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Tém tat

Bai bdo xdy dung nghiém giai tich dua trén 1y thuyét bién dang cit bac nhit dé phan tich phi tuyén ting xi udn
ctia tAm FGM xd6p dit trén nén dan hoi Pasternak. Vi tri mit trung hoa cling ba loai phan b 16 réng: déu, dbi
xiing, bt dbi xiing dudc xét dén. Bang viéc st dung phuong phap Galerkin, 15i giai giai tich theo phuong phap
chuyén vi da dugc thiét 1ap vdi cac diéu kién bién khic nhau. Do tin ciy ctia mo hinh 1y thuyét ciing nhu chuong
trinh tinh viét trén nén Matlab dudc kiém chiing véi két qua ctia mot sb tac gia khac da cong bd. Cac vi du sb
da dugc thuc hién nhdm danh gid anh hudng clia dang phan b6 va hé sb 16 rdng, ti sd kich thude céc canh, cic
hé s6 nén dan hdi Pasternak va diéu kién bién dén do vong, cdc thanh phan mo men udn noi luc trong tim FGM
xp.

Tir khod: phan tich ubn phi tuyén; tim vt licu FGM x6p; 10i giai giai tich; ly thuyét bién dang cit bac nhit; tiép
cén chuyén vi.

GEOMETRICALLY NONLINEAR STATIC ANALYSIS OF FUNCTIONALLY GRADED POROUS PLATES
RESTING ON PASTERNAK ELASTIC FOUNDATION BY USING DISPLACEMENT APPROACH AND
NEUTRAL SURFACE POSITION

Abstract

In this paper, the analytical solution is presented for nonlinear bending response of functionally graded porous
(FGP) plates based on first-order shear deformation theory. The neutral surface position and three patterns of
porosity distributions namely uniform, non-uniform symmetric and non-uniform non-symmetric are consid-
ered. Using displacement approach in conjunction with Galerkin method, the analytical solution is obtained
for various boundary conditions. The numerical examples are performed and compared with those available
in the literature to show the accuracy of the present results. The effects of porosity distribution patterns and
porosity coefficient, an aspect ratio of plates, Pasternak elastic foundation parameters, and boundary conditions
on deflection, stress resultants of FGP plate are investigated.

Keywords: nonlinear bending analysis; functionally graded porous plate; analytical solution; first-order shear
deformation theory; displacement approach.
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1. Gidi thiéu
Mot trong nhiing phat kién quan trong nhét vé vat liéu tién tién trong nhiing nim 80 ctia thé ky 19

1a su ra doi clia vat liéu c6 co tinh bién thién (Functionally graded material - FGM) bdi c4c nha khoa
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hoc Nhat ban. FGM 12 loai vt liéu composite c¢6 ciu triic vi md khong dong nhit, thudng dudc tao
thanh tif hai vat liéu thanh phan la kim loai va gbm, trong d6 tinh chét co hoc ctia vat liéu bién ddi
tron va lién tuc gitta hai bé mit. Gan day, mot loai vat liéu FGM thé hé mdi goi 1a vat liéu FGM xbp
(functionally graded porous materials) c6 cac 16 rdng trong céu triic vi mo, dudc biét dén nhu 1a mot
loai vat liéu nhe, trong d6 hé s rdng 1a bién thiét k&, c6 thé diéu chinh d€ dat dudc nhiing tinh chit
cd hoc mong mudn.

Cic két cAu nhe sit dung vat lieu FGM xbp nhu bot kim loai (metal foam) ch?mg han c6 tiém niing
ting dung trong nhiéu linh vuc nhu hang khong, giao thong vén tai, xiy dung dan dung [1-3]. V6i kha
ning hip thu ning ludng tét, bot kim loai cling véi céc loai vt liéu xbp khac nhu bong, gach, bé tong,
nhua alphat, nhia PU trong cAu triic ¢6 16 réng 12 Iua chon thich hop dé ché tao cac tAm cach am, cach
nhiét, cdc ciu kién chiu dudc tii trong dong hay tai trong va cham. Cliing vdi su gia ting tng dung,
cdc nghién citu v& ting xi co hoc ciia két cAu bing vat liéu FGM x&p ngay cang thu huit sy quan tim
ctia dong d4o céac nha khoa hoc trong va ngoai nude. Pa sb cac nghién ctiu nay déu tap trung vé phan
tich tuyén tinh ting x& udn, dao dong va 6n dinh ctia két cAu dam, tim va v [4-10].

P& mo ta gan hon su 1am viéc ctia két cau trong thuc té, cac phan tich phi tuyén thudng dudc st
dung. Praveen va Reddy [11] st dung ly thuyét bién dang cit bac nhit (First-Order Shear Deformation
Plate Theory - FSDT) c6 ké dén thanh phan bién dang phi tuyén von-Kdrman phan tich tinh va dong
tim P-FGM c6 ké dén anh hudng nhiét bing phuong phap Phan tif hitu han (PTHH). Zhao va Liew
[12] phan tich phi tuyén tim FGM chiu tic dung ddng thdi ctia tai trong co-nhiét bang phudng phap
kp-Ritz khong 1uéi (mesh-free kp-Ritz method). Yin va cs. [13] khdo sit ting x{ phi tuyén clia tAm
FGM bing phuong phap dang hinh hoc. Na va Kim [14] khao sat ting xi udn phi tuyén ctia tim FGM
chiu tic dung ctia tai trong co-nhiét bang phuong phap PTHH-3D.

Ngoai cic phuong phép sd dudc st dung trong cic phan tich ké trén, phuong phap giai tich ciing
12 mot cong cu hitu hiéu thudng dude nhiéu tac gia Iva chon. Theo tiép can ting sut, Tung va Duc [15]
phan tich 6n dinh phi tuyén tim FGM bang phuong phap giai tich. Ly thuyét tim c& dién (Classical
Plate Theory - CLPT) va phuong phap Galerkin dudc cdc tac gia st dung dé€ nhan dugc phuong trinh
n dinh phi tuyén. Ciing st dung Iy thuyét CLPT, ham ting suét Airy va phuong phap Galerkin, Thang
va cs. [16] da thiét 1ap 15i gidi hién cho phan tich phi tuyén tAim S-FGM. Duc va cs. [17] phan tich
ting x{ 6n dinh phi tuyén nhiét ctia thm FGM trén nén dan hoi st dung ly thuyét bién dang cit bac ba
(Third-Order Shear Deformation Plate Theory - TSDT) va ham ting suit. Woo v cs. [18] phan tich
dao dong riéng phi tuyén clia tim méng FGM.

Theo tiép can chuyén vi, Shen [19], Yang va Shen [20] phan tich @ing x& udn phi tuyén ctia tim
FGM chiu tac dung cia tai trong cé-nhiét st dung ky thuit ham phat (pertubation technique) trén cd
s6 ly thuyét TSDT. Wu va cs. [21] phén tich sau 6n dinh tAm FGM véi c4c diéu kién bién khic nhau
bing phuong phép gidi tich st dung chudi da thic hitu han Chebyshev va ly thuyét FSDT. Alinia va
Ghannadpour [22] st dung nghiém chuyén vi dang ham diéu hoa dé phan tich phi tuyén tim méng
FGM chiu uén.

Céc phan tich & trén cho thiy, nghién ctiu vé dng x{ phi tuyén ctia tim FGM thuc su khong nhiéu,
dbi vé6i két cAu tAm bang vat liéu FGM x6p thi cdc nghién ciu vé chii dé nay lai cang han ché. Sir
dung ly thuyét FSDT, Duc va cs. [23] khdo st ting xt dong luc hoc phi tuyén ctia tim FGM c6 vi bot
rong. Tu va cs. [24] nghién citu 6n dinh va sau &n dinh ctia tim FG x6p khong hoan hao dudi tac dung
clia tai trong co hoc. Cong va cs. [25] nghién citu &n dinh co-nhiét phi tuyén va sau &n dinh cla tAm
FGM c6 vi bot réng trén nén dan hoi st dung ly thuyét TSDT. Phung-Van va cs. [26] két hop ly thuyét
TSDT va phucng phap dang hinh hoc phan tich ting xi udn phi tuyén ctia tim FGM c6 vi bot rdng.

Khi nghién ctiu vé vé vt liéu FGM véi cu triic vat liéu khong d6i xiing, mit trung binh hinh hoc
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va mit trung hoa thuong khong tring nhau. D€ loai bd tuong tic mang - udn, nhiéu tic gia thudng
tinh to4n v6i hé toa do quy chiéu dit trén mit trung hoa thay vi tinh todn trén mit trung binh nhu vt
liéu dang hudng [27-30]. Véi viéc chuyén hé toa dd quy chiéu vé mit trung hoa, trong cac hé thiic co
béan sé khong cé tuong tic mang - udn, nhu vay thdi gian tinh toan sé dudc rit ngan, nhét 1a véi cic
bai todn phi tuyén.

TAm trén nén dan hoi 1a md hinh co hoc mo6 phéng su lam viéc thuc t& cia mit dudng bé tong
xi ming, mit dudng nhua, dudng bing sin bay hay ddy clia cic bé chia dit trén nén dit cla cong
trinh. Céc tAm tudng ctia 10 phan tng hat nhan, ham chia, bé chifa héa chit va nhiéu ciu kién cong
trinh khac ciing dugc mo hinh héa nhu 12 két cAu tim dit trén nén, hay bao quanh bdi nén dan hoi.
Céc nghién ctiu vé tAm trén nén dan hdi vi thé 13 bai toan quan trong va dudc nhiéu tic gia quan tAim
nghién ciu [31-34].

Trong bai bdo niy, phuong phap chuyén vi sé dugc st dung dé phan tich ting xi ubn phi tuyén
ctia tAm chit nhat FGM x6p dit trén nén dan hoi véi mot sd diéu kién bién khac nhau c6 xét dén vi
tri mit trung hoa. Ham x4p xi chuyén vi dudc gia thiét dudi dang ham diéu hoa kép, hé phuong trinh
phi tuyén dé giai nhan dugc bang cach sit dung phuong phap Galerkin trén co s6 ly thuyét bién dang
cit bac nhit. Anh hudng clia ba loai phan b 16 réng: déu, khong déu dbi xiing va khong déu bat dbi
xting ciing nhu hé s6 mat do 16 rdng, diéu kién bién va cac tham s6 kich thudc tim, tham sb nén dén
dd vong va cac thanh phan ndi luc sé& dugc khio sat.

2. M hinh tAm bing vat liéu FGM xép

Xét tAm chif nhat bang vt liéu FGM xdp c6 chiéu dai a, chiéu rong b va chiéu day 4 nhu Hinh 1.
TAm dugc dit trén nén dan hoi Pasternak v6i cac hé s6 nén: K,, 1a hé sd do cing udn (Winkler
stiffness), K; (i = x,y) 1a hé s6 do cing cat (shear stiffness).

Tz /K;;(Kz:Ka)
Y hi2
hi2

"E G

/" max > max
— /-1 Mit trung hoa
/ C
— Mat trung binh
E: ’G:
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Jh Zi [
| |
f | E i »G,
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Hinh 1. M6 hinh tim chii nhat FGM xp trén nén dan hoi

Mb dun dan hoi kéo-nén va mo dun dan hdi trugt cda vat liéu FGM xbp phu thudc vao mat do
phén bd 16 rdng, va bién thién lién tuc theo chiéu day tim theo cac quy luit sau [35, 36]:

- Phan bd déu:
1 142 2\
E=Enx(1-ed); G=GCGnax(l—-epd); A=———=+l-e—-—-+1 (D
() ep\m T
- Phan b khong déu - dbi xing:
EQ@) = Emn [1 —eo cos(%)] . G@) = G [1 — epcos (’%)] )
- Phan b khong déu - bat ddi xing:
nz m nZ on
E(2) = Enax [1 — e cos(ﬁ + —)] i G(2) = Gmax [1 — e Cos (ﬂ + Z)] 3)
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trong d6 Epmax, Gmax 1an Iugt 13 cc gia tri 16n nhat ctia mo dun dan hdi kéo - nén, md dun dan hoi
trugt va khoi lugng riéng; Emin, Gmin 12 cac gia tri nhod nhét tuong ing (xem Hinh 2). Hé s Poisson
dugc coi 1 khong thay ddi theo chiéu day tAm.

AZ A z AZ
E s o ‘ E -G
,,,,,, . i
E.G.  REEsild \'E G = RRRRRAE _G.
EDJZX.GQBX ““““ Em‘Gm
(a) Phan b déu (b) Phéan bd dbi xing (c) Phan bd bt dbi xiing

Hinh 2. TAm bing vit liéu FGM xdp véi cac ham mat d6 phan bb 16 réng khac nhau

Hé s6 mat do 16 réng ey dudc tinh theo:

Emin -1 Gmin

1 4
Emax Gmax (0 < eo < ) ( )

6’0:1—

Vi tri mit trung hoa cta tim FGM x6p trong trudng hop phan b bt dbi xiing khong tring mit
trung binh, dudc xéc dinh tir diéu kién [37]:

h/2 h/2 h/2
f (z-C)E(xdz=0 =C= f ZE(2)dz|/ f E(z)dz ®)
—h/2 —h/2 —h/2

3. Ly thuyét bién dang cat bac nhét

St dung hé toa do quy chiéu di qua mit trung hoa, cdc thanh phan chuyén vi u, v, w ctia diém bt
ky ¢6 toa do (x,y, z,s) trong khong gian tim [38]:

u(X,y, Zns) = uo(X,y) + 2us0x(X,3); V(X ¥, Zns) = Vo(X,Y) + Znsby (X, ¥); WX, Y, Zns) = wo(x,y)  (6)

trong d6: ug, vo, wo 12 cac thanh phan chuyén vi ctia diém trén mit trung hoa theo cac phuong x, y, z,.:
Oy, 6y 1a cdc goc xoay ctia phdp tuyén mit trung hoa quanh hai truc y, x.

Céc thanh phan bién dang c6 k& dén thanh phan phi tuyén hinh hoc theo nghia von Karman [38]
c6 dang sau:

0
Ex Ex Ky y 70
g = & Lz Ky 3 { yxz }:{ 76Z } @)
vz 2
Vxy yxy Kxy !
2 2
L0 Wox o _ Yoy o _ . _ . _ .
trong do: &, = upy + T,sy = v, + T’y"y = Ugy + Vox + WoxWoys Kx = Oxxi Ky = 6,45

Kyy = Oy +6, ygz = wox+ by; ygz = wo,y +6,. DAu (,) di kém cac thanh phan chuyén vi chi dao ham
riéng theo bién tuong ting.
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Vit liéu FGM x6p dudc coi 1a dan hdi tuyén tinh, cdc thanh phan dng suit dudc x4c dinh tir dinh
luat Hooke:

Ox On O O &x M, Ci Cnn O Ky
oy =] 0a O0n O g 3 M, ?=|Cp Cii O Ky 3)
T xy 0 0 Os6 Yxy Mxy 0 0 Ces Kxy
. E(zy5) VE(zZy5) E(z,5)
t d : = = S = = —, = = = —_—
rong do: Oy 922 .2 Q12 =02 T Qa4 = Oss5 = Qes A+
Céc thanh phan ndi luc dudc suy ra tit biéu thiic dinh nghia:
Ny An A 0O &) M, Cn Cnn O Ky
Ny ¢=| A2 An 0 |{& b { My ¢={C Cui 0 [{k ¢
Ny 0 0 Ae || ) M,y 0 0 Ce |\ ky 9)
{sz}:[Afm 0]{7%2}
Qyz 0 Afl4 yyz
h/2—C hj2-C
trong d6: (4, Cij) = f Qi (1. 2,) dzns: ij = 11,12,66; A}, = k, f Qusdzys; ks 12 he 6 higu
—hj2-C ~hj2-C

chinh cit, véi tim chit nhat vat licu FGM xdp: k; = 5/6. Biéu thiic (9) cho thiy viéc st dung miit
trung hoa da gitip loai bd dudc cic tuong tac mang-udn trong tim.
Nguyén ly thé ning toan phan cuc tiéu dudc st dung dé thiét 1ap cac phuong trinh cin bang ciia
tdm [39], v6i dang toan hoc nhu sau:
0=0Up+06Uf + 6V (10)

trong d6 SUp, SUF, 5V 1an luct 1a bién phan cta thé ning bién dang dan hoi clia tAm, thé ning bién
dang ctia nén va thé niing clia tai trong.

Hé phuong trinh can bing thu dudc cé dang [39]:

Nyx+Nyy=0, Ny,+N,,=0;
Quzx + Qyz,y + Nxwo,xx + 2]nyWO,xy + NyWO,yy — Kyywo + Ksxwo xx + KsyWO,yy +q=0; (11)
My +Myy— Q=0 My +Myy—0,,=0

Céc tham sb diéu kién bién bao gdm: (u,,, N,) , (s, Nps) , (W, On) , 0, M) , (85, M) . Céc chi s6
duéi n, s thé hién phuong phap tuyén va tiép tuyén ctia bién tim.

Thay lién hé giita cac thanh phan noi luc qua bién dang, bién dang qua chuyén vi tif cic quan hé
(7)—(9) vao (11), ta dugc hé phuong trinh cin bang theo chuyén vi theo ly thuyét bién dang cit bac
nhét:

Al (M(),xx + Wo,xW()’xx) +Ap (VQJy + WO,yWO,xy) + Age (”O,yy + Vo,xy + W0, xW0,yy + WO,yWO,xy) =0

An (MO,xy + WO,xWO,xy) +An (VO,yy + WO,yWO,yy) + Aso (uO,xy T V0,xx + WoxxWo,y + WOJWOJ}’) =0;

s s s s
A44W0,yy + A44W0,xx - Kywo + KSXWO,)CX + KsyWO,yy + A440x,x + A446y,y + Ay UQ,xW0,xx

1
2
+A12u0,xW0,yy + 2A66M0,yW0,xy + Alzv(),yW(),xx + Allvo,yw(),yy + 2A66v0,xW0,xy + §A11W0,XW0’XX
1 2 1 2 1 2
+§A12W0’yW0,xx + §A12WO,XW0’W + EAllWO,yWO,yy + 2A66W0xWoyWo,xy +q = 0;

170



Hai, L. T. / Tap chi Khoa hoc Cong nghé Xay dung

Cllgx,xx + C669x,yy + (CIZ + C66) gy,xy - AZ49x - A;5W0,x =0;

' (12)
(C12 + Cep) QX’X}, + C669y,xx + Cllgy,yy — Afmgy — AZ4W0’y =0

4. Loi giai giai tich

Véi tim chit nhat, cic nghiém chuyén vi thdéa man diéu kién bién theo ly thuyét bién dang cit bac
nhét sau day sé dudc thiét 1ap:
- Lién két kh6p 4 canh (SSSS): Tat ca bén canh clia tAm tua ban 1€, véi cdc rang budc tuong dng la:

U, =us=wyp=6,=0,M,=0 (13)

- Lién két ngam 4 canh (CCCC): Tit c4 bdn canh ctia tAm lién két ngdm, cdc rang budc tuong
ung la:
U, =ve=wyg=6,=0,=0 (14)
- Lién két d6i xting ngam 2 canh, khép 2 canh (SCSC): Hai canh d6i dién ctia tm tua ban 18, hai
canh con lai lién két ngam, cc rang budc tuong ting 1a:

Taix=0,a:up =vo=wp=6,=0, M, =0 (15)
Taiy=0,b:up=vo=wp=6,=6,=0

Luu ¥ ring, cdc diéu kién bién dudc xem xét trén ddy déu c6 chung mot dic diém 1a khong thé tu
do dich chuyén trong mit phang tim (immovable).

V6i cic diéu kién bién da néu & trén ta chon nghiém chuyén vi dudi dang cic khai trién sau day
[22, 401]:

N
Z VOmn Vl m ()C) V2n (Y)

n=1

Ms

N
Z UOmn Ul m(x) U2n (Y) Vo =
=1

In

M N
DI AC) AOTE
m=1

n=1

3
Il

ME iMa

N
P HEHAGE (16)

1 n=1

M N
Z D Womn Xn(X)Y(3)

m=1 n=1

3
I

, <, A A A . . . TX
trong do: uomn, Vomns Womns Oxmn» Oymn 12 cac h€ s6 can xac dinh; Uj,(x) = sin ; Up(y) =

2n—1 2m— 1 2
a
Cac ham X,,(x), Y,,(y) phai dam bao lién tuc, thoa man dicu kién bién va doc 1ap tuyen tinh. Bang 1

1a cdc ham dang X,,(x) va Y,(y) 4p dung cho 3 diéu kién bién SSSS, SCSC va CCCC.

T
y,vc’iim,n: 1,2,3...
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Béng 1. Cac ham dang X,,(x) va Y,(y) st dung trong khai trién (16) [41, 42]

Pidukiénbien Taix=0,a  Taiy=0b  Xp(x) Yo(y) (m, n)
SSSS Xp=X/=0 Yp=Y'=0 sin—= sm% mn=135...
a
o I mmx . o NIy m=1,3,5...
SCSC Xn=X,=0 Yn=Y,=0 sin p sin p n=1.2.3...
ccec Xp=X,=0 Yp=V =0 sin??> sinzn% mon=1,273...
a

Thay (16) vao (12), ta dudc:

N M N M N
12 13
Z uOmnl( L. VOmnl( ) + Z Z Z Z WOmnWOpqhinn,z)Jq =0;
m=1 n=1 m=1 n=1 p=1 g=1
M

M N M N
(23) .
Z Z WOmnWOpqhmnpq 0;

p: :1

m=
N M N M N
33 34 35 32
Z (WOmnlﬁnn) + menlsnn) + Qymnll(n ) + Z Z Z Z (”OmnWOpq mn])Jq + VOmnWOpqhmn;q) (17)
1 p=1gq=

(21) (22)
uOmn .+ Vomnlmn +

=1 n=1

3

M=

m=1 n=1 m=1 n=
M N M N M N
(33) =0:
+ WOmnWO0pgWOors Pmnpgrs +g=0;
m=1 n=1 p=1 g=1 r=1 s=1
M N M N
43 44 45 53 54 55
Z WOmn }(nn) + exmnlfnn) + Gymn ( ) = Z Z WOmn 5rm) + exmnl( ) + Qymnlz(nn)) =0
m=1 n=1 m=1 n=1

trong d6: cac ham sb L) (x, y), hmnpq(x, ), p,(nl,pq,x(x, y) dudc trinh bay & Phu luc A.
Ap dung phuong phap Galerkin, nhan cic biéu thifc trong phucng trinh (17) véi cac ham riéng
tuong ting roi thuc hién tich phan trén toan bd mién A clia tAm, ta dugc:

N M N M N
() () g1 _o.
2 (om Ly 4 vomnL) + D D D ) WonbongHy i = 0

i[Ms

&

n= m=1 n=1 p=1 g=1
M N M N M N
(21 (22) H®  —o:
2, 2 (omn Ly vomn L) + 2, 2 2, D wom iy = 0
m=1 n=1 m=1 n=1 p=1 g=1
M N M N M N
(33) (34) (35)) ( (31) (32) )
Z Z Wom”Lmnz j + me”me j + eym”me j + uOmnWOI’qunpqz Jj + VomnWopg Hmnpql Jj
m=1 n=1 m=1 n=1 p=1 ¢=1

M N M N M N
1533333 JT SRRV

m=1 n=1 p=1 g=1 r=1 s=1

N M N
43 44 45 53 54 55
D (womnLi + O Lo + L) = 05 > " (WomnLiges; + OmnLiet; + OmnLinty) = 0

‘mnij ‘mnij ‘mnij
1 n=1 m=1 n=1

Mk

3
I

(18)
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O O ()
trong d6 cac hé sb me] Hmnpqu PmnpquzJ F;; dugc trinh bay 6 Phu luc B. Nghiém ctia hé phuong
trinh dai s6 phi tuyen (18) 1a véc td chuyén Vi {tomn; Vomn 3 Womns  Oxmns Hymn} ; tit d6 xac dinh
dudgc cic phan chuyén vi, bién dang, ndi luc ctia bai todn phan tich phi tuyén tinh tinh.
Trong céc phan tich tuyén tinh, bd qua cdc thanh phan bién dang phi tuyén trong cong thic

(7); hé phuong trinh dai s tuyén tinh thu dugc tir (18) sau khi bd qua céc thanh phan phi tuyén
) ()
Hmnpqij’ Pmnpqrsij'

5. Két qua s6 va thao luan

V6i nghiém giai tich da thiét 1ap & phan trén, chuong trinh tinh trén nén Matlab dudc viét dé thuc
hién céc vi du s6. Cac két qua phan tich 1a phi tuyén trit nhiing trudng hop riéng sé dudc néi trudc.
Cac cong thuc khong thit nguyén dudc stt dung [43, 44]:

~1,0GPa; P = Qo (19)

< Jo = _
07 Eohdv E0h3v Eh*

1 a b\ B K,a* K,a? B Ksbe.
’ 0 - E0h3 £

5.1. Vi du kiém ching

a. Vi du kiém chiing 1

Tam vuong dang huéng diéu kién bién hai canh dbi dién tua khdp, hai canh con lai lién két ngam
(SCSC) dudi tic dung clia tai trong phan bd déu g véi hla = 0,05,v = 0,3, E = 0,3 x 107 psi. Bang 2
thé hién két qua do vong khong thi nguyén w tai tim tim véi cac tham sb tai trong udn P khéc nhau.
Cic két qua tinh todn trong bai bdo dudc so sdnh véi Lei [45] st dung phucng phap phan tit bién (the
boundary element method) dua trén 1y thuyét tim bac nhit, Azizian va Dawe [46] st dung phuong
phap dai hitu han (the finite strip method) st dung ly thuyét tAm Mindlin, Long v cs. [47] st dung 1y
thuyét bién dang cit bac nhit theo tiép can ting suit.

Bang 2. P vong khong thit nguyén w clia tim vuong déng huéng diéu klén bién SCSC duéi tac dung
clia tai trong phan bd déu gy = PE h*/a*

Azizian va Dawe [46] Long va cs. [47]

(Ly thuyét thm Mindlin) = 1 (Tiép can theo tng suiy Do Pa0  Sais06 (%)
0,9158 0,0199 0,0199 0,0198 0,0198 0,23
4,5788 0,0988 0,0084 0,0982 0,0981 0,11
6,8681 0,1469 0,1455 0,1461 0,1459 0,17
9,1575 0,1936 0,1904 0,1929 0,1922 0,35

*Sai s6 so vdi két qua ctia Long va cs. [47].

b. Vi du kiém chiing 2
Xét tAm vudng d'fmg huéng: a/h = 10, E = E,. = 322,27 GPa (Si3Ny), v = 0,28, chiu tac dung cla
E,h*
a*t ’
tAm w dugc tinh todn va so sdnh v6i Talha va Singh [48] st dung phuong phap PTHH (phin tit C°,
13 bac tu do tai mdi nit) dua trén ly thuyét bién dang cit bac cao v6i 7 4n s6 chuyén vi doc 1ap. Cac
két qua kiém chiing thé hién trén Bang 3 dugc ap dung véi ca 3 dang diéu kién bién SSSS, SCSC va

tai trong phan bd déu go = P E,, = 207,78 GPa (SUS304). Po vong khong thii nguyén tai tim
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Bang 3. P9 vong khong thii nguyén khong thit nguyén w ctia tim vudng dang hudng duéi tac dung clia tai trong

phan bd déu
Phuong phap P=4 P=38 P=12 P=16 P =20 P =40
SSSS
Talha va Singh [48] 0,1200 0,2251 0,3185 0,3911 0,4597 0,6984
Bai bdo 0,1189 0,2254 0,3160 0,3927 0,4583 0,6908
Sai s6 6 (%) 0,96 0,14 0,77 0,40 0,30 1,09
SCSC
Talha va Singh [48] 0,0602 0,1193 0,1764 0,2306 0,2811 0,4942
Bai bdo 0,0594 0,1179 0,1745 0,2286 0,2800 0,4953
Sai s6 5 (%) 1,26 1,19 1,09 0,85 0,38 0,21
CCccce
Talha va Singh [48] 0,0405 0,0808 0,1207 0,1598 0,1981 0,3698
Bai bdo 0,0395 0,0788 0,1177 0,1560 0,1936 0,3681
Sai s6 6 (%) 2,51 2,52 2,51 2,37 2,25 0,47

CCCC véi cic tri s6 tai trong ubn khac nhau. C6 thé thiy ring, sai léch giita cac két qua trong bai bao
va két qua ctia Talha va Singh [48] 1a rit bé (dudi 2,6%).

Qua céc vi du kiém chiing 1 va 2, c6 thé thiy rang 15i giai theo tiép cin bing phuong phap chuyén
vi va chuong trinh may tinh ma bai bao xay dung c6 do tin cay.

5.2. Cdc vi du khdo sdt

Xét tam chit nhat vat liéu xdp (E; = 200 GPa, v = 1/3) dit trén nén dan hdi, dudi tic dung cla tai
trong phan bd déu go. Dudi diy, anh hudng ctia dang phan bb 16 réng, hé sb réng, tham sd nén va ty

4.5

(12): TT-Phan bé déu a7 ¢
4 | (20): TT-Phan b4 déi ximg ] ¥ s (1b)
(3a): TT-Phén b bat déi xtng / (3a) roi
(1b): PT-Phan bé déu (lay !
350 00 N A oare /- U 2b)
(2b): PT-Phan bo doi xung U R (3b)
(3b): PT-Phan b bét déi xtng 7 1 7o)
*Tssss / fi
: K 1 a A ax
h=0,1 m,a/h=10,b/a=2; 4 £ (12): TT-Phéin b6 deu
B 250 b 10K = 100.0 ~10 7 g 2 i (2a): TT-Phén bd ddi ximg
] >0 P Ih (3a): TT-Phan b bat ddi ximg
5 (3a) P s (1b): PT-Phan bé déu
r . 05+ ji (2b): PT-Phan b6 déi xtmg
22T ' 7 3b): PT-Phan bé bat ddi xin
1.5F - Dy ! (3b): g
T e (2a) (1b) /
mﬂ.ﬂ.ﬂ-ﬂ.ﬂ_.,.‘.—. ------------- i/ SSSS:
1r by h=01m,ah=10,ba=2;
o ‘ ‘ ‘ . . e, =0,5 K, =100, =10
. 0 ‘ ‘ ‘
01 02 03 04 05 06 07 08 09 0 5 10 20 25 30

Hinh 3. Bién thién d6 vong w clia tim xdp theo hé sb
rong ey v6i cac quy luat phan bd 16 réng khac nhau

Hinh 4. Bién thién do vong w cla tim theo tai trong
phan bd déu P vé6i cic quy luit phan b 16 rong khac
nhau
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s6 kich thudc tAim sé dudc khao sat. Chu y riang cac phan tich phi tuyén dugc ky hiéu bang PT, phan
tich tuyén tinh ky hiéu 1a TT.

Hinh 3 thé hién su bién thién ctia d6 vong 16n nhét khong thif nguyén theo hé sb réng véi ba dang
phén b6 16 réng khac nhau: déu, dbi xing va bat ddi xiing. Hinh 4 biéu dién dudng cong tai - do vong
véi ca ba dang phan b6 16 rdng khic nhau (eg = 0,5). Cdc dudng thang thé hién phan tich tuyén tinh,
dudng cong 1 phan tich phi tuyén. Tif cdc dd thi nhan dudc ta nhin thiy, hé s6 rong ting 1am cho do
cling clia tAm giam, din t6i d6 vong khong thd nguyén ting theo véi tit ca cac dang phan bb 16 rong,
khi phén tich tuyén tinh ciing nhu phi tuyén. Hé s6 rong cang 16n thi dnh hudng ctia dang phan bb 16
rong cang 16 rét. Phian b6 db6i xiing c6 dd vong bé nhét trong khi hai dang phan bb 16 rng con lai cho
két qua do vong khong miy khac biét khi phan tich tuyén tinh. Nhu chd doi, tinh theo phi tuyén ludn
cho két qué ctia d6 vong bé hon tinh theo tuyén tinh, ngodi ra con nhan thiy, khi hé s6 16 rdng ting
1én thi c6 su khéc biét dang ké vé do vong gitta phan tich theo tuyén tinh va phi tuyén.

0.55

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.9
Phan b6 bat déi xtng: ——SSSS-PPCV
0,56 h=0.1m, bla=1:P=10; e = 0.5 K, =100, 1, = 10 05| © SSSS-2PPUS [47]
- - SCSC-PPCV
07| v SCSC-2PPUS [47] g —— -y
0451 T SSSSPPCV T T e CCCC-PPCY 7Y
oal o 8552 PPUS [47] || 0.6| 4 ccce-2 ppUs [47]] -
: - - SCSC-PPCV
X v SCSC-2 PPUS [47] L 0T
RO e CCCC-PPCY 1 E
N 4 CCCC-2 PPUS [47] 04r SR WO T P!
03 - e Y
< Vg v v v 0.3
025 sl -
. Phan bo bat doi xung:
02+ T S < 4 < < < < 0.1 h=0,1m,ah=10;P=10 ||
N N N N e, =0,5 K, =100,J =10
0.15 : : s : : : : : 0 : ‘ ‘ ‘
510 15 20 25 30 35 40 45 50 0.5 5 2 25 3
a/h b/a
Hinh 5. Bién thién d6 vong w cla tam theo ty so kich Hinh 6. Bién thién d6 vong w cla tam theo ty so kich
thudc tam a/h véi cac dicu kién bién khac nhau thudc canh b/a v6i cac diéu kién bién khac nhau

Quy luat bién thién ctia do vong khong thif nguyén w theo ty s6 kich thudc tAm a/h (véi bja = 1)
va b/a (v6i a/h = 10) ctia thm FGM xdp vdi cic diéu kién bién khic nhau dudc biéu dién 1an luot
trén Hinh 5 va Hinh 6. Cé4c két qua phan tich phi tuyén clia bai bdo theo tiép cin chuyén vi dudc tinh
toan va so sanh véi cach tiép can theo ting suét trong bai bao [47]. D6 thi trén cc hinh nay cho thiy
su tuong dong giitta hai cach tiép can, va cu thé la:

- Vé 4nh hudng cta diéu kién bién: 16 rang 1 cic bién SSSS c6 dd vong 16n nhit, sau d6 dén bién
SCSC, bién CCCC c6 do vong nhd nhit; cac bién han ché chuyén vi trong mit phang c6 do vong bé
hon so véi bién khong han ché chuyén vi trong mit phang tuong tng.

- V& 4nh hudng cla ty sb a/h: khi ting ty sé a/h, dd vong khong thd nguyén w giam nhanh khi
a/h con nhd (tim day, a/h < 10); sau d6 do vong giam cham lai va gan nhu khong ddi khi a/h 16n
(a/h = 30).

- V& 4nh hudng ctia ty sb b/a: khi ting ty s6 b/a, dd vong khong thi nguyén w ting khi b/a con
nhé (0,5 < b/a < 2); sau d6 thay d6i rat it.

Hinh 7 13 dudng cong tai - 46 vong clia tim FGM x6p v6i bon cip tham sd nén khic nhau. Tir
hinh V&, ta c6 thé quan sat thiy ring, khi ting cdc tham s6 nén Ky, Jo, d6 vong ctia tim giam dang ké;
va anh hudng ctia hé s6 nén Jj 16n hon so v6i hé sb nén K.

Bién thién cla cdc thanh phan md men ubn M,, M, tai tim tim theo tai trong phan b P ctia tim
cht nhat (b/a = 2) FGM xép v6i cac diéu kién bién khac nhau dudc thé hién trén Hinh 8. Cac dd thi
cho thiy, v6i moi mic tai P, mé men M, 16n hon kha nhiéu so véi mdé men ubn M,. Mot diéu thi vi
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12 v6i bién SCSC, khi ting tdi P, md men udn M, ting trong khi md men M, chi ting khi P con nhd
(P < 12), sau d6 lai giam.

x10°

SSSS, Phan bd bat ddi xung: Phan b6 bét déi ximg: (SSSS-Mx)
h=0,1 m,a/h=10,b/a=2; 16 | h=0,1 m,a/h=10,b/a=2;
’e0:0,5 e, = 0.5 K =100,J =10

(CCCC-Mx)

(SCSC-Mx)
08

= s
06 8r
— — 6 [
04 — K, =0,1,=0
5 o KO - 100‘ JO - 10 4 /72 2
P N/ K, = 1000,J,=10 | R
—-=-K, = 1000, = 100
0 ‘ . : : 0 ‘ .
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Hinh 7. Bién thién do vong W clia tim theo tdi trong  Hinh 8. Bién thién md men udn M,, M, (Nm/m) cta
phan bd déu P véi cac hé sb nén khac nhau tim theo tai trong phan bd déu P véi cic diéu kién
bién khic nhau

6. Két luan

Bai bdo xdy dung cd sd ly thuyét va thuat todn phan tich phi tuyén ting xi uén ctia tim chit nhat
FGM xbp dit trén nén dan hoi véi mot sd diéu kién bién khac nhau theo phuong phap chuyén vi va ly
thuyét bién dang cit bic nhit. Nghiém gidi tich thu dugc bing phuong phiap Bubnov-Galerkin ciing
véi chuong trinh tinh tu viét trén nén Matlab dugc kiém chiing véi cdc két qua da cong b cho thiy di
tin cdy. Anh hudng ctia cac tham s vat liéu, kich thudc hinh hoc, hé s6 nén dan hoi, tai trong ubn va
diéu kién bién dén do vong, dudng cong tai - do vong va m6 men udn ndi luc trong tdm da dugc chi
ra chi tiét qua cdc vi du s6. C4c nhan xét riit ra 12 ngudn tham khdo hitu ich cho cong téc tinh todn,
thiét k& va bao tri cac ciu kién cong trinh sit dung vat liéu FGM x6p.
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