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MO DAU

Nghién ctru dao dong va 6n dinh phi tuyén giit vai tro thiét yéu trong
co hoc két cau hién dai, dic biét véi tim va vo composite tién tién c6 kha
nang chiu bién dang 16n. Két cau nanocomposite sandwich co tinh bién
thién, gém hai 16p mat bén va 16i nhe, ¢6 wu diém nhe, bén, cach 4m, cich
nhiét, chong va dap, nén duogc ung dung rdng rii trong giao thong, hang
khong, xdy dung va c6 tiém ning thay thé vat lidu truyén thong. Cac
nghién ctru gan diy nhan manh viéc két hgp mo hinh phi tuyén hinh hoc
v6i 1y thuyét tAm vo va cac phuong phap FEM, Ritz, bién phan, dong thoi
xét dén nhiét d6 va tai trong dé phan anh ding diéu kién thuc té. Phan tich
6n dinh cuc bd, té)ng thé va dao dong la can thiét cho thiét ké an toan, mo
rong quy mé tng dung, déng thoi gop phan xay dung co sé khoa hoc cho
tiéu chuan k¥ thuat mai trong xay dung, quc phong, cong trinh bién va
nang luong tai tao. Trén co s& nhitng phan tich & trén, dé tai luan an duoc
luwa chon dé nghién ctru 14 “On dinh phi tuyén cau kién cia két cau céng
trinh dang tam va vo nanocomposite sandwich 16i gap nép”.
Muc tiéu nghién ciru cia luan an
1. Cai tién k¥ thuat dong nhat hoa cho 16i gap nép dang hudng va 16i nhiéu
16p gap nép FG-CNTRC, xét dén bién dang nhiét.
2. Xay dung 10i giai giai tich cho bai toan 6n dinh phi tuyén cho vo tru,
vo trong FG-CNTRC, FG-GRC 15i gap nép hinh thang, lugn song chiu tai
trong moi truong nhiét.
3. Xay dung 10i giai giai tich cho bai todn 6n dinh phi tuyén cho tim chi
nhat, panel tru FG-CNTRC sandwich 1i nhiéu 16p trén nén dan hoi phi
tuyén chiu tai co trong méi truong nhiét.
4. Khao sat s6 cac anh hudng cia tham s6 vat liéu, hinh hoc dén tng xur
6n dinh, rat ra két luan cho thiét ké va tiéu chuan.
Poi twong, pham vi nghién ciru cia ludn an

DPoi tuong nghién ctru: Cac két cAu dang tAm chir nhat, panel tru, vé tru
tron, vo trong FG-CNTRC sandwich, FG-GRC sandwich c6 16i gap nép
hoic gp nép nhiéu 10p.

Pham vi nghién ctru: Cac bai toan 6n dinh tinh phi tuyén.
Phwong phap nghién ciru



Nghién ctru 1y thuyét dua trén tiép can giai tich
Bo cuc ciia luin an

Gom md 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. Giéi thiéu vé két cau sandwich

Két cAu sandwich nhe nhung chiu luc cao, pht hop diéu kién tai khic nghiét,
khau do 16n, thuan loi van chuyén, thi cong va giam chi phi nén mong. Cau
tao gém ba 16p: hai 16p mat bén, cing chiu tai trong va mot 101 nhe tang do
cting tong thé.
1.2. Cac loai vat liéu co tinh bién thién
1.2.2. Vit liéu composite co tinh bién thién gia cwong carbon nanotube

CNTs véi tinh chat co, nhiét, dién vuot trdi dugc xem 1a vt lidu gia cuong
uu tién cho nén polymer. Shen [110] phét trién composite méi — FG-
CNTRC, trong d6 CNTs sap xép song song theo mot phuong, ty phan thé
tich thay d6i theo chiéu day theo quy ludt tuyén tinh dé t6i wu ng xt co
hoc. Cac md dun dan hdi cia FG-CNTRC duoc xac dinh tir mo dun dan hdi
va ty phan thé tich ctiia nén va CNT, theo quy tic hdn hop mé rong hiéu
chinh bﬁng mo phong dong luc phan tir (MD).
1.2.3. Vit liéu composite co tinh bién thién gia cwong graphene

Nam 2004 graphene duogc tach thanh cong, nam 2010 Novoselov va Geim
nhan Nobel Vit 1y. Graphene 1a vat licu mong nhat, nhe, gﬁn nhu trong sudt,
bén gap 100 lan thép, dan nhiét gap 10 lan dong, dan dién tot, duoc xem 1a
vat liéu tiém nang gia cuong composite, dic biét khi phan bé FG gitip ting
mo dun dan hdi va do cting. FG-GRC dugc tao tir sap xép graphene trong
nén polymer theo cac hudng nhu zigzag hodc armchair. Tinh chit FG-GRC
phu thudc nhiét do: nhiét do tang lam hé s6 dan nhiét, gian nd tang, mo dun
dan hoi gidm, cac dac tinh co — nhiét — di¢n suy gidm; mo dun co hoc cua
GRC c6 thé tinh bang mo hinh Halpin-Tsai cai tién.
1.2.4. Tiém niing ing dung vét liéu nanocomposite va két ciu tim vé
nanocomposite trong xay dung cong trinh

Vat liéu nanocomposite duoc nghién ctru, sir dung trong xay dung nho tiém
ning img dung thuc t&, mang lai co hdi 10n cho xay dung bén ving va cong
trinh xanh. Nanocomposite duoc dung dé san xuat bé tong, xi ming c6 do bén
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cao, giam chi phi bao tri, ting an toan va tudi tho coéng trinh. TAm san, tran
nanocomposite c6 trong luong nhe, bén, giam khoi luong cong trinh, chi phi
van chuyén, lép dat, chéng mai mon, dn mon va chiu duoc thoi tiét khic nghigét.
CNT cai thién tinh co hoc ctia bé tong va thép, ting do ctmg, chéng nut, chiu
kéo; img dung cho cau, toa nha, co sé ha tang; ding cho son tu lam sach, mang
phim nano, cam bién giam st cong trinh. Graphene ting cuong do bén kéo,
giam trong luong, chong dn mon; img dung trong bé tong, thép, nhua dudng;
tao beé tong tu phuc héi, composite nhe va cung. Vat liu nanocomposite da
duoc dua vao san xuat cong nghiép véi gia thanh giam, chat lugng cao, ngay
cang pho bién trong thiét ké va thi cong xay dung, trd thanh lua chon hang
dau, gop phan phat trién bén viing.
1.3. Cac nghién ctru vé tirng xir co hoc ciia két cAu tam vé co tinh bién
thién va co tinh bién thién sandwich
1.3.2. Két cau tam vé FG-CNTRC va FG-CNTRC sandwich

Nhiéu nghién ctru di tap trung vao tng xt phi tuyén, 6n dinh va dao
dong ctia tam, panel, vo FG-CNTRC va FG-CNTRC sandwich trong moi
truong nhiét, co — nhiét va trén nén dan hoi. Shen va cong su da nghién
ctru 6n dinh nhiét [112, 113], panel tru chiu nén [119], udn phi tuyén
[120], co — nhiét két hop [122], sau mat 6n dinh véi 4p luc hudng tim
[121, 123], dao dong [125], dao dOng bién d0 16n [155]. Liew va cOng su
nghién ctru 6n dinh panel tru chiu nén [70]. Cac cong trinh khac: 6n dinh
nhiét — dan hoi cua panel tru c6 bién dan hoi [147, 149], snap-buckling co
— nhié¢t [9], panel tru cong chiu cit — nén [74]. Vé dao dong, Mirzaei va
Kiani [77, 76], Mohammadimehr [81], Di Sciuva [19], Lei [62], Kiani
[54], Foroutan [31, 32], Bhagat [13] d4 c6 nhiéu khao sat. Cac nghién ctru
vé on dinh phi tuyén gom vo try, vo trong chiu tai co — nhiét bang Galerkin
[40, 41], &p luc huong tam [41, 43], d0 vong 16n [35], chiu xoan [85], gan
gia cuong [21, 145], sau mat 6n dinh nhiét — xoan [148], 15i auxetic [22,
146, 73]. Bap ing dong vo1 dan nhét, nhiét am cling dugc nghién ctru [36,
44,130, 14, 140, 55, 38].
1.3.3. Két cAu tim vé FG-GRC va FG-GRC sandwich

Nghién ctru vé FG-GRC va FG-GRC sandwich tap trung vao 6n dinh
va dao dong. MAt 6n dinh ctia vo tru FG-GRC chiju nén, ap luc duoc khao
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sat bang HSDT [124, 126-128]; sau mat 6n dinh ctia tim va panel nhiéu
16p trong moi truong nhiét dugc phan tich boi Yu [160], Shen [129] va
Vi Hoai Nam [87]. Vé dao dong, Fan nghién ctru va cham cham [30],
Wang va Shen khao sat dao dong phi tuyén nhiét [156], phuong phap B-
spline 4p dung cho 6n dinh nhiét va dao dong tu do [56, 57, 78],
Zeverdejani nghién ctru tam c6 khuyét tat [163], cac cong trinh khac tap
trung vao panel xop [164, 89], vo tréng [99], vo tru c6 gan [86, 98, 100]
hoac 161 auxetic [101, 102], cling nhu va cham tbc do thép [63, 64].
1.3.4. Két cau gip nép va sandwich 16i gap nép

Két cau sandwich 15i gép nép co dac tinh di hudng, nhe nhung bén,
dugc ung dung trong hang khong, giao thong va xay dung. Nhiéu nghién
ctru d4 phan tich 6n dinh va dao dong: Vii Tho Hung [47, 48] nghién ctru
mat On dinh phi tuyén vo gap nép; Liew [68, 94], Xia [159] khao sat tng
xt phi tuyén; Kumar [60] phan tich vong 16n, dao dong nhiét — dan hoi;
Pathirana [92, 93] mat 6n dinh cuc bd; Xia [157, 158] udn doc panel; Shi
[132] m6 phong nhiét; Kavermann [51], Shaban [107], Shu [133] thi
nghiém va phan tich dan hoi, pha huy. Dao dong va dong luc duge nghién
curu boi Li [65], Zamanifar [161], Liew [69], Mohammadi [80]. Cac nhom
Viét Nam nhu Pham Thanh Hiéu [39], Pang Thuy Bong, Vii Hoai Nam
[20, 83], Nguyén Minh Khoa [52, 53], Nguyén Thi Phuong [95, 96] da
khao sat on dinh vo va panel gap nép bang Galerkin, Donnell.

1.4. Nhirng két qua di dat dwoc trong nuwéc va quoc té

1. P4 c6 nghién ciru vé 6n dinh phi tuyén cua vo trong, vo tru
nanocomposite sandwich khong 161, 161 mém, 13i dic, 16i auxetic dudi tai
co, nhiét, co-nhiét bang phuong phap so, Galerkin. Chua ¢6 nghién ctru
vé on dinh phi tuyén ctia vo try, vo trong FG-CNTRC, FG-GRC 16i gap
nép chiu kéo, nén doc truc, ap luc hudng tdm va xoan bang phuong phap
Ritz.

2. ba nghién ctru 6n dinh tinh, dong luc phi tuyén cta tam, panel tru
nanocomposite sandwich khong 161, 161 mém, 15i dic, 16 gép nép vat liéu
dang hudng. Chua c6 phan tich 6n dinh phi tuyén cua panel tru va tim
chit nhat FG-CNTRC 15i gap nép nhiéu 16p FG-CNTRC.



3. Chua c6 k¥ thuat déng nhit hoa két ciu gap nép xét bién dang nhiét
va cho gap nép nhiéu 16p, gdy han ché khi phan tich két cau gap nép chiu
tai nhi¢t hodc trong moi truong nhiét.

1.5. Két luan chwong 1 va nhirng van dé can tiép tuc nghién ciru

1. Phan tich on dinh phi tuyén ctia vo tru, vo trong FG-CNTRC va FG-
GRC sandwich 1061 gép nép chiu kéo, nén doc truc, ap luc hudng tam trong
diéu kién nhiét, bang phuong phap Ritz.

2. Phan tich 6n dinh phi tuyén cua vo tru, vo tréng FG-CNTRC va FG-
GRC sandwich 161 gép nép chiu xodn trong diéu kién nhiét, béng phuong
phap Ritz.

3. Phan tich 6n dinh phi tuyén cta panel try, tim chir nhat FG-CNTRC
sandwich 16i nhiéu 16p gap nép FG-CNTRC chiu nén doc truc, ap luc
huéng tam, bang phuong phap Ritz va Iy thuyét vé Donnell, véi cac diéu
kién bién khac nhau.

CHUONG 2. ON PINH PHI TUYEN CUA VO TRU VA VO
TRONG FG-CNTRC VA FG-GRC SANDWICH LOI GAP NEP
CHIU KEO, NEN DQOC TRUC VA AP LUC HUONG TAM

Luén 4an cai tién ki thuat dong nhat hoa cia Xia va cong su [159] bang
cach bd sung ndi lyc nhiét dé xét anh huong nhiét do dén két cau sandwich
16i gap nép. Xay dung mo hinh 6n dinh phi tuyén cho vo try, vo trong FG-
CNTRC va FG-GRC sandwich bang phuong phap Ritz, Iy thuyét Donnell
va phi tuyén von Karman.

2.1. M6 hinh két cAu va vt liéu
2.1.1. M6 hinh két cAu

Vo tru va vo tréng c6 181 gap nép chiu kéo, nén doc truc phan bd déu
D, va ap luc hudéng tdim g, trong moi truong nhiét T vé1 cac thong sO
dic trung cho 18i gip nép, vo va 16p mit thé hién trong Hinh 2.1 va 2.2.
Gia tr1 duong cua p, dugce ap dung cho tai nén (p, = p,) va gia tri am cua

D, ap dung cho tai kéo (p, =—p,).



Vo trong 161 -

Tainén Tai kéo

Vo tru -

Vo tréng 16m - CoE
Ta1 nén

Tainén

Hinh 2.1. H¢ toa do va hinh dang cua vo tru va vo tréng sandwich

Gép nép hinh thang Gap nép luon séng

Hinh 2.2. Cic kich thudc hinh hoc ctia 16i gdp nép hinh thang va gap
nép luon séng
Cac dang phan bé CNT duoc thé hién trong Hinh 2.3. Lép mit ngoai

c6 ty phan thé tich CNT phan b theo chiéu day cua vo (—g <z< _%j

duoc xac dinh theo cac biéu thirc sau:
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- Dang UD: V. =V, (2.1)

2
_ Dang FG-X: V,,, =2 h " ZJVCNT, (2.2)
- Dang FG-0: V, = h " 2Zj o (2.3)
Va cho 16p mat trong h— <z E
2 -2
- Dang UD: V. =V, (2.4)
-2 ;

_ Dang FG-X: V,,, =2 };1 hZJVCNT’ (2.5)
- Dang FG-O: V,, =2 %JVSNT. (2.6)
Loi gap nép L&i gép nép Loi gép nép

Phéan b6 UD Phan b FG-X Phéan b6 FG-O

Hinh 2.3. Cac dang phan bo CNT trong céc 10p mit ctia vo try va vo
trbng FG-CNTRC sandwich 16i gap nép

Ba dang phéan bd cta graphene duoc thiét ké nhu trong Hinh 2.4. cua
16p mat dugce phan bd lan luot theo tirng 16p tir bén ngoai cho dén bén
trong nhu sau

- Dang UD: nam 16p trén cing ¢c6  dugc phan bd dbi xtmg voi ndm 16p
bén dudi qua 16i gip nép va & tat ca cac 16p 1a bang nhau va bang
[0.07/0.07/0.07/0.07/0.07]

- Dang FG-X va FG-O: niam 16p trén cing ¢6 duge phan b dbi xtng
v6i nim 16p bén dudi qua 16i gip nép lan luot Ia
[0.11/0.09/0.07/0.05/0.03]s va [0.03/0.05/0.07/0.09/0.11]s.



L&i gép nép L&i gap nép L&i gap nép

Phéan bdé UD Phéan bd FG-X Phan bd FG-O

Hinh 2.4. Cac dang phan b6 graphene trong cac 16p mit ctia vo tru va
vo trong FG-GRC sandwich 18i gap nép
2.2. Cac phuong trinh co ban va phuwong phap giai
2.2.1. Cac cong thirc va phwong trinh co ban
Cac thanh phan ndi luc va mo men cua vo tréng va vo try sandwich 181
gap nép

N.lra A, o B, B, 07¢% di

N, | la, A, 0 B, B, 0| o1y

N,, |0 0 A, 0O 0 B, Yo | |0 211
Mx Bll BIZ 0 D11 D12 0 —Ww,, (I);rx , .
M, | |B, B, 0 D, D, 0 |y ||

M| L0 0 By 0 0 D] ow, | | o

Do cig cua 161 gap nép thu duge bang cach ap dung k§ thuat dong nhat
hoa cua Xia va cong su [159]

c A o —- _—2 c X
Alcl :L’ A1cz = AHAIZ > Ags :EA66,A§2 :£A11A_22 Ai + AEAIZ >
5714—172 All l C All A11
A, Du
D D | — — [ —
Dy, =%D11, D =="D¢, D, = (LA +1,D»), Dj;= D,
11

Hé s nhiét ctia vo tru va vo tréng sandwich phu thudc vao hé )
nhiét ctia 16p mit va 16i gap nép duoc biéu dién nhu sau
O =00 + 05+ s by, =40 + 07+, (2.17)
Hé s6 nhiét cua 161 gap nép duge thém vao k¥ thuat dong nhat hoa cia
Xia va cong su [159]



o, =ATa, (A5 +45), ¢, =ATa, (A +A45). (2.19)

Biang cach van dung phuong trinh (2.8), phuong trinh twong thich bién
dang cho v tru va vo tréng c6 181 gap nép duoc thiét 1ap nhu sau

w

0 0 vy 2 —
ey T ey~ Vaysy R —— w, tw . w, =0. (2.20)
Ham Ung suit v (x,y) duoc dua vao thoa man cac diéu kién
N . =v,, N, =v_., N, =-v,,. (2.21)

Tir cac phuong trinh (2.8), (2.11) va (2.21), c¢6 thé viét lai phuong trinh
tuong thich bién dang (2.20) nhu sau

(A11+A +A66)\|jxxyy+A12\|]yyyy+A21\|/xxxx+BZIw,xxxx
(B4 By~ Bl Wy + Byt + 2+ W2 s v, =0
11 22 66 XXYY 12 % yyyy R a XY X gy T

(2.22)
2.2.2. Piéu kién bién va phwong phap niing lwong Ritz
Gia dinh v6i hai canh tya don. Cac diéu kién bién cua vo duge xac dinh
nhu sau
NX‘x=0,L =Py,

o 0, MX‘x:O,L =0, w‘x:o,L =0. (2.23)
Do vong xap xi thoa man diéu kién bién cta vo co thé duoc gia thiét
dudi dang [42, 146]

w(x,y)=f,+ 1, sin(%x}sin(%y)+fz sin’ (%x} (2.24)

Khi thay dang d¢ vOng trong phuong trinh (2.24) vao phuong trinh
(2.22), ta thu dugc ham tng suat duéi dang nhu sau

2marx+ S 2ny+ sin mnx . ny
vV, R Vs R

W =\, COS
(2.25)

3mnx . n hac? 2
n Yy ~p, Yy ’

-0
0

R Y2 2

Thé néng bién dang dan hoi cua vo tru va vo trong ¢o6 161 gap nép la

I

+y, sin

[ (e, —,AT)+o, (ay —azAT)+rxyyxy]dxdde. (2.28)

1
int 2

O'—»h



Cong cua ngoai luc c¢o xét dén nén dan hoi dugce biéu dién nhu sau

(2.29)

Tu phuong trinh (2.26) va (2.27), nang luong toan phan thu duoc 1a
U=U_ —U,,. Ap dung phuong phap ning lugng Ritz

oU _ oU _ oU _0, (2.30)
of o o,
dan téi
X f,+ X, f7+ X f, + X, p,+ X, J—2q, =0, (2.31)
X, i+ X, P+ X, P+ X+ X,.p, + X, +X,,J =0, (2.32)
X, i+ X, [P+ X P+ X, i+ X p, |, + X, P, + X5 d —q, =0,
(2.33)

Truong hgp vo chiu tai trong doc truc p,. Twr phuong trinh (2.31) va
(2.33), thay f, va f, vao phuong trinh (2.32), dan t6i
_lefz3 +lef22 +Z13f2 +le
Zl4 f2 + Zl6
Bang cach cho f, =0 trong phuong trinh (2.35), ta thu dugc tai nén,

pO = 9 (235)

kéo to1 han cua voé nhu sau

@. (2.36)

Zl6

Tuong tu, ta ¢ lién hé ddi véi truong hop vo chiu &p luc hudng tim q,

_le«]CZ3 +Z12f;2 +Zl3f<2 +ZIS
Z15 f2 + Zl7

Bing cach cho f, — 0 trong phuong trinh (2.37), nhan dugc tai ap luc

upper __
D 0 -

q, = , (2.37)

hudéng tam téi han cua vo, nhu sau
Z
q," == (2.38)
Z17

2.3. Két qua sd va thio luin
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—a: CNT hudéng x
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[
[
1 ——c: CNT huéng y
1
[
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Wl
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UD. L=1.5R. R =0.56m. T'=400K. a = 4R, /1= Tmm, V7= 0.17,
b= 5mm. vo trong loi, Gap nép lrgn séng hwdng x.
r=13mm, 4= 0.6mm. r=1.2mm

——a: CNT huwdng y
——Db: Lai ddc
——¢: CNT Inrdmg x

Wit

b)

Hinh 2.6. Anh huong cia loai 16i dén cac duong cong postbuckling

1.05

0.95

09

¢y (MPa)

ctia vo trong FG-CNT

—a: T=300K
FG-X. L = L.5R, R =80, Iy = Tmm, b: T= 400K
| Vexr =0.17. b, = Smm. CNT huéng y. o T= 500K

Lai gap nep hinh thang

1: Vé trong 16i (a = 4R)
2: Vo trong 1om (a = -4R)

VK, = 107N, K, = 10° N/m.

0 1 L3
W nax Tt

(©)

0.95

=]
-]

¢y (MPa)
=
&

0.8

0.75

RC sandwich

Lai gap nép hrgn séng

| " p— T

—_— ——b: T=400K
| ——" —c: 7= 500K
I

1: Vo tréng 16i (a = 4R)
2: Vo trong 16m (a = -4R)

t h.=5mm, CNT hudng v, K, = 107 N/m?, K, = 10° N/m

0 1 5 7

w2 m

(d)

Hinh 2.10. Anh hudng cta nhiét 46 dén cac dudng cong postbuckling
ctia vo trong FG-CNTRC sandwich

o (MPa)

0.9

0.7

FG-X.L = L.5R R = 0.56m. T = 400K. V7 = 0.17. CNT huréng y
K, =10’ N/mp’, K, = 10° N/m. Ldi gap nép hinh thang

a: f=1.9mm. s, = Smm
b:f=2.4mm, s = 6mm
c:f=2.9mm, h.=7mm

—1: Vo tréng 16i (a=4R)
—_—2:V0 Tréng 1dm (a=-4R)

(c)

1.6 A 1 A
FG-X, L = 1.5R R =0.56m, T = 400K, 1: Vo trong 10i (a = 4R)
Vet =0.17, CNT hudng y ——2: Vo trong 1om (a=-4R))
14 r a:d =0mm, /. = 3.8mm
. b:d = 0.6mm, i, = Smm
| ¢:d=1.6mm, A, =7mm
=12 b 4 Ic
=) '
S 1t '
+——1b
,______’/Zb
08 v o _  __ 1la o
_:__________.2a L5i gap nép lron song
. K, =10" N/, K, = 10° N/m
0.6 L L
-1 0 8 11

5
W

(d)

Hinh 2.11. Anh huong cta céc thong sd hinh hoc ctia nép gip dén cac

duong cong postbuckling cua vo trong
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400 700 &K, = L.5-10' NAD, K, =1.5<10° N/m

FG-O.L=1.5R. R/h =80, T=400K. b K = 10" NA. K, = 10° N/m
a Ak, 11:71!1111, ?jr=71mn‘ C'KlZU N/m? K =0N/m
(0/90)sp vo trong 16i | )
350 I Gap nép luon séng 600 /
3 a
__/

(MPa)
3
S

£
b
E —_—
€ < FG-O,L=1.5R, R/h=80, T=400K, a=4R,
— - h="Tmm. b, = Smm.
250 | i a: K, = 1510’ N/'m’, K, = 1.5%10° N'm 400 T 0/90)s; v tréng 161
. b: K, = 10" NAD®. K, = 105 N/m. T .
1 ¢ K =0 N’ K, = 0 Nfm, Gap nép hinh thang
200 M B . \ | 300 . . .
-15 05 0 05 15 25 35 0 1 2 3 4 5
W, /i Wl

Hinh 2.14. Anh huong ciia cac tham s6 nén dan hoi dén cac duong cong
postbuckling cta vo trong FG-GRC 131 gap nép

2.4. Két luan Chuong 2
T céc vi du sd, rit ra mot sd nhan xét dang chu y:

1. Vo 16i gap nép c6 tai toi han va cudong do sau mat 6n dinh 16n hon
vo 161 dic, nhat 1a khi chiu kéo doc truc va ap luc hudng tam.

2. Voi FG-CNTRC, phan b FG-X vuot tréi hon UD, FG-O & vo 16
dic, nhung khac biét it & vo 16i gap nép; vdi FG-GRC, UD ludn 16n nhat.

3. Vo trong 16i gap nép cai thién tai tdi han rd rét, nhat 1a khi chiu kéo;
v6 161 6 tai nén téi han 16n hon nhiéu so véi vo 16m.

4. Nhiét do, do day 161, phan bd vat liéu, do cung nén anh hudéng manh;
161 gap nép ting khoang cach léch tdm, nang cao d6 ciing tong thé.

CHUONG 3. ON PINH PHI TUYEN CUA VO TRU VA VO
TRONG FG-CNTRC VA FG-GRC SANDWICH LOI GAP NEP
CHIU XOAN

Chuong nay tiép tuc sir dung k¥ thuat dong nhat hoa cai tién cho 16i gap
nép nhu trong Chuong 2. Cac phuong trinh cha dao ctia két cau dugc thiét
1ap duya trén 1y thuyét vo Donnell va tinh phi tuyén hinh hoc Von Karman.
Phuong phép ning lugng Ritz duoc st dung dé thu duge nghiém giai tich
cho ca tai t6i han mat on dinh va tmg x{r sau mat 6n dinh dudi tac dong
clia tai xodn.
3.1. M6 hinh két cau va vét liéu

Trong chuong nay, mé hinh vo tru va vo trong FG-CNTRC va FG-GRC
sandwich 161 gdp nép chiu xoan t c6 xét dén anh hudng nhiét d6 moi
truong T va dugc dat trén nén dan hoi dugc minh hoa trong Hinh 3.1. M6
hinh vat liéu trong chuong nay ciing xét dén cac dic trung hinh hoc cta

12



161 gp nép, ctia vo va 16p mit, cling nhu cac dang phin b ciia graphene
va CNT, twong tu giong Chuong 2.

V6 trong 15 V6 tréng 16m
Hinh 3.1. H¢ toa do va hinh dang cua vo tru va vo tréng chiu tai xodn
3.2. Cac phwong trinh co ban va phwong phap gidi
3.2.1. Cac phuong trinh co ban
Cac thanh phan ma tran d6 cimg va ndi luc nhiét duoc trinh bay nhu
trong cac phuong trinh (2.10) - (2.17). Ham tng suat v (x,y) va phuong
trinh twong thich bién dang ciing duoc trinh bay nhu cac phuong trinh
(2.18) - (2.20).
3.2.2. Piéu kién bién va phwong phap niing lwong Ritz
Céac diéu kién bién cta vo co thé xac dinh nhu sau
N/|_,. =0, N, =thM]|_ =0 w_, =0 (3.1)

=0 7L XZO,

Do vong gan ding cua vo duoc chon dudi dang [46]
w(x,y)=f,+f, sin(%x}sin[%(y —kx)} + f, sin’ (?x} (3.2)

Thay thé dang do vong & phuong trinh (3.2) vao phuong trinh tuwong
thich bién dang (2.22) dé thu dugc ham tng suat dudi dang sau

" :\Vlcos(Zocx)+w2cos[(y—kx)2B]+\V3COS{X(%—7LJ+?J}B}
o)
+w6c0s{[x£%—K]+ y} ;3}+ 5, thz—thxy,

(3.3)
13



Thé nang bién dang dan hoi cua vo tru va vo trong ¢6 161 gap nép duoc
xac dinh l1a
2nR

X

Cong do tai trong xodn va su twong tac gitta vo - nén dugc biéu dién

[ e, —o,AT)+o, (8y—oc2AT)+rxyyxy}dxdde. (3.6)

l\)l'—‘
e O | S

|

O ey

dudi dang
L2nR L2nR
U =[ ] k(o v, oy o[ o] [ Ko (0, 0,y

(3.7)
Tu cac phuong trinh (3.6) va (3.7), ta thu dugc phuong trinh ctia nang
lugng toan phan nhu sau
U,.=U..-U,..

total — ™~ int

Phuong phéap nang lugng Ritz dugc ap dung nhu sau

oU_ou _au _, (3.8)
of, o o,
dan tGi
X (2f,+ )+ X, P+ X, =0, (3.9)
2X, fo fi +AX ) +2( X+ X)) f +2X 4. +2X /i f, =0, (3.10)
X
X f,+2X.f, +73+2X9f12f2 +X,,. [ =0, (3.11)

Tu cac phuong trinh (3.9) va (3.11) xac dinh dugc cac phuong trinh f
va f,,sau do thay vao phuong trinh (3.10), dan dén

__AXX, f-X,X, +2X X, 2X X, f?
2X X, X X, (X, -4X,-4X,f7)
) (-8X, /7 +3X, -8X, ) X,’X, f* (3.12)

X, X, (~4X, £ + X, - 4X, )2
B 2X1X10ﬁ2 (_2)(9][12 +X1 _4X6)(X2 _XIO)
X, X, (~4X, £ + X, - 4X, )2

14



Phuong trinh clia tai xodn téi han trén cta vo thu duoc tir phuong trinh
(3.12) ¢ dang 1d rang bang cach cho f, = 0 nhu sau
. _ 22X X, -X, X,
upper 2X, X,
Tu phuong trinh (3.2) do vong 16n nhat ctia vo c6 thé dugce tinh toan
nhu sau
Wiax = fo + f1 + f. 2
2X, i+ (-2X,+2X,,) X, +4X, X, +4X, X, | f?

(3.13)

(3.14)
= +2X1(X1 _4X6)f1 _(Xl _4X6)X3 _8)(1)(9f13
(-4X, £ + X, -4X,) X,
Goéc xodn duge xac dinh nhu sau
1 27R L 7\,[?)2
_ _ 2 *
0= or ! !(v,x +u,y)dxdy—Tfl + A ht. (3.15)

Cac duong cong thé hién moi quan hé tai xoan - 4o vong va tai xoan -
gdc xodn cia vo ¢6 161 gip nép thu duge khi két hop cac phuong trinh
(3.12) va (3.14), (3.15) va (3.14), tuong ung.

3.3. Két qua s va thao luin

3:\ . — 3‘ I e Y e o —
FGX.L= 1.5R R=0.56m, Vely =0.17, |1/~ 1 omm. /= Smm FG-X.L = 15R. R = 0.56m. 7= 400K, |} Youoneloi (@R =4)
o 2: f=2.4mm. i, = 6mm » : 2: Vo trong 1ém (a/R = -4)
T'=400K, CNT wémg v, e ;'9 ‘.r'.—'f Vear =0.17, CNT huréng y. vo trong 1om, =
Gap nép hinh thang 3:/= 2.9mum, 1 = Tum Gap nep hugn song, K = 108 N/me. K. = 10° N/m
32 i K, = 10°N/m?, K, = 10° N/m ! T ’
- _ 30 . le
| 3a. - 1
= 1 E— & ' 1b7]
29 ! Y % —_— | = 1 - la
1<) ! 1: Vo trong 16i (a/R = 4) la = N a:d = 0mm. sz, = 3. 8mm
- ! 2: Vo trong 1om (a/R = -4) e = ' b: d = 0.6mm, h, = Smm
! 26 F c:d=1.6mm. h.=Tmm
26 , '______“-———______--/Zi/
N}b"ﬂ _:______\-—"‘“—-—:—_———-—/:b//
' 2b .
23 1 2 L " 22 " L " L
1 0 2 .5 8 11 -0 2 5 . 8 11 14
W e Tt Wt

Hinh 3.4. Cac duong cong postbuckling cua vo trong FG-CNTRC
sandwich vé&i anh hudng cta cac thong sd hinh hoc cua 16i gap nép
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170 — 200
1: Vo trong 10i (a = 4R) UD. L= 15R. R=0.56m. T'=400K. h = Tmm, fi.= Smm.,
2: Vo trong 16m (a = -4R) (0/90/0/90/0); K, = 10" N/m*. K, = 10° N/m

150 b K, =10"N/m’, K; = 10° N/m 150

la 1b

: L
mo t |
‘:_/ 2a —a: Loi di_lc ) s0 b
90 | _;_// ——b: L&i gap nép hrgn séng . I: Vo tréng 18i (a = 4R) —a: Li dic

y UD. L=15R. R=0.56m, T=400K. /= 7mm. h. = S5mm, 2: Vo rong lom (a=-4R) |——b: Lai gap nép lugn song
1 (0/90/0/90/0)5 0 ]

1, ) s 8 ¥ 1 0 0.01 0.02 0.03 0.04 0.05 0.06
Woaadlht o (rad)

a) b)
Hinh 3.5. Cac duong cong postbuckling ctia vo trong FG-GRC 15i
gap nép va 16i dic

200 170 ; —1 a=4R
FG-X. L= 1.5R. R/l =80, h=Tmm. h, = Smm. (0/90/0/90/0)s. a: Ky = 1L.5<10'N/m’, K, = 1.5%10°N/m '
Gap nép hrgn séng. K, = 10" Nmw’, K, =10° N/m b: K, = 10'N/m’, K, = 10°N/m —2 a=-4R
150 | K, =0Nm' K, =0Nm
50 la o b
= 2 - —1b
= 2a Ic [ \
&0 b—7 Euo | _
< =3 —Tle
= = —12a
L2b.
a0 F —_—rq T=300K g0 b |
1: Vo trong 16i (a = 4R) br 7= 400K ' ]
2: Vo trong 1om (a = -4R) —c: T'=500K — <€ FG-0.L = 1.5R. R/h =80. T= 400K,
0 T 50 1 Jr=Tmm, h, = Smum. (0/90)sr. Gap nep hinh thang
0 0.015 0.03 0.045 0.06 -1 0 1 3 5 7 9
¢ (rad) Woasllt

d) C)
Hinh 3.6. Anh hudng cta nhiét Hinh 3.7. Anh hudng cia céac
d6 méi truong dén cac duong cong  tham s nén dan hdi dén duong
ctia vo trong FG-GRC cong cta vo trong FG-GRC

Tir cac vi du s6, rat ra mot s6 nhan xét dang chu

1. V6 16i gap nép c6 tai téi han va cuong do sau mat 6n dinh cao hon
161 dac; CNT hoac graphene hudng y cho tai té1 han 16n hon hudéng x.

2. V&i FG-CNTRC, CNT hudng x ¢ snap-through thap hon nhung
cuong d6 sau mat 6n dinh cao hon; FG-GRC chi c6 snap-through 13 & vo
16i; hién tugng nay rd hon & vo 161 gap nép so voi 161 dic.

3. Pudng cong md men xodn — goc xoan trung & giai doan mat 6n dinh;
sau mat on dinh, vo 16i vuot troi & do vong nho, vo 10m vuot trdi & do
vong 16n.

4. Nhiét do, do cing nén, chiéu day 151, ban kinh doc, dic trung vat liéu
anh huong manh dén Gmg x{r xoan, cho thay can t6i uu hoa thiét ké.

CHUONG 4. ON PINH PHI TUYEN CUA TAM CHU NHAT
VA PANEL TRU FG-CNTRC SANDWICH LOI NHIEU LOP GAP
NEP FG-CNTRC

16



Trong chuong nay, diém méi dang chu ¥ 13 cac nép gip duogc lam tir
chinh vt liéu FG-CNTRC thay vi don thun 1a vat liéu ddng huéng nhu
trong cac nghién ctru trudce, ddng thoi 16p 16i duge cau tao tir nhiéu 16p
gip nép FG-CNTRC. K§ thuat dong nhat héa cua Xia va cong su [159]
tiép tuc duogc phat trién cho trudng hop nay va van tinh t6i cac bién dang
nhiét trong 10i.

4.1. Md hinh tim chir nhit va panel tru FG-CNTRC sandwich 15i
nhiéu 16p gap nép FG-CNTRC

po

Hinh 4.1. H¢ toa do va hinh dang cua tam chit nhat va panel tru
FG-CNTRC sandwich 16i nhiéu 16p gap nép
Céc thong s6 dic trung hinh hoc cho 16i gap nép, 16p mit, 16p 16i va cac
quy luat phan bo ctia CNT duoc xem xét giong nhu mo hinh d3 trinh bay
trong hai chuong trudc. CNT trong cac 16p mit c6 thé duoc thiét ké theo
phuong doc (CNT theo hudng x, 16p 0 d0) hodc theo phuwong ngang (CNT
theo huéng y, 16p 90 d6) cla panel hodc tam. P6i voi 16i gap nép, cac
CNT ludn duogc phan bd theo hudng cua nép gip, cac nép gap co thé theo
17



huéng doc (16p 0 do) hoic hudng ngang (16p 90 d6) so véi tAm va panel.
Bon truong hop két hop hudng ciia CNT va hudng nép gap dugc xem xét
nhu sau: 0/0/90/0/0, 0/90/0/90/0, 90/0/90/0/90, 90/90/0/90/90.

Ty phan thé tich CNT trong 16p 18i gap nép (—— <C<— j duoc phan bo

tuyén tinh theo chiéu day cta thanh 15i nhu sau

- Dang UD: V. =V, s, 4.1)
- Dang FG-X: V. = 45) ONT 4.2)
_ o 54,

Dang FG-O: V,; = ; Venr- 4.3)

4.2. Cac phuwong trinh chu dao
Tu phuong trinh (4.7), lién h¢ gitta lyc dan, mé men v61 cac thanh phén
bién dang tai mat trung binh c6 dang

e A ( 0 e
N.| (H, H, 0 0 0 0] & D,
N H. H g, 0y
Yy 12 22 0 0 0 0 y ly
N 0 0O H. 0 0 0 0
J “ T 110 L g
M, 0 0 0 S, S, 0f|-w, 0
M, 0 0 0 S, S, 0 —w,, 0
\Mxy) L 0 0 0 0 0 S66, \—2w’xy L 0 )

Céc thanh phan ctia ma tran do cing H,*, H, HLY, S, g2 gLl

] 2

[1]c [2]c [3]c [1]c [2]c [3]c
va O, 0,0 ,(I)ly , @1, @, duge xac dinh nhu sau:

Péi vai 16i gap nép theo hudng x

c o c S c c 1 c l
Sg] :%Slh Sl[j] S12 55] ,Slf] e (I Hx»n+1 Szz) S[2 —S66,

11
e he

2

[l]c J‘ QUCZZdZ, Sl[]3]c _ J'Q;c ZZdZ,
h
=l 6

q)gk]c H[k]c c H[k]c gz’q)[k]c H[k]c c

12 11

(4.10)

Sy;]c ;2’ k= (1,2,3),

18



Péi vai 16i gap nép theo hudng y

c Ca I Sl2 c c 1 — — c l _
St :7511, SR -5 Stk sl _2—0(12H22+11522),sg§ :ES%,
he he
Stk = I Q,°z’dz, SE* = J'Ql.jczzdz,
_he he (4.11)
2 6
ol = gli¥ar + Hi¥as,, ol = Hi e, + HYras,, k=(1,2,3),
va
t t
— =\ 3 N 2 -
(Hﬁ)SlJ) .[QU (1(; )dc, ( 11) )_Ej(all’a22)dg’ QU = h SU >
t t
O
(4.12)

Luu y: Do cung Sl.[jz]C trong phuong trinh (4.12) dugc xac dinh tur
phuong trinh (4.10) cho 16p thr nhat va thtr ba d6i véi 161 gap nép hudng
y, nguoc lai, tir phuong trinh (4.11) cho 16p thir nhat va thir ba doi véi 16
gap nép hudng x.

4.3. Picu kién bién va phwong phap ning lwong Ritz

Diéu kién bién cua cac panel duoc gia dinh vdi bon canh tua don va cé
thé di chuyén tu do, duoc xac dinh nhu sau:

Nx:Nx:_hp7Mx o

0 0 ‘x:O a , x=0,a (4 1 5)

N,=N,, =0, M, =0,N,| =0 w| =0

Truong hop diéu kién bién tya don, nghiém gan ding cua do khong
hoan hao va d6 vong w’ (x,y)dugc chon dudi dang:

w’ =EhsinoxsinPy, 4.16)

w =W sinoxsinfy,
Thé nang bién dang dan ho6i cua panel tru va cong cua ngoai luc dugc
bi€u dién lan luot 1a

1 b
int = 5 .([ xyyxy

[0, (8, -0, AT)+0, (e, ~0,,AT)+0,y,, |dxdydz  (4.19)

O e
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3

U,, = _EIB(KIUJ - K, (w,xx + w,yy)+ K32w jw}dxdy

. . (4.20)
+quwdxdy +N,, I _f u dxdy
00 00
Ning luong toan phan thu duge nhu sau
Utotal = Uint B Uext y (421)
Ap dung phuong phép cuc tiéu hoa niang lugng Ritz, tirc 14
Uioal _ g (4.22)
ow
dan t6i
X“W+XIZW(W+%ghj+Xl3W(2h§+W)(h§+W) .

+X , WK, +X,,q,— X, p,h (RE+W)=0
Lién hé gitta do vOng - tai nén doc truc thu dugc tir phuong trinh (4.23)
c6 dang nhu sau
X11W+X12Wh(W+§i)+XBWh2 (25+W)(E+W)
FX WORK, + s

_ h )
Po= X, h(E+W) (4.24)

DPoi véi panel/tém hoan hao, tai nén t&1 han tinh dat duoc béng cach cho
W —0 va £=0, nhu sau

Xll
4.25
X h (4.25)

Tt phuong trinh (4.23) thu dugc lién h¢ gitta d§ vong - dp luc huong

cr
Py =

tam la
4¢
X16p0h(§+W)—XHW—X12Wh W+3

~X,,Wh* (26+W)(£+W )y, ,W'RK,
X

15

(4.26)

q, = h
4.4. Két qua so va thio luan
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2 — a v ooz 143 ; A T-300K

Panel 0/0/90/0/0, FG-X. T = 400K. — b V=017 P*"';] 2‘-‘8-'33-‘1?;:’ B FSE‘EIF;;;T : 2-:}7-:1;;];%- b T=400K

R=10a. h=0.021m. h, = 0.015m. — V=028 ~ K = 0.1 MN/mb. K. = 0.00 MN/m. —— ¢ T=500K

15 b a=b=100h. K, =1 MNm, 77 S M7 K"; o MNIE 1 My, prs

K, =0.01 MN/m, K, = 0 MN/m* s s 13.5 ho> e - iy

. S S/ = Sl e 2a-"" 2b°

= S =2mm. ¢,=4f r=1lmm. o=mn/4, “ b e = - S -

= | F r=ld4mm. c,=2r. d=0.6mm o =
= Ia/ 2
= =

1: Gap nép hinh thang
2: Gip né lurgm song
05 f paep = f =2mm,

o e, =4f. a=mw4, r=1mm, 1: Gép nép hinh thang
= r=1l4mm, ¢, = 2r. d = 0.6mm, 2: Gap nép hron séng
0 ! 11.5 s . "
0 2 4 6 8 4 2 0 2 4
Wi Wi

b) C)
Hinh 4.2. Ung xUr sau mat on dinh cta céc panel tru FG-CNTRC
sandwich 16i gap nép hinh thang va luon song FG-CNTRC chiu nén
doc truc va ap luc huong tam

2
40 - hoan hao (£ =0) = . . hoan hao (£ =0)
Panel 0/0/90/0/0, Vo= 0.17, o Panel 0/0/90/0/0, Ver=017. | K hobi ke (& =0.1
FG-X. T =400K. /= 0.021m. ===~ khong hodn hdo (£ =0.1) FG-X. R =10a. T = 400K. hong hoan hao (€ =0.1)
R=10a, a=>5b=100h, 7

15 b Ji =0.021m., h. = 0.015m,

- K, =1MNm* K, =001 MN/m.
K; =0 MN/m*

Gap nép lugn song
For=1l4mm. ¢,= 2,

1= lmm, d = 0.6mm

[
=

K, =0.1 MN/m*,
K, =0.01 MN/m,
K, =0 MN/ny®

Po (MPa)
g
4o (MPa)

1: a = b =80h
oo 5 2:a = b =100/

10 1:f=2mm, /i, = 15mm g‘;:' 0 nép hinh it 0 i 3ra=b=120i

2; f=25mm, h. = 18mm H Ga_p uep 1" Il ! ml_li‘

3:f=3mm. s, = 2lmm H e=4f a=nd,r=lmm

1]
0 , : 0
-2 1 ] 1 2 0 2 4 6 8
Wi Wi

Hinh 4.3. Ung x{r sau mat 6n dinh cta céc panel try FG-CNTRC
sandwich 16i gap nép nhiéu 16p FG-CNTRC hinh thang va luon song
chiu ap luc huéng tam va nén doc truc

800 A o N K = 0.05 MNm, hoan hio (£ =0) o 1Ky =20 10° MNA® [ e vom song
2: K, = 10 MN, K, = 0.1 MN/m, | ====- khong hoan hio (2 =0.1) 2: K, = 10° MN/w' = LAmm. e = 2
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Hinh 4.9. D6 cting nén tuyén Hinh 4.10. D6 ctng nén phi
tinh anh hudng dén cac duong tuyén anh hudng dén cac duong
cong ctia tim FG-CNTRC cong ctla tim FG-CNTRC
4.4. Két luain Chwong 4
Qua cac khao sat s, nhitng nhan xét quan trong duogc rut ra nhu sau:
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1. Lbi gip nép cai thién dang ké kha ning chiu tai so véi 16i dic; 161
luon song uu thé & d6 vong 16n, 151 hinh thang vuot trdi khi ty phan CNT
cao.

2. Ty phan, quy luat va huéng CNT anh hudng rd dén tai nén toi han
va cudng do sau mat 6n dinh; phan bo FG-X cho gia tri cao nhat.

3. Két hop hudng CNT va huéng nép gap 0/0/90/0/0 cho tai nén téi
han cao nhat, 90/90/0/90/90 thép nhat, cho théy vai tro quan trong cua
cach két hop.

4. Nhiét do ting lam giam do cing va kha nang chiu tai; cac thong s6
nén tuyén tinh, phi tuyén anh huéng rd, dic biét & viung d6 vong 16n.

KET LUAN

Ludn 4n di dat duoc mot sb két qua khoa hoc méi va ¢ y nghia thuc
tién sau:

1. Ludn an di cai tién k¥ thuat dong nhat hoa két cau gap nép cia Xia
cho truong hop 16i gip nép lam bang vt liéu dang huéng va c6 tinh dén
cac thanh phan bién dang nhiét trong 16i. Luan an cling d3 cai tién ky thuat
dong nhat hoéa nay cho trudng hop 16i gap nép nhiéu 16p lam bang FG-
CNTRC, trong d6 cac thanh phan bién dang nhiét va huéng gap nép khac
nhau ctia cac 16p 18i gap nép ciling dugc xem xét.

2. Luan an d3 x4y dung 10i giai giai tich cho bai todn 6n dinh phi tuyén
clia vo tru va vo trong sandwich FG-CNTRC va FG-GRC c6 16i gap nép
dang hinh thang va luon song, dudi tac dung tai trong nén doc truc, ap luc
hudng tam va tai trong xoan, trong méi trudng nhiét. S dung 1y thuyét
v6 Donnell, tinh phi tuyén hinh hoc kiéu von Karman, phuong phap ning
lugng Ritz, két hop ki thuat dong nhat hoa cai tién cho 16i gap nép 1am
bang vat liéu dang hudng va dang nghiém ba s6 hang cho phép mo ta
trang thai trudc mat on dinh, sau mat 6n dinh tuyén tinh va phi tuyén cua
vO trong moi truong nhiét.

3. Luan an d3 xay dung 101 giai giai tich cho bai toan on dinh phi tuyén
ctia tim chir nhat va panel tru sandwich FG-CNTRC voi 161 gap nép nhiéu
16p FG-CNTRC du6i tac dung cua tai co trong moi truong nhiét. Lot giai
dua trén ly thuyét vo Donnell, tinh phi tuyén hinh hoc cta von Karman,
phuong phap ning lugng Ritz, két hop k¥ thuat dong nhat hoa cai tién cho
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161 gap nép nhiéu 16p FG-CNTRC, ngoai ra md hinh nén dan héi phi tuyén
duoc str dung cho phép danh gia tot hon tuong tac gilta panel va nén dan
hoi khi két cau chiu d6 vong lon.

4. Luan an da thuc hién cac khao sat s6 dé danh gia cac anh hudng cia
cac thong so hinh hoc, vat liéu ctia tAm vo va 18i gap nép, hudng gap nép,
hudéng CNT/graphene, ty phan thé tich CNT/graphene, nhiét do moi
truong, nén dan héi, do khong hoan hao dén ung Xu on dinh va sau mat
6n dinh cta cc két cau dugc xem xét, qua do dua ra cac nhan xeét va thao
luén c6 y nghia.

KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO

1. Nghién ctru 6n dinh dong va dao dong phi tuyén ctia vo tru, vo trong
sandwich 16i gap nép va 15i nhiéu 16p (dang hudng, nanocomposite) chiu
tai diéu hoa, xung, va cham.

2. Nghién ctru 6n dinh dong va dao dong phi tuyén cua tam, panel tru,
v6 thoai hai do cong sandwich 15i gap nép (mdt 16p, nhiéu 1op), co xét
bién dang truot ngang.

3. Phat trién k¥ thuat dong nhat hoa cho 18i gap nép xién, bat d6i xing,
c6/khong xét bién dang truot ngang.

4. Thuc nghiém tdm, vo sandwich 15i gap nép trong diéu kién tai thuc
té va nghién ctru tng dung vao cong trinh tai Viét Nam.
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