BOQ GIAO DUC VIEN HAN LAM KHOA HQC
VA PAO TAO VA CONG NGHE VIET NAM

HQC VIEN KHOA HQC VA CONG NGHE

Pham Van Hoan

PHAN TiCH ON PINH PHI TUYEN PANEL TRU VA VO
TRU LAM BANG VAT LIEU FGP CHIU TAI CO
TRONG MOI TRUONG NHIET

TOM TAT LUAN AN TIEN SI KY THUAT CO KHI VA
CO KY THUAT
Nganh: Co ky thuat
Mai s6: 9520101

Ha Npi - Niim 2024



Cong trinh dugc hoan thanh tai: Hoc vién Khoa hoc va Cong nghgé,
Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam

Nguoi hudng dan khoa hoc:

1. Nguoi hudng din: PGS.TS. Lé Kha Hoa, Hoc vién Hau can

2. Ngudi huong dan: PGS.TS. Pao Nhu Mai, Hoc vién Khoa hoc va
Cong nghé

Phan bién 1: GS.TS. Nguyén Viét Khoa

Phan bién 2: PGS.TS. Vii B Long

Phan bién 3: PGS.TS. Tran Hitu Qudc

Luan an duoc bao vé trudec Hoi dff)ng danh gia luan an tién si cép Hoc
vién hop tai Hoc vién Khoa hoc va Cong nghé, Vién Han 1am Khoa hoc
va Cong nghé Viét Nam vao hoi 09 gid 00, ngay 14 thang 11 nam 2024

C6 thé tim hiéu luan an tai:
1. Thu vién Hoc vién Khoa hoc va Cong nghé
2. Thu vién Qudc gia Viét Nam




1

MO PAU

1. Tinh cép thiét cia luin an

MGt trong nhitng phat trién mai nhat gan day coa vat lisu FGM Ia vat
liu xop hay vat liéu rdng (porous materials) c6 cac 16 rong (hay bot xép)
trong cau trdc vat liéu. Cac 15 rong trong loai vat liéu nay phan bé lién tuc
vé6i qui luat xac dinh theo mong muén caa ngudi thiét ké. Nho vu diém 1a
nhe va kha ning hip thu ning luong tét nén vat liéu FGP duogc sir dung rong
rdi trong nhiéu linh vuc khoa hoc k¥ thuat khac nhau.

Két cAu dang vo dong vai trd quan trong va ngdy cang duoc st dung rong
rdi trong cac nganh k¥ thuat hién dai. Cac nghién ctru vé 6n dinh va sau mat 6n
dinh cta cac két ciu dang vo lam béng vat liéu FGP da nhan dugc sy quan tim
rat 16n ctia cac nha khoa hoc trong va ngoai nuéc.

Tir nhitng phan tich trén, ludn 4n nghién ciru lya chon dé tai: “Phan
tich 6n dinh phi tuyén panel tru va vo try lam béng vat liéu FGP chiu tai co
trong moi trrong nhiét”.

2. Muc tiéu cia luin an

Phan tich én dinh phi tuyén cua két cau panel tru va vé tru lam bang vat
liéu FGP chiu nén doc truc, ap luc ngoai, tai x0an trong moi trudng nhiét, co
ké dén d6 khong hoan hao hinh hoc ban dau, gain FGM gia cudng, nén dan hdi.

3. Pdi twong va pham vi nghién ciru ciia luin 4n

Dbi twong nghién ctru ciia ludn 4n 1a cac panel tru va vo tru duoc 1am
tir vat liéu x6p c6 co tinh bién doi (FGP). Pham vi nghién ctru ciia luan an 1a
két cau vo 1am béng vat liéu FGP chiu tac dung cua tai trong co nhiét.

4. Phuong phap nghién ciru

Phwong phap giai tich: Luan an st dung 1y thuyét vo Donnell, Iy thuyét
bién dang cit bac nhit va k¥ thuat san déu tac dung gan ciia Lekhnitskii, két
hop véi phuong phép Galerkin duge ap dung dé giai bai toan phi tuyén.

5. 'Y nghia khoa hoc va thyec tién ciia luan 4n

Bai toan phan tich 6n dinh va sau mat 6n dinh cuia két cau dang vo ¢
y nghia quan trong trong linh vic co hoc két cau. Cac két qua nghién ctru
clia ludn an c6 dong gép moi trong linh vure phan tich két ciu panel va vo tru
FGP, 1a tham khao gié tri cho cac nha thiét ké va ché tao két cdu FGP.



6. B6 cuc cia luin 4n
Luan 4n gom md dau, bén chuong ndi dung, két luan, cac cong trinh
khoa hoc cua tac gia, tai liéu tham khao va phu lyc.

Chuong 1. TONG QUAN VAN PE NGHIEN CUU

Chuong 1 (16 trang), trinh bay cac khai niém, tinh chét, cac loai FGM,
c4c quy luat phan bd xdp FG, tiéu chuin 6n dinh tinh, tinh hinh nghién ctru
vé bai toan on dinh két ciu vo lam bang vat liéu FGM, vat liéu FGP khong
6 gan gia cuong va cb gan gia cuong. Tur do, phan tich cac van dé di duoc
nghién ctru, cAc van dé can tiép tuc nghién ctru trong luan an.

Chuong 2. PHAN TICH ON PINH PHI TUYEN TUYEN CUA PANEL
TRU FGP CHIU NEN DQC TRUC

2.1. Pit vin dé

Chuong 2 (31 trang) sir dung 1y thuyét vé Donnell va 4p dung phuong
phép Galerkin giai quyét ba bai toan 6n dinh phi tuyén tinh cua két cau.

Bai toan 1: Phan tich anh hudng ctia cac md hinh phan bd d6 xdp dén
6n dinh phi tuyén cua panel tru FGP.

Bai toan 2: Phan tich 6n dinh phi tuyén cta panel tru sandwich FGP
v6i cac diéu kién bién khac nhau.

Bai toan 3: Phan tich 6n dinh phi tuyén ctia panel tru sandwich FGP
dat trén nén dan hoi.

2.2. Phin tich dnh hwéng ciia cic méd hinh phan bo d xop dén on
dinh phi tuyén ciia panel tru FGP

Xét panel tru FGP va hé toa d6 xyz nhur dugc mo ta trén Hinh 2.1.

Loai c Loai d

Hinh 2.1: Panel try FGP v&i bn loai phan bd d6 x6p khéc nhau



Logi a: Phan bo xop doi xing

E.(2)=E, {1—% cos(”—zj }
h (2.1a)

Logi b,c: Phan b xdp khong dbi ximg

E,(2)=E, {1—eO cos(”—z+£} }
2h 4 (2.1b)

E,(2)=E, [1—eosin(”z+”] }
2h 4 (2.1c)

Logi d: phin bb xbp ddng déu

Eqn(2) = Ep (1-€2) (2.1d)

CAac phuong trinh cin bang phi tuyén cia panel tru FGP khong hoan
hao la
_o (2.18)

AV*f +% fotAVWHT (W,xx +wfxx)—2 fy (W,xy +w*xy)+ f o (WW +wfyy)

VA + AVIW- A, (wzxy W W —W o S R+2W W — W W _W,yyW,:x) =0 (2.19)

Xét panel tru bdn canh tua don, chon w, f co dang

w=W sin "X gin M7Y. w*:ghsin%sinw, 0<é&<1
a b a b
f- F{sinmsinmy—ﬂ(x)—/i(y)}
a b (2.21)

Thay biéu thirc (2.21) vao (2.18; 2.19), sir dung phuong phép
Galerkin, duoc

SW +S,W?+SWeh+S,W (W +Eh) (W +2£h) +

212 4 (22 2
+Sgh(W +§h)[r0m?+ pOnZJ— 16b [m b +n2} %héléz =0
a

mnz*{ a’ (2.24)

Xet panel chi chiu nén doc truc (N,, =-rh, Nyg=—ph=0). Biéu
thire (2.24) tro thanh



_ a* 2
= S (W +§h)[slw + S + S EN+SW (W + Eh) (W +2¢h) | 225)

Biéu thirc 2.25 dugc st dung dé phén tich anh hudng cac mé hinh phin
bd xbp dén 6n dinh phi tuyén cua panel tru FGP khong hoan hao.
Khio sat s6
Bang 2.3. Anh hudng ctia mé hinh phin bd d6 x8p va ey dén tai trong téi han.
E=2.0779x1011Pa, h=0.01m, b/h=80, a/b = 2, a/R=0.5, &=0
r«(MPa) e=0 e0=0.3 e0=05 e0=0.7
Loaia 3939363(1,1)  3338215(1,1) 293.7449(1,1) 2536684 (1,1)
Loaib 3939363(1,1) 3199092(1,1) 267.5390(1,1) 210.8125(1,1)
Loaic 3939363(1,1) 3199092(1,1) 267.5390(1,1) 210.8125(1,1)
Loaid 3939363(1,1) 316.2687(1,1) 260.7247(1,1) 199.7436(1,1)

Bang 2.3 cho thiy, tai trong nén t6i han cta panel tru phan bd xp ddi
xtng (Loai a) 13 16n nhat, thr hai 13 tai trong nén toi han cua panel tru phan
bd xbp khong dbi xtng (Loai b va Loai ¢), va tai trong t6i han cta panel tru
phan b x&p déu (Loai d) 1a nho nhét.

2.3. Phén tich 6n dinh phi tuyén ciia panel tru sandwich FGP véi
cac diéu kién bién khac nhau

Xét panel tru sandwich FGP d6i xtmg va hé toa do xyz nhu mé ta Hinh 2.6.

Hinh 2.6. M6 hinh panel tru sandwich FGP
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M6 dun Young va hé sb Poisson 1a

heg

kh COI'E < z < hcore
2

k
(Ecrvc)+(Emclec)(22+hFG +hcorej ,khi hFG ;hcore <7 Sihc_gre
(2.29)

(Eshrvsh): 2

(Em,vm){l—eocos(h

k
—2z+ hFG + hcore ] khi hcore <7<
Y | » _2 S7s

core

hFG + hcore
2

CRARCE

Truong hop I: Bon canh tya don (SSSS). Biéu thire (2.25) duoc thiét 1ap dé phan
tich 6n dinh ctia panel try sandwich FGP khong hoan hao chiu nén doc truc.

hes

Trwong hop 2: hai canh thing ngam, hai canh con lai tya don. Chon w, f 1
w=W sin— m7 [1 co SZnnyj
a b

mzX

2
f=F [smsm d"A(y) =nh
a

Ty
b ﬂ(y)} F——— ay?

w §hsm£1 coszn;ryj, mn=1 2, 3..
a

(2.31)
Thé (2.31) vao (2.18-2.19), va st dung phuong phap Galerkin, dwoc
—4a w W (W +2&h)
r, = C +C,W+C,WW +2£h)
° 3bhm2ﬂ2{ Y(Wagh) P (Wagh) 0 N (2.34)

Biéu thirc (2.34) dugc s dung dé phan tich 6n dinh phi tuyén cua
panel tru sandwich FGP voéi cac diéu kién bién khac nhau.
Khao sit s6

Béng 2.6. Anh hudng clia € VA heore/NF dén tai trong téi han. k=1,
h=0.006m, a/b=1.5, b/h=50, a/R=0.5, &=0.

ror(MPa) Diéu kién bién e=0 e=05 e=08
- SSSS 587.0261(1,1) 587.0261(1,1) 587.0261(1,1)
sscc 677.8399(3,1) 677.8399(3,1) 677.8399(3,1)
e et SSSS 468.9710(1,1) 382.9550(1,1) 331.3454(1,1)
SscC 537.8872(3,1) 457.3689(3,1) 409.0579(3,1)
N SSSS 452.4019(3,1) 355.5114(1,1) 296.8736(1,1)
SscC 516.6474(3,1) 422.1734(3,1) 365.4889(3,1)
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Béng 2.6 cho thay tai trong doc truc ti han giam khi hé s6 do rong eo
hoic ti 18 heore/hrg ting. Bang 2.6 ciing cho thiy anh huéng cia hai loai diéu
kién bién dén tai nén doc truc téi han cua panel try sandwich FGP, ta théy
réng tai trong doc truc téi han truong hop panel tru bbn canh twa don nhé
hon trudng hop panel tru c¢6 hai canh cong tira don va hai canh thing ngam.

Hinh 2.10 mé ta anh huéng cua chi sb phin thé tich dén dudng cong
quan hé tai - d6 vdng, ta thiy khi gi4 tri chi s6 phan thé tich k ting thi tai

trong toi han ciing tang.

€0=0.5, heore/hec=5
h=0.006m, b/h=50

5007 T
€0=0.5, heore/Nrc=5

h= 0.006m, b/h=50 50
0 alb=15, a/R=05 N alb=15, a/R=05
(mn)= (L.2) NG (mn)= (@1
400\ 3
=30 5 éz
o [N 1
s sw Y i
200 o e T
a0
g p — k=0
o  oin o — Efé 1001} —— : Hoan hio :2 tfé
! S (E03) S ] - (603) —& K=w
oL ! ol ‘ : ‘ :
0 05 1 15 2 25 3 35 4 45 5 0 1 2 3 4 5 6 7
Wh Wi

(a) Panel tru FGP SSSS (b) Panel tru FGP SSCC

Hinh 2.10. Anh huong ctia k d6i v6i ro — W/h

2.4. Phén tich 6n dinh phi tuyén ciia panel tru sandwich FGP trén
nén dan hoi

Xét panel try sandwich FGP dbi xtng va hé toa d xyz nhu mé ta Hinh
2.6. M6 dun Young va hé sé Poisson duoc xac dinh 14 (2.29).

Cac phuong trinh can bang phi tuyén cta panel tru sandwich FGP
khong hoan hao trén nén dan hoi 1a (2.19) va (2.38)

AV*f +% fot AVWHT (W,xx + Wi ) —-2fy (W,xy + W, ) +
+f,xx (Wyy +W,*yy)+ KZ(WXX +WW)_ KlW:O (238)

Gia str bon canh duoc d& don gian. Chon w dang



W:Wsinmxsinn—ﬂy; w*:ghsin@xsinn—”y, m, n=1 2, 3...
a b a b (2.39)
Thay (2.39) vao (2.19; 2.38), rdi dung phuong phap Galerkin, duogc
S;W + S, (W2 +22hW) + S3W (Eh +W) = S (Eh+ W)W 2 + 2EhW)
2_2 2_2 2_2 2_2 (241)
—1[K2[m AL ]+K1:|W:(§h+W)i[Nxm 2N, LE ] N 4 s

T 1Y2
4 a? b2 a’ Yop? R mnz?

Xét panel tru FGP chiu tai trong doc truc véi, (2.41) tré thanh

, SW +SWW +2&h) + SW (Eh+W)
A 22 22 (2.42)
hmZz2(Eh + W) | -S,W (Eh+ W)W +2&h) 1[}(2("' AL ]+ Kl}w

4 a2 b

Ih=

Biéu thirc (2.45) duoc dung dé phan tich 6n dinh phi tuyén cua panel
tru sandwich FGP trén nén dan hdi.

Khao sat so

500

£=0, k=1, h=0.006m €,=0.5, h=0.006m,

a/R=05, alb=15 b/h=50, a/R=0.5
1000 bIh=50, ,=0.5, heore/hec=5 4004 382.955 MPa alb=15, Ki=K,=0
(mn)=(3,1) Neore/hre =5
k=L, (mn)=(1.1)
800 =300
s <
2 | 595.4156 MP: s Q@
240 S0
—— 1 Ky=9x107, K,=8x10° O S £20
400 20 Ky=9x107, Kp=4x10° O ---2: 2=01
—3: Ky=9x107, K,=2x10° -==3:£=03
—— 4 Ky=9%107, Kp=0 e ---4:2=05
200 0° -
0 05 1 1.5 2 25 3 0 05 1 1.5 2 25 3 35 4
Wr/h Wrh
Hinh 2.17. Anh hudng cta K; va Hinh 2.20. Anh huéng cua &
Kz doi vai r-W/h doi voi ro— Wih

Hinh 2.17 mé ta anh huong ciia Ki va Kz dbi voi ro-W/h. Hinh 2.17
cho thdy, tai trong truc trén tang khi hé s6 nén tang. Hinh 2.20 mé ta anh
hudng cia & d6i voi ro — W/h. Hinh 2.20 cho thay, cac dudng cong ctia panel
tru FGP khong hoan hao bat dau tir goc toa do va dudng cong ctia panel try
FGP hoan hao bit ddu tai mot diém trén truc toa do thzfmg dang, tic 1a do
vong cua panel tru FGP hoan hao chi xuat hién khi tai dat t6i han.



Két luan chwong 2

Chuong 2 d giai quyét nhitng ndi dung chu yéu sau

1. Nghién ctru anh huong cta bén mé hinh phan bd do xop dén 6n
dinh phi tuyén cua panel try xép FG chiju nén déu doc truc.

2. Phan tich 6n dinh phi tuyén ctia panel try sandwich FGP khong hoan
hao voi hai diéu kién bién khac nhau chiju tai trong nén déu doc truc.

3. Phan tich 6n dinh cta panel tru sandwich FGP khong hoan héo chiu
tai trong nén déu doc truc trén nén dan hoi (mo hinh nén Pasternak).

Tir cac két qua s6, rat ra mdt s6 nhan xét dang chi y sau

1. Trong bén md hinh phan bd do xép dugc xem xét, panel tru FGP ¢6
mo hinh phan bd xép dbi xtng chiu nén doc truc t6t nhat.

2. Hé s6 do xép, nén dan hodi anh huong dang ké dén kha nang chiu nén
doc truc cua panel tru FGP.

3. Panel try sandwich FGP hai canh cong tua don, hai canh thing ngam
chiu nén doc truc tét hon panel tru sandwich FGP bdn bién tua don.

4. Panel tru FGP cang manh kha nang chiu nén doc truc cang kém.

5. Panel tru FGP giau gém chiu nén doc truc tdt hon giau kim loai.

Chwong 3. PHAN TiCH ON PINH PHI TUYEN CUA VO TRU FGP
CO GAN GIA CUONG CHIU NEN TRUC HOAC AP LUC NGOAI

3.1. Pit van dé

Chuong 3 (37 trang) sir dung 1y thuyét vo Donnell, k¥ thuat san gan,
phuong phap Galerkin giai quyét cac bai toan 6n dinh phi tuyén sau

Bai toan 1: Phan tich anh hudng ctia cac md hinh phan b d6 xdp dén
6n dinh phi tuyén cua vo tru FGP.

Bai toan 2: Phén tich 6n dinh phi tuyén cta vo tru sandwich FGP ¢6
gan gia cuong chiu nén doc truc.

Bai toan 3: Phan tich on dinh phi tuyén ctia vé try sandwich FGP ¢
gan gia cuong chiu ap lyc ngoai.

3.2. Phén tich dnh hwdng ciia cic md hinh phan bé dd xop dén on
dinh cta vé tru FGP

Xét vo tru FGP va hé truc toa do xyz nhu Hinh 3.1. V6 tru FGP duoc
nghién ctru v6i bdn kiéu phan bd do xop nhu mé ta trén Hinh 3.2.



Loai 1 Loai 2a
Hinh 3.2. Cac mé hinh phan b x4p cta vo try FGP

Mo dun Young va hé s gian nd nhiét cua vo la
Loai 1: Phan bo xop doi xung

Ea(2)=Eq [1— €y COS (%Zj }; ag(2) = ay [l— €, COS (%Zj ]

(3.1)
Loai 2a,b: Phan bd xdp khong ddi ximg
zz 7\ . _ B 7z 7\ ]
E, (2) =E, [1—e0 cos[%+zj } oy (2) = o, [1 €y cos(2h + 4] (3.22)

. (rz & . — — in| 22,7
Esh(z):Em[l_eOSIn(%-'—Zj } ash(z)_am|:1 eOs'n[2h+4)_ (3.2b)

Loai 3: phin bd x6p dong déu

Eq(2)=En(l-ed);  aq(2) = ap(1-62) (3.3)

Céc phuong trinh can bang phi tuyén ciia vo tru FGP trong mi truong
nhiét trén nén dan hoi 1a

1
AVip+ =Pt AViwW+p W, —20 W, +K, (W’XX +W, ) -Kw=0 (3.4

Vip+ A1V4w—A2(W2Xy—WXXWW—WXX/R)=O (35)
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Gia str vo try duoc do don gian 6 cac canh x =0, x =L . P vong cta vo la
w=w(x,y) = f, + fsinax.sin gy + f,sin® ax (3.6)

Thé (3.6) vao (3.4; 3.5), ap dung phuong phap Galerkin, thu duoc

20,,h
— WK, (f,+2f,)=0 (3.9)
o pha® + 60,1 A% = Hog + Hoy 12+ Hog fy + Ky (0 + 52) + K, |
' Hos (3.10)
Hof, +8a2f,pht Ho 12+ Ho £21, ~870 8k a2f, 6K, f, ~8K,f, =0
06 "2 2 07 *¢ 08" "2 R 2 2 172 170 (311)
Diéu kién chu vi kin cta vo try, suy ra
* 1 4 *
8C_ ph—8—o-0yh+E(2f0 +f,)— B2 f 2 +8Co¢ =0
Ry (3.12)
Str dung cac phuong trinh (3.9-3.12), ta duoc
1 2
p=- [H07L12+(H06+H07L13+H08L12_8K2a _4K1) f,
[H07L11+(80‘2+H08L11) fz}h
H H *
+(H07|-14+H08L13)f22+H08L14f23_8RK1ﬂ2L0[H07+HUSfz]cza@}
0 Mo (3.17)
Cho f, — 0, ta thu dugc tai trong tGi han trén
1 N
pupper :_7[H03L12 _8RK1/32L0C26¢1:| (318)
H03L11h
Do vong 16n nhit cta vo
Wi = Loy Ph+ Loy +(Lgg +1) f5 + Lo £ +8L,Cosh
1/2
8RK, Ly =
+|:L:Llph+ Lip + Lo + Ly fzz _%Czeﬂ
03 (3.20)

Biéu thirc (3.17), (3.18) va (3.20) dung dé phén tich anh hudng cta
cac mo hinh phan b6 d6 xdp dén on dinh phi tuyén cta vo try FGP

Khao sat sb

Béang 3.3 cho théy, tai trong nén doc truc tdi han ctiia vé try FGP phan
b xp khong ddi xtng Loai 2a 13 16n nhat, thir hai 14 v6 try phan bd xbp d6i
ximg Loai 1 va thir ba 1a vo tru phan bd xdp khong ddi ximg Loai 2b, va nho
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nhét 1 vo try phan bd xdp déu Loai 3. Bang 3 ciing cho thdy, tai trong toi
han ctia vé tru giam khi 47 tang.

Béng 3.3. Anh hudng cta kiéu phan bb d6 xbp va AT dén tai trong t6i han
cua vo tryu FGP. h=0.01m, R/h=100, L/R=1.5, e0=0.4 , K1=2x107N/m3,
K>=1.5%x105N/m

Per (MPa) AT=0K AT=200K AT=400K

Loai 1 1026.9885(8,4)  984.9455(8,4) 892.0460(8,4)
Loai 2a 1884.2215(12,2) 1806.6467(12,2) 1634.6992(12,2)
Loai 2b 962.2595(8,5) 922.7552(8,5) 835.6489(8,5)
Loai 3 945.7243(8,5) 906.9270(8,5) 821.3684(8,5)

3.3. Phén tich 6n dinh phi tuyén ciia vé tru sandwich FGP c6 gan
gia cwrong chiu nén doc truc
Xét vo tru sandwich FGP ¢6 gan truc giao gia cuong nhu mé ta Hinh 3.7.

Hinh 3.7. M6 hinh vo6 tru sandwich FGP c6 gan truc giao gia cuong
Mo dun Young va hé s gidn né nhiét ciia vo

k
EC + Emc 22+ hFG + hcore , _ hFG + hcore <7< _h
a a, hes 2 2

c mc

E E
M 1=4] ™™ ||1-e,cos 7z e 7 e
aSh am hcore 2 2

k
EC + EmC —2z+ hFG + hcore , h <7< hFG + hcore
o a, hes 2 2

C mc

(3.21)




Truwong hop 1: Gan trong

(3.22)
Truwong hop 2: Gan ngoai

E.) (E) (E .
: ™ _2z+h —E—hSSZS—D
a, a, e 2h, 2 2

E) (E) (E.) 2z+h)° h h
+ - oh _E_hr SZS—E
ar ac amc r (323)

Céc phuong trinh can bang phi tuyén cta vé tru FGP trong méi truong
nhiét bao quanh boi nén dan hoi 1a

oW

3 XXXX + alZ\N, XXYyY + a13vv, yyyy + a14(p, XXXX + a15¢, XXyY + alG(l),yyyy

1
+_(p,xx +QWWXX +§0,><xvv.yy _2¢,xnyy + KZ (\N,xx +\N,yy)_ K1W= O

R (3.35)

1
ﬂllgﬂ‘xxxx +ﬂ12(0,xxyy +ﬂ13nyyy +ﬂlAWxxxx +ﬁlSW‘xxyy + ﬂlG _W + Wxnyy += R ‘xx =

0
(3.36)
Vi vo chiu nén doc truc va hai canh tya don. B vong vo la (3.6)

Thé (3.6) vao (3.35-3.36), va ap dung phuong phap Galerkin, thu duoc

RK, (f, +2f,)
Opy=——"F7—°
2h (3.38)
o pha? +aoyh.ﬂ2—[H01+ oo f 2+ Hog T, + Ky (@ + B2) + Kl]
1 Hos (3.39)
Hoo f, +8a2f,ph+ Hy, 2+ Hy, f2f, -8 —8K,a’f, - 6K, f, —8K,f, =0
: ' (3.40)
Diéu kién chu vi kin, suy ra
8C” ph-8C o, h+— (2f +1,) =B 12 +8(Coeth ~C. 4 +C 4, ) =
' ' " (3.41)

Str dung phuong trinh (3.38-3.41), ta dugc
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1
p=-
|:H07L11 "’(80‘2 + Hosl-n) f2:|h
+(H06 +Hg Ll +Hgly, -8K,a* _4K1) f, +(H07|-14 + H03L13) f,?

[HoLs,

H, H . . .
+Hgely, f¥ —8RK B°L, (H_ov 408 fzj(czsgbl -C 4 +C. 4 )J

6 Ho (3.46)
Cho f, > 0 ta dugc tai t6i han trén
1 . N .
Puer =~ [HooL, ~BRK B, (Coo ~CLfl + C )|
Hosluih (3.47)
Do vong 16n nhit cua vo
Wi = Loy P+ L, + (Log +1) £, + Lo, 2 +8L, (Coeh —CL ], +Cldf] )
SRK 2 X X X 1/2
+|:L11 ph + L12 + L13 fz + L14 fzz _%«:ze@ - Cu¢1Tx + C11¢1Ty )}
03 (3.48)

Khi f, =0 va f,=0, d6 co Axcia vo la
_ [ crRK,
Ax = - ,(12
= C KR +1

C* RZKI * * T * T * * T * T
} ph— - (Cah ~C o+ C ) )~ (Cudh +C 4, —C )
u (3.53)

Biéu thirc (3.46), (3.48) va (3.53) dung dé phan tich anh huéng cua

cac tham ctia cac cac thong sd vat liéu va hinh hoc ddi voi quan hé tai — do

vOng va quan hé tai — do co
Khao sat so

Hinh 3.11 cho thdy, diém bét dau ciia cac dudng thing véi AT = 0K
khong xuat phat tir gdc toa do. Picu ndy cho thdy, truong nhiét do lam cho vo
1€ch ra ngoai (1€ch tam) trude khi chiu nén. Khi vé chiu nén doc truc thi d¢ léch
tam cua nd giam di. Khi vuot qua diém phén nhanh cia tai trong (diém mat 6n
dinh) d¢ l&ch hudng vao trong. Khi A7 tang, tai téi han ciia vo gidm.

Hinh 3.12 cho ta thay, khi e ting cac duong quan hé p-Wmax/h sé& thip
hon, tirc kha nang chiu nén cua vo tru giam di. Hinh 3.16 cho thdy, tai nén
t6i han cta vo tru giam khi chi s6 ti phan thé tich k giam. Hinh 3.17cho thiy,
khi cac tham s6 nén K; va K, ting thi tai nén téi han cta vo ciing ting.

Béng 3.12 cho thiy, véi cac truong hop bd tri gan gia cudng dugc xem
xét thi tai trong nén doc truc toi han trong truong hop vé cd gin ngoai 1a 16n
nhat, thr hai 1a vo c6 gan trong gia cudng va nho nhat khi vo khong co gan gia
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cuong. Ngoai ra, Bang 3.12 ciing cho thiy khi v6 tru sandwich FGP ¢6 gan gia
cuong bén trong thi tai nén doc truc téi han ctia vo ¢6 cac gan doc 14 16n nhat,
thir hai 14 v ¢0 cac gan tryc giao va nho nhat khi vo gia cudng gan vong.

00— - 1
Nén dan hoi Tai t6i han trén

6350

«wf

S0 h=0.006m, R/h=100, L/R=2,

Paupper=459.5029 MPa (10,10)
Paupa=438.4654 MPa (10,10)
W Py 88 MPa (10,10)

w0 Ki=25x10'N/m?

g ot dui g AT=0K, e=05, h
= " Paor208.3626 MPa (6.9) = r
: Prow=204283 MPRGS) @
Piiower=270.9525 MPa (6,9) 0 i— 1: Ki=0, Ko=0 |
" h=0.006m, Rh=200, LIR=2, Gantrong e ke
AT=0K, £0=0.5, hooe/hec=1 :; EZSS bsfb'fggzh':o'oosm — K:_Sef7 K= e |
Gan trong T 3k=1 w- ﬁ
" ) bi=b=hih=0.006m, n=n=20 ¢ 0 1 1500 ‘ . ‘ J
5. (mm) 10? 10? 10" 10’ 10’ I0* 0’
k
Hinh 3.16. Anh huong ciia k Hinh 3.17. Anh huéng cia nén ddi
doi voi p - Ax Véi Prower - k
Bang 3.12. Anh hudng cua gan dén tai trong t6i han. €=0.5, heore/hre=1,
k=1, 4T=300°C, h=0.006m, L/R=2, bs=b,=0.006m, hs= h,=0.006m,
K1=2.5x10'N/m?, K,=2.5x10°N/m.
Do (MPQ) RIh=100 RIh=200 RIh=300
Khonggan (=n=0) 6302644 (11,1 343.7590 (16,1)  250.9132 (19,5)
"d0neo  GANUOG  70B2389(8)  37B96B2(I012) 2633646 (1315)
'Y Ganngodi  7454105(68)  3812173(138)  266.0357 (14,14)
neo0 oy CANIONG 6BSO20(78) 3676248 (12.10)  256.7624 (14.14)
' Ganngodi  7496283(102) 3739650 (151)  264.8245(19,3)
oo GO GMBETZE7)  307274(139)  BLI2(1613)
! Génngodl  7031807(121)  3611648(161) 2585777 (20,1)

3.4. Phan tich on dinh phi tuyén ciia vé tru sandwich FGP ¢6 gan
gia cuong chiu ap luc ngoai

Xét vo tru sandwich FGP c6 géan truc giao gia cudong nhu mo ta trong
Hinh 3.7. M6 dun Young cta vo va gan FGM xac dinh theo (3.21) va (3.22).

Hé phuong trinh can bang phi tuyén ciia v6 try sandwich FGP chiu ap
luc ngoai dugc bao quanh boi nén dan hoi 1a (3.56) va (3.36)
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allW,xxxx + alZW,xxyy + al3vv,yyyy + a14¢,xxxx + a15¢,xxyy + alﬁw,yyyy

s/ R QoW + 0 Wiy =20, Wiy + K, (WXX Wy ) —Kw+q=0 (3.56)

V61 vo ¢6 hai canh tya don chiu ap lyc ngoai. PJ vong ctia vo 1a (3.6)
Ap luc bén ngoai vo duge xac dinh
1 y Dol asa “‘(Dos + Dy Lpga + Lag2Dog —8K,0” - 2K1) f,
Dorbas + Dol f2) | + (DorLase * LaasPos) 7 + LaaaDos 7

B

(3.64)
Cho f, -0 duogc tai toi han trén

; Ly, PPRKiLyp +2Dy +K, (e +p*)+K, (3.65)
upper LAll Rﬂz (1_ Kl"AOl)

D¢ vong 16n nhat cua vé 1a

1/2
Wi = Lagal+ Lagy +(Laga +2) 5 + Lgs f22 +(LA11q +Lpo +Lags Fo+ Laa fzz) (3.66)
Biéu thirc (3.64-3.66) ding dé phan tich 6n dinh phi tuyén cua v tru
sandwich FGP c¢6 gan gia cuong chiu ap luc ngoai.
Khio sat s6
Bang 3.16. Anh huéng cta gin gia cudng va chi s ti phan thé tich dbi voi tai
t61 han. h=4mm, R/h=80, L/R=2, heore/hrs=3, hs=5mm, h,=5mm, bs=5mm,
b=5mm, ns=30, N,=30, 47T=0K, K,=2x10" N/m®, K=6x10*N/m, e;=0.4

Gan doc Gan vong Gén tryc giao
(ns=60) (n=60) (ns=n,=30)

k=0  1237.277 (1,6) 1244.460 (1,6) 4687.754 (1,4) 3761.575 (1,5)
k=1  1393.725(1,6) 1400.241 (1,6) 4516.512 (1,4) 3468.308 (1,5)
k=5 1485786 (1,6) 1491.131(1,6) 4534.340 (1,4) 3407.016 (1,5)
k=oo  1524.934 (1,6) 1529.547 (1,6) 4552.000 (1,4) 3385.620 (1,5)

Qer (kPa) Khoéng gan

Béng 3.16 cho thdy, khi chiu ap luc ngoai, vo ¢ gan vong gia cudng
14 t6t nhat, thir hai 1 vo c6 gan truc giao gia cudng, thir ba 1a vo co gan doc
gia cuong, va nho nhat 1a khi vo khong cé gan gia cuong. Bang 3.16 ciing
cho thiy, ap luc téi han clia vo try tang khi chi so ti phan thé tich K tang.



24000

o

<

16

50007

| : : : 5000 ‘ |
—"% h=h=0.005m R=0.32m, Rh=80 ZQE}E%G | . P8
—2¢74 b=b,=0.005m  LIR=2, heplhic=3 B et g, R Neoe/e=3

4500 —3:K1=4e+7; K2=9e+4; =04, k=1
—3e08 n=n,=30 k=1, (m,n)= (1,5) €0=04, k=

4000 - 3843.365 (m,n)= (1,5) 3
3 3500.3468.308
i}

\/(2
2993.012

3676.982

X
0 3500.34683 3000 @

2500+ hs=h,=0.005m

3000 Ki=2x10" N/m® - bs=b,=0.005m

K,=6x10* N/m 20007 n=n,=30
2500 L L 1 L L . 1500 L L L L L
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Wmax/h Wmax/h
Hinh 3.20. Anh hudng eo doi véi g — Hinh 3.21. Anh huéng ciia nén di véi
Wmax/h g — Whax/h

Hinh 3.20 cho thdy, kha ning chiu ap luc cua vo giam khi e ting.
Hinh 3.21 cho thiy, ap luc ngoai toi han tang khi K; va K, ting riéng 1é hodc
cung nhau.

3.5. Két luén chwong 3

Chuong 3 da giai quyét nhitng ndi dung cha yéu sau

1. D3 nghién ciru 4nh huéng ciia bén md hinh phan bd d6 xbp dén
dn dinh phi tuyén ctia két cAu vo tru xép FG chiu nén déu doc truc, trong moi
truong nhiét bao quanh bai nén dan hoi Pasternak.

2. Pa phan tich 6n dinh cta vo try sandwich FGP ¢6 gan truc giao gia
cuong chiu nén doc truc, trong mdi trudong nhiét bao quanh bédi nén dan hdi
Pasternak.

3. Pa phan tich 6n dinh cta vo tru sandwich FGP ¢6 gan truc giao gia
cuong chiu 4p lyc ngoai bao quanh bai nén dan hdi Pasternak.

Tu cac két qua sb, luan 4n dua ra mot s6 nhan xét dang chu y sau

1. Trong bén mé hinh phan bd d xdp duogc xem xét, vo tru xép FGP
md hinh phan bd xdp khong ddi ximg Loai 2a 13 ¢6 kha ning chiu nén doc
truc tot nhat.

2. Hé s6 d6 xbp eo va truong nhiét do anh huong déng ké dén kha
nang chiu lyc cia vo try.

3. Gén gia cuong, nén dan hoi lam ting dang ké kha ning chiu nén
doc tryuc (hoac ap lyc ngoai) cua vé tru sandwich FGP.
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4. Vo try sandwich FGP c6 gin gia cuong bén ngoai chiu nén doc
tryc tot hon vo tru c6 gan gia cudng bén trong.
5. Khi chiu ap lyc ngoai, vo try sandwich FGP c6 gan vong gia cuong
chiu 4p luc ngoai tt nht.
6. VO tru FGP cang manh kha nang chiu lyc cang kém.
7. V6 tru FGP giau gbm chiju Iyc tot hon vé gidu kim loai.
Chuong 4. PHAN TICH ON PINH PHI TUYEN CUA VO TRU
FGP CO GAN GIA CUONG CHIU TAI XOAN
4.1. Dt vain dé
Chuong 4 (30 trang) st dung 1y thuyét vo Donnell, I thuyét bién dang
cit bac nhit, ky thuat san gin cta Lekhnitskii, phuong phap Galerkin giai
quyét hai bai toan phi tuyén cta vé c6 gin gia cudng chiu tai xodn
Bai toan 1: Phan tich 6n dinh phi tuyén cua vo tru sandwich FGP ¢6
gan xién gia cuong chiu tai xodn.
Bai toan 2: Phén tich 6n dinh phi tuyén cta vé tru sandwich FGP ¢6
gan truc giao gia cudng chiu tai xoin.
4.2. phan tich 6n dinh phi tuyén ciia v6 tru sandwich FGP c¢6 gan
xién gia cuong chiu tai xoin
Xét vo try sandwich FGP c6 gan xién FGM gia cuong va hé toa do
Xyz nhu dugc mo ta trong Hinh 4.1.

hee

h
PN

Hinh 4.1. V6 tru sandwich FGP c6 gén xién gia cuong chiu tai xoan

Moédun dan hdi Young va hé s gidn nd nhiét caa vo try sandwich FGP va
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gan FGM gia cuong lan luot dugc xac dinh boi biéu thie (3.21) va (4.1).

Hé phuong trinh c4n bang phi tuyén cta vo bao quanh boi nén dan hoi la

O W g + QW o + QW + 0 A + Qs Ay + g Ay (3.35)
1 .
+E A,xx + A,yywxx + A,xxW,yy _ZA,XyW,Xy - K1W+ K2 (W,XX T Ww) =0
2
ﬂllA,xxxx + ﬂlZA,xxyy + ﬂl3A,yyyy + ﬂl4W,xxxx + ﬂlSW, XXYY + :Blﬁw,yyyy - (W,xy) + (3 36)

W,xx -0
+W,xx'W,yy+ R =

Biéu thurc (4.10-4.11) dugc sir dung dé phan tich 6n dinh phi tuyén cua
vo tru sandwich FGP ¢6 gan xién gia cuong chiu xoan.

Xét vo tru sandwich FGP c6 diéu kién bién twa don ¢ hai dau
X=0; X=L chiju tai xoin. Do vdng cua vo 1a

w=w(x, y) = fy+ fsinaxsin g(y—Ax)+ f,sin® ax (4.3)
Str dung phuong phap Galerkin, ta dugc

[2rhﬂ2,1+ D, +D, f, +Dyf2+ D, f2 K, —K, (o + f2? +ﬂ2ﬂ f,=0 (4.6)

D, f, — D f,” + D, f 2, 4K, f, - 3K, f, —4K,a* f, = 0 4.7)
12,0 * * T * T\ _
26+ f, =L RISp +2R(C, 4 —C 4}, +C. 4], )=0 (4.8)

Ttr cac biéu thirc (4.6)-(4.8), suy ra

2 22 * vy a7
1 { 2D, f; +K1Rf1ﬂ _8K1R(C26¢1_C12¢1><+C11¢1V) D. f2
1+ 0, +U0

=———{D+
2hp?2 2(Dy+D; 7 - K, ~4K,a?)

2
2D, f7 +K,Rf24* —8KR(C 4 -C ¢ +C 4"
+D4|: 6'1 1" 1 ( 26¢1 1271 1 1Y) —Kl—Kz(a2+,32/12+,32)

2(Dy+ D, f2 - K, ~4K,a?)

(4.9)
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Khi bo qua thanh phan nhiét, phuong trinh (4.9) duoc viét lai 1

2D, f.2 + K,Rf 232
L {1 2 — i +D3f12
2(

T2 T N R T o’
s U7l 1 2 (4.10)

2D, > + K,Rf 252
+D, 5 L >
2(D;+D, 7 K, —4K,a

2
)] —Kl—Kz(a2+ﬂ2/12+ﬁ2)

Do vong 16n nhat ctia cac vo tru dugc xac dinh

1 2 52 * * T * T
Winax = 8 Rfl B~ R(C26¢1 _C12¢1X +C11¢1y)+ fy
+ 2D6 fl2 + KlRflzﬂz _8K1R(C:6¢l _C:z¢1TX +C:1¢1TV)
4(Ds+D, 17— K, - 4K,a?)

(4.15)

Hé hai phuong trinh (4.9) va (4.15) dugc sir dung dé v& duong cong
quan hé tai trong xoan - do vong 16n nhat cua vo tru sandwich FGP chiu tai
trong XOAn.

Goéc xoan i cua vo tru

2
w=Clrh+ % £2 (4.18)

2 1
Biéu thuc (4.18) md ta quan hé giita tai xoan 7 va goc xoan v ,
duoc dung dé vé dudng cong quan hé 7—y cia vo tru sandwich FGP.
Biéu thrc (4.18) cho thiy: khi f; =0thi quan hé giita 7 -y la tuyén tinh; khi
w =0 thi f,=0va r =0, dudng cong 7 — s& di qua toa d¢ ban dau.
Khio sat so

Hinh 4.2a,b cho thay, ton tai cac gia tri np (s6 gan) toi wu ma tai do tai
xo0dn t6i han 13 16n nhat. Ngoai ra, Hinh 4.2a,b ciing cho thay khi eg (hodc A7)
tang din dén giam tai xoan téi han clia vo.
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500
w0 47934
450 (L 446.77
0 a 430.
—_ 0 —_ __Zy/m
S (@2 = ( ‘
o @ O
S m s
2 0 5 350/(4>/Th@; s6 gan
2 310-h=0.008m, R/h=80 g g SO g
g s h,=0.01m, b,;=0.008m
5 UR=3, hlhee=3 S 0l b by
© d;=0.08m
1] 20705 KT Thong s gan h=0.008m, Rih=80 ong 56 né
—% AT=0K hy=0.01m Théng s6 nén g 1= 0-008m, Rih= Thong s6 nén
W0y AT=300K|  b,=0.008m  K;=8x10°N/m? L/R=3, heorefhee=3 K;=8x10°N/m
o TUATZ600K ] d=0.08M | K,=2x10°N/m o L AT= 800K Ke=2x10°N/m
f 5 0 5 D B N % 4 45 8 15 0 5 D B N B N & WD
Np Np
Hinh 4.2a. Anh huong cua AT doi Hinh 4.2b. Anh hudng cta eo doi
V61 duong cong z - Mp vai dudng cong 7 - np

Hinh4.3ata théy, trrong nhiét d6 1am vo 1éch ra ngoai trudce khi noé chiu
tai xodn. Hinh 4.3a ta théy, khi vo chiu xoén, giai doan dau quanhér—yla tuyén
tinh, va khi tai vuot tai t6i han quan hé 7 — y 1a phi tuyén

80— ‘ " —1. AT= 0K
| / 600/ —2 AT=300K
500 (0;479.34) 1 / —3 AT=600K {
’ 467.56 @
(-0.30; 400.79) ®) 479.34 @
4007 39150 - L (
— 107 <
& 1:07, 340.38) 33311 a 400 0 391.50
S W Thong sé gan -2 h=0.008m, R/h=80
- ! h=0.008m, R/h=80 h,=0.01m, b,=0.008m o 333.11 L/R=3, heore/Nrc=3
W | LIRS, hinlhee=3 4,-0.08m - €0=0.5, k=k,=1
| 805, k=k=1 Thang sb nén Thang s gan
f0- | Thongsonen —1: AT= 0K, n=21 Ki=8x10°N/m®  h,=0.01m, b;=0.008m
| Ki=8x10°N/m —2: AT=300K, n,=21 Kz=2x10°N/m d,=0.08m
oL | K=210°Nim —3 AT=600K, n,=22 0 ‘
20 5 1 15 2 % 0 ! 2 3 4 5 6
Winadh w (d9)
Hinh 4.3a. Anh huong cia A7 d6i véi duong  Hinh 4.3b. Anh hudng cua AT ddi voi
cong 7 — Wmax/h. “ Toa d6 (Wmax/h; 7) duong cong 7 —

4.3. Phan tich 6n dinh phi tuyén ciia vé tru sandwich FGP c6 gin
true giao gia cwong chiu tai xoin

Xét vo tru sandwich FGP va h¢ truc toa d6 xyz nhu hinh 3.7.

Theo ly thuyét bién dang cit bac nhat, cic phuong trinh cin bang phi
tuyén ctia vo tru dugc bao quanh boi nén dan hoi 1a (4.28-4.32)

Xét vo tru sandwich FGP chiu tai xodn, diéu kién bién tya don tai
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x=0; x=L.DJ vong ctia vd
u=U sin(%Jrﬂ) v=V sin(w+n—yj w=W cos(%Jrﬂ
L R L R
. (mzx ny) mzx  ny
¢X:®Xsm(T+EJ' ¢ =0 sm( 1 RJ
Str dung phuong phap Galerkin (4.28)-(4.33), thu duogc

J (4.33)

D,
=t oA A (¢l+¢u) (¢1 m)
__ IR D R® | (4.40)
2
2mnzh K, -K [m il +%J+a34%+a35%+agew2
Phuong trinh (4.40) thiét 14p quan hé z va W, str dung dé phan tich én
dinh phi tuyén ciia vo tru FGP chiu tai xodn c6 gan gia cuong.

Khao sat so

900 T 8007
—1: Gan doc —1: AT=0 K
800 | —2: Gan vong 700{—2 AT=50 K
—3: Gan tryc giao —3 AT=100K

~
=}
s}

h=0.006m, R/=70, L/IR=15 807 h=0.006m, Rih=70, LIR=15

R Thong s6 gan < _ -
& 00 80706, Naore/eg = 3, AT=0K hs:hﬁo.ogﬁm % €0=0.6, heore/Nec =3
s bs=b,=0.006m £ a6 0
=2 P pos = . ong s6 gan
g 500 st ;._" 400~ hs=h;=0.006m -
El (03] e bs=b,=0.006m
a0 30 ns=n,=18
/(3) Thong s nén
Ky=4x10"N/m?

w
=]
S

Thong sé nén
ay = 200~ Ki=4x10'N/m® -

L Ko=3x10°N/m Ko=3x10°N/m
200 L L L 100 T oy n Ll - i n e

10° 10t 10° 10t 10° 102 10! 10° 10’ 10
k k
Hinh 4.20. Anh huong ctia gan va Hinh 4.21. Anh huong ctia AT va k
k d6i vai tai toi han trén zypper doi vai tai toi han trén zupper

Hinh 4.20 mé ta anh hudng ciia gan va k ddi véi tai toi han trén zupper.
Hinh 4.20 cho ta thy, tai xoan t6i han ciia v6 tru sandwich FGP tang khi chi
s6 ti phan thé tich k tang. Hinh 4.20 ciing cho ta thdy anh hudng cua gan gia
cuong dén tai xoan t6i han. Cu thé, cing véi 36 gan gia cudng, tai xoan téi
han cta vo tru duogc thiét ké 36 gan doc gia cuong la nho nhét, tht hai 1a vo
tru dugc thiét ké gia cudng gan tryc giao (Ns=n,=18) va 1én nhét khi vo dugc
thiét ké gia cuong bang 36 gan vong.
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Hinh 4.21 m6 ta anh huong cta AT va k d6i voi tai tdi han trén zypper.
Quan sat théy, tai trong x04n t61 han cua vo tru giam khi nhiét do AT tang.

4.5. Két luan chwong 4

Két qua chuong 4 d3 giai quyét nhirng ndi dung chu yéu sau

1. Phan tich 6n dinh phi tuyén ctia vo try sandwich FGP ¢6 gan xién
gia cuong chiu tai X0an,.

2. Phén tich 6n dinh cta vo tru sandwich FGP c6 gan truc giao gia
cuong chiu tai xodn.

Tir cac két qua s6, rat ra mot sé nhan xét dang chi y sau

1. Kha ning chiu tai trong xodn cta vo giam khi eg va AT ting riéng
biét hodc tiang déng thoi.

2. Gan gia cuong, nén dan hdi 1am ting déng ké kha ning chiu tai xoin
cua vo tru sandwich FGP.

3. Véi v6 chiu xodn, viéc thay dbi sé luong gan xién s& lam thay ddi
kha nang chiu lyc ctia vo. Do do, dé t6i uu hoa két cAu can tinh toan chon duoc
gid tri s6 gan Np t6i wu sao cho tai trong t6i han ctia két ciu 1a 1on nhat.

4. Véi ba dang gan gia cuong, kha ning chiu tai xoan cia vo tru
sandwich FGP dugc gia cuong bang gan doc 14 nho nhat, thi hai 1a gia cuong
gan tryc giao, va 1on nhat khi dugc gia cuong bang gan vong.

5. Mic du str dung 15i x6p s& lam nhe két cau va ting kha ning hip
thy nang lugng, nhung nd 1am giam d6 cimg cta két cAu nén trong tinh toan,
thiét ké can dugc quan tam.

Két qua chinh ctia chuong 4 da duoc cong bd trong 2 bai bao [8], [9] trong
danh muyc c6ng trinh cong b lién quan dén luan an. Trong d6 co 1 bai ding trén
céc tap chi qudc té danh muc ISI, 1 bai bao ding trén tap chi uy tin trong nudc.
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KET LUAN
Luén 4n c6 nhitng dong gop mai ndi bat sau

1. Bing cach tiép can giai tich lun an di xdy dung dugc cac biéu thirc
dé phan tich anh hudng cua bén mo hinh phan bd do xdp dén 6n dinh phi
tuyén cta két cAu panel try va vé try FGP chiu nén doc tryc.

2. Sir dung 1y thuyét vo Donnell, luan an di thiét 1ap cac biéu thirc dé
phan tich 6n dinh phi tuyén cta panel tru sandwich FGP chiu nén doc truc
c6 va khong xét dén tuong tac panel - nén Pasternak. Sau do, sir dung phuwong
phap Galerkin thu dugc biéu thirc dé xac dinh tai t6i han va vé duong cong
tai - do vong mo ta dap tng sau t6i han cua két cAu.

3. Str dung 1y thuyét vo Donnell, ly thuyét bién dang cit bac nhét, ky
thuat san gan Lekhnitskii va phuong phap Galerkin véi nghiém d6 vong ba
$6 hang, ludn an da xay dung duoc biéu thirc dé xac dinh tai téi han va vé
duong cong tai - ¢ vong sau tdi han cta vo tru sandwich FGP ¢6 gin FGM
gia cudng chiu tai co trong mdi trudng nhiét bao quanh bai nén dan hdi.

4. Khao sat s6 anh huéng ciia cac tham sb dau vao nhu: cac mé hinh phan
bd xdp, hé s6 do xdp, chi sé ti phan thé tich, d6 khdng hoan hao, diéu kién bién,
kich thudc hinh hoc, ti ¢ d6 day 16p 16i x6p/1op phu, gan gia cuong, hé sb nén,
nhiét ¢ dén 6n dinh phi tuyén caa panel tru va vo tru FGP.

5. Théng qua cac két qua sb da khao sét, tai mdi chwong cua luan &n
da rat ra mot s6 nhan xét ¢6 ¥ nghia khoa hoc va thyc tién cho céc tinh toan
trong tuong lai va giup ich cho cac nha thiét ké, ché tao c6 thé lya chon cac
thong sb két cau pht hop voi diéu kién 1am viéc thuc té cua két cau.
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