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PHAN TICH TINH VA DAO DONG RIENG CUA DAM
LAM BANG VAT LIEU CO CO TINH BIEN THIEN (FGM)
THEO CAC LY THUYET BIEN DANG CAT KHAC NHAU

Vii Vdan Tham', Tran Minh Ta*

Tom tat: Bai bao xay dyng 16i gidi gidi tich dé phén tich tinh va dao déng riéng cda dam lam bang vét ligu co
co'tinh bién thién (Functionally Graded Materials-FGM) theo cac mé hinh dam Euler-Benoulli, Timoshenko
va mét sé ly thuyét ddm béc cao khac. Céc phurong trinh cdn bang ciing nhw diéu kién bién clia cadc mé hinh
dam thu duoc dyra trén nguyén ly cong kha di. Bai béo dwa ra phén tich gi6i han ap dung cda cac mé hinh
dém va khéo sat anh hudng cla chi sé ty Ié thé tich vat liéu FGM, tham sé kich thuéc dam dén truong
chuyén vi, (ing suét va tan sé dao déng riéng ctia dam.

Terkhoa: Dam; vat liéu cé co'tinh bién thién; ly thuyét bién dang cat; phén tich tinh; dao déng riéng.
Summary: In this paper, the analytical solution for static and free vibration analysis of functionally graded
(FG) beam is developed by the Euler-Bernoulli's beam theory, Timoshenko's beam theory and some
higher-order beam theories. Basing on the principle of virtual work, the equations of motion of FG beam with
simply supported boundary conditions are derived. In this study, the effects of some dimensional
parameters on the displacement, stress fields and natural frequency of FG beam are investigated. In
addition, the range of application for different beam theories is examined.

Keywords: Functionally graded beam; shear deformation beam theory; static analysis; free vibration.

Nhén ngay 22/01/2016, chinh stra ngay 05/02/2016, chép nhan dang 15/3/2016

(® 1.Phinmédiu

Vat liéu cé co tinh bién thién (FGM) 14 hdn hop cla hai vat liéu thanh phan vai ty 1& pha trdn nhat dinh
dé dat dwoc mot chire nang mong mudn tily theo muc dich st dung. Cac tinh chét cla vat liéu cé co tinh
bién thién bién ddi tron tlr bé mat nay sang bé mat khac nén tranh dwoc sy tap trung (rng suat thworng gap &
cac két cAu lam bang vat liéu composite I6p. Két cAu bang vatliéu FGM dwoc (rng dung réng réi trong nhiéu
[inh vire: co khi, hang khéng, cdng nghiép hat nhan, 618,...

Nhi&u mé hinh tinh toan khac nhau dwoc st dung khi phan tich tinh va dong két cAu dam FGM. Ly
thuyét dam cd dién dwa trén gia thiét Bernoulli, bd qua &nh hwéng cia bién dang cat ngang va chi cho két
qua tinh toan phu hop véi dam dai. Ly thuyét dam Timoshenko ra d&i dwa trén ly thuyét bién dang cét bac
nhét v&i gia thiét mat cat ngang sau bién dang van phéng nhwng co thé khéng con vudng goc véitruc thanh.
Theo ly thuyét ddm Timoshenko ham chuyén vi dwoc gia thiét:

u(x,z,t) =u, —zd,; w(x,z,t) =wy(xt) (1)

trong do: u,, w, la thanh phan chuyén vi ctia diém bat ky cé toa d6 (x,) thudc truc dam theo cac phwong x, z
va ¢, |a goc xoay clia mat catngang quanh trucy.

Theo mé hinh ddm Timoshenko, bién dang cat ngang dworc gia thiét 1a hdng sé theo chiéu cao mat
cét ngang diéu nay 1a khéng phu hop véi thiee t&, do vay can st dung hé sb hiéu chinh cét. Viéc xac dinh hé
s hiéu chinh cat 1a khéng don gian. Dé khéc phuc nhwoc diém nay cac ly thuyét bién dang cat bac caora
doi. Cac ly thuyét bién dang cét bac cao da tinh toan dén dé cong vénh clia mét cat ngang dam khi tai trong
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tac dung. Mét sé6 mé hinh bac cao dwoc dé xuét véi cac gia thiét khac nhau vé dang ham cla truéng
chuyén vi: Reddy (1984) v&i ly thuyét bién dang cat véi ham chuyén vi bac hai (parabol) [6], Touratier
(1991) v&i ham chuyén vi dang lwong giac [7], Soldatos (1992) véi ham chuyén vi dang hyperbolic [9] va
Karama (2003) vé&i ham chuyén vidang ham mi [4].

Dé& thuan tién khi phan tich tinh va déng dam lam béng vat liéu cé co tinh bién thién theo cac ly
thuyét dam khac nhau, bai bao nay tap trung phan tich gi¢i han ap dung cla cac mé hinh dam va khao sat
anh hudng cla chi sé ty 1& thé tich vat liéu FGM, tham s6 kich thwéc dAm dén trwérng chuyén vi, (rng suét
va tan sb dao ddng riéng ctia dam.

@ 2.Co'sé ly thuyét va mé hinh tinh 7
2.1 Vatliéu c6 cotinh bién thién —
Déi véi vat liéu cé co tinh bién thién, haithanh
phan tao thanh 1a kim loai va ceramic (Hinh 1), ty I&
thé tich cia cac thanh phan vat liéu dwoc gia thiét J
bién déi theo qui luat xac dinh. Qui luat phan bd cda .I. b
ham ty 1& thé tich 1a co s& dé phan loai vat liéu FGM. L
Phan lon cac nha nghién ctu st dung ham Iy thiva, Hinh 1. Mé hinh két cdu dam lam tcr vét liéu FGM
ham e - mi hodc ham Sigmoid d& mé ta bién thién
clia hamty 1& thé tich. Trong bai bao nay gia thiét ham

05

ty 1& thé tich dwéi dang liy thiva va hé sb Poisson v 1a

x A 0.3f--4---
hang so.

0.2} 44

Mé dun dan héi E vakhdilwgngriéngpctavat o).
liéu FGM bién thién theo quy luat ham Ity thira va cé
dang sau (Reddy, 2000 [7]):

El2)-E, + & -E,) 3+ 2]

of--

h

o(2) =+ (0.~ p0) 3+

Module dan hoi [Pa]

2.2Mé hinh tinh

. v met o Hinh 2. Bién thién ctia mé dun dan héi kéo (nén)
a) Tong shuyenvivahicn daj'?g _ theo chiéu cao dém FGM
Trudng chuyén vi cla diém bat ky thudc dam

duoc gia thiét dwéi dang tong quat:
u(x,z,t)=u, - z% +f(Z)(xt); v(xzt)=0; w(x,zt)=wy(xt) (3)

trong do: u, v, w 1a chuyén vi clia diém bét ky thudc dam theo cac phwong truc x, y, z va tla thei gian; ¢(x,t) 1a
géc xoay clia mat cat ngang quanh truc y; f(z) 1a ham sé déc trung cho quy luat phan b cla (rng suét cat
ngang theo chiéu cao clia dam. Nhw vay, véi cac gia tri ham f(z) khac nhau, cac mé hinh dam cu thé sau
day lan lugt dwoc xac dinh (Bang 1):

Bang 1. Cac mé hinh dam

Mé hinh M6 hinh f(z)

2
Reddy [6] Karama [4] = | 2
(M6 hinh 1) £ (M6 hinh 4) i ZEXP[ 2(hj }

Touratier [7] . Akavci [2] =31 7, ool
(M6 hinh 2) b (M6 hinh 5) 1@ b [hmnh(h) zsec h(z)}

Euler-Bernoulli f(z)=0

Soldatos [9]

(M8 hinh 3) 2 Timoshenko @)=z ?—a: =0
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Bién dang dai va bién dang géc duwoe xac dinh tir quan hé bién dang - chuyén vi

au au, _dw (1) U ow
= — =L —z— +f(z) /%, z)h(xt 4
B = T 2ge TTD TS Y=g v o =P h(xt) (4)
b) Truong teing suét

Quan hé gitra (rng suét va bién dang ctia ddm FGM:

duy W o B0(,Y)

~E(zk, E(z)[ S +f(z>7] (5)
E@) . __E@ @)

=G(z)y 2[1 Vi (Z)i’(x,t)—zn v ——0(xt) (6)

trong dé: E(z) 1a mé dun dan héi theo chiéu cao ctia dam, v 1a hé sb Poisson (v=const).

¢) Phurong trinh can bang va diéu kién bién

St dung céac biéu thire bién dang, (ing suét (4) dén (6) va nguyén ly céng kha di phién ban déng co
ké dén lwc quan tinh, ta dwoc cac phuong trinh can bang.

Nguyeén ly cong kha di ap dung cho dam c6 dang [1]:

z=+h/2 z=+h/2 %=L
b[ [ (0,86, +T,8r,)dzdx +bp [ [ [—6 +~at—6dezdx—bL0q6wdx=0 (7)

-h/2 =-hiz| o2
trong dé: 3 biéu thi bién phan, q |a tai trong phan b dwéng trén truc dam.
Thay cacbiéu thirc tir (4) dén (6) vao (7) ta dwoc:

izl QU op || Bdu, _ oBw 8W 3l
[ E@az mz[ x ﬂz)&}[? @) }’
+_|: G(z)dz E_J:/:[ mé"cl):ldx—_|:(=:J'qolb6wdx+
: (8)
=+h a o 53 82 a7 66
+L p(z)dz J: mf[ atl; ax3t2 +f(z)— ati) ][buo zgw+f(z)6¢}dx+

[Tz [ a—wawdx 0

h/2

Sau khi bién ddi, lay tich phan tirng phan va nhém cac hé sb cda cac bién phan du,, dw, va d¢ cla
phuong trinh (8) ta dwgc hé 3 phwong trinh can bang:

ou o*w, & | ou, | Pw i)

-A BXZD +B (_9)(3(’—Caxz+|1 6’[2 -, —= Bxc?tz +l,— P =0
u o'w, & o*w & o'w

8220 N FIL 2% a;@toz ], axZafz 41, ax;z +, 55— 9)
azu a*w, 3w0 & _ 0

ax3 18x2 Hhel 36t2 58xat2 e
Trong d6cachésdA,B,C,D,F, G, H,, I, 1,1, 1, |, |,dwgctinh theo:

h/2 h/2 h/2 h/2

A= [E(z)}dz B= j E(z)az, C= [ E(2)f(z)dz; D= jE(z)zzdz F= [E(@)zf(z)dz

G, = ]E(z)fz(zpz H, = jG(z)[f 2)Tdz. k= j p(z)dz I, = ]p(z)zdz (10)
h/2 h/2
= [ p(2)f(z)z 1, = _[p(z)zzdz I, = j p(2)2f(2)dz Is= [ p(2)If(2)fdz
-hf2 ~h/2 ~h/2

2.3 Loigiai Navier
Xét dam don gian (lién két goi twa khdp hai dau) chju tai trong phan bb déu q(x)=q0, lam bang vat
liéu FGM tiét dién hinh chir nhat. Diéu kién bién clia dam cé dang:
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w
dx?
a) Phan tich tinh ddm FGM

Chon ham d¢ véng théa man diéu kién bién (11) dwéidang:

W0 =0 oL =0

X, wo(x)= 3 Wpsin %, g(x) = Y c08 X
L L = L

trong dé: u,; w_va ¢_lacaché sétrong khai trién Fourier, m la sé nguyén duong.

uy(X) =Y u,, cos
m=1

Ham tai trong ciing dwoc khai trién dwéi dang chudi:

o2) = 2o sin| T2

4 o
voi: q, = a‘}t‘l va g, la cwdng do clia taitrong phan bé déu.

Thay (12a-b) vao (9) va bé qua cac lyc quan tinh, ta nhan dwgc hé 3 phwong trinh:
m’r? m°n?® m’n?
[A B Jum[B B ]Wm+(C_L2 }pm:o
m3 3 m4 4 mS 3
[BL_;T]UN[DL_:EJWH[FL_:]%:%

mn? mr® mr?
{C L2 }Um—[F L3 ]Wm+£G1 L2 +H1 ¢m:0

Giai hé phwong trinh (13) xac dinh dwoccacgiatriu,, w,, ¢,

Thay cac gia triu,,, w,, ¢, xac dinh dwoc tir (13) ta nhan dwoc cac thanh phan chuyén vi va cac thanh
phan (rng suét viét dwdidang:

Chuyénvi u —[um—zn:_—nwm+f(z)¢m]cos mljjx (14)

boévong w=w,_sin m:x (15)

2 mm X

w, f(z)m—ljtq)m}sinT (16)

2,
Ungsuatphap o, = E[urn an +z mL;t

Ungsubttiép ., = GF(z) ,c08 (17)

b) Tén sé dao déng riéng cla ddm FGM
Chon trieyng chuyén vi théa man diéu kién bién (11) dwdi dang sau:

mmnXx mm X

U, =u, oos%sin 0.t W, =w,_ sin sinw,t, ¢ =¢,cos L sino, t (18)

trong d6: w_ va 6, 1a cac hé sb trong khai trién Fourier, m 1a sé nguyén duwong va o, 14 tAn sb dao déng riéng.
Thé (18) vao (9) sau khi da loai bé tai trong, nhan dwoc hé phwong trinh:

§ 2o 3.3 2 2
{Aml_;t ]um _{Bml_zc me+(cm[_12-: ]¢m:|_m2[l1um_|2anWm+|3¢'mj|_0

B 4_4 33 5.5
—[B J [D mLf ]wm —[F”‘Lf]q)m] —a? [—Iz”:tum +[|1 i, mL’;]wm Y.L
r 2 s
{C%]um —(F mL;t ]wm +[I—|1 +G, an}pm}—m?[gum -, anwm + I5¢m] =0
Hé phwong trinh (19) c6 thé viét lai dwdi dang ma tran nhw sau:
k11 k12 k13 m1‘| m12 m13 um
Koy Koo Koy [=00°| My My my | [fw, =0 < ([K]-of[M]){A}=0
Ky Ky ki My Myp Mg | )| 9y
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qui neren cou va un ouns (R
trong d6 {A} ={u,, w,., ¢, } va [K], [M] la cac ma tran do cirng, ma tran khéi lwgng. Cac hé sé clia ma tran [K] la:

m°r® mPr® m°rc?
Kis _{A T‘} Kip =Ky __[B?"]; Kis =kKay _[C?];

m4 4 mS 3 m (21)
T T Y
Ky = _{DL_4]; Ky =Ky = _[F H ]: Ksg = (H‘l +G, TJ
Caché sb clamatran [M]:

mm m?? mmn
my, =l;m, =m,, = _[I?_ ”L—];Mm =M, =1;;m,, = (h +l ?];mza =my, =, T;Maa =l (22)
Tir (20) ta nhan dwgc phwong trinh trj riéng dwéi dang: i[K] — 3 [M]| =0 (23)

Tan s6 dao dong riéng m la nghiém cua (23). 'ng v&i méi tAn s6 dao dong riéng ta sé cé dang dao
dongriéng twong trng.
(@ 3.Kétquasd

Xét dam don gian bang vat liéu FGM, tiét dién hinh chi nhat (bxh) cé chiéu dai L, chiu tai trong phan
bd déu q. Vatliéu FGM cé dang (2) v&i tinh chét cac vat liéu thanh phan la:

Kim loai: (Al): E, = 70(GPa); p,,=2702 (kg/m°); v,,=0.3

Ceramic (ALO.): E,= 380(GPa); p, = 3800 (kg/m*); v,=0.3.

Céc chisé p khac nhau. Cac biéu thirc khdng thir nguyén dwoc tinh theo coéng thire sau:

100ER® (L)), 100ER® h). h L hj, h X 2] [p
Wy = quL4 W(EJ.Ukm = WU[O,—EJ;G)‘X—W = @Gm(zszjnczx—km = @Gz}((olo)’mkm =0 [FJJ; (24)

3.1 Kétqua phén tich tinh

Chuwong trinh tinh toan cac thanh phan chuyén vi va ing suét ciia dam FGM da dwoc lap trén nén
MathLab. Két qua tinh toan dwoc so sanh véi i gidi theo ly thuyét dan héi véi mé hinh ddm béac cao cla Li
vacong s [5].

Trong Bang 2, két qua chuyén vi doc truc, (rng suat phap cho sai s6 nhé gitra cac mé hinh (<5%). Sai
sb1&n hon thé hién & gia tri cla do véng, (ng suat cdt ngang (o,,,,) tinh theo cac ly thuyét bac cao so vai hai
mo hinh d&m Euler - Bernoulli va Timoshenko (hé s6 hiéu chinh cat k=5/6 véi tiét dién chir nhat).

Bang 2. Chuyén vj va (ing suét khéng thir nguyén cla dam don gian bang vat liéu FGM chju uén béi tai trong phén bé déu

- L/h=5 L/h=20

g W hink Wi Uy Cpen | Owtn Wi, Uy, Guen | O

o 3165 | 0.940 | 3.802 | 0.733 | 2.896 | 0231 | 15013 | 0.744

& HihR S 3165 | 0940 | 3.802 | 0733 | 2.896 | 0231 | 15.013 | 0.744

M5 hinh 3 3165 | 0941 | 3805 | 0755 | 2.896 | 0231 | 15.014 | 0.767

5 M hinh 4 3165 | 0940 | 3.802 | 0731 | 2.896 | 0231 | 15013 | 0.742

M& hinh 5 3164 | 0942 | 3.808 | 0776 | 2.896 | 0.231 | 15.015 | 0.791
Euler-Bernoulli | 2.878 | 0.921 | 3.750 - 2.878 | 0.230 | 15.000 e

Timoshenko 3118 | 0921 | 3750 | 0497 | 2.893 | 0.230 | 15.000 | 0.497

Livacongsw (5] | 3166 | 0940 | 3.802 | 0750 | 2.896 | 0.231 | 15013 | 0.750

Mb hinh 1 8.068 | 3.113 | 6.882 | 0.670 | 7.442 | 0.769 | 27.099 | 0.681

M hinh 2 8.068 | 3.113 | 6.882 | 0.670 | 7.442 | 0.769 | 27.099 | 0.681

M& hinh 3 8.068 | 3.115 | 6.890 | 0.693 | 7.442 | 0.769 | 27.101 | 0.706

) M hinh 4 8.068 | 3.113 | 6.882 | 0668 | 7.442 | 0.769 | 27.099 | 0.679

M@ hinh & 8.067 | 3117 | 6.897 | 0716 | 7.442 | 0.769 | 27.103 | 0.730
Euler-Bernoulli | 7400 | 3.074 | 6.768 - 7.400 | 0.768 | 27.070 -

_Timoshenko 7.925 | 3.074 | 6768 | 0423 | 7.433 | 0.768 | 27.070 | 0.423

Livacongsw (5] | gog0 | 3113 | 6.881 | 0679 | 7442 | 0.769 | 27.099 | 0679

Mb hinh 1 10.938 | 3.886 | 9.712 | 0647 | 9691 | 0.954 | 38138 | 0.659

M hinh 2 10.938 | 3.886 | 9712 | 0647 | 9691 | 0954 | 38.138 | 0.659

M& hinh 3 10.942 | 3.891 | 9.724 | 0.671 | 9691 | 0954 | 38.141 | 0.685

i Mb hinh 4 10.938 | 3.886 | 9711 | 0644 | 9691 | 0954 | 38138 | 0.656

M8 hinh 5 10.940 | 3.896 | 9734 | 0694 | 9691 | 0.954 | 38.144 | 0.711
Euler-Bernoulli | 9607 | 3.810 | 9.523 - 9.607 | 0.952 | 38.091 -

_Timoshenko 10.534 | 3.810 | 9.523 | 0.356 | 9.665 | 0.952 | 38.091 | 0.356

Livacong s [5] | 19898 | 3.886 | 9.706 | 0.644 | 9.688 | 0.954 | 38.137 | 0.644

TAP CHi KHOA HOC CONG NGHE XAYDUNG %




Bién thién clia thanh phan chuyén vi doc truc khéng thir nguyén u,,,, cac thanh phan (rng suét khang
thir nguyén o,,,.., G,.,., theo toa dd chiéu cao dam v&i cac mé hinh tinh khac nhau dwoc biéu dién trén Hinh
3,Hinh4 vaHinh 5.

\ “—— Mo hinh-1 : T Mahinh1 ) 2 S Mohinh1
s Mo hinh2 . s Mo hinh2 . e Mo hinhe2
-\b\ —»— Mohinh3 —s— Mohinh-3 i Mo hinh-3

1\ ==p== Mo hinh-4 & = Mo hinh-4 - g Mo hinh-4

" Mo hinh-5 b - Mo hinh-5 ., ~p-~ Mohinh-5
o o8 2 ) . Euler-B z g g Euler-B

AN
Nie

A T E 0 2 & 8 4 -2 o0

[ 2 4 [
Uktn (p=0) Uktn (p=1) Uktn (p=10)

Hinh 3. Bién thién cta thanh phan chuyén vi u,, theo ty s6 z/h clia ddm FGM (L=2h) v&i chi sé ty I& thé tich (p=0; 1; 10)

“— Mehinn1 [] i Wio hinb1 0. T Mohinh-1
/ s Mohinh2 || i cervrsns Mo hinh-2
—»— Mo hinh-3 : —»— Mo hinh-3 Me hinh-3
-=p-= Mohinh-4 || -0 4= Mo hinh-4
-3 Mohinh-5 - Mo hinh-5
. 0 Euler-Bemoul y -+ Euler-Bemoul
e Timoshanko ‘/ worgens Timoshenko
T Y15 a0 o5 a s - 2 0 0 05 1 15 2 25 3 05 K] 3 : 7
Sigma xcktn (p=0) Sigma xekin (p=1)

1 z 4
Sigma xokin (p=10)

Hinh 4. Bién thién cla (g suét phép G, theo ty sé z/h cia ddm FGM (L=2h) véi chi s6 ty I¢ thé tich (p=0; 1; 10)

~ Model-1
sosennns Modeh2
Wadel-1 — Modet3
e Model-2 : - -- Modeld
—b— Model-3 3 - Model5
- Model-4
~p Modet5

uler-t

Euler- ul
Timoshenko

Mo hinh-1
3 s Mo N2
l’,;-r —#— Mo hinh-3
- Mo hinh-4
AP - Mo hinh-5
< - -~ Euler-Bermou
- Timoshenko

15

FE a0 I i T 2 03 04 05

5 1
Sigmaxz-in (p=0) Sigmaxz-ktn (p=1) Sigmaxz-kin (p=10)

Hinh 5. Bién thién cOa (g suét tiép G

zx-ktn

theo ty s6 z/h clia ddm FGM (L=2h)

Tir Hinh 3+5 c6 thé thAy rang cac thanh phan chuyén vi doc truc, (rng suat phap cho két qua véi sai
léch nhd gitra cac mo hinh. Sy khac biét gitka cac mé hinh thé hién ré véi (rng suét cat ngang. Bidu nay la do
dang ham f(z) d&c trng cho sw phan bé (rng suét cat clia cac mé hinh cé dang khac nhau.

3

=== Mo hinh-1

- Ma hinh-2

=—p— Mo hinh-3

====- Ma hinh-4

== Mo hinh-5
Euler-Bernoul

wmaxkmn (p=2)
sigmaxxkin (p=2)
sigmaxz-kin (p=2)

—==- Mo hinh-1 : ~ Mo hin-1
wererens Mo hinh-2 v Mo hinh-2

—— Mo hinh-3 —— Mo hinh-3

==p== Mo hinh-4 ==#=== Mo hinh-4

- Mo hinh-5 === Mo hinh-5
Euler-Bemoul :
Timoshenko

6 8 10 12 2 4 6 8 10 H
TysoLh TysoLm

~ Hinh 6. Anh hutng cua ty s6 L/h dén bién thién cta do véng,
(kng suat phap Ién nhét, ting suat tiép Ion nhéat cda dam FGM (chi s6 ty Ié thé tich p=2)
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U/ ; D 1a

Anh huéng clia mé hinh tinh thé hién ré nhat qua ty sd L/h. Hinh 6 biéu dién sy bién thién cta chuyén
vi doc truc, dé véng khéng thir nguyén Ién nhét, cac thanh phan (rng suat khéng thir nguyén theo ty sé L/h
(p=2). D6 thi trén Hinh 6 cho thay: (rng sut phap & nhw nhau véi tht ca cac mé hinh dam, trong khi d6 (rng
suat tiép thay ddi vai cac mé hinh ddm khac nhau. Véi cac dam c6 ty s6 L/h<5 (ddm ngén), khi thay d6i mo
hinh tinh c6 sw sai khac ré rét vé do véng, trong khi dé véi dam dai (L/h>5) thi dé véng hdu nhuw khéng thay déi.

Anh huéng clia chisd ty 1& thé tich p dén do véng, chuyén vi doc truc va (rng suét phap ctia ddm FGM
thé hién trén dé thi Hinh 7.
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Hinh 7. Bién thién cua u,, (0, _%), w,, (% e (';, % ) theo chi s6 p
T dé thi Hinh 7 ta c6 thé théy ring p ting thi cac chuyén vi va ing suét phap clia dam tang nghia la do
clrng clia dam FGM bi gidm do ham lwgng ceramic trong vat liéu FGM giam.
3.2 Két qua phan tich dao déng riéng
Téan sb dao déng riéng clia dam FGM véi chi sb ty & thé tich p= 5, p= 20 duoc trinh bay trong Bang 3.
Ta thay cac két qua hau nhuw trung khép so véi két qua cla tac gia Simsek [8] tinh toan theo mé hinh dam bac
cao bang phwong phap phan t& hivu han.

Bang 3. Tan sé dao déng riéng co ban kin ctia dam FGM

. P
L/h Mé hinh
: n 0 0.5 1 2 5 10
M& hinh 1 5153 4.411 3.990 3.626 3.401 3.282
Mé hinh 2 5.153 4.411 3.990 3.626 3.401 3.282
M hinh 3 54153 4.411 3.991 3.626 3.400 3.281
5 M hinh 4 5153 4.411 3.990 3.627 3.401 3.282
M hinh 5 5.154 4.412 3.991 3.627 3.399 3.281
Euler-Bernoulli 5.395 4.593 4.148 3.779 3.595 3.492
Timoshenko 5.191 4.437 4.015 3.657 3.457 3.341
Simsek [8] 5.1563 4.411 3.990 3.626 3.401 3.282
Mé hinh 1 5.460 4.651 4.205 3.836 3.649 3.539
Mé hinh 2 5.460 4.651 4.205 3.836 3.649 3.539
M hinh 3 5.460 4.651 4.205 3.836 3.648 3.539
20 M6 hinh 4 5.460 4.651 4.205 3.836 3.649 3.539
M6 hinh 5 5.460 4.651 4.205 3.836 3.648 3.539
Euler-Bernoulli 5478 4.664 4.216 3.847 3.663 3.555
Timoshenko 5.463 4.653 4.207 3.838 3.653 3.544
Simsek [8] 5.460 4.651 4.205 3.836 3.649 3.539
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Hinh 8. Tan sé dao ddng riéng oy, bién thién theo chi s ty 1é thé tich p (a),
theo cac dang dao déng (modes) (b) va theo ty sé L/h (c)
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KET QUA NGHIEN CUU VA UNG DUNG

Bién thién cla tan sb dao déng riéng khéng thir nguyén theo chi sé ty |& thé tich, cac dang dao déng
va ty sb L/h biéu di&n trén Hinh 8. Co thé thay rang khi chi sé ty 1& thé tich p tang thi tn s6 dao déng riéng
gidm do ham lwong ceramic trong vat liéu FGM giam lam gidm dé cirng clia dam. Tan sb dao déng riéng
téng theo ty sb L/h va dang dao déng m. Déi véi cac dam cb ty sb L/h>10, tinh toan véi cac mé hinh dam
khac nhau cho sai léch vé tan sé dao dong riéng 1a khéng dang ké.

(.: 4.Kétluan

Tir cac khdo satsd trén co thé rut ra cac két luan sau:

- Céc ly thuyét dam béc cao biéu dién bién thién cla (rng suét cit ngang theo chiéu cao ddm dang
parabol, gia tri (’ng sut cat ngang & mat trén va mat duéi clia ddm bang khéng phan anh sat thue té hon sy
lam viéc cha dam. Str dung ly thuyét ddm bac cao khéng can st dung hé sb hiéu chinh cat nhw dbi véi mo
hinh dam Timoshenko truyén théng.

- D6 véng va tan sé dao dong riéng ctia dam cé ty sb L/h>10 tinh theo cac mé hinh dam cho két qua
twong dwong nhau, nén khi tinh toan so bd c6 thé st dung mé hinh dam don gidn nhét, mé hinh Euler -
Bernoulli. Khi can d6 chinh xac cao hon nén lwa chon cac mé hinh ddm bac cao dbi véi cac dam ngén.

- Dbivéidam FGM, chisé ty 1& thé tich p ting sé lam gidm do cirng clla ddm FGM dan dén dé véng
cliaddm tang va tan sé rieng giam.
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