KET CAU — CONG NGHE XAY DUNG
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Tém tat: Bai bao st dung phuong phap phén ti
hdu han (PP PTHH) dé tinh toan dé véng va ung suét
clia tdm lam bdng vét liéu cé co tinh bién thién
(Functionally graded material-FGM) chju tai trong co
hoc va nhiét do. Phan t&» dang tham sé chin nat méi
nat gébm ndm béc tw do duoc st dung dé mo hinh
phan td tdm. Két qué sé duroc khdo sét véi céc truong
hop khéc nhau va duoc so sanh véi cac két qué da
duoc cdng bd cua tac gid khac cho thdy dé tin cay
cua thuat toan va chuwrong trinh.

Tw khéa: FGM, vét liéu c6 co tinh bién thién, phan
ter hibu han, tai trong nhiét do.

1. M& dau

Vat liéu FGM la mét loai composite thé hé mai,
dwoc ng dung trong k§ thuat hang khéng (ché tao
than vé may bay), trong y hoc (ché tao rang, xwong
nhan tao), trong qudc phong (4o giap chdng dan),
trong céng nghiép nang lwong (tdm céach nhiét, tua
bin, 16 phan (ng)... Vat liéu FGM duwoc két hop tir 2
vat liéu trong d6 ty |& thé tich cia mdi thanh phan bién
ddi mét cach tron va lién tuc tr mat nay sang mét kia
theo chiéu day thanh két cdu (hinh 1). Ham d&c trung
cho céc hang sb vat liéu FGM gia thiét dwéi dang:

V(Z) = (Vc _Vm)'g(z) +Vm 1)
g(z) :(rzﬁij )

Trong d6:V,, - hang sb vat liéu cta vat liéu mat
trén tdm (-h/2); V. - hang sb vat liéu cda vat liéu mat
duéi tAm (+h/2); V(2) - hang sbé vat liéu cta vat liéu tai
toa dd z bat ky; p - tham sb vat liéu (chi sb ti 1& thé
tich); h - chiéu day.

Bé miat gidu kim loai

Bé mat gidu ceramic

Hinh 1. M6 hinh két cau lam tir vt liéu EGM
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Trén thé gi¢i c6 nhiéu nghién clu vé &ng X
co nhiét cha tdm FGM trong méi truéng nhiét do.
Wang va Tarn [1, 2] st dung phwong phap khai trién
tiém can (asymptotic expansion) phan tich ba
chiéu tdm khéng doéng nhét. Thay vi gidi chinh
xac phwong trinh truyén nhiét, cac tac gia gia dinh
trwéc tredng nhiét d6 trong vat liéu FGM. Aboudi va
coéng sw [3] phan tich &ng x& dan - nhiét cta tAm
FGM theo ly thuyét bac cao. Pap &ng phi tuyén
dan - nhiét cda tAm FGM gdém/kim loai dwgc khdo
sat b&i Praveen va Reddy [4] bang phwong phép
phan t& hivu han theo ly thuyét tAm von-Karman.

Reddy va Chin [5] tién hanh nghién ctru ly thuyét
cling nhw phan tich phan t& htvu han &ng x& nhiét -
co cla 6ng tru va tAm FGM. Bién dang nhiét - co’ cla
tAm e-lip ngam trén chu vi dwgc phan tich béi Cheng
va Batra [6].

O Viét Nam, cac cdng bd cla cac tac gia trong
nwéc vé cac két cdu bang vat lieu FGM trong thoi
gian gan day tang nhanh. Céac tac gia Pao Huy Bich
va cong s [7], Tran ich Thinh [8], Tran Minh T,
Nguy&n Bich Phwong[9] phan tich trudng chuyén
vi va (ng Ssuét trong tAm FGM theo ly thuyét tAm cb
dién. Huynh Vinh [10], Tran Thi Nhat Nguyén [11]
phan tich tinh va déng tAm FGM theo ly thuyét bién
dang cét bac nhat. Tuy nhién, trong cac nghién ctu
nay, yéu té nhiét d6 chwa duoc xét dén.

Bai bao nay sir dung phuwong phap PTHH vé&i
phan t& déng tham s 9 nat, méi nat 5 bac tw do dwa
trén ly thuyét bién dang cat bac nhat dé tinh do véng
va (rng suét trong tAm lam bang vat liéu FGM chiu tai
trong co hoc va nhiét dé.

2. Co s& ly thuyét

2.1 Sw thay déi tinh chét cda vét liéu FGM theo
nhiét dg

V&i tAm béng vat liéu FGM, cac hang sbé vat liéu
bién thién lién tuc theo toa dé chiéu day tdm, chang
han mé-dun dan hdi E=E(z). Ta c6 cdng thirc xac dinh
cac hang sb vat liéu (m6-dun dan hdi E va hé sb gian
n& nhiét « ) nhw sau:

Tap chi KHCN Xay dung — sé 3/2014
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z 1Y
E=(E,.-E)—+=| +E,°
(E, b>(h 2) ;

a=(o.—

O‘b)(; + ;Jp +a, ®3)

Ngoai ra, khi lam viéc trong méi trudng nhiét d6, cac hang sé vat liéu ciing la ham sb cha nhiét do
tuyét ddi T (theo nhiét d6 Kelvin, 0°C &ng v&i 273K). Theo Yang J. va Shen H. S [12], cac hang sb vat liéu E,

o duoc biéu dién dwéi dang:

E =E{(E' T +1+ET+ET2 +ET?), E, =E(E%T * +1+ EPT + EXT? + EXT?)

o, =aé(aflT Tl T +aT? +a;T3), a, :ag(aiT’l+l+ale +ayT? +a§T3)

trong do,

E.1, E1, Ea, a4, i, 0o, a3 - C&c hang sb phu thudc
vao tirng loai vat liéu;

Eo, ao - Gia tri cGa hang sé vat liéu tai nhiét do
phong T, (T, =27°C ~ 300K );

T - Nhiét d6 khao sét,
(T =T, +AT )
2.2 M6 hinh phan t& h@u han tdm FGM chju tac
dung dong thoi cda tai trong co'— nhiét

tinh theo Kelvin

2.2.1 Ly thuyét bién dang cat bac nhét Reissner —
Mindlin [13]

Reissner, Mindlin gia thiét trwong chuyén vi bac
nhat dwéi dang sau:

e =te)" +{ef'
{e}*": Bién dang do tai trong co hoc gay ra. =>

{S}T : Bién dang do nhiét gay ra .

V&i gia thiét bé qua thanh phan tng suét theo phwong z,

xac dinh nhw sau:

(4)
(5)
u(x,y,z,t) =uy (X, y,t)+ 26, (x, y,t)
V(X Y, 2,t) =V, (X, y,t)+20, (X, y,t)  (6)

w(X, ¥,2,t) =W, (X, y,1)

Uy, Vg, Wy - Ccéc thanh phan chuyén vi ctia mét
trung binh theo cac phuwong x, Y ,z.

0,,0, - cac goc xoay ctia mat phap tuyén quanh
hai truc y, x.

Bién dang dwoc suy ra tir chuyén vi bang cach st
dung quan hé chuyén vi - bién dang trong ly thuyét
dan héi. Khi c6 tdc dung déng thoi cla tai trong co
hoc va nhiét do thi trwong bién dang dwoc xac dinh
bang nguyén ly céng tac dung.

ai+z.%+ozAT
OX
00
8><y %+Z.—Y+O!AT
g, oy oy
7
Vg (= N, , N .%+ L+ aAT (7)
oy  oX oy X
7/)<Z avvo 9
7 o "o
%+6’y

biéu thirc (ng suét trong phan t6 tAm FGM duoc

ox| [C, C, O 0 0 | (e, 1
o, c, C, O 0 0 €y 1
Owi=| 0 0 C, O 0 Yy ¢—30paAT (8)
o, 0 O 0 C, O Y x 0
o, |0 0 0 0 Cq | |7y 0
Trong d6 cac sb hang clia ma tran [C] x&c dinh nhu sau:
E(2) v(2) E(z)
C,=C,=—""—; =—>"—E(2);C,, =——"2— )
T2 02" R 1-vi(D) (2): Ces 21+ v(2)]
Tich phan biéu thire (8) doc theo chiéu day tAm ta thu dwoc biéu thire biéu dién cac thanh phan noi luc:
Tap chi KHCN Xay dung — sé 3/2014 17
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il L ol w2

Q=35y (11)
Trong do: N'={N,,N,,N_}; M‘={M M M} (12)
g' = {82’83’73y}; k' = {KX’KV’KXy} (13)
NS MP 2| Cu G 0 |
N)® MPe= [|C, C, 0 Ka, ({12)Tdz (14)
NP NN | 20 0 C|ary,
Q' =(Q,.Qu)i 7' =7 (15)
All A12 O Bll BlZ 0 Dll DlZ 0
A=A, A, 0| B= B, By, O ' D=|D;, Dy 0 (16)
0 0 A, 0 0 By 0 0 D
5|0 O (17)
0 S,
h/2
voi  (A,.B,.D;)= [CilLz.z2 )z Gi=1.26) (18)
-h/2
5h/2 5
See = ¢ [Cedz (5 12 e s6 hieu chinh o) (19)
-h/2

2.2.2  Mb hinh phén td hdu han

a. Luwa chon phén to

AN
7¢-1,1)  6(0, 1) 5(1, 1)
¢
8(-1, 0) 90, 0) 41,0
1-1,-1)  2(0,-1) 3L, -1)
(@) (b)

Hinh 2. Phén té ti gidc dang tham sé 9 nit

Vi phan ti tlr gidc dang tham s 9 nat, phan t& quy chiéu 1a hinh vudng c6 cac toa do nit theo hé toa do
tw nhién cho trong hinh 2b con phan t& thwc 1a phan t& tl giac 9 nat c6 bién cong hodc thang nhw trong hinh
2a.

Chuyén vi ctia mot diém bét ky trong phan ti c6 thé viét dwéi dang sau:

9

{ah=>INa;} (20)

i=1
Vi {q,t }: {uOi Vi s Wiy 9xi,9yi} la chuyén vj tai cac nat phan ti.

18 Tap chi KHCN Xay dung — sé 3/2014
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N, 0 0 0 O N, 0O 0O 0 O
0O N, 0 0 O 0 N 0O 0 O
[N]: 0 0 N, O O 0 0 Ny O 0 | la matran cac ham dang.
0 0 0 N, O 0 0 0 N, O
10 0 0 0 N, 0 0 0 0 N
Tl 4o, ta co:
{e}=[B.Ja. }:{x}=[B,Ka. }: {r}=[B. ]} (21)
Trong d6:
9 0 00O 0 0O 9 0 5
Ox X 00 = 00
0 0| oy
[Bl ]3x45 =10 v 00 0 ; [Bz ]3x45 =0 0 0 O 5 , [BS ]2x45 = 3
5 ay 5 2 00 = 00
2 %2 90 0 000 2 < X ©
|0y OX 1o i oy 6X_(g)
La cAc ma tran tinh bién dang.
Thé nang bién dang dan hdi trong phan t& tAm dwoc viét nhuw sau:
u® Z%Ij(gtA8+8tBK+KtBS+K‘tDK‘+}/tS}/—8tN "o k'™ ND)jA (22)
Thay (21) vao (22), thé nang bién dang dan hdi dwoc viét lai nhw sau:
e 1
u® =>fa ik Ja. - 7.) @3)

2
Trong d6:

[K.]= [][B: ]AlB, ]+ [&: ]o[B. ]+ [8; ]o[B, ]+ B3 Ip[B. )+ [B: S[E.] (24)
La ma tran dé cirng phan t&r. Véc to' lwc nat phan t&r dwoc tinh theo cong thirc sau:
{f.}= [INTHoo) - [ (BN + [B3 M Joa 25)
A
Hé phwong trinh can bang nhan dwoc khi cwe tiéu héa thé nang toan phan cla phan t&r c6 dang:

[K.Ha.}=1f.} (26)

Bang phép ghép ndi cac ma tran d6 cing phan ti théng thuwdng, ta nhan dwoc phwong trinh PTHH cho toan
tam:

[KHa}=1{F} 27)

vai [K], {a}, {F} lan lwot 1a ma tran d6 cirng tdng thé, véc to chuyén vi nit tdng thé va véc to e nat tng thé.
3. Két qua sb
Bai toan 1: Kiém chang thudt toan va chuong trinh

Dé kiém chirng d6 tin cay cla thuat todn va chuong trinh da xay dwng, bai bao so sanh két qua tinh toan
v6i két qua tinh theo ly thuyét bac nhat don gian (FSDT) cla Huu-Tai Thai, Dong-Ho Choi [14]. Cu thé la khao

‘ ‘ A A A a
sat d6 vong khoéng th& nguyén I&n nhat tai tam clda tam vudng cé ty 1é chiéu dai/ chiéu day la F =10. Cong

e .. — 10n°E, (a b
thtre tinh d6 vong khéng thr nguyén la: w = WMo
qob 22
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Bang 1. So sanh dé vong W

= — h

p Téac gia Wmax O xx (E
0 Bai bao 0.4666 2.8837
. [Tha-Choi[24] 0.4666 2.8732
(ceramic) - 5 "5 ch 0% 0.36%
Bai bao 0.9288 4.4569
1 Thai-Choi[24] 0.9288 4.4070
D6 lach 0.00% 1.12%
Bai bao 1.1909 5.2042
2 Thai-Choi[24] 1.1909 51852
D6 lach 0.00% 0.37%

Nhan xét: Tlr bang 1 nhan thdy chénh léch gitra
két qua cla tac gid va cta Huu-Tai Thai, Dong-Ho
Choi la r4t nhd, diéu d6 chirng td thuat toan va
chwong trinh c6 do tin cay.

Bai toan 2: Anh hwéng cta nhiét do t¢i d6 véng
cta tAm FGM

Xét tAm hinh vuéng bbn bién twa khép lam bang

vat liéu P-FGM. Mat trén la nhdm 6 xit - ceramic

(Al,O3) c6 E.=380 (GPa). Mat dudi 1a nhém - kim loai
(Al) c6 E,=70 (GPa ). Kich thwéc tdm h=10cm,
b=100cm. Tai trong phan bd déu trén mat tdm g=1
Mpa. Nhiét dé ban dau T,=300°K va bién thién nhiét
dé AT=300°K, AT=500°K, AT=800°K, AT=1000°K.

Khao sat anh hwéng cla nhiét d6 t¢i do vong Ién
nhét trong tAm FGM (chi sb ty 1& thé tich p=1), két qua
dwoc thé hién trong bang 2 va biéu dién bang dd thi
(hinh 3).

Bang 2. 6 vdng khong thir nguyén w tai mat cat y=b/2 duéi tac dung cta téi phan bé déu va nhiét dé

x/a AT=300°K AT=500°K AT=800°K AT=1000°K
0 0 0 0 0
0.1 -0.0053 -0.0158 -0.0491 -0.0868
0.2 -0.0091 -0.0271 -0.0840 -0.1485
0.3 -0.0116 -0.0346 -0.1071 -0.1895
0.4 -0.0130 -0.0388 -0.1203 -0.2127
0.5 -0.0135 -0.0402 -0.1245 -0.2203
0.6 -0.0130 -0.0388 -0.1203 -0.2127
0.7 -0.0116 -0.0346 -0.1071 -0.1895
0.8 -0.0091 -0.0271 -0.0840 -0.1485
0.9 -0.0053 -0.0158 -0.0491 -0.0868
1 0 0 0 0
Bién thién nhiét do AT (K)
0 200 400 800 1000
x/a 0.0000
0 0.2 0.4 0.6 0.8 1
0 5
5 £'-0.0500
2 0.05 &
_%” —— AT=0°K ;
E —=— AT=300°K = |
g o AT=800°K EY 0.1000
2 s —— AT=1000°K _%
. "ap 0.1500
a0z 53]
T 5 -0.2000
-0.2500
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Hinh 3. Biéu dé d6 véng khong thir nguy&n w tai mat cat y=b/2 & cac mic nhiét do khac nhau

Tap chi KHCN Xay dung — sé 3/2014
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Nhéan xét:

T két qua trong bang 2 va hinh 3 ta nhan thay
khi tAm chju tai trong nhiét do thi dd véng I&n nhat
van & vj tri gita tAm. Khi nhiét do tuyét tdi thap thi do
ving tang nhd ngay ca khi chénh léch nhiét dd 1a Ion
nhwng khi nhiét do tuyét déi cao thi dd véng tang
nhanh hon nhiéu m&c du chénh I&ch nhiét do |1a thap.

Bai toan 3: Anh huéng cla nhiét do dén (rng suét
trong tAm FGM

Két clu, vat lieu va cac diéu kién khac nhu trong
bai toan 2. Khao sat anh hwéng cda nhiét d6 T (rng
suét khdng thir nguyén oxx (chi sb ty 1& thé tich p=5),
két qua dwoc tinh toan va thé hién trong bang 3 va
biéu dién bang dd thi nhw hinh 4.

Bang 3. Anh hudng cda nhiét do dén tmg suét khéng thir nguyén tai tam cda tdm

z/lh | AT=300°K AT=500°K | AT=800°K AT=1000°K
-0.5 3.2616 3.6020 4.6331 5.7229
-0.4 2.6126 2.9259 3.8709 4.8768
-0.3 1.9635 2.2497 3.1083 4.0300
-0.2 1.3137 1.5726 2.3439 3.1802
-0.1 0.6636 0.8947 1.5768 2.3250
0 0.0166 0.2195 0.8101 1.4662
0.1 -0.6164 -0.4416 0.0579 0.6181
0.2 -1.2122 -1.0629 -0.6464 -0.1811
0.3 -1.7276 -1.5966 -1.2378 -0.8540
0.4 -2.0915 -1.9633 -1.6059 -1.2663
0.5 -2.1946 -2.0403 -1.5780 -1.2044
Ung suat o« khong thir nguyén
-4 -2 0 2 4 6 8
wi
=
0
o
N
=
¢
g

Hinh 4. Anh huéng cda nhiét d6 1&n ¢ng suét

Nhéan xét:

T bang két qua va dd thi biéu dién ta c6 thé thay
(ng suét tai mat trén cda tdm chiu anh hwéng cia
nhiét do it hon so véi méat dudi, diéu do cho thay sw
khac biét gitra hai loai vat liéu & hai mat trén va dudi
cta tdm. Day chinh 1a d&c trwng co ban cla vat liéu

Tap chi KHCN Xay dung — sé 3/2014

FGM khi méi vat liéu thanh phan 1a tuyén tinh nhwng
vat liéu tao thanh lai 1a phi tuyén.

3. Két luan

M6 hinh phan t& hiru han st dung phan t& dang
tham sb 9 nat, méi nGt 5 bac tw do dwa trén ly thuyét
bién dang cat bac nhat Reissner-Mindlin da duorc thiét
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lap dé tinh toan d6 vong va &ng suét cho két ciu tdm
dwoc 1am bang vat liéu co co tinh bién thién FGM khi
chiu tai trong co’ hoc va nhiét do. T cac két qua sb
c6 thé rut ra cac két luan sau:

- Nhiét d6 anh hudng dén (rng suét trong két ciu
tAm lam bang vat liéu cé co tinh bién thién tai cac vi
tri khac nhau doc theo chiéu day cha tdm la khac
nhau va thé hién r6 nhat 1a tai méat trén va méat dwdi
cta tdm. Doc theo chiéu day cda tdm thi ng suét
bién thién phi tuyén;

- D6 vong cua két ciu tAm FGM tang cham trong
méi trudng c6 nhiét d6 thap va tang nhanh khi dat
trong méi trdng nhiét dé cao.
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