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Tém tat: Viéc danh gia sw lam viéc cua két céu cé vét nit ciing nhuw viéc xac dinh
vét nurt trong két cau la mot vén dé quan trong, cén thiét, thu hut sw quan tadm cida
céc nha nghién ctru trén thé gidi va & Viét Nam. Bai béo trinh bay céc két qua
nghién ctru vé viéc xéc dinh ham dang dao déng cda phéan t dém dan héi chiu
udn cé6 nhiéu vét nit theo mé hinh 1o xo bang phuong phap dé cling déng luc két
hop véi phuong phdp ma trdn chuyén. Tir d6 da xay dung thuét toan va chuong
trinh phén tich sw thay déi cac dang dao dong riéng ctia két cdu hé thanh khi xuét
hién vét nut. Céc két qua nghién ctru nhan duoc la méi, la co sé& cho viéc xay
dung mét phuong phap hiéu qud dé xac dinh vét nut trong cac két cdu hé thanh
dira trén phan tich céac déac trung dao dong.

Ttr khéa: Vét nut, do clng dong luc, tan sb dao dong riéng, dang dao dong riéng
Abstract: Assessment of the behavior of damaged structures as well as
determination of the location and the depth of cracks in multiple cracked structures
are very important and have attracted attention many researchers. This article
presents some results on the determination of the vibration shape function of a
multiple cracked elastic beam element, which is modeled as an assembly of intact
sub-segments connected by massless rotational springs, by using the combination
of dynamic stiffness and transfer matrix methods. Algorithms and computer
programs to analyse changes of natural mode shapes of multiple cracked beams
have been determined. Numerical analysis of natural mode shapes of multiple
cracked cantilever beams using the obtained expression shows a good agreement
in comparison with the well-known analytical methods. The methodology approach
and results presented in this article are new and are the basis for building an
efficient method to identify cracks in frame structures.

Keywords: cracked beam, transfer matrix, natural frequency, mode shape.
Nhén ngay 06/6/2012, chinh stra ngay 28/6/2012, chép nhén déng 30/8/2012

1. Dat van dé

Sw hinh thanh va phat trién vét nit hay hw héng trong cac két ciu xay dwng lam gidm kha
nang lam viéc va tudi tho ctia cdng trinh, do d6, viéc danh gia chinh xac sy xuét hién vét nit hay
hw héng trong cac két cAu cong trinh 1a mot van dé quan trong, can thiét, da va dang thu hat sw
quan tdm clia cac nha nghién ctru va xay dwng cong trinh trén thé gi¢i va & Viét Nam.

Nhirng nghién ctu hién nay vé viéc xac dinh vét nit hay hw héng trong két ciu cong
trinh bang cac phwong phap kiém tra khéng pha hdy phat trién chi yéu theo hwdng siv dung
cac d&c trung dong lwc hoc clia két cAu nhw tan sé dao dong riéng, dang dao déng riéng, ham

'PGS.TS, Khoa Xay dung DD&CN, Truong Dai hoc Xay dung. E-mail: lientv@hotmail.com
2ThS, Cong ty cb phan dau tw, tw van va thi cong xay dung Viét Nam.
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phd phan tng... [1,2,3,5,6,9,13]. Mot wu diém cta hwéng nghién clu nay la sé tham sbé can do
dac dé xac dinh sé lwong, vi tri va dd sau cla vét nirt hay hw héng trong cac két ciu cé thé 1a it
hon sb tham sé can xac dinh nhd gidi bai toan cwe tri [2].

Do cac phwong phép gidi tich chi gioi han trong cac két cau dam don gian [1,6,9] va
khong 4p dung dwoc cho cac két cau hé thanh phire tap nhw dam lién tuc nhleu nhip hay két
cAu khung, nén cho dén nay viéc xac dinh cac dac trung dong lwe hoc ctia két ciu chi yéu dua
vao phwong phap phan tl hiru han va sw phat trién gan day cia né 1a phwong phap do cirng
doéng lyc:

- Theo phwong phap phan t& hivu han, ddi v&i cac két cdu hé thanh cé vét nit, thanh
dwoc chia thanh nhidu phan t& thanh nguyén ven lién két v&i nhau tai cac vét nirt. Nhdm khéc
phuc van dé nay, Sato H. [12] da két hop gitra phwong phap ma tran chuyén va phwong phap
phan t& hiru han. Do phwong phap phan t& hiru han la mét phwong phap gan dung nén cac
d&c trung dong lwe hoc xac dinh theo phwong phap nay la gan dung, dac biét 1a di véi cac tan
sb va dang dao doéng bac cao [2].

- Theo phwong phap dd ctrng dong luc, dbi véi cac két cAu dang thanh co vét niet, thanh
cling dwoc chia thanh nhiéu phan t&r thanh nguyén ven lién két véi nhau tai cac vét nit [7]. Két
hop phwong phap dd cirng dong lwc va phwong phap ma tran chuyén, trong cac céng trinh
[2,8], tac gia da xay dwng dwoc md hinh phan tir thanh thdng 3 chiéu c6 nhiéu vét nit chiu kéo,
nén, ubn, xoén theo phuwong phap do cirng dong lwc. M6 hinh nay da dwoc (ng dung dé xac
dinh sb lwong, vi tri va dd sau clta thanh c6 nhiéu vét nit dwa trén cac tan sé riéng do dwoc tiv
thwe nghiém. Tuy vay, viéc xac dinh dang dao déng riéng (ng v&i cac tan sé rieng do dwoc con
chwa dwoc gidi quyét.

DPé xac dinh dwoc cac dang dao dong riéng thi can thiét phai xac dinh ham dang dao
déng cho phan t&r dam chiu udn cé nhiéu vét nirt véi vi tri va do sau bat ky, ddng thei co ké dén
cac hé sé can khac nhau. VAn dé nay kha phurc tap va chwa thay cong bé trong cong trinh nao.

Bai bao nay trinh bay cac két qua nghién ctru vé viéc xac dinh cac ham dang dao dong
cla phan t&r dam dan hdi chiu udn cé nhiéu vét nit theo mé hinh 16 xo béng phwong phap d6
clrng dong luc két hop véi phuong phap ma tran chuyén. T d6 da xay dwng thuat toan va
chwong trinh phan tich sw thay déi dang dao déng riéng cla cac két cAu hé thanh khi co sw
xuét hién cla cac vét nirt. Cac két qua nhan dwoc 1a méi, la co s& cho viéc phan tich sy lam
viéc cla két cAu cd vét nit va ciing la co s& cho viéc dé xuat mot phwong phap hiéu qué xac
dinh cac vét nirt trong két cAu dwa trén phan tich cac déc trwng dao dong.

2. Ham dang cta phan tir dam nguyén ven chju uén

Trong phwong phap phan t& hiru han [4], ham dang cta phan t& dAm nguyén ven chiu
udn 1a nghiém phwong trinh can béng tinh khi khéng c6 tai trong ngoai (hinh 1)

A

y d*w
P, P3  dx*

T‘\ x  cung vdicac diéu kién bién
( »  w(0)=1;w(0)=0;w(L)=0;w(L)=0 (2a)

w(L)=0:w (1)
> b w(0)=0iw(0)=Tw(1)=0iw (1) =0 @)
U1 o w(0)=0;w(0)=0;w(L)=1;w(L)=0 (2c)
)=0

uzfl\ L “ifh w(0)=0;w (0)=0;w(L)=0;w(L)=1 (2d)

Nghiém cula cac bai toan bién nay la cac ham
dang Ny, N,, N3, N4, goi la cac ham Hermit;

=0 (1

!

Hinh 1. Phén t& ddm nguyén ven chju uén
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2 3 2 3 2 3 2 3
X X x> X X X x> X
Nl(x):l—S(L] +2(Lj N, (x)= X_2T+F; N3(x):3(Lj —Z(Lj ; N4(x):—T+F (3)
Khi cho trudc cac gi tri uj;u,;ug;u, tai hai dau nat phan t dam thi chuyén vi ngang
clia dam la:
W(X): Nl(X)ul + Nz(x)uz + N3(x)u3 + NA(X)UA (4)

Trong phwong phap dd clrng dong lwc, Leung A.Y.T [10] chon ham dang cta phan to
dam nguyén ven chiu udn 1a nghiém phwong trinh dao dong tw do khéng can
o'w(x,t o*w
(61) | 00w _
OX ot
cung véi cac diéu kién bién (2a-d). Nghiém cla bai toan bién nay la cac ham dang Ny, N,, N,
N, dwéi day:

El,

0 ()

N, 1/2—-F, 127 F,L/24° -F, 127 F, /1277
N, X . X AX . X —F6/223 L/2/”L+F4L/2/13 —|:5/2/13 —F3L/2/13 (6)
=| cos— sin— cosh— sinh—
N, L) 1/2+F, 1222 —F,LI22 F, /222 —F 27
N, F, /22  LI2A-F,LI2@ R 27 FL/22
PAL*

trong d6 A' = @® la tham sb dong lwc; w |4 tAn sb dao dong (rad/s); Fi (i=1,..,6) 1a cac
ham sé:
F, =-A(sinhA-sin1)/5; F, =—A(cosh Asin A —sinh Acos 1)/5
F, =-A°(coshA—cosA)/&; F, = A*(sinh Asin 1)/ &
F, = 2%(sinh A +sin 1)/ 6 ; F, =— A*(cosh Asin A +sinh A1cos 1) /&
o =coshAicosi-1

Khi @ = 0, twvong &rng v&i bai toan tinh, ttr cac ham dang (6) ta nhan dwoc cac ham dang
Hermit (3).

(7)

Néu nhu trong trwong hop ddm nguyén ven chiu udn, viéc xac dinh cac ham dang la
bwéc dau tién dé thanh lap ma tran d6 clirng dong lwc cta phan tir thi trong trwong hop dam
chiu udn cé nhiéu vét nirt theo md hinh 16 xo, viéc xac dinh ham dang |a kha phtrc tap, phai dwa
vao két qua xay dwng ma tran dé clrng dong lwc theo phwong phap ma tran chuyén.

3. Ma tran doé cirng dong lwc ctia phan tr ddm chiu uén cé nhiéu vét nirt

Xét ddm chju ubn trong mét phadng Oxy cé chiéu dai L, dién tich tiét dién A, mdmen
quan tinh 1, médun dan hbi E, mat do khdi lwong p. Phwong trinh dao dong tw do cia dam
c6 dang [11]:

4 5 2
el 0" w(x,t) N 0 W(x,t)}LpA[é W 8W}:0

(8)

+ —_
ox° L oxdot az Mg

VGi 1114 hé s cén nhot clia vat liéu, u, 1a hé sb can clia méi truong. Bat w(X,t) = d(X, a))ei“’t
VGi @(x,w) la bién dd ctia chuyén vi ngang trén dam, ta co:
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4

trong do: A* :wz'?_A[l Wz) i =+/—1 la tham sb déng luc hoc (@ 1a tan sbé dao déng,
El @

rad/s), néu 1 = 0 trc w = 0 ta c6 trwdng hop bién dang tinh, v&i @ = 0 thi &(x, ) la bién do
chuyén vi dong; E = E(1+ix) la modul dan hdi phirc, dwoi day dé& cho dé theo ddi ta van
dung ky hiéu E nhw khi khong c6 can.

Gia st dam bj nurt tai cac diém x;, j=1,2,...,n trong do Xg=0<X <X <o<Xy<Xyq=L
VvGi cac do sau a; . Si dung md hinh 16 xo cla vét nit, ta c6 md hinh ddm nhw hinh 2 véi cac
do cirng 16 xo k% dwogrc tinh theo cong thirc quy déi [1,2]. Nhw vay, cung véi phuong trinh (9) ta
c6 cac quan hé twong thich tai cac vi tri vét niet X

CD(xj —O)= q)(Xj +O) ;CD”(XJ. —0)= CD”(XJ- +0) ;(D'"(Xj —0) CD”’(X +0)

. (10)
®'(x, —0)+El,a,®"(x, —0)=®'(x, +0) ;a, =1/kZ; j=12,...,n
y
P Ps
C Y & T ‘\ » X
w |
P> mul ki k2 K Us P4
us . X1 X2 L X U4ﬁ,\
Bién Bién
x=0 x=L
Hinh 2. Phén t& dam c6 nhiéu vét nit chju uén
Ta dwa vaocacchuyénvinat U ={u, U, U, U,}tai x=0 va x=L
ul:CI)(O) ; u2:<l>'(0) ;u3:<I>(L);u4:(D’(L) (11)
va cac lwc nut twong tng
u, =®(0); u, =®'(0); u,=d(L);u, =d'(L) (12)
St dung cac ky hiéu
ZJ {Zflvzfzvzfaf } ((D(Xj +O);(D’(Xj +O);E|Z¢)’”(Xj +0);_E|zq)”(xj +O))T ;J=01,..n (13)
Zi={2,1,2,,2,4, 2, ] =(0(x, —0);0/(x, ~0)—ELD"(x, ~0);ELD'(x, —O)) ;j=1,2,..0+1
khi dé
Z,, =®0)=u,; Z;, =®'(0)=u,; Z;, =EI,®"(0)=P,; Z;, =—-EI,®"(0) =P, "

Zr;-l,l = (D(L) =Ug; Zr17+1,2 = (D'(L) =Uuy, Zr:+1,3 = —E|Z(I)"'(L) = P3; Zr;+1,4 = Elzq)”(l-) = I34

va cac ham Krylov
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cosh x +cos x cosh X —Cos X sinh x +sin x sinh x—sin x
KiX)=—— K= Ky(X) = Ky (X) = (15)
1 2 3 2 2 2 4 2

Nghiém téng quét cta phuwong trinh (9) trén doan j=1,2,...,.n+1 v&i X e(Xi.1, X;) €6 dang

K,(AX) . K,(AX) ., K,(AX) _ .
2/1 Zina* E4I 2 LisT E3I FOIE

D (x) =K, (AX)Z ], + P x=x-x,, (16)

Tai d4u phai Z; ciia doan thanh j, ta c6
ZI :szy—l voij=1.2,..., n+1 (17)

trong dé ma trén Tj dwoc goi la ma trén chuyén cda doan ddm nguyén ven

K, (A0) A, (A1) K, (A0)/ELLA  —K,(A0)/El A
T4 = K, (A0) K, (1) K,(A0)/ElL22  —K,(A0)/El,A (8)
e —2PELK,(Af) —2PELK,(A0) K, (A0) K, (A0)
A2ELK,(A0)  AEL K, (A0) K, (A0) — K, (A0)

VoI (=X, — X, Str dung céc véc to Z;,Z;, ta viét lai diéu kién (10) dudi dang ma tran
Zj=3,Z; v6ij=12..n (19)

trong d6 ma tran J i= J i (aj) dwoc goi la ma trén chuyén tai vi tri vét nit

10 0 O
01 0 a
J.(a))= ! 20
i(a;) 00 -1 0 (20)
00 0 -1
T (19), (17) ta co:
Zi=3T,Zj1 v6ij=1,..n 21)
dan dén : Zn=JTJ T ..3T.Z0 (22)
Nhan ca hai vé clia phwong trinh nay véi ma tran T,., va ap dung (17), ta nhan dwgc
Zoa=T 3.T.3 ,.3,T,dT,Z0 =QZs (23)
trong d6 ma tran Q dwoc goi la ma tran chuyén ctia dém cé n vét nit bén trong
Q=T,,3,T.J,,4..3,T,3T, (24)

Q] [o

_ Qu Qp ) _ Qi Qu ) _ Qau Qyp . _ Qs Qu
[Ql]_(Qzl sz] ’[QZ]_(Qza Qz4j ’[ 3]_(Qm Q42] ’[ 4] (Qn.s Q44J ()

Ta viét ma tran Q dwéidang Q = [[Ql] [QZD VO
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va chu y céc ky hiéu da dwa vao & trén, tr (23) cho ta cac quan hé

el ) e f) )Rl e g

T d6 c6 thé rut ra quan hé gitva cac lwc nat P va chuyén vi nit U cta phan t& dam chiu
udn cé nhiéu vét nit nhw sau:

[K.JU}=1{P} (27)

trong dé:

( ell] Rl
- o) @

Ma tran [Ko].xs dwoc goi la ma tran do cirng déng luc cta phéan tir dam cé n vét nut.
4. Xac dinh ham dang va dang dao déng riéng ctia phan tir ddm chiu udn c6 nhiéu vét nirt
4.1 Xac dinh ham dang

Dwa vao biéu thirc nghiém tdng quat (16) va biéu thirc (27), ta cé thé xac dinh dwoc ham
dang dao déng ctia phan t&r dAm chiu ubn cé nhiéu vét nirt nhw sau:

a. D& tim ham dang N, ti diéu kién bién (2a), ta xac dinh ng luc P, va P, dwa vao (27):

[ PlJ — [kll k12 k13 k14 j(l 00 O)T _ (kllj
I:)2 k21 k22 k23 k24 k21

Nhuw vay, cac thong sbé ctia doan thir nhat (j=1) la
Zy =12, () =1 Z;(0)=0; Z;(0) =k, Z;(0)=ky| (29)
nén ham dang N, cho doan nay cé dang

K4(ﬂ;) k. — K3 (/1;) v

NS =K, (AX)+ Bl 7 TR g K, ; Xx=%x-0 (30)

S dung (21) va (16), ta xac dinh dwoc thong sb ctia ham dang N; trén doan ké tiép.
Truwdng hop ddm khéng cé vét nit, ta nhan dwoc ham dang
KK, —K,K K2 -K,K
N, = K, (Ax) +% K, (Ax) —% K, (Ax)
K; —K,K, K; -K,K,
trong dé Izi = K, (AL) . Khi cac hé sé can p, = p, =0, ta nhan lai dwoc ham dang N, theo (6).

b. Dé tim ham dang N,, tir diéu kién bién (2b), ta xac dinh tng luc P, va P, dwa vao (27):

(Plj — (kll I(12 k13 I(14 J(O 1 O O)T — £k12 j
PZ k21 k22 k23 k24 I(22

Nhuw vay, cac théng sé ctia doan thir nhat (j=1) 1a

Z; ={Z;(0)=0; Z;(©)=L Z:(0)=ky; Z;(0)=Ky) (31)
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nén ham dang N, cho doan nay cé dang:

Ko(X) | Ky(AX),  Ks(Ax), .

o _ Sy
N,” = p EIZ/13 1 Elz/lz K, ; Xx=x-0 (32)

S dung (21) va (16), ta xac dinh dwoc théng sb clia ham dang N, trén doan ké tiép.
Trudng hop dam khéng cé vét nit, ta nhan dwoc ham dang

K,(x) KZ-KK K,K, - K

LS ORI oL S M WS, Sl

A AK; -K,K,) AK; =K,

trong d6 K; = K;(AL) . Khi cac hé s can u;, = i, =0, ta nhan lai dwgc ham dang N, theo (6).

c. Bé tim ham dang N, tir diéu kién bién (2c), ta xac dinh ng luc P; va P, dwa vao(27)

( Pl j — (kll k12 k13 k14 j(o 0 1 O)T _ (le ]
P2 kZl k22 k23 k24 k23

Nhuw vay, cac théng sé ctia doan thtr nhat (j=1) 1a
Zy =2;(0)=0; Z;(0)=0; Z;(0)=Kyi Z;(0) =Ky} (33)

nén ham dang N3 cho doan nay cé dang

K, (AX) K,(AX), -
NG =) 7 K= gy gz Kmi X=X0 (34

S dung (21) va (16), ta xac dinh dwoc thong sb ctia ham dang N; trén doan ké tiép.
Trudng hop dam khéng cé vét nit, ta nhan dwoc ham dang

K K
K; — KK, Ky —KyK,
trong dé Ki = Ki (AL) . Khi cac hé sb can My =y, = 0, ta nhan lai dwoc ham dang N; theo (6).

d. Dé tim ham dang N, t diéu kién bién (2d), ta xac dinh (rng lwc P, va P, dwa vao (27)

( Pl j — (kll k12 k13 k14 j(o 0 0 1)T — (kl4 j
P2 k21 k22 k23 k24 k24

Nhuw vay, cac théng sé ctia doan thtr nhat (j=1) 1a
2 =27 =0, Z;(0)=0; Z;(0)=ky; Z{(0)=Ky) (35)
nén ham dang N, cho doan nay cé dang

K, (AX) K,(AX), -
NP = E“sz Ky, — Eslz/iz Ky, ; X=%x-0 (36)

St dung (21) va (16), ta xac dinh duoc cac thong sb clia ham dang N, trén cac doan ké tiép.

Trudng hop dam khéng cé vét nit, ta nhan dwoc ham dang
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— K3
AK; —K;K,)

K
K,(AX) - ——=—34%———— K, (X
4 (AX) ARZ-K.K) 5(AX)

4

trong dé Ki = K; (4L) . Khi cac hé sb can o= U, = 0, ta nhan lai dwoc ham dang N, theo (6).

4.2 Xac dijnh dang dao déng riéng
Viéc I&p ghép ma tran do cirng dong luc cla tivng phan t&r dAm (28) vao ma tran do clirng
dong lwc cia ca két cdu K(w) thuc hién twong tw nhw trong phwong phap phan ti hiru han.
Khi d6, bai toan dao dong riéng ctia ca két cdu dan dén bai toan tim tan sé va dang dao dong
riéng tir hé phuong trinh:
K(o)U =0 (37)
trong d6 cac tan sb riéng @ dwgc xac dinh tir phwong trinh

det K () =0 (38)

va cac chuyén vi nit U twong (ng voi tan sb riéng o dwgc tim tiv (37). Sau khi xac dinh duoc
cac chuyén vi nat U;;U,;U,;U, (chinh x4c dén mot hé so ty 1€), ta xac dinh dang dao déng riéng
cta phan t&r ddm chiu uén cé nhiéu vét nirt dwa vao (4).
5. Phan tich dao dong ctia két cau hé thanh c6 nhiéu vét nirt

5.1 D4m don gian

Xét ddm don gian co chidu dai nhip L = 0.8m, tiét dién chi¥ nhat bxh = 0.02x0.02m?, khéi

Hinh 3a-b chi ra sw
thay d6i 2 dang dao déng
dau tién (/a hiéu sé cta dang
dao déng riéng dém cé vét
nutt va dang dao déng riéng

b)  cua dédm khéng cé vét nut
tvong (ng) cuia dam don

B S e e S|
| L | | | |
5 04 o5 o8

Hinh 3: So sanh sw thay déi 2 dang riéng dau tién gian hai dau lién két khép co

1 vét nit tai vi x=0.3m tw

bén trai véi dd sau 30% tinh theo phwong phap gidi tich (dwdng ---, [2]) va theo phwong phap

dé& nghi (dwdng --). R3 rang cac dang dao dong riéng nhan duoc theo phwong phap dé xuét 1a
trung khép véi cac dang dao dong riéng nhan duoc theo phwong phap giai tich.

Span(m)

5.2 Dam lién tuc nhiéu nhjp

Xét dadm lién tuc c6 chidu dai nhip L,;=0.8m, L,=1.1m, L;=0.6m, tiét dién chir nhat
bxh=0.04x0.02m’, khdi lwong riéng p=7850kg/m°, mddun dan hdi Young E=2.1x10"" N/m?, hé

I:l h s6 poisson 1=0.3 (hinh 4).
2 b

g Hinh 5-7 thé hien su
, Li=08m L,=1.1m , Ls=0.6m thay df?i ba dang dao ddng
A 4 1 1 rieng dau tién do sw thay doi

Hinh 4. Dam lién tuc nhiéu nhijp vi tri vét n&t trén cac nhip

khac nhau cta dam lién tuc cé

14 SO 13/8-2012 TAP CHI KHOA HOC CONG NGHE XAY DUNG



1 vét nirt tai cac vi tri:
- 0.2m (hinh 5a, 6a, 7a), 0.4m (hinh 5b, 6b, 7b), 0.6m (hinh 5c, 6¢, 7c) tlr dau nhip thir nhét;

Ampiitude

Comparision of the eigenmodes: 1
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Comparision of the eigenmodes: 1
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Hinh 5. Sy thay d6i dang dao déng riéng déu tién cua

Comparision of the eigenmodes: 2
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Comparision of the eigenmodes: 2
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dam lién tuc cé 1 vét nit

Comparision of the eigenmodes: 2
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Hinh 6. Sy thay déi dang dao dong riéng thir hai cda dam lién tuc c6 1 vét nuit
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- 0.2m (hinh 5d, 6d, 7d), 0.5m (hinh 5e, 6e, 7e), 0.8m (hinh 5f, 6f, 7f) tlr dau nhip th& hai;
- 0.1m (hinh 5g, 6g, 7g), 0.3m (hinh 5h, 6h, 7h), 0.5m (hinh 5i, 6i, 7i) t dau nhip thi ba.
VOi cac do sau ting dan tr 6% dén 72%. Hinh 8 thé hién sy thay ddi 3 dang dao déng riéng

dAu tién cta dam lién tuc khi sb lwong vét nirt trén dam lién tuc tang dan tir 1 dén 6 véi khoang
cach déu nhau 0.75m tai nhip th( hai va cung d6 sau 30%.

Comparision of the eigenmodes: 3 Comparision of the eigenmodes: 3 Comparision of the eigenmodes: 3
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Hinh 7. Sw thay déi dang dao déng riéng thir ba ctia dam lién tuc cé 1 vét nut

Comparision of the eigenmodes: 1 Comparision of the eigenmodes: 2 Comparision of the eigenmodes: 3
1.4 - + -+ =

Ampiitude

1 15 1
Three-Span(m) Three-Span(m)

Hinh 8. Sy thay déi 3 dang dao déng riéng dau tién khi sé luong vét nut tang 1én tor 1-6
Ta c6 mot s6 nhan xét:

- Tai vi tri vét nrt, dang dao ddng riéng cé sw thay ddi dot ngot (dinh nhon) nhung do 16n
cla sw thay ddi dang dao dong riéng tai vi tri vét nirt khdng phai & I&n nhét.

- D6 16n cla sw thay dbi dang dao dong riéng tang 1&n khi dd sau vét nirt ting lén.

- Tai nhip xuét hién vét nit dang dao dong riéng c6 sw thay déi dot ngdt. Tai cac nhip
khac sy thay dbi nay lai la lién tuc, sy thay dbi ciing |a twong di Ién & cac nhip lién ké.

- C6 nhikng vi tri vét nit khong lam thay déi dang dao déng riéng. Vi du: vét niet tai vi tri
0.8m tr dau nhip tht hai (hay 7.6m tlr ddu ngam cla dam lién tuc) khoéng lam thay déi ca 3
dang dao doéng riéng (hinh 5f, 6f, 7); vét nit tai vi tri 0.2m lam thay déi 2 dang dao déng riéng
dau tién nhwng khéng lam thay dbi dang dao dong riéng th ba (hinh 7a). Cac diém nhw vay
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goi la cac diém bét bién cla dang dao dong riéng dé phan biét véi cac diém nat ctia dang dao
doéng riéng, tai d6 dang dao dong riéng bang 0.

6. Két luan

Trong bai bao nay, cac tac gia da trinh bay cac két qué nghién clru vé viéc xac dinh ham
dang dao déng ctia phan t& ddm dan hdi chiu ubn cé nhiéu vét nit theo mé hinh 16 xo bang
phwong phap dd cirng dong lwc két hop véi phwong phap ma tran chuyén. Trén co sé& dé, cac
tac gia da xay dwng mét chwong trinh phan tich sy thay ddi ciia cac dang dao dong riéng cho
két cAu hé thanh co6 nhiéu vét nit theo phwong phap do cirng dong lwc trén nén MatLab. Do
chinh xac va tin cay cla két qua nghién ctru dwoc thé hién qua vi du so sanh cac dang dao
doéng riéng clia dam cdng xdn ¢ vét nit tinh theo phuong phap dé xuét 13 trung khép véi cac
dang dao dong riéng tinh theo phwong phap giai tich. Tl chwong trinh nay, cac tac gia da cé
cac phan tich chi tiét vé sw thay dbi dang dao déng riéng clia két ciu hé thanh co nhiéu vét nit,
cu thé 1a dam lién tuc nhiéu nhip c6 nhiéu vét nirt. Cac két qua nghién clru nhan dwoc la mai, 1a
co s& cho viéc xay dwng mét phwong phap hiéu qua dé phan tich sw lam viéc clta két ciu khi
c6 vét nrt va ciing la co s& dé xay dwng mot phwong phap hiéu qua xac dinh vét nit trong cac
két cAu hé thanh dwa trén phan tich cac dac trwng dao déng.
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