(ad €) + Ascos(aBt) + Assin( abl),
W= iBjsin(ad &) + Bacos(ad &) + Basin( abl)+ Bacos( aBl),
d = a/i.
(18) (19
2 2 2 2
Bi=_ QGL#)'AI, B — G—MA;
a La
2 2 2 2
Bs = MA% By=-— QM/M_
La LB
6
(SS) 2= 0,1

dv_
W= 0, qc - 0;

- (CO) Z= 0,1
W= 0 W= 0
- (FF) 2= 0 1:

dW_ 1 dw _
7= 0, 7 dC+ W= 0.
3 : - (SF), -

(@9). (1) (i) : 6 ;

(CF),

(16)
(17)

(18)

(19)

()

(21)

(2)

(23)
(24)

(%)

(26)
(27)

(28)

(2)

(30)

(31)
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1 0 1 0][A: 0
L1 Lz L3 L4 Az 0 »
Ls Le L7 Lg|l|As |0 (32)
Lo Liw Lu Lid|Ag 0
: (i) S CF LiL - (i)
SS
sin(aB) = 0; (33)
cC
2— 2cosh( aq)cos( aB) + ——— 555/ d>c* (b - )%+
(1- ab°c?)
(3¢*= b*)]sinh( aa)sin( aB) = 0; (34)
FF
2— 2cosh( aq)cos( aB) + ——L5—5—5/ > (b - )P+
(1- a"b°c”)
(36°= ¢°)]sinh(aa)sin(aB) = O; (35)
SF
2, 2
Ftanh( a) - izi iztan(aﬁ) = 0; (36)
CF
2+ [a*(b*= ¢?) + 2]cosh( aq)cos( aB) -
2 2
(la_ba;rbgcg)sinh(aa) sin(aB) = 0; (37)
CS
2 2
%ﬁmhma) — tan(aB) = 0. ()
(1)
SS
sin(aB) = 0; (39)
CC
2- Zcos(a(l/)cos( aB) + ﬁ[azcz( b - Y7+
(a”b°c"- 1)
(3¢?= b*)]sin( ad )sin(aB) = 0; (40)
FF
2- Zcos(aa/)cos(aﬁ)+ T 1/2[(12[)2( b - 02)2+
(a”b"c" - 1)
(3b*= ¢?)]sin( ad )sin(aB) = 0; (41)
SF
/ , 2. 2
%tan(aa )+ gzi—cztan(aﬁ) = 0 (2)
CF

2+ [a*(b*= )%+ 2]cos(ad )cos( aB) -
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2 2
—4lh ) ing ad )sin aB) = 0; (43)
(abc"- 1)
S
/ 2 2
a—%ltanh( ad )+ tan(aB) = 0. (44)
Bla“+ ¢)
. G< A/, (i) D W' As/ls
(i)
2
En= 3.5GPa Gn= 1.6GPa P,= 1200kg/m’,
Er= 137.76 GPa, Pr= 1450 kg/m’.
.1 (m= 1), (L/h
= 120) (L/h = 15) 5
1 (m=1)
® [ kHz
L/h n
1 0.004 7 0.004 7
2 0.018 7 0.0187
120( h= 0.25) 3 0.418 0.041 8
4 0.073 6 0.073 6
5 0.1136 0.1136
1 0.4 6 0.003 75
2 0.114 8 0.1498
15(h=1) 3 0.209 6 0.3356
4 0.306 7 0.5930
5 0.402 6 0.919 0
0] ZTmo) sa] e Zz(l)
m=2
] m=3
60 1 60 m=4
1 m=5
A 401 2 404
20 - 204
0 0 T T T T T
1 2 3 4 5
P in
3 m A 4 m A
( , Vi= 0.6, Va= 0.4) ( , Vi= 0.6 Vo= 0.4)
, 1. , (SDT)

(CBT) , : , CBT
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(4)

= 0.4)

Vi= 0.6V,

= 0.4)

Vi= 0.6 V>

s o =N =
i ey
A_. mmmmmmm
.» _ ..

N EREL
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1.0 L5
1.0 4
0.5 1
0.5
oy — m=0 =
“;’ 01 o m=1 = 04 m=0
m=2 m=1
---m=3 -0.5 - m=2
-0.59 - m=4 {100 m:i’
------- m=5 S04 s
m=1 { - m=10
_1.0 T T T T ~1.5 T T T
0 0.2 4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
E=x/L é=x/L
(¢ 8(c)
7 m 3 8 m 3
(Vi= 0.6 Vo= 0.4) (Vi= 0.6 V2= 0.4)
- 6 L/h=15 ,
5 m . , n, m
<o, m ; o m> 1 m
7 , 3 ) m
8 m 3 ,
m

2, 2 2 2,2 2
le_a a+ e , L= 0, L= “_hl, Ls= 0, Ls= cosh(aa), L¢= sinh( a1 ),
L L

2, 2. 2 2, 2. 2
L7= cos( ), Lg= sin(aB), Lo =- Mmsh(ad), Lo=- % C(L+ = sinh( aa),

L

2,82 2 2@ 2

Ly = a—%ms(aﬁ), Lix= G_%Lsin(aﬁ).
2 2 B2_ 2
Li= 0 Li=- == Ly= 0 Li=— —p—, Ls=— (a’+ ¢’)cosh(aa),
Le = - (C(2+ cz)sinh(aa), L= (52— cz)oos( aB), Lg = (ﬁz— cz)sin(aﬁ),
2, 2 2, 2

Lo = [a— “Tc sinh(aa), Lo= | a- 2 | cosh(an),

B2 2 B2 2
Lu=- | B- B sin(aB), Lip= | B- B cos(ab).
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Natural Frequencies of Composite Beams Having Variable
Fiber Volume Fraction Including Rotary Inertia
and Shear Deformation

Y. Bedjilili, A.Tounsi’, H.M.Berrabah’,
L Mechab’, E.A.Adda Bedia’>, S Benaissa’
(1. D partement de G nie M canique, Facult des Sciences de!” ing nieur,
Universit de Tlemcen , Alg rie;
2. Laboratoire des Mat riaux et Hydrologie,
Universit de Sidi Bel Abbes, Alg rie;
3. Laboratoire de Math matiques, Universit de Sidi Bel Abbes, Alg rie)

Abstract: The vibration anmalysis of symmetrically composite beams having a variable fiber volume
fraction through the thickness was concerned with. First-order shear deformation and rotary inertia
were included in the analysis. The solution procedure is applicable to arbitrary boundary conditions.

Continuous gradation of the fiber volume fraction is modelled in the form of an m th power polynomi-
al of the coordinate axis in thickness direction of the beam. By varying the fiber volume fraction with-
in the symmetric composite beam to aeate a functiondly graded material ( FGM), certain vibration
charaderistics can be affected. Results have been presented to demonstrate the effect of shear defor-
mation, fiber volume fraction and boundary conditions on the natural frequencies and mode shapes of
composite beams.

Key words: free vibration, functionally graded materials; first-order shear deformation theory



