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MO DAU

1. Tinh cap thiét ciia deé tai

Két cau cong trinh dang chom thoai va tdm tron di dugc tng dung va
phat trién qua nhiéu thé ky tiép tuc khang dinh vi thé quan trong trong
nganh xdy dyng hién dai. Vat liéu composite co tinh bién thién ¢ tén
qudc té 1a Fuctionally Graded Material (viét tat la FGM), va vat liéu
nanocomposite gia cudng cac “manh” graphene co tinh bién thién c6 tén
quéc té 1a Functionally graded graphene platelets reinforced composite
(Viét tit 1a FG-GPLRC) ¢c6 do bén cao, tudi tho dai c6 tiem nang ing dung
16n trong nganh xay dung va kién tric. Cac vat lieu FGM va FG-GPLRC
c6 thé tao ra cac cau tric nhe hon, viing chac va an tuong hon. Bai toan
on dinh va sau mat on dinh phi tuyén 1a huéng nghién ctru quan trong
trong phan tich Gmg xir ctia két cau chom thoai va tim tron bang FGM va
FG-GPLRC lam co sé dé danh gia kha niang chiu tai cta két cau phuc vu
trong cong tac thiét ké, duy tu, bao tri va bao dudng cong trinh. Xuat phat
tir nhimg 1y do trén day, dé tai luan an nay nghién ctu Phdn tich 6n dinh
co nhiét ciia tam tron va vé chom thodi FGM va FG-GPLRC trong két
cdu cong trinh c¢é xét dén bién dang truot ngang.
2. Muc tiéu cua luan an

i. Phan tich on dinh co nhiét phi tuyén ctia két cau chom thoai gom
chom cau, chom parabol, chom sin, chom elip va tam tron lam bang vat
litu FGM va FG-GPLRC theo cac 1y thuyét (bién dang truot bac nhat
(FSDT) va bién dang truot bac ba cia Reddy (R3SDT)), cac cach tiép can
(theo chuyén vi va theo ham tng suit), cac phuong phap (Galerkin va
Ritz) va cac dang nghiém (lugng giac va da thirc) khac nhau.

i1. Phan tich anh huong cta cac tinh chat vat lidu di hudéng cua FGM va
FG-GPLRC dén ung xir co nhiét ctia két cdu chom thoai va tm tron dé
cung cap co sé khoa hoc dé xuat cac giai phap thiét ké dang két cau va
ché tao vat lieu FGM va FG-GPLRC phu hop véi tng dung thuc té trong
xay dung cong trinh.
3. Poi twong va pham vi nghién ctru

Cac két cdu chom thoai c6 do cong phirc tap gdm chom cau, chom
parabol, chom sin, chom elip va két cau tAm tron. Cac loai vat lidu tién



tién gom FGM rdng, sandwich FGM 15i réng, FG-GPLRC, FG-GPLRC
rong, va sandwich FG-GPLRC 15i rong.

Pham vi nghién ctru: bai toan 6n dinh va sau mat 6n dinh dan hoi phi
tuyén.
4. Phwong phap nghién ciru

Nghién ctru 1y thuyét dya trén tiép can giai tich.
5. Cau tric cia luan an: gém mé dau, 4 chuong, két luan, danh muc
cong trinh khoa hoc cua tac gia va tai li¢u tham khao.

Chuong 1. TONG QUAN VAN PE NGHIEN CUU

1.1. Gi6i thiéu két cau chém thoai va tim tron, vét liéu FGM va FG-
GPLRC
1.1.3. Tiém niing veng dung ciia két ciu cong trinh chém thodi va tim
tron bang FGM va FG-GPLRC

Cac két cau chom thoai va tAm tron bang FGM va FG-GPLRC c6 tiém
nang st dung rong rii trong cac cong trinh xay dung gom:

- Cong trinh ¢ yéu cau kién tric phirc tap: nha hat, bao tang, trung tim
hoi nghi, khach san ...

- Cong trinh trong diéu kién khic nghiét: nha may, 10 phan tng hat
nhan, co s& nghién ctru, nha thir nghi¢m ...
1.2. Tinh hinh nghién citu trong nwéc va quoc té vé ing xir co nhiét
ciia két cau tam vo bang FGM va FG-GPLRC
1.2.3. Két céu vé chém thodi va tim tron FGM

Chom cau thoai va tim tron FGM 1a nhitng két cau c6 tng xtr co nhiét
phtrc tap, thu hat sy quan tdm nghién ctru sdu rong trong nhitng nim gan
day. Doi v6i tam tron FGM [102, 46, 49, 62, 42, 99, 78], va d6i v6i chom
cau thoai FGM [30-32, 81, 103, 94, 37, 28, 125, 126, 17, 24-26, 91, 79].
1.2.4. Két cau vé chém thodi va tam tron FG-GPLRC

S6 lugng cac nghién ctru ciia két cau chom cau thoai va tdm tron FG-
GPRC 14 it hon han so véi FGM. Déi véi cac tam tron FG-GPLRC: Huo
va cOng su [61], Javani va cdng su [66], Sobhy [115], Javani va cOng su
[65], Safarpour va cong su [101]. D6i véi két cau chom cau FG-GPLRC:
Heydarpour va cong su [51], Liu va cong su [76], Vii Thi Thuy Anh va
cong su [18].



1.3. Tinh chat hiéu dung cia cac loai FGM va FG-GPLRC dugc
nghién ciru trong luan an
1.3.1. FGM réng

Trong nghién ctru ciia luan an, FGM rdng duoc cau tao tir gom va kim
loai c6 ty phan thé tich rong phan bo theo hai loai [133]:

- Loai FG-UD: ty phan thé tich réng phan b6 déu:

2z+h\

E(z)=| = [EC—Em]+Em—§[Em+EC], (1.1)
o(z)= % k[occ—ocm]+ocm—§[ocm+occ], (12)
- Loai FG-O: ty phan thé tich rdng phan b khong déu:

E(z)= % k[Ec—Em]+Em+ 1-% g[Em+Ec], (1.3)
o(z)= % [0, ]+, + _¥ oy +a) (1.4)

v6i e 1a 46 réng 0<e<1, ¢ va m la cac chi s6 dudi dé chi thanh phan
gbém va kim loai twong tng.

Hé s6 Poisson ciia FGM rong duoc coi 1a khong thay doi v =0.34.
1.3.2. Sandwich FGM [6i réng
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Hinh 1.6. Céu trac sandwich FGM 16i réng
Ty phén thé tich rong cua 16p 16i tai toa do z:
nz h h

V (z)=e,cos| — | ——L<z< ;’c (1.6)

P h 2

pc




1.3.3. FG-GPLRC

FG-GPLRC duoc ciu tao gom GPL gia ¢ trong nén kim loai Pong véi
nam quy luat khac nhau: UD-GPLRC, X-GPLRC, O-GPLRC, V-GPLRC,
A-GPLRC.

Mo dun dan hoi xac dinh theo mé hinh Halpin-Tsai mé rong:

(2)- 3+36,8,Vgp (2) L 545658, Vop, (2)
8—85 Vo (2)  8-88,Vgp(2) | ™

H¢ sb6 Poisson va hé ) gian no nhi¢t dugc xac dinh theo quy tdc hon
hop:

v(z)=v,, [1 Vi (Z):I +VpVerr (2),

a(z)=a,, [1 VL (Z):I + 0gp, Vo (2)-
1.3.4. FG-GPLRC rong

FG-GPLRC rong, ky hiéu 1a GF3D, c6 ty phan thé tich réng thay do6i
theo ba loai: GF3D-U, GF3D-O va GF3D-X.

M6 dun Young E(z), hé so Poisson v(z) va h¢ s6 gidn né nhiét o(z)
ctia FG-GPLRC rdng duoc xac dinh:

(1.8)

(1.13)

E {1—80 cos(%zﬂ, GF3D-O
E(z)=sE {l—eX {l—cos(%zﬂ}, GF3D-X (1.14)
E'e,, GF3D-U
L
{V(z)zv ’ (1.16)
a(z)=a,

Phuong trinh dai dién cho cac tinh chit co hoc ctia FG-GPLRC rong
[87, 95, 130] la:

E(Z):{P(Z)TB (1.17)

* *

E p



1.3.5, Sandwich FG-GPLRC [6i rong

Sandwich FG-GPLRC 15i rdng dugc cau tao boi 16p phu trén va dudi
bang FG-GPLRC két hop voéi 16p 161 rong tao ra nam loai cau trac 1a: X-
PC-X, O-PC-0O, UD-PC-UD, V-PC-A, A-PC-V. Péi véi 16p 16i rong, ty
phan thé tich réng duoc xac dinh theo cong thirc (1.6), mo dun dan hoi va
hé so gidn nd nhiét xac dinh theo cong thuc (1.7). Pbi véi cac 16p phu
FG-GPLRC, m6 dun dan hdi duoc xac dinh theo cong thire (1.8).
1.4. Nhirng két qua da dat dwoc trong nude va quoc té va nhirng van
dé can tiép tuc nghién ciru
1.4.1. Nhitng két qua di dat dwoc trong nwéc va quéc té

1. Cac két cAu tim, panel tru, vo thoai hai do cong, vo tru, vo tréng béng
FGM va FG-GPLRC da dugc nghién ctru twong dbi toan dién vé 6n dinh
tinh tuyén tinh va phi tuyén.

2. Pi c6 nhiéu nghién ctru vé bai toan 6n dinh tinh ctia chom cau thoai
bang cac loai FGM bién dang d6i xtng truc theo 1y thuyét vo ¢ dién va
FSDT. Tuy nhién, sb luong nghién ctru vé FG-GPLRC van con han ché.

3. Viéc nghién ctru két cau chom cau thoai st dung FGM va FG-
GPLRC theo HSDT van chua dugc quan tam day du.

4. Pac biét, chua c6 nghién ctru nao vé két ciu chom parabol, chdém sin
va chom ellip 1am bang céc loai FGM va FG-GPLRC.

1.4.2. Xdc dinh muc tiéu can tiép tuc nghién ciru

1. Tiép can theo chuyén vi phan tich 6n dinh co nhiét phi tuyén cua két
ciu v6 chom thoai c6 do cong phirc tap (chom cdu, chom parabol, chém
sin va chom elip) va tAm tron bang vat liéu FG-GPLRC rong va sandwich
FG-GPLPC 15i rong theo FSDT. Str dung phuong phap Galerkin véi dang
nghiém luong giac.

2. Tiép can theo chuyén vi phan tich 6n dinh co nhiét phi tuyén cua két
ciu chom cau thoai va tAm tron béng vat liéu FGM rdng, sandwich FGM
161 rong, FG-GPLRC va sandwich FG-GPLRC 15i rong theo R3SDT. Str
dung phuong phap Ritz.

3. Tiép can theo ham tng suat phan tich 6n dinh co nhiét phi tuyén cua
két cu chom cau thoai va tim tron FG-GPLRC rdng theo FSDT. Str dung
phuong phap Ritz.



Chuong 2. ON PINH PHI TUYEN CUA KET CAU CHOM THOAI CO
PO CONG PHUC TAP VA TAM TRON BANG FG-GPLRC RONG
VA SANDWICH FG-GPLRC LOI RONG THEO FSDT VA PHUONG
PHAP GALERKIN — TIEP CAN THEO CHUYEN VI
2.1. Thiét 1ap cac phwong trinh chii dao theo FSDT cho két cAu chém
thoai c6 d cong phirc tap va tam tron
2.1.1. M6 hinh két ciu chém thodi cé dp cong phirc tap va tdm tron

M =

Hinh 2.1. M6 hinh két cdu chom thoai c6 d6 cong phirc tap va tm tron
2.1.2. Thiét Igp cdc phwong trinh chii dao theo FSDT
- Phuong trinh quan hé bién dang — chuyén vi

u(r,z)=u(r)+zy(r), v(r,z)=0, w(r,z)=w(r)+w (r), (2.5
e | |&+2x,
€ (= sg+zxe , (2.6)
SrZ \lj+w,r
1, . W)
U, +—w+w,w, ——
(o) |72 TR
: u w
489 b= < r R > (2.7)
% v,
\Xe) \|]
r




- Phuong trinh quan hé Gng suit — bién dang

Gl _ Q, Qp &, OL(Z)AT -
{69} _{le szH{Se}_{a(z)AT}}’ Or, = Quitr, (2.8)

- Phuong trinh lyc gian, mo men va lyc cat

b2
(N,,M,)= | (1,z)o,dz,

“h/2

" . (2.10)
(Ny,My)= | (L,z,)0,dz, Q,=K, j c, dz.

_].1/2 —~h/2

Thé phuong trinh (2.6) vao phuong trinh (2.8), sau d6 thé cac phuong
trinh két qua vao phuong trinh (2.10) thu duoc:

(Nr A, A, B, B, 0 82 rCDl |
N, A, A, B, B, 0 &g O,

sM.:=|B, B, D, D, 0 |1 % —19,¢AT (2.11)
M, b, B, D, D, 0 Xo o,

Q) L0 0 0 0 KH,|\ly+w,| (0]

- Cac phuong trinh can bang cua két cau:

(*N,),-Ny=0, (rM,) -M,-Q.r=0,

(rQ,), +[ N, (w, +w; )r] (N, +Nr)% (2.14)

-{q—Klw—l—K2 (w,rr +%w’rj—K3w3}r =0,

Céc phuong trinh can bang (2.14) dugc viét lai thong qua ba an s6 ham
s6 u,y,w bang cach két hop véi cac phuong trinh (2.7) va (2.11).
2.2. Dang nghiém lugng giac va phuwong phap Galerkin

Diéu kién bién ngam c6 dinh xung quanh chu tuyén va diéu kién bién
dang dbi xtng truc ap dung tai dinh 1a:

r=0: wyv=0,u=0,

(2.18)
r=a: w=0,y=0, u=0.

Dang nghiém luong giac thoa mén cac diéu kién bién (2.18):



u:Usin(mnrj, W =‘Psin(mnrj,
a a

2 2
w=W|cos| 2|, w =W’ cos(mnrj .
2a 2a

trong d6 m 13 s6 1é biéu thi mode mat 6n dinh ctia két cau cau theo phuong

(2.19)

kinh tuyén.
Thé dang nghiém (2.19) vao cac phuong trinh can bang r6i ap dung
phuong phap Galerkin nhu sau:

a?lwn
2 sin(ﬂjdedr ~0, (2.20)
00 a
aln

L, sin(mnrjder =0, (2.21)
00 a
a 2m ’

L, {cos(—mmﬂﬂ dodr =0. (2.22)
% 2a

Tich phan (2.20), (2.21) va (2.22) thu duoc hé ba phuong trinh dai so
theo ba thanh phan bién d6 U,W,¥ . Giai hé hai phuong trinh (2.23) va
(2.24) thu dugc céac biéu thire cua U va W 1a:

1
U=- (X, X5 — X5 X, )W
X4 Xps = X5 Xy, [ e .
+ (X13X25 o X15X23 )W*W + (X12X25 _X15X22 )W]>
B 1
X14X25 _X15X24
+ (X13X24 _X14X23 )W*W + (X12X24 _X14X22 )W:|

Tiép theo, thé biéu thirc U va ¥ trong (2.26) vao phuong trinh (2.25)
nhan duogc phuong trinh két qua nhu sau:

YW YW Y WW Y WY W (W) + Y Ww’

(2.26)

|:(X11X24 _X14X21)W2

(2.27)
+Y WD AT +Y,® ATW +Y,® AT +Y,,q=0,

Biéu thirc cta tai ap luc ngoai g va tai nhi¢t AT thu duoc:



q= _L[YIW LYW Y WIW LYW YW (W)
o (2.28)
+YWW +Y,WD AT +Y,0 ATW +Y,® AT |
AT =— L YWY, W
O, (WY, + W'Y, +Y, ) (2.29)

YWW YWY, W (W) Y W +Yloq}

Biéu thirc quan hé (2.28) va (2.29) dugc sir dung dé nghién ciru tng xir
on dinh tinh cua cac két cau chom thoai. Cac phuong trinh quan hé tuong
tmg cho két cau tam tron thu duoc bang cach cho R — . Theo dang mat
on dinh phén nhénh, tai nhiét t6i han AT, (K) cua két cau tam tron hoan

héo (W =0) thu dugc tir biéu thirc (2.29) khi W — 0 a:

AT, =
Y7CD1

Mat 6n dinh phan nhanh khong xay ra d6i voi cac két cau chom thoai.

2.4. Khio sat s6 phan tich 6n dinh phi tuyén két cau chém thoai cé d

cong phirc tap va tim tron bang FG-GPLRC rdng va sandwich FG-

GPLRC 16i rong

2.4.1. Két cdu chém thodi c¢é dé cong phirc tap va tdm tron FG-GPLRC

rong

200

800
, —1lm=1
Tam tron
GF3D-X
—2:m=3
150 3 600 F
—3:m=5
Tém tron
g GF3D-X
r a/h =40, h =0.01m, =400
ey =0.3426, Weh, = 0.5%, g
AT = 0K, W*=0
50 | 200 2

—

(2.30)

a/h =40, h =0.01m, —lm=1
ey =0.3426, W4 = 0.5%,
q = OMpa, W* =0

—2:m=3

3 —3m=5

q (MPa)
2

- ) |
’ 0 1.5 3 4.5 6 0 -1 -0.5 0 0.5 1
W/h W/h
(a) (b)
Hinh 2.4. Khao sat cac mode m mat 6n dinh co va nhiét cua tam tron

GF3D-X
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20 500

l:e,=0 Chom parabol TT=0K /
2:e5=0.2 T - .
3ie,=04 GF3D-O AT = 300K
4:e5=0.6 o |
15 F X )
alh =40, h =0.01m, Wz, = 0.5%,
A H=0.04m, W* =0 4
300 F
-~
2
: ep=0
200 F|oee-- _
=02 Chom sin
T 04 GF3D-0
— — ¢,=0.6
100
a/h =40, h = 0.01m, Wy, = 0.5%,
H=0.04m, g = 0MPa, W* =0
0 . , ) . , | | |
0 1.5 3 45 6 3 24 -1.8 -12 0.6 0

(a) b
Hinh 2.9. Anh hudng cua d6 rong dén tng xir co cﬁa(clzém parabol va
nhiét ctia chém sin GF3D-O sau mét 6n dinh
2.4.2. Két ciu chém thodi c6 dp cong phirc tap va tim tron sandwich
FG-GPLRC 16i rong

LU 1: Chom sin 7 0 1: Chom sin 7
. Ché ! =+ = 2: Chom parabol /
- = 2:Ch bol V-PC-A /
5 Chomebu ;o ——3: Chom ciu UD-PC-UD J
- hom cdl / 25 | — —4: Chomelj /
— —4: Chom elip J /, P 4
30 b // ) /
7’
a/h =30, h = 0.027m, i 20
= I = hye = /3, H = 0.09m, 2y _
&0 | o= 0475 =2%, e 4 £ 15|
3 AT = 0K, 7* =0 e 7 =3
S ”—’ / =
—"/ s /
et P 10 b /' a/h =30, h =0.027m,
10+ == - 3 ! g =hy,, = h/3, H=0.09m,
, _ A
4= K, = 8MN/m3, erm 04 WA — 2% K, = 8MN/m3,
- _ L <GPl > =
ots K; = 0.2MN/m, > AT = 300K, W* = 0.1 Kz = 02MN/m,
~ K;=0 / K;=0
Z
0 . . . 0 / . . . .
0 11 22 33 44 2 -1 0 1 2 3 4
W/h W/h
400 3 ——1: Chom sin 400 —3 ——1: Chom sin
\ A 1 =+ = 2: Chom parabol N 1 == 2:Chom pfifab‘)l
NN - = =3: Chom chu NN - = =3: Chom cu
N X : 300 4 4 Chom eli
300 4\ — —4: Chom elip : 5 4: Chom elip
L N
0-PC-0 N 200 | \

N\ K, = 8MN/m?,
=) 3 N\ R\ —~ / K, = 0.2MN/m,
= N\ X K;=0
200 ¢ NN S100 | 3 3
~ a/h =30, h = 0.027m, NN\ <

hy = hy, = /3, H=0.09m, N \\ V-PC-A
_ * L
€= 04 Wap, ~2% \\\ O T ah=30h=0027m,
100 | 4= O0MPa, #*=0 N\ hg = h,e = /3, H=0.09m,
AN 0p = 04,05, = 2%
K, = 8MN/m’, SN 200 | T 0 er L 0,
X — 0.2MN/m N q =3MPa, * =0.2h
K.=0 ’ A
=
0 . . . 200 . . . .
2 -15 -1 -0.5 0 -5 -1 -0.5 0 0.5 1

() (d)
Hinh 2.16. So sanh Umg x1&r co va nhi¢t sau mat 6n dinh ctia chom cau,
chom parabol, chom sin va chém elip sandwich FG-GPLRC 15i rong
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4 €= 04, = 2%, 100
AT = 0K, W* =0 a/h =30, h = 0.027m, hy = h,. = h/3, H=0.09m,
ey=0.4,Wgr, = 2%, g = 0MPa, W* = 0.2h
3 0 . .
0 06 12 13 24 2 -15 -1 -0.5 0

| | o
(c) , (d) .
Hinh 2.17. So sdnh nam loai cau truc sandwich FG-GPLRC 161 rong vé
mg xr co va nhiét sau mat 6n dinh cua chom thoai c6 do cong phic tap
va tim tron

2.5. Két luan chwong 2

- Thiét 1ap hé phuong trinh cht dao cho bai toan on dinh tinh phi tuyén
ctia két cdu vo chom thoai c6 @6 cong phrc tap va tam tron chiu tai ap luc
ngoai phan bd déu va tai nhiét tang déu theo chiéu day dua trén FSDT, c6
xét dén tinh phi tuyén hinh hoc theo nghia von Karman.

- Theo tiép can chuyén vi cac biéu thire dang hién thé hién mbi quan hé
phi tuyén gitra tai 4p luc ngoai va tai nhiét voi do vong sau mat 6n dinh
ctia cac két cau tm tron va vo chom cau, chom parabol, chom sin va chom
elip thu dugc bang phuong phap Galerkin v6i dang nghiém lugng gidc.

- Nhimg két qua khao sat s6 lam co sé cho cac nghién ctru tiép theo vé
ung XU sau mat 6n dinh cta két cdu chom thoai bé’mg vat liéu FG-GPLRC
rong va sandwich FG-GPLRC 15i rong.
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Chuwong 3. ON PINH PHI TUYEN CUA KET CAU CHOM CAU
THOAI VA TAM TRON BANG FGM RONG, SANDWICH FGM
LOI RONG, FG-GPLRC VA SANDWICH FG-GPLRC LOI RONG
THEO R3SDT VA PHUONG PHAP RITZ — TIEP CAN THEO
CHUYEN VI
3.1. Cac phwong trinh chu dao theo R3SDT va phwong trinh nang

lwong ciia két cAu chém cau thoai va tam tron
3.1.1. M6 hinh két cdu chém cau thodi va tim tron

Hinh 3.1. M6 hinh két cdu chom cdu thoai va tdm tron theo R3SDT
3.1.2. Thiét lgp cdc phwong trinh chii dao theo R3SDT
- Phuong trinh quan hé bién dang — chuyén vi

47

u(r,z)=u(r)+zy(r)-—5

z
3h
v(r,z)=0,
w(r,z)=w(r)+w (r),
( 4

3h*

r  3h° r

e —%22 (\p+w,r)

' 4
€, =<ag+z£——z3[£+

wr

r

12

)

0 3
€. +t2Zy ,——Z (\|/’r + w’rr)

v +w(r), |,

(3.1)

> (3.2)




o ur——+§w§+wrw*
Seq =9 u w ) (3.3)
0 r R
“rz ) \ \|I+w’r |
- Phuong trinh lyc gian, m6 men va lyc cat
h/2
(N,,M,,P.)= I (1,z,z3)crdz,
~h/2
h/2 h/2 (3'4)
(Ny,M,,Py)= _[ (1,Z,Z3)GedZ,(Qr,Rr)= I (l,zz)csrzdz.
~h/2 ~h/2

3.1.3. Thiét lgp cdc phwong trinh ning lwong
Thé néng bién dang nhiét dan hoi cta két cau chom cau thoai:

rzZ -rz

||

I (6, —0AT)+0,(g, —0AT)+0,€ ]rdrdz, (3.9)
0

Cong do ngoai luc thuc hién:

U,, =2n j qwrdr

—nj{[(lw—Kz (wrr +lwrj+%K3w3}w}rdr,
b r b
0

Ning lugng toan phan la:

Urtat =Uint =U et (3.12)
3.2. Piéu kle;n blen, dang nghiém va phwong phap nang luwgng Ritz

Két cau chom cau thoai bién dang dbi xing truc c6 diéu kién bién ngam

(3.11)

¢ dinh xung quanh chu tuyén duoc thé hién nhu sau:

r=0: u=0, y=0, w,=0,
’ (3.13)
r=a: w=0,w,=0, y=0, u=0,

Nghiém gan dung cho cac thanh phan chuyén vi va thanh phan goc
quay duoc lya chon dua vao diéu kién bién (3.13) la:

13



u:UT‘(a—r)’ W:\Pr(az—rz), wew@-r

7 7 pra— (3.14)
Ham do vong khong hoan hao:
w*:@h(az;—fz)z, (3.15)
Ap dung phuong phéap ning lugng Ritz nhu sau:
OU potal _ OU pyal _ OU pyral 0, (3.16)

oU oY ow
Giai cac quan h¢ trong phuong trinh (3.16) thu dugc hé ba phuong trinh
dai s theo ba an U,¥ va W . Giai hé hai phuong trinh (3.17) va (3.18)
thu duogc cac biéu thic cia U va W. Thé céac biéu thire cua U va ¥ vao
phuong trinh (3.19) thu duoc:

(¢, +K;c, )W +¢,W? +(c4 +K,e;+ K ¢, +c,Eh+c Eh?

qa? (3.22)
+C, R +¢, AT )W +(c;, Eh+c,, ) AT - T =0
Biéu thirc cua tai ap luc ngoai g va tai nhiét AT thu dugc:
q=(c, +Ksc, )W’ +c;W? + ¢, EhW? +(c, + K e +K, ¢ )W (3.23)
e, EAW +¢,E2h°W +¢,, ATW +¢, ERAT +c,, AT, |
AT =— 1 (¢, + Ky, )W +e,W?
(Clow_"cné.\h"' Clz) (3.24)

+CERW? +(c, + K ¢s + K, ¢ )W +¢, ERW +¢, W —¢q |.
DPéi voi két cau tm tron hoan hao (é =0,R—> oo), gia tri tai nhiét to1
han theo tiéu chuan mat on dinh phan nhanh dugc xac dinh khi cho

W — 0 ¢ phuong trinh (3.24), thu duoc la:

AT :_ch5 +K,c, +c, '

cr

(3.25)
clO

3.4. Khio sat s6 phan tich 6n dinh phi tuyén két cAu chém cau thoai
va tam tron biang FGM rdng, sandwich FGM 16i rong, FG-GPLRC
va sandwich FG-GPLRC 16i rong

3.4.1. Két cdu chém cdu thodi va tim tron FGM rong
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60

400
F(E»O, hj 0,01m,j1/h =20,a/R=0.2, FG-0, h=0.01m, a/h =20, a/R=0.2, —1l:ie=0
k=1,£=0.1,4T=300K k=1,£=0.1,¢= IMPa
—2:¢=0.1
50 300 Chém céu thoai
= -
¥
n- e
S0 | ce=0 2200 |
=
2 —2: e=0.1
20 —3:e=03 100 L
Chom cau thodi 4 e=05
K, =10"N/m% K, =5 x 105 N/m; K; = 10> N/m’ —5:e=0.7 K, =10"N/m% K, =5 x 10° N/m; K5 = 10" N/m°
A N - N | I 0 1 1 1 1 1 1 1
20 0 0.5 1 15 2 25 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
W/h W/h

(a) (b)
Hinh 3.7. Anh hudng cta d6 rong dén tmg xir co va nhiét sau mat 6n
dinh cta chom cau thoai FG-O
3.4.2. Két ciu chém cau thodi va tam tron sandwich FGM 16i rong

250 o 200 TS —
7 NI 1
— N - — —
-==£=0.1 \\\\‘\\\ ) £=0.1
200 NN
150 | AN
7.0 AR
L2 s L hy/h=03 AN 1:he/h=0.3
150 - POt 2 h/h=0.2 ; AN 2: by /1= 0.2
Q ’/,:,/ 3: hy/h=0.1 Q \\\\\\ 3:hy/h=0.1
= v, =100 | AN
= 7384 2 N
< /7 4
00 0
" £ N N .
U Tam tron Chom cau thoai
h h=0.01m, a/h =20, e,=0, 50 T 7=0.01m, a/h =20, a/R = 0.3, ¢,=0,
50 ‘,: k=1,q=0MPa, hy, =h - 2I, k=1,q=1MPa, h,, = h- 2h;
,' K, = 10"N/m3; K, = 5 x 105 N/m K, = 10"N/m’; K, =5 x 10° N/m
0 1 1 1 0 1 1 1
0 02 0.4 0.6 0.8 04 -0.3 0.2 -0.1 0
W/h W/h
80 ; 90
h=0.01m, a/h =20, ¢,= 0.6, 2 /’ / h=0.01m, a/h =20, a/R = 0.3, ¢,=0,
k=1,4T=0K, h, =h- 2h; 4/ k=1,4T=300K, h,. = h - 2hy
4 N
R4 Chom chu thodi
/
60 L 80 |
L
/7 7
1 ’ ’ —
_ ’ G = -
£ Ry J/Y g
=40 | . ‘. 70 |
; Tam tron DY 3 % ————————————
s, ’ =
1: hy/h=0.3 RIS
2 hy/h=02 s
3‘h’%=01 7% £=0 1 hg/h=0.3 ——-z=01
L . g7 60 2 he/h=0.2
P - --g=ol 3:he/h=0.1
P
K, =10"N/m’; K, = 5 x 105 N/m K, = 10"N/m3; K, = 5 x 105 N/m
0 : . . 50 . . X X
0 0.5 1 L5 2 0 0.7 14 2.1 28 35
W/h Wih

(c) (d)

Hinh 3.16. Anh hudng ctia ty s6 h /h dén tmg xir co va nhiét sau mat

on dinh cua tam tron va chom cau thoai sandwich FGM 161 rong
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3.4.3. Két ciu chém cau thodi va tam tron FG-GPLRC

180 12 —— 3
a/R =04, a/h =20, Wiy, = 2%, AT = 300K, — 1. X-GPLRC | Tamtron //
h=0.01m, K, = I0MN/m?, K, = 0.5MN/m, 2. UD.GPLRC | @/h =20, Wi, =2% £=0.1, //
K, = 10°MN/m?, £=0.1 1 AT=0K, 7= 0.01m.

------ 3: A-GPLRC 157
165 I Chom chu thoai 3 / 9 | — —4: V-GPLRC ,
’
( ——5:0-GPLRC
== A U A7

_ 4 _ 7

£ g 7~ s g o 4

2 e g Sel o~

= /4 ; {/_.'/ 5

—— 1. X-GPLRC w
7 2
; — —2: A-GPLRC % 3

135 1 ) —3: UD-GPLRC 31 &

——4: 0-GPLRC ZZ
2

""" 5: V-GPLRC K, = 10MN/m?, K, = 0.5MN/m, K, = 105MN/m?

120 X X X ] 0 , . .

0 1 2 3 4 0 02 0.4 0.6 0.8
W/h Wih
300 —_ 300
N9 N 1: X-GPLRC a/h =20, Wiy = 2%, &= 0.1, q = OMPa,
AN 1 ) ——2: UD-GPLRC h=0.0Im
SN e 3: V-GPLRC
N
25 ¢ PUEERA N ——4: A-GPLRC 25 ¢
N, 8
R NN - - =5:0-GPLRC
NN
N
N ~

< | S S 5

2150 N =150 f Z —— 1: X-GPLRC

= AN < z

< N3 ——2: UD-GPLRC

9 A o ~
Chom cau thoai N3 X — —3: A-GPLRC
75 ' a/R =0.05, a/h = 20, AN 75 | ——4: V-GPLRC
Wep = 2%, ¢ = 0.1, = OMPa, 7 = 0.01m N . .
art A\ Thm trom ——5:0-GPLRC
K, = 10MN/m?’, K, = 0.5MN/m, K; = 10°MN/m? K, =10 MN/m3, K, = 0.5 MN/m, K; = 105 MN/m3
0 . . . 0 X , A .
-12 -0.9 0.6 0.3 0 0 02 0.4 0.6 038 1
W/h W/h

(c) (d)
Hinh 3.19. Anh hudng cua quy luat phan bé GPL dén tmg x co va nhiét
sau mat 6n dinh ctia chdom cau thoai va tim tron FG-GPLRC
344, Két cau chom ciu thodi va tim tron sandwich FG-GPLRC 16i rong

180 n o — 250
a/R=0.4, a/h =20, Wgp, =3%, £=0.1 —a:¢ =0 a/h =20, £=0,
AT = 400K, h=0.03m, h,, = hy=h/3. o Wk, = 3%, ¢ = 0MPa, h = 0.03m,
b:ep=0.2 = h =13
pe = N =
—c:iey =0.4 .
160 | o 20 | Tém tron
\_a\// —diey =0.6 A-PC-V
E d\/ gzlo _/d —a%=0
3140 ; _/C —b:ey=02
=
/b —cie =04
Chom chu thoai —do =
120 A-PC-V 190 -_//a d:eo=0.6
K, =10MN/m’; K, = 0.5MN/m
K, =10MN/m’; K, = 0.5MN/m
170 : : :
100 A A A A
0 1 2 3 4 5 0 0.2 0.4 0.6 0.8
W/h Wih

(a) (b)

Hinh 3.27. Anh huéng ctia d6 rong 16i dén g x1r co cuia két chom cau
thoai A-PC-V va nhiét cta tAm tron A-PC-V sau mat 6n dinh
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3.5. Két luan chwong 3

- Hé phuong trinh chil dao cho bai toan 6n dinh tinh phi tuyén cta két
cau vo chdm cau thoai va tim tron d3 duoc thiét 1ap dua trén R3SDT, két
hop véi tinh phi tuyén hinh hoc theo nghia von Karman.

- Bang cach ap dung phuong phap Ritz, cac bicu thirc dang hién cua tai
nhiét t&i han gdy mat 6n dinh cho két cAu tdm tron, ciing nhu moi quan hé
tai - d6 vong trong giai doan sau mat on dinh phi tuyén cia két cau vo
chom cau thoai va tim tron, da duogc xac dinh.

- Két qua khdo sét s6 cung cap co sd khoa hoc quan trong cho viéc thiét
ké va toi uu hoa két ciu chom cau thoai va bon loai vat lidu trong diéu
kién lam viéc thyc té.

Chwong 4. ON PINH PHI TUYEN CUA KET CAU CHOM CAU
THOAI VA TAM TRON FG-GPLRC RONG THEO FSDT VA
PHUONG PHAP RITZ — TIEP CAN HAM UNG SUAT
4.1. M6 hinh va cic phwong trinh chii dao theo FSDT ciia két cau

chém ciu thoai va tam tron FG-GPLRC rong

- GF3D-O " GF3DX GF3D-U
Hinh 4.1. M6 hinh két cdu chom cau thoai va tdm tron FG-GPLRC rong

17



- Phuwrong trinh quan hé bién dang — chuyén vi: duoc thiét 1ap gidng nhu
cac phuong trinh (2.5), (2.6), (2.7) trong muc 2.1.2 thuoc Chuong 2 cua
luan an.

- Phurong trinh quan hé img sudt — bién dang:

Gl _ Q, Q, &, OL(Z)AT -
{69}_{@1 szH{ge}_{a(z)AT}}’ O = Qutr, (4.1)

- Phwong trinh luc gian, mo men va lyc cat:

(Nr (An A, B, B, 0 1 gg ((Dlr
Ny A, A, B, B, 0 Sg D

sM,+=<B, B, D, D, 0 & % =99, (AT, (4.3)
Me B, B, D, D, 0 Xo D,

\Qr ) k0 0 0 0 KSH44) \|j+w’r L()

trong do hé s6 hiéu chinh truot theo FSDT duge chon K, =5/6,

Tt phuong trinh (4.3) thuc hién bién d6i dé thu duoc biéu thirc cua cac
thanh phan bién dang theo cac thanh phan lyc gian nhu sau:
{SS}Z{A;N;« +B, 1, +Bl*2Xe+A1*2Ne _AT(D;} (4.6)

A;Nr + B;IXr + B;Xe + A;2Ne - ATCDT@ .

Tiép theo thay biéu thirc (4.6) va phuong trinh (4.3) va thuc hién bién

doi dé nhan duogc bi€u thirc cia moé men theo luc gian nhu sau:

|:Mr:| _|:C1*1Nr +D1*1Xr +D1*2X6 +C1*2N6 _ATCD; :|

0
€9

M, Co N, + D, %, +Dyypg +Cu Ny —AT O,
- Phuwrong trinh twong thich bién dang:
1 0 2 0 0 w,rr

;Sr,r _;ge,r _ge,rr - R
(4.8)
1w, : *

+ ; + w,rw’rr + w’rw,rr + w,rrw,r

Ham tng suat f (r) dugc xac dinh thoa man diéu kién sau:

NrZQ’ Nezfrr (49)
r )

18



Thay biéu thic (4.9) vao (4.6) sau d6 thay két qua vao phuong trinh
tuong thich bién dang (4.8) tro thanh:

* * * * f:rrr * f:rr * f,r
_Azzf,rrrr +(Alz — Ay _2A22) - + Ay 2 — Ay r_g
(4.10)
_ w,rr 1 w,r * *
= R + ; + w,r w’rr + w,,, w,rr + w,rr w’r

4.2. Piéu kién bién va xac dinh ham @ng suat
Két cau chom cau thoai FG-GPLRC rdng bién dang d6i xtng truc cd
diéu kién bién ngam c6 dinh xung quanh chu tuyén duoc thé hién bang
phuong trinh nhu sau:
r=0:y=0, f,=Nr=0, “4.12)
r=a: w=0, y=0, N, =Q,,
trong d6 Q, 1a phan lyc nén tai canh bién két cau do bi ngam c6 dinh.
Dua vao diéu kién bién (4.12), dang nghiém gan dung cho d6 vong

va goc quay dugc dua ra la:
2

2 2 2 2
wzw%, W:\y"(aa_;r) @.13)
Ham d¢ khong hoan hao:
2 2)?
w =W % (4.14)

Thay thé w va w trong phuong trinh (4.13) va (4.14) vao phuong
trinh tuong thich bién dang (4.10) thu duoc:

* * ® * frrr * frr * fr
~Apy f o +(A12 — A, _2A22) — A, A =
r r r
(48W2+96WW') | (4w s 128WW" 16W )
< r— - ——=r (4.15)
a a a'R

a* a’R
Duva vao moi tuong quan toan hoc gitra vé trai va v€ phai cua phuong
trinh (4.15), ham Gng suat dugc xac dinh nhu sau:

J{16W2 +32WW" 8W]
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f,=Yr' +Y,r’ +Y,r +Y,r? +Yr+C (4.16)
4.3. Phwong phap nang lugng Ritz

Thé ning bién dang nhiét dan hodi cta két cau chom cau thoai bién dang
d6i xtmg truc dugc tinh bang cong thire (3.9) trong muyc 3.1.3 thudc
Chuong 3 cua luan an.

Cong do ngoai luc thuc hién xét dén sy tuong tac voi nén dan hoi phi
tuyén ba hé s6 duoc tinh bang cong thire (3.11) trong muc 3.1.3 thudc
Chuong 3 cua luan an.

Ning luong toan phan thu duoc 1a:

UTotal = Uint _Uext (424)

Thay cac phuong trinh (4.6), (4.7), (4.9), (4.13), (4.16) va (4.22) vao
phuong trinh (4.24) r0i 4p dung phuong phap Ritz:

Total _ 0 , va (425)
oY
Wit _ g (4.26)
ow
Giai phuong trinh (4.25) thu duoc biéu thirc ctia ¥':
¥Y=-MW?>+ MWW +MW +M,AT (4.27)

Thay phuong trinh (4.27) vao (4.26) thu duoc:
(€~ NK)W +(CW +C, )W +[C4 (W)
+C;W" +CAT +C, —N,K, - N,K, |W (4.28)
+C,ATW +C,AT — N,q =0.

Phuong trinh (4.28) duoc sit dung dé phan tich Gmg xir 6n dinh co nhiét
phi tuyén cua két cdu chom cau thoai va két cau tdm tron (khi R — o)
FG-GPLRC rdng. Tir phuong trinh nay cac biéu thitc quan hé sau mat on
dinh cta tai co va tai nhiét voi bién do do vong cua két cau thu duoc 1a:

* £\2

q= NL[(cl —KN)W +(C,W +C)W? +(C4 (W)

4

(4.29)
+CW'+ CAT +C, —K,\N, —K,N; )W + CATW +C,AT |,
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1 *
I= _C6W+ng* +C, [(Cl ~KNW +(C2W +C3)W2

(4.30)
* 2 *
+(C4 (W) +CW"+C,-K,N,-K,N;)W-N,q].

Déi v6i tim tron hoan héo (W =0,R — %), tai nhiét t6i han theo tiéu
chuian mat 6n dinh phan nhanh dugc xac dinh khi cho W — 0 & phuong
trinh (4.30) thu dugc:

AT :_C7 -K\N, _Kst )

cr C6
4.4. Ung dung két qua tinh toan ly thuyét phan tich 6n dinh phi tuyén
két cau chém cau thoai va tam tron FG-GPLRC rong
4.4.2. Phan tich tdi nhiét téi han ciia tim tron FG-GPLRC réng
Bing 4.2. Anh hudng ctia d6 rong, loai phan bo rong, ty phan khéi luong
GPL dén tai nhiét t6i han AT, (K) cua tam tron hoan hao FG-GPLRC
rong (h=0.015m, a=35h, q=0MPa, R=o, W =0, K,=0MN / m’
, K,=0MN /m, K, =0MN / m®)

4.31)

*

e W (%)

GF3D-U

GF3D-X

GF3D-0O

2
0.1

25.43818927
28.09727090
30.61747114

24.14717231
26.67116372
29.06350250

26.18305686
28.92014047
31.51399238

0.3

25.43820709
28.09733677
30.61754302

21.10673482
23.31263916
25.40359851

28.02415919
30.95361612
33.73020175

0.5

o) N S N\ B e ) U SN \ ) @) W AN

25.43807384
28.09729979
30.61741646

17.40913970
19.22865662
20.95280862

30.55177877
33.74587558
36.77294942
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Bang 4.2 trinh bay sy thay doi cua tai nhiét toi han d6i voi cac tAm tron
GF3D-0, GF3D-X va GF3D-U khi d¢ rdng va ty phan khéi lugng cia
GPL ting 1én. Két qua cho thay tai nhiét tdi han tim tron GF3D-O ting
dang ké khi d6 rong ting, tai nhiét toi han tdm tron GF3D-X giam dang
ké khi d6 rong tang, tai nhiét t6i han tam tron GF3D-U khong thay doi
theo d6 rong. Khi do rong khong doi, tai nhiét téi han cua ca ba loai tim
tron déu tang rd rét theo ty phan khoi luong GPL. Ngoai ra, véi cung do
rSng va ty ph?m khoi luong GPL, tam tron GF3D-O c6 tai nhiét téi han
cao nhat, trong khi tam tron GF3D-X ¢6 gia trj thip nhat.

4.4.3. Ung sir sau mdt on dinh ciia chém cdu thodi FG-GPLRC réng

12 - - 250 ——GF3D-0
a/h =457 =0015m, ~ Chom cau thoai —  GF3DX
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(a) (b)
Hinh 4.2. Anh huéng ctia loai phan b6 thé tich rdng dén tng Xt co va
nhiét sau mat 6n dinh cia chom ciu thoai FG-GPLRC réng
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Hinh 4.8. Anh huéng cua hé s6 nén K, dén tmg x1r co va nhiét sau mat
6n dinh ctia chém cau thoai GF3D-O
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4.5. Két luan chwong 4

- Céc biéu thirc tai nhiét téi han ctia tAm tron va biéu thic quan hé gitra
tai - d6 vong trong giai doan sau mat 6n dinh phi tuyén ctia chom cau
thoai va tdm tron duoc xac dinh duéi dang hién thong qua viéc 4p dung
phuong phéap Ritz véi cach tiép can theo ham tng suat.

- Két qua khao sat s6 cung cap cai nhin sdu sac vé anh hudng cta cac
tham so thiét ké dén 6n dinh va tng x{r sau mat 6n dinh cta két cau chom
cau thoai va tam tron FG-GPLRC rdng.

KET LUAN

1. Theo tiép can theo chuyén vi, dua trén FSDT va tinh phi tuyén hinh
hoc cta von Karman, cac phuong trinh cha dao cua bai toan 6n dinh phi
tuyén ctia két cdu vo chom thoai c6 dd cong phtrc tap va tam tron da duoc
thiét l1ap. Trong d6, mo hinh nén dan hoi phi tuyén ba hé s duge duoc ap
dung dé mé ta tuwong tac gitra nén va két cau, dong thoi xét dén tac dong
cuia tai ap luc ngoai va tai nhiét ting déu. Dang nghiém luong giac duoc
lra chon dé xem xét duge dong thoi nhiéu mode mat 6n dinh khac nhau.
Str dung phuong phap Galerkin dé nhin duoc cc biéu thire tai toi han va
lién hé tai - d6 vong sau mat 6n dinh cho bai toan 6n dinh ctia két cau vo
chom thodi c6 do cong phirc tap va tdm tron lam tir vat lieu FG-GPLRC
rong va sandwich FG-GPLRC 15i rong.

2. Theo tiép can theo chuyén vi, dya trén R3SDT, tinh phi tuyén hinh
hoc ctia von Karman, luan an da thiét 1ap cac phuong trinh chii dao cua
bai toan 6n dinh phi tuyén ctia két cau chom cau thoai va tdm tron trén
nén dan hoi phi tuyén, chiu tai ap lyc ngoai va tai nhiét ting déu. Lya chon
dang nghiém da thirc va ap dung phuong phap Ritz dé nhan duoc cac biéu
thirc tai t&1 han va lién hé tai - do vong sau mét 6n dinh cho bai toan chom
cau thodi va tdm tron 1am tir vat liéu FGM rdng, sandwich FGM 13i rong,
FG-GPLRC va sandwich FG-GPLRC 15i rong.

3. Theo tiép can ham Gng sut, dwa trén FSDT, tinh phi tuyén hinh hoc
ciia von Karman, luan an da thiét 1ap cac phuong trinh chu dao cia bai
toan on dinh phi tuyén cta két cAu chom cau thoai va tim tron 1am tir vat
liu FG-GPLRC rdng. Két cau dugc xem xét trong twong tic véi nén
thong qua mo hinh nén dan hoi phi tuyén ba hé sd, dong thoi chiu tac dong
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cua tai ap luc ngoai va tai nhi¢t tang déu. Lua chon dang nghiém da thirc
va ap dung phuong phéap Ritz dé nhan dugc cac biéu thire tai tdi han va
lién hé tai - do vong sau mat 6n dinh cho bai toan chom cau thoai va tAm
tron 1am tur vat liéu FG-GPLRC rdng.

4. Dya trén cac két qua 1y thuyét, nghién ctru da tién hanh phan tich chi
tiét anh hudng cua cac yéu t6 khac nhau dén tmg xtr on dinh va sau mat
6n dinh cua két cAu. Vé mat két ciu, dd xem xét tac dong cua kich thudce
hinh hoc két cAu, nén dan hdi tuyén tinh va phi tuyén, cling nhu sy khong
hoan hao vé hinh dang ban dau. Vé mit vat liéu, nghién ctru da phan tich
chi tiét anh huéng cua cac thong s6 dic trung cua tung loai vat li¢u, bao
gom:

- FG-GPLRC rdng va sandwich FG-GPLRC 15i rdng v&i cac két cau:
chém cau, chém parabol, chom sin, chom elip va tdm tron theo FSDT.

- FGM rdng, sandwich FGM 15i rong, FG-GPLRC va sandwich FG-
GPLRC 16i rong véi két cdu chom cau thoai va tdm tron theo R3SDT.

- FG-GPLRC rdng v6i két cau chom cau thoai va tim tron theo FSDT.

Tu cac két qua thu dugc, nhirng thao luan va nhan xét quan trong da
duoc dua ra, c6 tiém ning tng dung trong thuc té thiét ké k¥ thuét cong
trinh. Pong thoi, nghién ctru cling dat nén méng cho viée xay dung céac
tiéu chuan thiét ké két cau dang tAm tron va chom thoai sir dung vat licu
FGM va FG-GPLRC trong tuong lai.

KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO

1. Nghién ctru phi tuyén 6n dinh tinh va dong cho cac két cau chom
thoai c¢6 d6 cong phirc tap khac str dung da dang cac thiét ké vat liéu FGM
va FG-GPLRC khac chiu cac tai co, nhiét va co - nhiét két hop.

2. Nghién ctru phi tuyén on dinh va dong lyc cac loai vo chom thoai c6
d6 cong phuc tap voi diéu kién bién khac.

3. Nghién ctru phi tuyén 6n dinh va dong luc cua cac két cau chom thoai
va tdm tron c6 do cong phirc tap 1lam bang cac thiét ké vat liéu FGM va
FG-GPLRC c¢6 thém céc bién phap tang cliing.

4. Nghién ctru xay dung cac tiéu chuan thiét ké két cau dang tam tron
va vé chom thodi c6 d6 cong phtrc tap FGM va FG-GPLRC loai dic, rong
va sandwich 15i rong.
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