16 TAP CHI KHOA HOC TRUONG PAI HOC MO TP.HCM - SO 1 (1) 2006

PHAN TICH KET CAU TAM DAY
THEO PHUONG PHAP LOP HUU HAN

1. GIOI THIEU

Khi phan tich cac dang két cau
tdm chiju udn theo ly thuyét tdm méng
(thin plate), ngudi ta gia thiét rAng cac
doan thdng vudng gdc véi mat trung binh
cla tdm van thang va vuéng goc véi mat
trung binh trong qua trinh bién dang.
Diéu nay cé nghia la khi t&m chiu uén
cac Iép vat liéu khéng bi trugt 1én nhau
va tdm khong bi co gidn theo phuong
vudng géc véi tAm. Néu dung hé truc toa
dé nhu hinh H1, ta sé cd:

sz:Fsz:O Vé 8z:O

Hinh H1

Tuy nhién véi céc loai td&m chiju
udn cd bé day tuong déi I&n thi gid thiét
nay khéng con ding niia, va anh huéng
clla sy trugt 1én nhau cla céac I6p

(*)Thac si, Gidng vién Khoa Ky thuét va céng
nghé, Pai hoc M& Ban céng TP.HCM

LE VAN BINH (*)

vat liéu 1a dang ké va can phai xét dén.
P& c6 nhiéu 15i gidi cho bai toan tdm day
nhu cac ISi giai giai tich clia ly thuyét dan
hoi hay cac phudng phap s&. Néu phan
tich phan tl hitu han cho bai toan tam
day, ngudi ta thuong s dung phan ti
tdm chju uén khéng tudng thich (incom-
patible), nén thudng dan dén mét loat cac
khé khan vé viéc xay dung ma tran do
cling, vectd tai cho loai phan ti nay, déng
thoi kéo theo nhiing thl tuc ric réi trong
lap trinh. Hon nifta, phan ti t&m khéng
thuong thich cho két qua khéng lién tuc
trén bién ti€p gidp gitta cac phan ti [1].
Bai nay trinh bay mét phuong phap phén
tich két cdu tdm day bdng cach chia
thanh hiu han céac I16p (layer) dugc két
ndi véi nhau bdi cac mat phing tam goi
la phuang phap I6p hitu han (finite layer
method — FLM). Phudng phap nay cé uu
diém la cho k&t qua rat t6t, daAm bao tinh
lién tuc cla cac thanh phan chuyén vi,
ling sudt va bi€n dang trong két cau, xét
dén day du cac yéu td clia tAm nhung lai
don gidn va dé dang lap trinh tinh toan.

2. NOI DUNG PHUGNG PHAP
LOP HUU HAN ‘

Dé& thuc hién tinh todn theo FLM,
k&t cdu dugc chia thanh mot sé hifu han
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cac I6p mdng hon, mdi Idp dudgc gidi han
b&i 2 mat phang dugc danh sé la | va j
(hinh H2). Trusng chuyén vi bén trong

Hinh H2

mé&t phang tdm dudc biéu dién & dang
mot chudi ham dudc két hgp véi mdt da
thiic xdp xi (cach lam nay dugc phat
trién t phuong phap dai hiu han - finite
strip method — FSM da dugc tac gia trinh
bay trong tai liéu [2]). Pa thiic x&p xi biéu
dién chuyén vi theo bé day t&m w (truc
z) va chudi ham mé ta trudng chuyén vi
trong mat phang tdm u va v (truc x va y),
cu thé:

L
il

2 [(1 A 2)uimn F zujmn ] X;l (X)Ym (Y)
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2 [(1 - Z)Vimn * 2V 0 ]Xn(X)Ym(Y)
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Trong do6:

zzg . h 1a bé day cla mot I6p

Xn(X), Yn(y) 1a cac chubi ham
dudc chon trudc tu diéu kién bién cla
tdm (beam eigenfunctions), nhan dugc tu
viéc giai phuong trinh vi ph&n dao dong
clla bai toan dam chiu uén (xem thém tai
ligu [2]).

M, N la sé cac s6 hang cla chudi
can lay dé phan tich bai toan.

Uimns Vimn: Wimn» ujmn' Vimns Wjmn la
cac thong s6 chuyén vi cla tiing mat
phéng | va j cia mét phan tl layer (finite
layer displacement parameters), dudc
tap hop trong mdt vecto $5,, } goi 1a vecto
thong s chuyén vi bé mat, chinh 1a cac
an sb cla bai toan.

Sau khi da xdp xi chuyén vi, bién
dang cla layer sé dugc xac dinh ti
phucng trinh Cauchy clia bai toan dan
hoi:

g :a_u- £ :a_V e :QE Y :a_v_l_a_u-
*ox’ Y 9y " 9z0 Y & oy
ow BV Ju ow

Y3y "oz’ ™ 9z ox

Thuc hién cac phép tinh dao ham
két qua 13 nhan dugc phép tinh bién
dang cla phan t& qua vecto thong so
chuyén vi bé mat5_ 1}, cu thé:

{8}: {Ex ¥ E.:y 4 8z 3 ny ? sz ’ YnF = z 2 [B]mn {S}ml’l (2)

m=ln=1
Trong d6 [B] . 12 ma tran tinh bién
dang.

Sau khi tim dugc bién dang, Ung
suat sé dudc tim theo dinh luat Hooke.
Trong trudng hgp vat liéu dang huéng,
quan hé Uling suat — bién dang la:
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1—v Y Y
a, l—y W
Oy l1—v
o, E

O = I+v)(1-2

Txy ( +\)( = V)
(. dx
TZXJ

Thay (2) vao (3), ta sé cd phép
tinh Ung sudt phan ti théng qua vecto
théng s6 chuyén vi bé mat:

fo}=[DIBKe}
=YY bBLEL

=1 n=]

'Y K1, 6L

m=1 n=]

Il

=1

Trong d6 [S]=[DIB] dugc goi la
ma tran tinh Uing suat.

Hé phucng trinh ¢c ban clia FLM
cling dudc thanh lap t0 nguyén Iy bién
phéan vé chuyén vij clia hé dan héi trong
bai toan tdm chiu uén [3]. Ma tran do
cling va vectd tai clia phan tl layer dudc
tim & dang quen thudc:

[k]. = [[B]'DJBlav
5)

1}, - }}{[Nl L, }{q}dxdy

v, ]]

Dang tudng minh clia cac ma tran
nay thudng khong thanh lap dugc do

0 0

0 0

0 0 0

1-2v

5 0 0 =Dk} 3

1-2v 0

2
1-2v
2

phép tinh tich phan trong (5) khéng thuc
hién dugc va thudng chuyén sang tich
cau phuong Gauss dé tinh.

Thuc hién I&p ghép ma tran do
cling va vectd tai cho toan tdm, cudi
cling ta sé c6 hé théng phuong trinh dé
giai clla FLM cé dang:

Gidi hé théng phuadng trinh (6)
s€ tim dudc cac théng s6 {5}, Uing suat
dudc tinh theo (4), bi€én dang dugc tinh
theo (2) va chuyén vi dudc tinh theo (1).

[K]{s}={P} (6

3. AP DUNG

Xét mot két cdu tdm day cé dang
hinh chii nhat kich thuéc ab, bé day t, tya
dan trén 4 canh, chiu tai trong phan bé
déu q trén bé mat tdm. Ta khao sat
chuyén vi w va ting sudt clia diém chinh
gitta clia mat trén (top surface) va mat
dudi (bottom) clia tAm vd&i cac bé day
khac nhau va tf sé a/b khac nhau. Viéc
tinh toan dugc thuc hién theo chudng
trinh FSMISA™ cla tdc gid dugc viét
bdng ngdn ngii Matlab [3] va so sanh vdi
IGi gidi cla Y.K.Cheung (1976) [4]. K&t
qué dudc thé hién trong bang:
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\ t/a
b Thanh
— N 0.1 0.25 0.5
a phan
Top Bottom Top Bottom Top Bottom
W 491.9639. 491.4200| 37.7139| 36.4321 9.0208 6.0001
1.0 Oy -26.0287 25.9095 -4.2806 4.1699 -1.2427 1.0938
oy -26.0287 25.9095 -4.2806 41699 | -1.2427 1.0938
W 0242100 | 923.6643 | 67.4901 | 66.1891 | 13.0846 | 11.0972
1.5 Oy 46.7853 |  46.7066 | -7.6061 7.5305 | -2.0725 1.9684
Oy -24.1373 23.9917 | -4.0081 3.8476 | -1.1594 0.9990
W 1207.1999 | 1206.6533 | 86.6447 | 85.3310 | 16.5533 | 13.9514
2.0 Gy -60.0407 599828 | -9.7299 9.6724 | -2.6056 2.5186
Oy -20.0641 19.9060 | -3.3642 3.1857 | -1.0032 0.8134

Két qué tinh tucng Ung véi a=10, E=1, v=0.15, g=1. Khi ta = 0.1 va 0.25 giai véi Iuéi 3 layer,
khi t/a=0.5 gidi vdi IUdi 5 layer. S6 hang chudi dung trong phan tich la mxn = 5x5 = 25.

Nhan xét:

Khi

tel_

a 10

0.1 c6 thé tinh theo Iy

Khi ti s6 t/a=0.1 I3i giai cua bai
toan tdm day cho két qué tuong ty nhu ly
thuy&t t&m méng, cac thanh phan ung
suat va chuyén vi clla mat trén va mat
dudi gan nhu nhau. Tuy nhién khi ti s6 t/a
tang 1&n (cé nghia la tang bé day tdm) thi
s& c6 sy khdc biét gitta ly thuyét t&m
moéng va tdm day, cac thanh phan (ng
sudt chuyén vi clia cac mat phang tdm la
khédc nhau va ton tai su trugt gilia cac
IGp.

4. KET LUAN

(i) Khi phan tich cac két cdu tam
chiu udn, can luu v lya chon ly thuyét
tdm pht hop dé dam bao két qua chinh
xac, ti 1& dé nghi la:

thuyét tdm mong.

Khi L> =01 tinh theo Iy thuyét
tdm day. 2

t: bé day tdm; a: canh bé nhat clia

tam.

(i) Khi tinh td&m theo Iy thuyé&t tam
day, nén lya chon FLM lam phugng phap
giai quyét dé bai toan trd nén don gian
nhung t8ng quat va kha nang tu déng
hoa cao. Ngoai ra FLM khéng chi phéan
tich bai toan finh (static analysis) ma con
cé thé phan tich cac bai toan dao dong
va én dinh (dynamic and buckling analy-
sis). Phudng phap nay dac biét cé hiéu
qué déi véi cac loai vat liéu nhiéu Idp,
phan tich két cau cau..
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TOM TAT

V6i két cau tdm day, cac doan thdng vuéng géc véi mit trung binh clia t&m
khéng con thdng va vuéng goc véi né trong qué trinh bién dang, do d6 can phai phan
tich t6ng quét & trang thai 3 chiéu vi Iy thuyét tim méng khéng con dp dung dugc.
Bai viét nay trinh bay vé ndi dung ctia phudong phép I6p hifu han va cac uu di€ém cla
né dé€ phan tich bai toan tdm day.

SUMMARY

For a very thick plate structure, any line normal to the mid-plane does not
remain straight or normal to the deformed surface during deformation. Therefore, the
thin plate theory is no longer applicable and three-dimensional analysis is required.
This article shows the contents and advantage of the finite layer method for analyz-
ing the thick plate problem.
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