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XAC DINH VET NUT XIEN BAT KY TRONG TAM DAY CHIU UON
SU DUNG PHAN TICH WAVELET POI VOI 0 VONG
VA CAC DANG DAO DONG RIENG

Trén Vin Lién’, Ngé Trong Birc’

Tom tat: Bai béo trinh bay két qua phan tich tdm chir nhat day cé vét nit xién bat ky chju ubn bang phuong
phép PTHH, strdung két hop 2 loai PTHH ky dj ctia Barsoum: tam giéc da";ng tham sé bac hai 6 nut va tir giac
dang tham sé bac hai 8 nut (baitoan thuan). Trén co sé d6, céc tac gia da xac dinh duwgc vi tri vét nirt xién bat
ky trong tdm chju uon bang phan tich wavelet 2 chiéu déi véi do véng va cac dang dao dong riéng (bai toan
nguoc). Két qua phan tich cho thay day la mét phwrong phap chan doén cho két qua tot va co thé tmg dung
hiéu qué trong thurc té.

Twrkhoa: Vét nit; phan tirky di Barsoum; tdm day; wavelet; dé véng; dang dao déng riéng.

Summary: The present article deals with the dynamic analysis of the slanting cracked bending thick plate
using two Barsoum's singularity finite elements: isoparametric quadratic 6-node triangular and 8 - node
quadrilateral crack tip elements (direct problem). Thence, crack detection of the slanting cracked bending
thick plate is determined by using 2D wavelet transforms of deflections and shape modes (inverse
problem). The theoretical development was illustrated and validated by numerical examples.

Keywords: Crack; barsoum's singularity element; thick plate; wavelet; deflections; mode Shape.
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(@ 1.m&dau

Nhtrng nghién clru hién nay vé tAm cé vét niet phat trién theo cac hwéng chi yéu nhw sau:

a) Bai toan thudn: xac dinh (rng suat, bién dang va chuyén vi, tir d6 danh gia kha nang lam viéc cla
két cu khi xuét hién vét nirt. Cac bai toan thuan thuang duoc gidi quyét dwa vao ly thuyét co hoc pha hay,
st dung l&i gidi giai tich hodc 1&i gidi 86, chdng han bang phuong phap phan tie htvu han (PTHH). Mét sé
nghién clru tiéu biéu trong cuing Iinh vire nghién ciru cé thé ké dén la:

+ Dwa trén co hoc pha hiy va céac so liéu thue nghiém, Rice va Levy [1] da xac dinh dwoc cac cong
thire chuyén vi va géc xoay tai vi tri vét nit cho cac két cdu dang tAm maéng chiu kéo va chju udn. Tuy nhién,
cac nghién ctru nay méi chi xét dén cac bai toan tAm chi nhat ¢é vét nivt bén trong va song song véi mét canh
clia tAm. Mac du vay, hién nay cac két qua clia nghién clru nay van dwoe stk dung trong rét nhiéu tai liéu.

+Qian, Gu, Jiang [2] va Krawczuk [3], Krawczuk, Ostachowicz [4] da xéc dinh dwoe ma tran dé mém
bang phwong phap chi sé cwéng dé (rng suét, tir d6 xay dwng ma tran dé clrng clia phan tir tAm moéng chi
nhat coé vét nirt theo mé hinh PTHH.

+ Mét trong nhirng nghién clru dau tién vé phan tich két cAu tAm co vét nirt bang phwong phap
PTHH thuéc vé Henshell, Shaw [5] va Barsoum [6], [7]. Barsoum da dwa ra phan tr tr giac dang tham sb 8
nat suy bién dé tang dd chinh xac cho I&i gidi PTHH & 1an can mi vét niet, khi do, (rng suét clia phan t tai
mi vét niet s& trd nén ki dinhw ly thuyét co' hoc pha hay.

+ Dura trén phan tl t giac ddng tham sb, Gray, Phan, Paulino, Kaplan [8] da xay dwng phan to to
giac cai tién tai mii vét nirt. Cac tac gia da sir dung cac PTHH nay dé phan tich (rng suét tai lan can vét nit
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trong bai toan 2 chiéu. Két qua tinh hé sé cwong dé (ing suét bang phan tl tl giac cai tién dat duwoc do
chinh xaccao.

+ Gan day, Moes, Dolbow va Belytschko [9] da gi¢i thiéu phwong phap PTHH mé réng (Extended
FEM) dé giai quyét cac bai toan clia co hoc pha hady. Mét biéu thire ki di va mét biéu thire khong lién tuc
dugc dwa vao phuong trinh clia ham chuyén vi dé mé ta trwdng (rng suét va bién dang clia mii vét nirt. U'u
diém clia phwong phap nay la viéc chia lwdi phan tir hoan toan doc lap véi hinh dang va vitri clia vét niet.

b) Bai toan nguwore: xac dinh vét nirt trong két ciu dua trén viéc do dac chuyén vi, (rng suét; hodc
slr dung cac thiét bi siéu am; hoéc dwa vao cac dac trwng dong lwe nhw tan sb riéng, dang dao dong riéng,
ham phd phan (rng hoac dya trén phan tich wavelet clia chuyén vi hodc dang dao déng riéng. Co thé ké
dén mét sd nghién clru trong Iinh vire nhw sau:

+Khadem, Rezaee [10] da dung phwong phap gidi tich dé phan tich sy thay déi tan sé riéng ciia tAm
méng khi vi tri vét niet thay ddi. Dac biét, cac tac gid nay dd dwa vao "ham so sanh mé réng” dé xét anh
hwéng cta vét nivt dén ham dang dao ddng tailan can vét nut.

+ Xac dinh hw héng dwa vao phan tich wavelet clia tin hiéu: Bay la mét hwéng nghién clru méi, dang
duoc phat trién manh. Uu diém ctia phan tich wavelet la cé thé phat hién cac diém bap bénh, gay, diém gian
doan cuia tin hiéu (vi du nhw chuyén vi hay dang dao dong clia két cau) vi né mé ta dwoc cac yéu to thoi
gian, bién do cla sy dot bién va sw gian doan cla tin hiéu. Douka, Louitridis, Trochidis [11] va Louitridis,
Douka, Hadjileontiadis, Trochidis [12] da xac dinh dwoec vi tri va do sau vét nirt trong tAm méng ding phan
tich wavelet cac dang dao dong riéng nhan dwoc theo mé hinh gidi tich cia Khadem, Rezaee [13].

+ Nguyén Thi Hién Luwong, Pham Ngoc Tién [14] d& 4p dung mé hinh phan tlr dang tham sé tr giac
bac hai két hop véi phan tlr tam giac Barsoum dé xac dinh dé véng clia tAm méng cé vét niet. Tlr d6, cac tac
gia da nghién clru sy nhay cam cla phan tich wavelet 1 chiéu déi vai dod vong doc theo 1 truc va loai
wavelet str dung khi thm c6 vét nirt doc theo 1 tryc.

+ Nguyé&n Hoai Son va Lam Phat Thuan [15] ciing d& c6 nhirng nghién ciru vé tinh toan va chan
doan sur phat trién vét ni¥t clia tAm chiu kéo bang phwong phap PTHH va phan tich wavelet. Theo cac tac
gia nay, cé thé danh gia vét nit théng qua hé sb cwdng dé (rng suét duoc xac dinh bang kj thuat twong
quan chuyén vi va trieéng (rng suét duoc tinh toan théng qua phép ngoai suy tir két qua phan tich PTHH.
Cling v&i cach lam twong tw, Nguy&n Hoai Son, Nguyén Thj Bich Liéu [16] da xac dinh dwoc vi tri vét nit
dbi véi tAm chiu kéo str dung phéan tich wavelet 1 chiéu clia chuyén vi tinh va cac dang dao déng riéng.

+ TrAn Van Lién, Trinh Anh Hao, Nguy&n Minh Btec [17] da lap ma trAn d6 mém cla phan ti tAm
mong chi nhat chiu uén khéng nirt va co vét nirt theo phwong phap lwc dwa trén dinh ly Castigliano thi hai,
tlr d6 lap dwoc ma tran dd clrng cla phan tlr tAm chi¥ nhat chiu udn cé vét nirt; ddng théi cling xac dinh
dwoc bidu thire cla dd dan va goc xoay tai vi tri vét niet. Dwa trén md hinh PTHH nay, tac gia da xac dinh
dwoc vi tri vét nirt dura trén phan tich wavelet 2 chidu clia do vong va dang dao déng riéng clia tAm chir nhat
méng chiu uén cé vét nit.

+ Tran Van Lién, Nguyén Trong Huy [18] d phan tich dé véng va dang dao ddng riéng clia tAm co
vét nirt song song va&i cac canh clia tAm chiv nhat day chiu udn st dung phan t t giac dang tham sé béac 2
clia Barsoum, tlr d6 st dung phan tich wavelet 2 chigu dé xac dinh vi tri vét niet trong thm. Trudng hop vét
nirt xién bat ky trong tAm chwa dwoc nghién ciru.

Bai bao trinh bay két qua phan tich tAm chi¥ nhat day co6 vét nit xién bat ky chiu uén theo ly thuyét
Reissner - Mindlin s dung két hop 2 loai PTHH: PTHH tam giac dang tham sé bac hai 6 nat va PTHH t&
giac déng tham sé bac hai 8 nut ca Barsoum (bai todn thuén) va viéc xac dinh vi tri vét niet xién bét ky
trong tAm chiu udn bang phan tich wavelet 2 chiéu déi véi dé véng tinh va cac dang dao déng riéng (bai
toan nguoc).

@ 2. Mé hinh PTHH cuia tim day theo ly thuyét Reissner - Mindlin c6 vét niet

2.1 M6 hinh phan tirtam giac dang tham so6 bac hai 6 nit Barsoum

Déi vori phan tlr tam giac dng tham sé bac hai 6 nat théng thwdng nhuw Hinh 1, ta c6 cac ham dang
sau[19]:
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Neta
A
3(0,+1)
6(0,"2) 5("2."2)
Xi
1(0,0) 4('2,0) 2(+1,0)
Hinh 1. Phén ti tam gidc dang tham sé bac hai Hinh 2. Phén t&r tam gidc ddng tham sé béc hai
6 nut théng thuong 6 nut Barsoum
Noy = —-§—m.(1-2¢ - 2n);
Ny, =§.(25-1)
Na,s =1n (Zfl— 1);
Noa=48(1={ =) (1)

Ngs = 4&.1;

Npg=4N0.—~&—~1)

Khi do, vi tri va chuyén vi trén canh day cla phan t& duoc xac dinh nhw sau:

x(§) =46 (1-8).L/2+§ (28— 1).L=¢L> §=x/L

u@ =u;. (1-§). (1 -2 +up 4§ (1 - +u.§. (26— 1)

Do do bién dang doc theo canh day la:

By = 50 = [(48 — 3)uy — (88 — Mu, + (48 — Dug)/L 2)

. Biéndange,, cg’) gia tri hiku han (khéng ki di) tai moi diém trén canh day clia phan ti, bao gom ca mii

vétnurt, do do irng suat o, cdng co gia tri hivu han, khéng ki dj.

Débi véi phan tlr Barsoum cé nit 5 di chuyén vé nat 2 mét doan bang L/4 nhw Hinh 2, khi chon gbc toa
doxva chuyén viutainut2thi:x,=0; x,=L/4;x,=L;u,=0,néntaco:

x=(1-A-2)L+45.(1-L/4=L1A-§)?

u=1-81-28u; +4§.(1-Hu, 3)

Doctheotrucx:x=rsuyra: 1 — & = \E vau = J% [(1 - 2&)u, + 4€u,]. Matkhac, bién dang doc

i = = g—zg voi g—’; = —2(1 - §)L = —27.VL. Do d6 ta co:,, = 2= = = 4. - Hu +
£.(2& — 1)u,] .Nghia la, trong khi chuyén vj ciia phan tir Barsoum ti 1& véi+/r thi bién dang (va (rng suét) ti
|& v&i 1/4/r . Nhw vay, bang viéc chuyén céc nit githa cha phan ti déng tham sd bac hai 6 nat vé vi tri cach
nat géc 1 mét khoang bang 1/4 chiéu dai bién, (ng suét tai mii vét niet da tré nén ki di, twong tw nhw ly

thuyét co hoc pha hiy [20].

Vé&iphan ti tr giac ddng tham sé bac hai 8 nit théng thuorng, dung cac ham dang [19]:
Npy =51 =801 -m.(-§-N-1iNpz =71+ H.(1-n).(E—n-1)
Ny =50 +0.A+m.E+n-1); Npy=7(1-8.(1+7.(-§+n-1) @)

Nps=>(1—E2.(1 =) Nps =2(1 + §).(1 - p?);

1 1
Ny7 = 5(1 —&).(1+n); Npg = 5(1 =gkl —n%)
Bang viéc day nat gitva di chuyén vé vj tri 1/4 trén canh bién nhw trén Hinh 3, ta nhan dwoc két qua
twong tuw.
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2.2 Tinh tAm day c6 vét nirt chju uén theo phwong phap PTHH

Xét tAm day chiu udn trong mat phang trung binh x-y. Tai cac vi tri khéng cé vét nirt, tAm dwoc chia
nhé béng cac phan tir déng tham sé bac hai théng thuéng. Tai vi tri mi vét nirt, ta ste dung 2 loai phan tir
tam giac va tlr giac ddng tham sé béac hai ciia Barsoum (Hinh 4).
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Hinh 3. Phén tr tir gide dang tham s6 béc hai Hinh 4. Két hop phan tir dang tham sé béc hai thuong
8 nut ctia Barsoum va phan tl&r dang tham so béc hai cia Barsoum
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Theo ly thuyét tAm day Reissner - Mindlin, tai méi n(t c6 3 bac tw do 1a d véng w, géc 0, xoay quanh

truc x va goéc 0, xoay quanhtrycy. Chuyén vj tai cac diém trong tAm xac dinh theo céng thirc sau [19]:

u(x,y,2)=20,(x,y); v(x,y,2)=-20,(x.y) (5)
Cac bién dang trong va ngoai méat phéng ubn xac dinh theo:
& — 00,/ dx dw
€= { £ } =—zx=-z aex;/ay Y= {52’“} e = ©
26y 36,/ dx — 30,/ dy )-8ty
Thé nang bién dang dan héi clia phan tir tAm Reissner - Mindlin la:
U, = %fﬁe f_h]{/zz eTodAdz + %_[Ae J'_h}f/zz tTydAdz (7)

trong dé: biéu thirc thir nhét 1a do (rng suét va bién dang trong mat phéng udn; biéu thire thi hai la do ting
suétva bién dang cat; tla (rng suét tiép trung binh twong (rng véi bién dang cét:
‘C:{rxz}:K[G O]V:Kcy (8)
Tyz 0 G $
G la mo dun chéng cét; k 1a hé sé hiéu chinh cat cé gia tri 1°/12 hay 5/6. Tir d6, ta nhan dwoc biéu thire thé
nang bién dang dan héi ctia phan tir tAm Reissner - Mindlin:

L Bop 1 4l
U = EIAEEX cxdA + EfAe khy c,ydA (9)
trong dé ¢ 1a ma tran hang sé dan hoi: o = ce .Déi véi bai toan trng suat phng, ¢ cé dang:
1 v 0
-ty 1 o ] (10
00 (1-v)/2

Dai véi phan tr dang tham sé bac hai théng thuérng tai vi tri khéng cé vét nivt va phan tir dang tham
sé bac hai Barsoum tai mii vét niet, véc to chuyén vi nut déu cé dang chung:

d = (W Bx Gy)T = Nada.e = Na [Wl ex1 eyl e e e W Bxé QYG]T

d=(W 05 0y)T=Npdpe =Ny[W1 6 By o o o Wy By Byg]T (11)

v&i N, va N, 1a ma trAn cac ham dang cda phan tlr tam giac dang tham sé bac hai 6 nat (1) va cla
phan tl t(r gidc déng tham s6 bac hai 8 nut (4) trén day:

Maw 8 0 sp oo ve Dew 0 D
N,=[0 N,y 0 = « « 0 Ng O
| 0 0 Np; = = = 0 0 N -
Np: 0 0 o o oo Nyg 00
Np=|0 Np; 0 o w o 0 Npg 0 (12)
| 0 0 Npg = = = 0 0 Npg e
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Thay biéu thirc (10) - (12) vao (7), ta nhan dwoc U, = %dgkede trong d6 k, la ma tran dé clrng clia

phan te:
h3

k, = fAEE-[BI]T'C-BI-dA"'IAe kh.[B°]T.c,.B®.dA (13)

B'la ma tran bién dang trong mat phéng uén; B®1a ma tran bién dang ngoai mét phang uén ctia phan
tlr tam giac va tlr giac twong trng:

B'=[B; B; By By By B;]:B°=[BY B? By B Bf Bg]

B'=[B] B, B} B, By B; Bj Byl;B°=[BY By BY B BY B{ BY BP] (14)

vor 0 0 N,/ d
— ON;/ dx
N JdN;
B = l” oN;/ oy 0 ‘ ;B = [31\5; g; —SN 0 {15}
0 aNj/dx —aN,/dy 1 1

Tir (10) - (12) ta nhan dwoc biéu thirc dong néng cla phan tir tAm Reissner - Mindlin:

1 - . . 1 - . h' 1
Tor= ;pr(uz +v2 + w2)dV = ;_fAep(hv\/r2 +EG,% +EB§)dA = EfAe(dT.l.d)dA (16)

trong doé Ila ma tréan dwdng chéo:
= di ph? ph?

I= dlag(ph = 12) (17)

Do d6, ma tran khéi lweng m, ctia phan tir ¢ dang:
m, = [, NT.LN.dA (18)
Véc to tai trong quy vé nat F, clia phan ti ¢ dang:
F, = jAe NT.{f, 0 0}".dA (19)
Cac tich phan (13), (18), (19) dwgrc tinh theo phwong phap tich phan Gauss tai 3x3 diém [19].
@ 3.Phantich wavelet 1 chiéu va2 chiéu [21]
Phén tich wavelet lién tuc (CWT) 1 chiéu la téng trén toan mi&n xac dinh cla tin hiéu dwoc nhan bdi

ty 1& a>0 va dich mirc b clia wavelet co ban y(x) tao ra tap hgp hé s C(a,b):
1 7 -b T
b= [ 1O 52 Jie= [ 10w, @)

Céc hé sb C(a,b) cho biét mirc do twong quan gitra tin hiéu f(x) va ham wavelet wa,b(x), gia tri
C(a,b) cang I&n thi tinh twong quan gitra tin hiéu va ham wavelet cang cao. Vi thé, cac thay déi dot ngdt
trong f(x) sé& tao ra cac hé sé wavelet c6 bién dé Ion, day 1a dac diém dé xay dung phwong phap nhan dang
vét nirt. Bién dbi ngwoc wavelet tai tao tin hiéu ban dau tlr cac hé sb C(a,b):

1% dbda
b (X)=E [ jc@bv, 0= (21)

a

—00 —00

trong do K, 1a héng s phu thudc vao dang wavelet. Gia thiét rang hé s6 wavelet C(a,b) chi co gia tri dbi voi
ty 1& a<a,, v&i a>a, dwgc xem nhw nhigu. Khi dé, viéc tai tao tin hiéu f(x) ban dau tir C(a,b) cin thém phan b
clia tin hiéu twong (rng véi a>a,. Dé thuc hién diéu nay, ngudi ta dwa vao ham ¢(x), goi la ham ty 1& (scaling
function), thu dwoc cac hé sbwavelet:

1% x-b I 22
Dt [ 1O 2 = T @b @)
0 —o 0 HES
Ham ty 1& rét cAn thiét cho cac tinh toan bang sb nhwng khéng phai moi wavelet déu c6 ham ty 1&
twong (rng. Thay cho (21), bién dbi nguoc cho phép tai tao tin hiéu gém hai phan:

)= | [C@hw P [ 0, (et @3)

W g=0b=—x W aU b=
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Néu chon mét tap con cac ty & va vi tri dwa trén ham mi co s6 hai, goi la cac vi tri va mlrc dyadic
(a=2'; b=k.2’), thi phan tich wavelet s& c6 hiéu qua hon ma van dam bao chinh xac. Diéu nay dan dén phép
phan tich wavelet révi rac (DWT) 1 chiéu cd dang

4= 2" If(x)w(2 /x—R)dx = If (N, (el (24)

trong do: W, (x)= 2y (27fx —k) la cac ham wavelet rovirac, jla s6 mire, 1/a=27 1a d6 phan gidi, k 1a thoi
gian r&irac. Thay cho (21), tin hiéu dwoc tai tao lai tlr cac hé sd C,.thdng qua bién ddi wavelet rovirac nguoc
cédang:

6= Y, 2"y @ /x-k) (25)

J=—wk=—w

Xétcap phantich la J, st dung (24) ta co tap hop cac hé sb chitiét va xap xi:
eD, ()= [ £Cy @dx s cd, ()= [, (ax (26)
Thay cho (25), phién ban r&irac clia dang tai tao tré thanh:

()= i[icﬂ_;(k)wM (x)J 54,90, 0)= 30,6+ 4,6 @)

J e =
trong d6 D/(x) va A(x) la ham chi tiét va xap xi & mirc J. Nhw vay, két quéa phan tich DWT tao ra ham xap xi
A(x) & mirc J twong (ng v&i tin higu c6 tan so thap va cac ham chitiét D (x) twong trng véi tin hiéu & tan s6
cao. Dé xac dinh vét nirt trong két cAu, ta cdn quan tam dén cac chitiét cia tin hiéu. Béng thei, viéc lwa chon
mtrc phan tach J thich hop phu thudc vao tin hiéu va kinh nghiém, thuéng thi mlrc dwoc chon dwa trén mét
tan sé cétthéng thap yéu cau.
Trong phan tich wavelet 2 chiéu, ngudi ta thuwéng chon cac ham wavelet va ham ty 1& |4 tich clia cac
ham 1 chiéu twong (rng. Nhw vay ta co 3 ham wavelet sau hay dwoc dung:

W' (6 ) =0 W) 5w 2 (e r)=w ()60 ):w (. v)=v ()wl(y) (28)

Vi

0. 1)=0()o () (29)

Cac tham sb ty 1& va tham sé dich chuyén ciing dwoc révi rac hoa dé giam thoi gian tinh, do dé cac
wavelet nay cé dang:

1 x=2n y-2'm
w/f(,n.m(x-’y)zszk[ 97 - Y, J;lﬁkﬁ?) (30)

Cac hé sb xap xi va chi tiét dwgc tinh toan twong tw nhuw trwérng hop 1 chiéu.
(® 4.Xacdinh vétnittrong tAm dung phan tich wavelet 2 chiéu dé véng va dang dao dong riéng
Xét tAm ch nhat bon bién twa khép co chiéu dai L=5m, chiéu rong H=4m, chiéu day h=0,2m. TAm
c6 md dun dan héi E= 32,5.10° N/m?, hé sé Poisson v=0,2, khéi lwong riéng p=2550 N/m’, chiu tai trong
phan bé déu véi cwéerng d6 g=-10000 N/m”.

a
- i Do vong tam tai mat cal y=2 ——
10 x 10 g ¥ o Hieu so do vong cua tam khi nut va khong nut

Do vong cua L;mmve\nul[ =
= % ——— Do vong cua tam khong nut|| 7
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] \ 5
E ]
T - ° 04 |
2 3 =
o = §
g % & <9
> £ ' T
8 BN
09
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N P 5 -1
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o5 1 15 2 25 35 4 = i
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Hinh 5. Phan tich tinh tdm c6 vét nit
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Tam dwoc chia thanh 17 PTHH goém c6 15 phan tir tir giac dang tham sé bac hai 8 nit va 2 phan tir
tam giac ddng tham sé bac hai 6 nut nhw Hinh 4. Hinh 5a thé hién két qua tinh dé véng tAm cé vét niet. Hinh
5b thé hién dé véng cla tAm tai mat cat y=2m. Hinh 5¢ thé hién hiéu s dé véng cla tAm cé vét nirt va khéng
c6 vét nirt. Ta nhan thay vét nirt cang gan khu vuc trung tam cla tdm thi sy chénh léch cia d6 véng gitra
tAm khéng nirt va thm co vét nirt cang Ién. Sy chénh léch dé véng cla tAm cé vét nirt va khong co vét nirt
tap trung xung quanh vi tri vét niet. Cang gan vét n(et, sir chénh léch nay cang I&n, 16n nhét tai tam vét niet
(Bang 1). Tuy vay, néu chi dirng lai & so sanh dé véng tAm bang phwong phap PTHH thi ta rat kho phan biét
tAm c6 vét nirt va khdng co vét nirt.

Bang 2 1a két qua so sanh sy thay ddi tan s6 dao dong riéng ctia tAm khi xuat hién vét nirt. Ta nhan
thay sw thay déi 5 tan sé dao déng riéng dau tién 1a rat nhd, chitlr tan sé thir 614 16n.

Hinh 6 thé hién cac dang dao dong riéng thir 1, 2 va 4 ctia tAm cé vét nirt. Dé phan biét rd hon tAm co
vét nirt, ta sir dung phan tich wavelet 2 chiéu dbi véi dd véng tinh cla tAm dwoc tinh & trén. Hinh 7 thé hién
két qua phan tich wavelet 2 chiéu dung ho wavelet db4 dbi véi o véng tinh clia tAm. Ta nhan thay, phan tich
wavelet déu xac dinh dwoc kha chinh xac vi tri vét nirt trong tAm. Viéc phan tich wavelet ddi véi cac dang
dao déng riéng clia tAm ciing cho két qua twong tu.

Béng 1. Két qua tinh d6 véng Béng 2. Két qua tinh tan sé dao déng riéng

N v ae e | b e s °.2§2" Mode I:{“nm?:% s Sf:«:hs;qzocgm

(mm) (mm) (%) (Hz) vét niet (%)

7 -0.3752 -0.362 -3.65% 1 34.05 32.66 -4.26%
8 -0.5382 -0.492 -9.39% 2 76.28 75.02 -1.68%
9 -0.4023 -0.362 -11.13% 3 99.14 96.56 2.67%
12 -0.5167 -0.482 -7.20% 4 148.17 139.32 -6.35%
13 -0.7505 -0.672 -11.68% () 158.81 154.76 2.61%
14 -0.5229 -0.482 -8.49% 6 220.71 196.17 -12.51%
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(® 5.Kétluan

- Da két hop cac mé hinh PTHH ti giac dang tham sé bac hai 8 nut va PTHH tam giac dang tham sé
bac hai 6 nut ctia Barsoum dé phan tich tAm chju udn cé vét nirt xién bat ky theo ly thuyét tim day Reissner -
Mindlin. T d6 dd xay dwng dwoc chwong trinh phan tich tinh va déng cho tAm chir nhat day chiu udn co vét
nit xién bat ky (bai toan thuén). Két qua so sanh cho thay chwong trinh duoc 1ap co dé tin cay.

TAP CHi KHOA HOC CONG NGHE XAYDU'NG —980202155

2 25 3 35 4 4
Chieu dai {m)

a) b)

Hinh 7. Két qua phén tich wavelet db4 déi véi d6 véng cta tam cé vét nit
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- D4 tién hanh phan tich wavelet 2 chiéu dbi véi dé véng va cac dang dao déng riéng clia thm chi
nhat day chiu uén co vét nirt xién bét ky dé xac dinh vi tri vét niet trong tAm (bai toan nguoc). Két qua phan
tich cho thay day la mét phwong phap chan doan cho két qua va co6 thé irng dung hiéu qua cho cac céng
trinh thuwc té.
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