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Tém tat: Trong bai bao nay, céc tac gid trinh bay cac két qua nghién clru méi vé viéc xay dung ma tran dé cling
déng luc va véc to tai trong quy vé nit cia phén tr ddm Timoshenko cé nhiéu vét nirt bang vat liéu FGM theo
phuong phap do ciing déng lue. Tir d6 céc téc gia da (ng dung vao phén tich dao déng tu do clia dam lién tuc
nhiéu nhip c6 nhiéu vét niit bang vat liéu FGM. So sanh céc két qua tinh toan véi cac két qua da cong b cho thay
dé tin cdy ctia céc két qua nhan dugc. Cac két qua nghién ciwu nay Ia co sé& cho viéc nghién ctru dao déng tur do va
cudng bire cta cac két cau hé thanh ciing nhuw bai toan danh gia trang thai ky thuét cda cong trinh hién hiku.

Tirkhéa: Dam Timoshenko; ma tran dé ciing déng lurc; véc totai trong quy vé nit; FGM; vét nirt.

Establising the dynamic stiffness matrix and the nodal force vector of a multiple craked functionally
graded Timoshenko beam and its application to analysis of free vibration of multi-span cracked beam

Abstract: In this paper the authors presented new results on establishing of the dynamic stiffness matrix and the
nodal force vector of a multiple cracked functionally graded material (FGM) beam element based on Timoshenko
beam theory, massless spring model of crack and dynamic stiffness method. Thence, the authors analyzed free
vibration of a multiple cracked FGM muiti-span continous beam. The theoretical development validated by
numerical examples. The results obtained provides an efficient method for free and forced vibration analysis of
multiple cracked FGM framed structures and assessment of the behavior of damaged structures.
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@ 1. Gi&i thiéu chung

Néu nhu khi phan tich dao déng tw do va cuéng blrc ctia ddm don gian béng vét liéu FGM cé kha nhidu
phwong phap khac nhau: phwong phap gii tich [1], ban gidi tich (Galerkin, Ritz,...) [2], phwong phap ciu phuong
vi phan [3].... thi khi phan tich két cAu hé thanh ngudi ta phai dung phwong phap phan ti hivu han (PTHH) [4-10].
Tuy vay, hau hét cac nghién clru nay chidirng lai phan tich dao déng tw do cia ddm FGM nguyén ven [4-8], chi ¢
rat it nghién ctru v& dam FGM cé vét nirt. Akbas [9] diing cac ham Hermite dé nghién ctru dao déng t do clia dam
Euler - Bernoulli bang vat liéu FGM c6 1 vét niet. Yu, Chu [10] da xay dwng mé hinh PTHH (p-version FEM) cho
dam FGM co 1 vét nirt dwa vao cac ham Hermite va da thirc Legendre dé nghién ciru sw thay déi tAn sd, dang dao
déng rieng va dudng mire tn sé clia ddm theo vi tri va dd sau vét nit, tir do dé xuét thuat toan nhan dang vi triva
do6 sau vét nirt trén co sé nghién ctru giao diém clia cac dwdng mirc tan so.

Do phwong phap PTHH st dung cac ham dang tinh vao cac bai toan dong Iwc hoc nén cac dac treng déng
lc hoc nhw cac tan sb va dang dao dong riéng bac cao co sai sé |&n so véi phwong phap gidi tich hay phuong
phap doé clrng dong lwc (BCDL). Trong khi do, phwong phap BCBL str dung cac ham dang déng chinh la nghiém
phwong trinh can bang dong nén cac tan sé va dang dao dong riéng thu dworc la chinh xac. Nhw vay, viéc tim
nghiém phwong trinh can bang déng méc du rat khé khan nhwng 1a diém mau chét, 1a diém khac biét co ban cta
phwong phap BDCBL véi phwong phap PTHH.

Cac (rng dung phwong phap DCHL vao phan tich dao dong cla két ciu hé thanh bang vat liéu FGM mai
chi dtrng lai cho cac phan t&r dam nguyén ven [11-13]. Gan day, Khiem & Huyen [14] d& nghién c(ru dao dong tw
do clia ddam FGM Timoshenko cé 1 vét nirt bang phwong phap gidi tich trong mién tan sé. Cac phweong trinh dao
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doéng tw do ctia ddm FGM chiju udn cé vét nirt dwoc xay dung trong mién tan sé duwa trén mo hinh [0 xo clia vét nirt
va tinh dén vi tri thue ctia dwong trung hoa [15]. Phat trién cac két qua nghién ctru & [14], bai bao nay trinh bay
céac két qua nghién ctru mai vé viéc xay dwng ma tran do cirng dong lwc va véc to tai trong quy vé nat ciia phan tlr
dam Timoshenko co nhiéu vét nirt bang vat liéu FGM theo phwong phap BCBL. Tir do céc tac gid nghién ctru
dao déng tw do cla dam lién tuc nhiéu nhip FGM c6 nhiéu vét nirt. Cac két qua nghién ctru nay |a co sé cho viéc
nghién ctru dao déng tw do va cuéng birc clia cac két cAu hé thanh ciing nhuw bai todn danh gia trang thai ky thuat
cua cong trinh hién hiru.

@, 2.Matran do cirng dong lwe va véc tortai trong quy vé nit
2.1 Céac hé thirc coban

Ep, Gppy L

Hinh 1. DAm FGM c6 nhidu vét nit
Xétdam co chidu dai L, tiét dién chir nhat vdi kich thwdc A=bxh duoc ché tao tir vat liéu FGM (Hinh 1) v&i
ham dac trwng vat liéu cé dang lGy thira
E(z2) E, E -E, R
G)t=16,1+1G -G, %%J i—h/2<z<h/2 (1)
p(z) Py P =Py

trong do: E, G va p lan lwotla md dun dan hdi, mo dun trieot va mat do khdi lwong; chisé tva b ky hiéu vat ligu lép
trén va lép dudi; z1a toa do tinh tir mét gitra ctia ddm. Gia thiét bién dang bé, cac chuyén vi ctia ddm Timoshenko
tai mot diém trén tiét dien co dang

u(x,z,0) = uy (x,0) —(z — h,)0 (X, 1) ; WX, z,1) = W, (x,1) (2)

trong d6: u,(x,t), w,(x,t) 1a chuyén vi ctia diém trén truc trung hoa; h, 1a khoang cach tir truc trung hoa dén truc x;0
la goc xoay clia tiét dién quanh truc y. Ky hiéu

(An Ay, Ay )= J.E(Z)(ls z—hy, (Z - ho)z)dA; 4 =T|IG(Z)dA;

5 (3)
(Ilnfualzz):_[P(Z)(laz_hU’(Z_ho))dA-
A
vacacmatran, vécto
A, -4, 0 0 0 0 0)2[” —cx)zl’12 0
[A]= -4, Ay 0 ;[H]= 0 0 Az ;[C((D)]= —(!)2[12 0)2]22_4433 0
0 0 4, 0 -4, 0 0 0 i i

0.0 }= [luy (600 Gt). wy ()™t 5 {PO0). Q000 = [{p(ean).qlanlfe ™ di
{}=w.om" {a}= Po.0Y

Trong mién tan s6, phwong trinh dao déng clia dam co dang [14]

[Al{z} + [} + [Cliz}=—ta) (5)
Khi khéng co tai trong ngoai, phwong trinh (5) co dang

[Akz"}+ Kz} + [Cliz}= {0} ()
Nghiém phuong trinh (6) co thé viét dwdi dang

{ZO (x:-(’))}: [G(JC,O))]{C} (7)
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v6i {C}= (C,,....C;)'acaching sé doclap va

alek;x azekyf asek}v ale-—k,)r Ctze‘kﬂ a}eik}v

[G(x,co)]: eku’ el'\'gx ekgx euk,x eu;(zx e“k-’x
B B Be™ —Be™ -Be™ —Be™

* 4

V_a R
- 6
=i

B T b)

Hinh 2. Ddm FGM véi vét nirt mé va mé hinh hai 1o xo tuong duong

Xét dam co vét nirt tai tiét dién co toa do e. V&t nirt dworc md hinh hoa bang hai 16 xo: 16 xo doc co dd cirng
Tvalo xo x0an co dd cirng R (Hinh 2). Diéu kién lién tuc tai vi tri vét nirt 1a
U+0)=Ue-0)+7,U.(e); Oe+0)=0(e—0)+v,0 () ; W(e+0)=W(e-0)
Ule+0)=U.(e-0);0(e+0)=0'(e—0);W/(e+0) =W (e-0)+7,0(e)
Cacthamsdv,, 1, trong (9) 1a ham cla cac tham sé vat liéu nhu mé dun dan héi, chiéu cao dam, hé sé nd
ngang Poisson., ... bao gdm c¢a trwéng hop dam déng nhat E=E,=E, hay R.=1
Y. = 4y IT=2rn(1-v 2)h01f1 (2)sy, =4y /R=6n(1-v Z)hqz.fz(z) (10)
trong do [14]

(9)

GI(RE:n) =

2R, +n) o T 24 (3}25 +n_2Re+n  Rptn
(R, +1)1+n) R, +1\33+n) 2+n 1+n
f,(2) =27(0.6272—0.17248z+5.92134z* —10.7054z° +31.5685z" —67.47z° +
+139.123z° —146.682z7 +92.3552z%) (11)
f2(2) = 2%(0.6272 —1.045332 + 4.59482? —9.97362° + 20.2948z" —33.03512° +
+47.1063z° —40.75562" +19.6z%)
Ky hiéu {z.(x)} la nghiém riéng ctia (6) thda man cac diéu kién ban dau
{2.(0}=(U(0),7,0(e),0) {2, (0)}= (0,0,7,0' (&))"
va {zy(e)} = Ui(e) Byle) Wye)”
Tanhanduoc
{z. (0 }=[PW)][E]{z} (&)} =[G, (x)]{z{(e)}
trong dé [G,(x)]1a matran 3x3
[G.(x)]=[®(x)][E]
voi
o,coshk,x o,coshk,x ojcoshkyx| |8, 8, 8
[®(x)]=| coshkx coshk,x coshkyx |+|8, 85 O
B,sinhkx PB,sinhk,x Pysinhkyx | |85, 5 Oy
8,y = (kB3 —kyB, YAS,, = @3k, By —0,ksBs YAS s = (@, —as YA
6, = (k151 _ksﬁs)/A;azz = @lesﬁs _‘13]‘131)/‘5;523 = @13 _a‘l)/A
8y = (kP — kB, YA:B,, = ok, B, —ct kB, YA:S, = (0, —a, YA
A=k B (o, —oy)+k,B, (0, —a,) +k B (0, —o,)
va
Y, 0 0
[E]: 0 vy, 0
0 v, O
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Ta dwa vao matran ham vét niet

il [Gc(x)]:x>0' — L G ()] x50 18
E(X)]-{ [0] :xSOQ[G(X)]M [0] b2 o] (16)
Nghiém tbng quat clia phwong trinh (6) théa man diéu kién lién tuc (9) tai vi tri vét nirt co thé viét dwdidang
{z.00}= {2, [ Ge—e){z (o)} (19)

Biéu thirc thir nhat 1a nghiém bai toan dam khong cé vét nirt, biéu thire thir hai 1a nghiém bd sung do sw
xuat hién vét nirt trén dam. Boi vai dam co nhiéu vét not, tor (19) ta co:
. (0}= (0 1+ [G(r—e) Jlzi (e) = o3+ GG —e) Ji, }: = i ten)}
W= WG -e )= ol Ga—ep Ji 1+ Bo-e) Menen 1+ 67, —en T, )
=, Ga-e) Ju 1+ 6 (- e Ju b s J= ) )+ [6 (e e B }
&)= 0} [Gir-en Jizi (e}
= {Zu(x) }"‘ E(x‘en)]!i‘l }"' E(x “32)]{‘2 }"‘ E(x—es)l{z:](e;)}+ E'(e:» —€ )}ﬁ‘l }"' E'(es = ez)]{“z })
=, 0+ [G—en o 1+ B —en Ju, H[Ge—en Jin s . )= e }+ [Ge; —en Ji 4 [G(es =) Jina )

Nhuw vay, ta co thé biéu dién nghiém phwong trinh (6) clia dam co6 n vét nirt dwdi dang truy hoi

.0}, 2[Gor—e, (20)
voi{n}laveécto 3X71
{pj}={za (ei )}+ Z[ﬁ’(ef - ek )]{l"'k}’ j = 1:»293:"': n (21 )

2.2 Ma tran doé cirng déng Iwrc va véc tortdi trong quy vé niit

Thay biéu thirc nghiém téng quat (7) vao (19), ta nhan duwoc

.0 }= (G0 [6-e) 6 (e o)ic =¥ 0)(C) (22)
trong dé: [¥(x,»)] 14 ma tran trwdng chuyén vi clia phan tiy
[¥(x,0)]=[G(x.0)]+[G(x ) [G'(e.0)] (23)

Duwa trén hé thire truy hdi (20) - (21), ta co thé biéu di&n nghiém tdng quat ctia phwong trinh (6) cho phan
tCr dAm cé n vét nirt nhw sau

f.)}= [[G(x,m>]+ Slee-e M, ]J{c}= [¥(eo)liC) (24)
J=1
trong dé
[ (o)l Gerol Y lee—e ] (25)
=
va[X;] 1amatran3x6
Gl=[c e+ S[c e, —e BT =123, (26)
k=1
Nghiém riéng cla phuwong trinh (5) dwoc biéu dién dwéi dang
{2,(50) = [HG—7,0 a0 (27)
trong d6: [H(x,®)] la ma tran ham truyén thda man hé phwong trinh
[Al" ]+ [ [T+ [ [r]= [o] (28)
v6i cac didu kién ban dau
[H©O)]=[0]; [H'©)]=[A]" (29)

Nghiém day dua ctia phwong trinh khéng thudn nhéat (5) cé thé biéu dién duwdi dang téng ciia nghiém tdng
quat (24) va mdt nghiémriéng (27)

{7, (r.0)}={z,(x.0) }-{z, (r.0)f= [¥(.0)Cl-{z, (xo)f (30)
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Hinh 3. Phén tir thanh chiu udn va kéo, nén déng thai

Ky hiéu cac toa dd nit, lwe nat clia phan tir thanh chiu ubn va kéo, nén ddng thei nhw Hinh 3
0= 0.0, 0,.U,,0,7,)" {P.} = (N,.M,.0,.N,.M,, 0,7 (31)

trong dé
U, =z2(0,0);0, =z,0,0) ; W, =z,(0,0)
U, =2/(L,0);0, =2,(L,0); W, = z,(L,0)
Ny “(Auale — 4,0,z )Fo;Ml = ~(A223A.22 —4,0,2,) ;0 = *An(axzs —Zy ),\':0
N, = (Alla_\-zl_Alzale )).—:L;Mz = (Azzaxzz - A4,0,7, )FL;QZ =y (axZB —Z, )).—:L
Ap dung céc cong thire (32) vao (30), ta co duoc

w-{fete-f e el o-{ai]

v&i [B]latoan tr matran
(4,6, —4,06, 0
[BF ]: 4,0, 4,0, 0

| 0 -4y A0,
Khtr vécto hang s {C}trong (33), ta nhan dwoc

[EB @), ]| [l o [EB- @) ]] [, m) {0}
{Pe}’_ DBF(T)X_L]]}'[[‘P(L@)H '{Ue}{ B.)., ]]} [[‘P(L,m) He, (L)} {{{B g
hay {P, (@)} =[K (@]{0}+{k.} (35)

trong do: [K ] va {F } 1an luvotia matran d6 cirng dong luc va véc to tai trong nit cia phan tir ddm FGM c6 nhidu
vét nirt
5 o[BS ]| [fro.o]]
(K.]= :
B.(¥)_.]] [[¥Lo) -
{1"‘T } —|:[ BF(T)x—(]:ﬂ_[[.P(Oam)]}_I-{{ {0} } {{ @ ) Ai}
LB o] ezl 1BdG,).,

Sau dd, viéc I&p ghép ma tran dé clrng déng lwc va véc to tai trong quy v& nit ctia phan tir vao ma tran dé
ctrng dong luc va véc to tai trong quy vé nit clia ca két cdu dwoc thue hién khéng khac gi phwong phap phan to
hiru han théng thudng.

Phwong trinh dao déng tw do ctia hé 1a

R(@){0}=1{0} (37)
Cactansériéng {0} ={0, o, ...® } langhiém cia phwongtrinh

det[K(0)]=

Twong tng v&i moitan so riéng j ta nhan dwoc dang dao déng riéng twong ting

{o,00)= C?[‘I'Gc,w)][[“’(o’m)ﬂ_l{ﬁl}

[¥(L.0)
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trong do: C}lahang sétuyyva {IAIJ} la nghiém chuan héa ctia phwong trinh (37) tng véitan sb o,

(@ 3.Phantich ddm FGMIién tuc nhidu nhip cé nhiéu vét nit

3.1 So sanh véi cac két qua da cong bd

a) Xét ddm FGM co cac tham sb hinh hoc L=1.0m, b=0.1m, h=0.05m va vat liéu: E=70GPa,
0,=2780kg/m’ 1,=0.33, E,/E =0.2, p,=7800kg/m’,11,=0.33, n=0.1[T].

Hinh 4 va 5 so sanh két qua khao sat sw thay ddi ctia ty s6 giiva tan sd dao ddng riéng thir nhat (va thir hai)
clia ddm FGM c6 1 vét nirt va do sau 20% véi tan sb dao dong riéng thir nhat (va thd hai) cia ddm FGM khéng
ntrt trong trng khi vi tri vét nirt thay ddi doc theo chiéu dai dam (dwong durt nét) véi két qua da cong bd clia Yu &
Chu [7](dwerng lién nét) cho dam: a) don gian, b) hai dau ngam va c) cong x6n. R6 rang cac két qua tinh toan hién
tai triing khép véi cac két qua da céng bd cta[7].

‘The relation of ratios of fraquency Not and the lacation of the last cracks ‘The relation of ratios of frequency No1 and the location of the last cracks ‘The relation of ratios of frequency No1 and the lacation of the last cracks
1 1 1

Y ; i 1usChul i e i i 1-Yu & Chu
: : - — 2Prasent | : H = = ‘2Present

"0 01 02 03 04 05 06 07 08 089 1 © 01 02 03 04 05 06 07 08 09 1 "0 01 02 03 04 05 06 07 08B 09 1
Crack positions(m) Crack positions(m) Crack positions{m)

Hinh 4. Sy thay déi ty sé tan sb dao dong riéng thir nhat cia ddm FGM c6 1 vét nit va do séu 20%
vGi tan s6 dao déng riéng thir nhéat ctia ddm FGM khéng nut khi vi tri vét nit thay ddi doc chiéu dai dam:
a) Dam don gian, b) Dam hai ddu ngam, c) Dam cdng xén

The relation of ratios of frequency NoZ and the location of the last cracks The relation of ratios of frequency NoZ and the location of the last cracks The relation of ratios of frequency No2 and the location of the last cracks
r 1 5 s . 1r % -

089

P ) RO NORPOR SONNPOE VAT S-SR . 1-Yu & Chu
- — 2-Present

[i} l]i1 []iZ 01,3 Uf# 055 UTE D,‘? DiS CI‘Q 1‘ o Ui‘\ 02 Diﬂ Cl;d l]‘S [],‘E l]‘? DiS 09 I1 ] [!‘1 l]‘Z D‘,S Uf# []‘,E CI‘G Di? l]iB l]iB ;
Crack positions{m) Crack positions{m) Crack positions{m)
a) b) c)
Hinh 5. Sy thay déi ty sé tén sé dao ddng riéng thir hai cda dadm FGM c6 1 vét nirt va do séu 20%
véi tan sé dao dong riéng thir hai cia ddm FGM khéng ndt khi vj tri vét nirt thay déi doc chiéu dai dédm:
a) Dam don gidn, b) Dam hai dau ngam, c) Dam céng xén
- Shape modes " Shape modes . Shape modes

: 1-Yang&Chen[6] : 1-Yang&Chenlg] H T-YangaChenig] ||
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1.5imply supported beam 2 Beam with clamped ends 3.Cantilever beam

a) b) c)

Hinh 6. So sanh dang dao dong riéng co ban cta dam FGM c6 1 vét nit va diéu kién bién:
2 dau gbi cé dinh, 2 dau ngam va cong xén voi két qua cta [16]

) X A . TAP 11 80 3
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b) Xét dam FGM co cac tham sb vat liéu: E=70GPa, p=p,=2780kg/m’, 1,=0.33, E,/E=0.2; n=1; kich thwérc
hinh hoc: L=2.0m, b=0.1m, h=0.1m. Dam co 1 vét nirt tai vi tri 1.0m vai do sau ah=20% [16].

Hinh 6 14 so sanh két qua tinh dang dao déng riéng co ban ctia dam FGM cé 1 vét nit theo [16] va theo ly
thuyét trén day voi cac didu kién bién: 2 dau gbi twa cd dinh, 2 ddu ngam va cong xén. Ta nhan thay, cac két qua
tinh latrung nhau.

3.2. Phan tich dam FGM lién tuc nhiéu nhip cé nhiéu vét nivt

y Bl

JraS
L2:1.2m v L_g:O.Em v b

Hinh 7. D&m lién tuc

Xétdadm FGM lign tuc nhiéu nhip cé tiét dién chir nhat bxh=0. 1mx0. 1m véi cac tham sd véat liéu: E=70GPa;
p,=2780kg/m’; 1,=0.33; E,=350GPa; p,=7800kg/m’, 1,=0.33 va s6 mii d&c trung vat liéu n=0.5 (Hinh 7).

The resalice of rasios of requency Na and the lecalion of the kst cracks ‘The refslion of ralies of frequency Ma2 and the lacalion of e lest exacks The retatian of ratias ef requency N3 and Ihe locslcn of he |sst cracks
Frid vy 1 1 =

magat/omegati
o egazion eganz

1 15
Crack posiiansiin) Crack positians(m)

a) b)

Hinh 8. Anh hudng caa vi tri vét nit voi d6 séu 10%, 20%, 30% dén ty s6 tén sé cia dém FGM
co 1 vét nut voi dam khéng nut trong g
Hinh 8 thé hién sw thay ddi ty b tan sé gitra 3 tin sd dau tién ctia ddm lién tuc nhigu nhip cé 1 vét niet vai vi
tri thay déi, do sau vét niet 14 10%, 20%, 30% chiéu cao dam vai tan sé clia ddm khong nit twong (ng. Ta nhan
thay rang:

a) V&t nirt trén tirng nhip khac nhau co anh hwdng dén cac tan sé khac nhau: Tan sé thir nhét thay doi
nhiéu khi vét ntrt & nhip thir 2 co 2 dau lien két goi twra va dai hon nhip thir 3. Tan sb thir 2 thay déi nhiéu khi vét nirt
gan gbi di dong. Tan s ther 3 lai thay dbi nhiéu nhat khi vét nirt & gan ngam clia nhip ther 1.

b) Cling nhw d&m don gian, trén dam lién tuc nhiéu nhip cing t6n tai nhitng diém t&1 han dbi vai tirng tan
sb. Vi tri cac diém tinh tir dau dam l1a: Véi tan sb thie nhat: 0.22m, 0.895m, 1.72m; V&i tan sb thir hai: 0.185m,
0.74m, 1.31m, 1.915m; V&itan s thirba: 0.17m, 0.62m, 1.134m, 1.61m, 2.011m.

Hinh 9 thé hién sw thay dbi ba ty s6 tAn s6 dao dong riéng dau tién ctia dadm FGM co 1 dén 10 vét nirt voi
do sau 10%, 20%, 30% va dam khéng nirt twong (ng trén cac nhip 1 (Hinh 6a-c), 2 (Hinh 6d-f) va 3 (Hinh 6g-i).
Trong do vj tri vét nirt dau tién trén cac nhip déu cach gdi bén trai 1a 0.05m, khoang cach gitra cac vét nirt déu 1a
0.05m. Ta théy, tan s6 thir nhat thay déi nhidu khi s vét nirt tang trén nhip thir hai, tan s6 thir hai thay déi nhiéu khi
s6 vét nirt téng trén nhip thir ba trong khi tan sé thir ba thay déi nhigu khi s6 vé&t nirt tang trén nhip thir nhéat va ba.

Hinh 10a-b thé hién s thay ddi ctia 2 dang dao ddng riéng dau tién ctia dam lién tuc nhiéu nhip co sb
lwong vét nirt ting dan tir 1 d&n 4 vét nivt trén nhip thir 2. Cac vét nirt cach d&u nhau 0.1m vai vi tri vét niet dau
tién cach gbi trai 0.1m va dé sau vét nirt déu la 30%. Hinh 10c-d 14 hiéu s6 cua hai dang dao déng riéng ciia dam
khéng co vét nirt va dang dao dong riéng ctia dam khong cé vét nirt twong (rng. T cac hinh vé cho thay, khi sé
lwong vét nirt tang 1én, dang dao déng riéng ctia dam cé thay déi nhwng chi thay déi chir yéu trén nhip dam co vét
ntrt, tai do dang dao dong c6 nhirng gay khc & vi tri vét nirt. Con trén cac nhip lién k&, tuy bién do dao déng riéng
c6 thay d6i nhung dang dao déng van 1a dwéng cong tron.
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Hinh 9. Sy thay doi ty s6 tan s6 dao dong dau tién cta dam FGM co 1 dén 10 vét nat d sau 10%, 20%, 30%
trén cac nhip véi dam khéng nit tuong tng
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Camparision of the eigenmades: 2
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d)

Hinh 10. Sw thay déi 2 dang dao déng riéng dau tién clia dam FGM nhiéu nhjp ¢ sé luong vét nit

téng dén tir 1 dén 4 trén nhip thir hai.
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KET QUA NGHIEN CUU VA UNG DUNG

Hinh 11 14 hiéu sb dang dao dong thir 1 (Hinh 11a-c) va thir 2 (Hinh 11d-f) ciia dam co 1 vét niet trén nhip
thir 2 vai vi tri vét nirt thay d6i 1an lwot 13 0.2m, 0.3m, 0.4m tinh tir nat thee hai bén trai, do sau vét niet 1an lwot 13
10%, 20%, 30%. Ta co mot s6 nhan xét:

- Tai vi tri vét nirt, dang dao déng riéng cé sw thay doi dot ng6t (dinh nhon) nhwng dd I&n cha sw thay doi
bién do dang dao dong riéng tai vi tri vé&t nirt khéng phai la 1¢n nhat.

-Dé |&n cha sw thay doi bién dd dang dao dong riéng tang |én khi do sau vét nirt tang lén.

- Tai nhip xuét hién vét nirt dang dao dong riéng co su thay ddi dot ngdt, nhng & cac nhip khac sw thay
ddi nay lai la lien tuc, dong théi su thay ddi cling la twong dbi Ién & cac nhip lién ké.

- Co nhikng vi tri vét nirt khong 1am thay ddi bién do dang dao ddng riéng clia mét hay nhidu diém trén
dam. Vi du: vét nirt tai vi tri 0.2m tlr d&u nhip thie hai khdng lam thay dbi bién do dao déng riéng tai vi tri 1.05m clia
dang dao déng riéng thir nhat (Hinh 11a) hay vi tri 1.12m ctia dang dao déng riéng thir hai (Hinh 11d). Cac diém
nhuw vay goi la cac diém bat bién ctia dang dao dong riéng dé phan biét vai cac diém nut ctia dang dao dong riéng,
tai do dang dao déng riéng bang 0.

Comparision of e eigenmades: 1 Gomparisicn af the exgenmads: 1 Comparisien of e sxgenmades: 1

Magnitute
Magnitute
Magnitute

b)

Comparksin of e egenmates: 2 Comparision of the eigenmodes: 2

Magnitute
Magnitute

1 15 1 1 15
Spanim) Span(m)

d) f)

Hinh 11. Hiéu s6 2 dang dao dong riéng dau tién cta dam nhiéu nhip co vj tri vét nit thay doi
trén nhip thir hai cda dam FGM lién tuc nhiéu nhjp
(@, a.Kétiuan

Trong bai bao nay, cac tac gia da xay dwng dwoc ma tran dé clrng déng lwe va véc to tai trong quy vé
nut cla mot phan t dam FGM co nhiéu vét n(rt dwa trén mé hinh dam Timoshenko, quy luat 1Ty thira cla vat
lieu FGM va mo hinh 16 xo ctia vét nirt theo phwong phap do ctrng ddng lwe co tinh dén vi tri thwe clia dweng
trung hoa.

Tir do cac tac gia da rng dung vao phan tich dac dong tw do ciia dam lién tuc nhiéu nhip cé nhiéu vét nit
bang véat liéu FGM. Cac tac gia da chi ra sw tbn tai clia cac diém téi han cho cac tan sé dao dong khac nhau. Cac
dang dao dang riéng nhay cam véi vét nivt hon va phu thudc nhiéu vao dic tring vat lidéu va kich thwée hinh hoc
clia dam. Tai cac vét nirt, dang dao dong riéng co s thay ddi dot ngot (dang dinh nhon) va vét nivt cang sau thi si
thay ddi hiéu s dang dao dong riéng cang 1on.

Cac két qua nhan dwoc trén day la co sé cho cac nghién ctru tiép theo nham xay dwng cac phwong phap
nhan dang sé lwong, vi tri va do sau vét nirt trong cac két cau hé thanh.
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