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MO DAU

1. Tinh cap thiét ciia dé tai

On dinh va sau mat 6n dinh phi tuyén 14 cic bai toan quan trong trong
phan tich tng xt co hoc cta cac két cau k¥ thudt noi chung va k¥ thuat
xay dung cong trinh noi riéng. Loai vat liéu composite tién tién gia cuong
carbon nanotube co tinh bién d6i duoc quan tim dic biét trong nhirng nim
gan diy c6 tén quoc té 1a Functionally graded carbon nanotubes-
reinforced composite (FG-CNTRC). Do nhirng dac tinh co nhiét wu viét,
chung c6 thé duoc tng dung nhiéu trong cac két cau k¥ thuat chiu tai khac
nghiét. Tang ctng cho cic két ciu tam vo bang cac hé suon 1a mot bién
phap pho bién. Cac tiéu chuén thiét ké hién nay chi tap trung cho thiét ké
on dinh tong thé tuyén tinh tim vo lam bang vat lidu dang hudng. Vi vay
can co6 cac nghién ctru Iy thuyét cho cac bai toan ndy 1am co sd cho viée
xay dung cac tiéu chuan thiét ké két cAu cac cong trinh. Xuat phat tir
nhing 1y do trén day, dé tai luan an nay nghién ciru: “On dinh dan hoi
phi tuyén ciia két cau cong trinh dang tim vé FG-CNTRC c6 tinh t6i
cac bién phap tang cung”’.

2. Muc tiéu nghién ctru cua luan an

i) B¢ xuat bién phap tiang ctirng cho tim va vo FG-CNTRC

ii) Phét trién céc k§y thuat san tac dung sudn cai tién cho phuong an ting
ctrng bang sudn cho két cau phi hop

iii) Phan tich xu hudng tng xir 6n dinh va sau mat 6n dinh cua két cau
cong trinh dang tim vé FG-CNTRC c6 xét toi cac bién phéap tang cung

iv) Panh gia cac anh hudéng cua cac thdng sé dau vao va céc thong sb
khac cua céc két cau cong trinh dang tdm va vo FG-CNTRC

3. Poi twong, pham vi nghién ciru ciia ludn an

Poi twong nghién ctru: két cau dang tim vo nhu tam chir nhat va vo tru
FG-CNTRC c6 xét tdi mot sb bién phéap ting ciing

Pham vi nghién ctru: bai toan on dinh va sau mat on dinh phi tuyén.

4. Phwong phap nghién ciru

Phuong phap nghién ctru ly thuyét dua trén tiép can giai tich.

5. Cu tric ciia ludn 4an: Bao gdbm mo dau, 4 chuong, két luan, danh
muc cac cong trinh khoa hoc cua tac gia va tai li¢u tham khao.
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Chuong 1. TONG QUAN VAN PE NGHIEN CUU
1.1. Vat liéu Nanocomposite va cac ing dung trong xay dung cong trinh
1.1.2. Vat lieu Nanocomposite gia cwong CNT co tinh bién thién (FG-
CNTRC)

Véi phat hién quan trong vé carbon nanotube (CNT) cua lijima [58, 59],
CNTs da bat dau duoc quan tdm nghién ctru 4p dung trong nhiéu linh vuc
khoa hoc va cong nghé khic nhau. Xuét phat tir ¥ tuong cia FGM, mo
hinh phan b co tinh bién thién (FG) cia CNT dau tién dugc dé xuat boi
Shen [119]. Sau d6, mot loat cac nghién ctru vé ing Xt co nhiét ctia dam,
tdm va vo FG-CNTRC di duoc tién hanh nghién ctru.

1.1.3. Ung dung vit ligu Nanocomposzte trong xay du’ng

Hinh 1.1. Ung dung vat liéu composite tién tién cho cac cong trinh xay
dung [62, 94, 103, 110]
1.2. Vit liéu FG-CNTRC, on dinh va sau mat on dinh va cac nghién
Ciru vé @¥ng xir co’ nhiét cia két cau FG-CNTRC
1.2.1. Quy ludt phén bé va cdc dic trung co tinh ciia vit liéu FG-CNTRC
Theo quy tic hdn hop, mé dun trugt va mo dun Young hiéu dung c6 thé
duoc biéu thi bang [119-129]

E11 - n1VCNTE16;NT +VmEm’ 11_—32 =
22

V. V. N _ VCNT

CNT m

+ , , (1.1
EZCZNT E™" G, GchNT G’" (1)




Cac hé sd gifin nd nhiét theo hudng dit ciia CNT va hudng truc giao cb
thé dugc biéu thi bang [119-129]
o, =Varog +V a™,

_ CNT CNT m m
oczz—(l+v12 )VCNTOL22 +(1+v )Voc —V,,0,,

m

(1.5)

Hé s6 Poisson dugc xac dinh nhu sau [119-129]
Vi, = ViVl +V v (1.6)

Vit liéu nén duoc lua chon 1a Poly (methyl methacrylate) (PMMA).
Cac tinh chat phu thuoc nhiét d6 duoc gia thiét v"=0.34,
o™ =45(1+0.0005AT)x10° /K, va E™ =(3.52-0.0034T') GPa.
1.2.3. Cdc nghién ciru vé teng xir co nhigt ciia tim va vé FGM va FG-
CNTRC
1.2.3.1. Két cdu tam va vé FGM

Nhiéu tac gia qudc té da nghién ctru dén tAm va vo FGM nhu Shen va
Wang [125], Chen va ccs [20], Huang va Han [53-55], Sofiyev va
Schnack [131], cac tac gia Viét Nam [7, 13, 28, 29, 89, 142, 145].
1.2.3.2. Két cau tam vé FGM c6 swon tang ciing

bao Huy Bich va cac cong su [11], Najafizadeh va cac cong su [98].
1.2.2.3. Két cau tam va vé FG-CNTRC

Céc tac gia qudc té dd phan tich c4c két cAu tAm va vo FG-CNTRC nhu
Shen va ccs [119-124, 126-129, 149], Kiani va ccs [61, 63, 64, 65, 66, 67,
95, 96, Lei va cac cong su [74, 75, 76], Liew va cac cong su [87], Sofiyev
va cac cong su [133-135], cac tac gia Viét Nam [25, 30-41, 8, 92, 51, 52,
143, 144...].
1.2.3.4. Két cdu Auxetic

Céc cong trinh nghién ctru tiéu biéu vé két cAu Auxetic trong va ngoai
nudc: Zhu va cac cong su [158]. Nguyén Vian Quyén va cac cong su [109].
Pham Hoang Anh va cac cong su [9] Lé Ngoc Ly va cac cong su [92] Lan
va cac cong su [71] Li va cac cong su [79-82]
1.3. Tiém niing wng dung ciia cac két cau dang tam vé FG-CNTRC
trong cac két cau cong trinh

V&1 nhitng dac diém vuot troi cia FG-CNTRC so véi cac vat liéu kim
loai va composite truyén théng, c6 tiém ning 16n dé ap dung trong nhiéu

3



cau kién cong trinh va nhat 13 cac cong trinh dic biét khi nhitng yéu cau
dic biét khat khe vé kha ning chiu luc, d6 bén va do tin cay.

Mot s6 ing dung tiém ning c6 thé nhan thay nhu duong 6ng van chuyén
nudc, van chuyén khi nén 4p suat cao va cac cau kién dang tru dng trong
cac cong trinh bién va cac két cau cong trinh dic biét khac. ...

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 da dat dwoc trong nwdc va quoc té

1) ba tién hanh phan tich tuong ddi toan dién cac van dé vé 6n dinh tinh
tuyén tinh va phi tuyén cac két cau tim va vé FG-CNTRC

2) ba khao sat tuong d6i toan dién bai toan 6n dinh dong va dao dong
tuyén tinh va phi tuyén ctia mot s6 két cdu FG-CNTRC

3) Két cau tam vo FG-CNTRC c6 sudn ting ctng van con rat han ché.

4) Cac nghién ctru vé két cau tam vo FG-CNTRC c6 16i Auxetic ciing
chua dugc dé cap dén nhiéu trong cac nghién curu.

1.4.2. Nhitng vin dé cdn tiép tuc nghién ciru

1) K§ thuit san tac dung cai tién cho suon FG-CNTRC can phat trién.

2) Nghién ctru vé 6n dinh va sau mat on dinh phi tuyén cua két cau tim
FG-CNTRC c6 suon tang cirng FG-CNTRC trong moi truong nhiét.

3) Nghién ctru vé On dinh va sau mat on dinh cua két ciu vo tru FG-
CNTRC c6 suon tang cing chiu cac dang tai trong khac nhau.

4) Nghién ctru vé 6n dinh va sau mat on dinh phi tuyén cta két ciu vo
tru FG-CNTRC c6 161 Auxetic.

Chuong 2. ON PINH PHI TUYEN CUA KET CAU
CONG TRINH DANG VO TRU FG-CNTRC TANG CUNG BANG
SUON FG-CNTRC CHIU AP LUC NGOAI HOAC NEN DQC
TRUC TRONG MOI TRUONG NHIET

Chuong nay dé xuat mot phuong an thiét ké suon lam bang vat liéu FG-
CNTRC cho két ciu vo tru FG-CNTRC. K¥ thuat san tdc dung suon cai
tién danh cho suon FG-CNTRC dugc phat trién dua trén 1y thuyét dam dj
huéng két hop véi ¥ tuong san tac dung sudn cd dién ctua Lekhniskii. Cac
phuong trinh chii dao duoc thiét 1ap dua trén 1y thuyét vo Donnell trong
d6 c6 ké dén tinh phi tuyén hinh hoc von Karman va mé hinh nén dan hdi
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Pasternak. Phuong phap Galerkin duoc ap dung dé thu duoc hé phuong
trinh c4n bang dudi dang dai s6 phi tuyén
2.1. V6 tru FG-CNTRC c¢6 swon tang cirng FG-CNTRC va céac
phwong trinh chu dao

Vo tru FG-CNTRC trong luan an nay dugc nghién ciu cé hé toa do
Oxyz dat & mat trung binh cta vo nhu trong Hinh 2.1. Vo chiu tai ap luc
ngoai g phan b déu trén bé mat vo hoic tai nén doc truc p phan b déu trén
hai canh va duoc bao quanh boi nén dan hoi Pasternak hai hé so.

Ngoai ra, vo tru FG-CNTRC duoc ting cung bang cic suon FG-
CNTRC theo hudng vong hoac theo hudng doc ¢ mat trong caa vo.

Biéu thuc luc gidn N,N,N_ vamémen M ,M M_ citaVvo try

FG-CNTRC c6 suon c6 thé thu dugc bang céach tinh tong do cing caa vo
va suon, dang tong quat duoc biéu dién dudi dang

_82 _
N T ¢ | g -
x A, A4 0 B, B, O ! b
N yo T
y A, A, 0 B, B, O Y ¢1y
2
N, _ 0 0 A, O 0 B 0 lg B 0 (2.8)
M, B, B, 0 D, D, O Ox <I>§x ,
2
M, B, B, 0 D, D, 0 |_ g L;J (I)Zy
M,| LO 0 By, 0 0 Dgf ¥ 0
L _ ~ aZw L _
| Oxdy
Cac thanh phan do ctng cua vo ¢ suon doc nhan dugce nhu sau
(AuBooDy)= (A2 B2 DY)+ (A B4 D), (29)
(A22’A12’A66’BZZ’312’BGG’D22’D12?D66’) (2.10)
=(A§g, szh? Sg>B§Z’B:2}I’ng’Dzsg?Dlszh’Dgg)’

D cing cia cac suon doc AS7 " B DY dugc tinh toan



{ i B:;ﬂ {Aﬁ B’ﬁ}

B Dy | |BL D}

AL, o By oA ] (2.14)

{Afz 0 B, o} 0o AL o0 BL||0 0O
B o D o||B, o DL o | |B: D}

o B, o Di|LO O

véi Q, la mién tich phan theo chiéu cao cia cac suon.

Thanh phan noi luc nhiét caa két cau vo 6 sudn L co thé dugc xac
dinh nhu sau

O =00 +017, 0, =47, (2.18)
va d6i voi suon L duoc trinh bay boi
b,
W= 0 [ (Quon, + Q0 )ATdZ, (2.21)
dstﬁ‘ Qr

JE——

I

Hinh 2.1. Cac théng s6 hinh hoc va hé toa do cua vo tru FG-CNTRC
duoc ting ctrng bang suon FG-CNTRC ¢6 nén dan hoi bao quanh
Phuong trinh twong thich bién dang c6 thé thu dugc truc tiép tir phuong
trinh (2.7), nhu sau

o’e) .\ o’ - 0%y, +£82w dw Cwow

— + =0. 2.22
oy>* ox* oxéy R ox® oxoy ox® oy’ (2.22)
Hé phuong trinh can bang theo ly thuyét vé Donnell phi tuyén [3]
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0N, 0N, ON, oN,

=0, + =0,
ox oy ox oy
2 oO°M_ o°M, N
2 J\{x +2 L+t (2.23)
ox oxoy oy R
2 2 2 2 2
+NIWoN, TN T gk, ST
* ox’ Yoxoy Yoy ox- oy

Phuong trinh thtr ba cta phuong trinh (2.23) ¢6 thé duoc viét lai bang

cach thé cac phuong trinh (2.8) va (2.24) vao phuong trinh nay, dan dén
. 0'w

. .\ 0w . 0'w
©=D,— o (D12+D21+4D6 )8x28y2 +D,, ayzl
. 0" .y 0 . Oy 0%y O*w
+B, % (B, +B,-2B, ) X B, L TLTT (2.25)
ox* ox oy oy oy ox

_Fdw , Oy Fw 1%

2 2
;5 T+ -g+Kw-K, ow 8 =0.
ox“ oy 0x0y 0xoy ~ RoxX? ox? 8y

Phuong trinh twong thich bién dang (2.22), két hop véi cac phuong trinh
(2.8) va (2.24) tr¢ thanh

o*
A+ (Ag-24,) ks

4 4 4
A*8X+B*aw+3*aw

6x28y oyt taxt oyt
o ow) Swow 10 (2.26)
\ w w w O*w w
+<B11+BZZ ZBGG) 2 t e T A =0
ox ay oxXoy ox° oy R ox

2.2. Piéu kién bién va phwong phap giai
Do vong cua vo thoa man dicu kién bién (2.27) theo nghia gan dung
duoc chon ¢ dang ba s6 hang nhu sau [53, 54]

. mnx . n ., MX
w=xk,+x,sin sin &+, sin® oo (2.28)
R L

Thé biéu thirc (2.28) vao phuong trinh (2.26), dang ham ng suat dugc
xac dinh boi

¥ =@, cos 2mmx +Q, coszn?y

mmx 3 o hX2 h 5 (229)
—Q,;sin 3 Sinny+Q4sin MY in ™Y "o Py

L R 2 2




Thé céc biéu thuc (2.28) va (2.29) vao phuong trinh (2.25). Sau dé,

phuong phap Galerkin duoc ap dung cho ba thanh phan d¢ véng dan dén
o, K (x,+2xK,)

R q- 5 )

f mn L K+m4n4n4(l’) (i l)KK
1 16A,, 16AflR4 R)\A E

202212 n?[*(I?/R—-4B, m*n* 2rt
[emmereen (e x-a, nqm o

(2.31)

AR? 4A. R’

m*n’L*hpw, + L'K x, + I'K x |: 0,

saly
{4321(%j ‘%(Tﬂle/f;iw 24 }
o o et

o, h mn) 3 mn
+ ;; —q—ph(fj K2+K1(K24 j—l—KK ( T j =0.

Piéu kién chu vi kin dugc thém vao theo nghia trung binh [53-55]
2nR L

| fg—:dxdy =0. (2.34)
00

I2/R- 4BZlm n2 }K
2
44,m’ (2.33)

2.2.1. Phan tich on dinh phi tuyén ciia vé tru FG-CNTRC c¢6 swon FG-
CNTRC chju dp lc ngoai (p=0)
Thé o,, trong biéu thic (2.31) vao cac phuong trinh (2.32), (2.33) va
(2.35), va cho p =0 dang phuong trinh cin bang méi thu dugc 1a
Ky = e K; —EKZ _Ju + Jas q, (2.36)
2J, 1 2% 2J, 2J,

J 6+ +J e, +J ks —J.q =0, (2.37)




@ oJuke (2.38)
J21 + J22K2

Thé «,, k? tir phwong trinh (2.36) va (2.38) vio phuong trinh (2.37)

J,,J J,.,J.J J
q:{Jll_ 212 34_{2 12¢ 23Y 32 +(Jl4_%j}(2_
J31 J31(J21+J22K2)

(2.39)

2
+J15K2 T J13

J23K2 } 2J31 .
J21 + J22K2 2LI31(]16 o J12J33

Do ving 16n nhat thu duoc 1a
w =q J33 . J34 . J32J23K2 +ﬁ+£ _J23K2 jl/z. (2_42)
e 2J31 2J31 2J31 (J21 + JZZKZ ) 2 J21 + JZZKZ
2.2.2. Phan tich on dinh phi tuyén cua vo tru FG-CNTRC co swon FG-
CNTRC chiu nén doc truc (q = O)
Thé ung suét trung binh theo hudng vong c,, trong (2.31) vao cac
phuong trinh (2.32), (2.33) va (2.35), va cho g =0, nhan duoc

Ky = Ja Ko — Jas p—le _Ju , (2.43)
2J31 2J31 2 2J31
J11 + leKo + J13K12 + J14K2 + JlSK; - J17p =0, (2-44)
J,x,p—dJ,.x
K12 _Y2u™ 272 (2_45)

J21 + J22K2
Thé x, va k? tir cic phuong trinh (2.43) va (2.45) vao phuong trinh
(2.44), lién h¢ cua p va «, xac dinh dugc nhu sau

p=|J+tJdyuxK, _lele —dJ, T +J15K§ —J, I Iy -
2 2J 2y Jy + 5K,
. (2.46)
J 13 53K, ](_J Iy  JuK, . 13 2, v g 4J J 35 ] .
I+ 5K, . 2Jy Jy+duK,  Jyut+d,K, S 2J

Thé cac phuong trinh (2.43) va (2.45) vao biéu thuc (2.41), d6 vong I6n
nhat cua vo cé thé viét lai thanh

_ S JukoP=J 5K, JyP L Ja + \/J24K2p —Jak, .(2.48)
- 2y Jy+JdpK, 2Jy 2 2Jy I +JK,




Do co cua canh A_theo nghia trung binh dugc xéac dinh

A1 RK, Iy JuK,D—J 5K, _J35p_ﬁ
’ 2, Jy+d,k,  2J, 2

2 2 2 —
~ J34 ]4—%(@) +}(nz'cj J24K2p stKz_(A;(l)iC_A:z(l)ij),

(2.50)

L 8 J21 + J22\|!2
2.4. Ung dung két qua 1y thuyét vao phan tich on dinh phi tuyén két
cau cong trinh dang vé tru FG-CNTRC c6 swom FG-CNTRC chiu ap

lwc ngoai

1.8 1.9
K; = 10N/w?, K= 10°N/m K, = 105N/m, K, = 105N/m —a:FG-V
- a —b: FG-X
a— | —_—
165 |FGX, Véy = 012, L = 1.5R, R =80, 17s | —c:UD
’ h =0, ()()Zm AT = 300K, —a: Vo CC : -_— b —d: FG-O
H e —
_ ”gr "Lw 0.003m, —b: Vo CL _ : — ¢ FG-A
E‘ b(}fribﬂ LUOUZm, —c:VoC d': _g_"‘——\_c_‘___
=15 [nfy=12,ng =50 =161 ;
= = -
. . d—]
; / iV6 CC, VEyy = 0.12, L = 15R,
1.35 : b 145 L i Rh =80, b = 0.002m, AT = 300K,
/ | BSy = 0.003m, by = 0.002m, nGy = 12.
: H e—
. c_,/ :
1.2 : L - 13 ! L . L
2 0 1 4 7 10 2 0 1 4 7 10
Wonax/h

Hinh 2.5. Anh huong ctia huéng  Hinh 2.9. Anh huong cua quy luat

suon dén dudng cong sau mat 6n  phan bé CNT dén duong cong sau
dinh ctia vo try C-FG-CNTRC ~ mét on dinh ctia vo try C-FG-CNTRC
2.5. Ung dung két qua ly thuyét vao phén tich 6n dinh phi tuyén két
cau cong trinh dang vé tru FG-CNTRC ¢6 swon FG-CNTRC chiu nén

doc truc
450 - Vo 420 —a: Vinr =0.12
FG-X, R =80, Vi = 0.12, a:VoLL Vo CL, FG-A, R = 80, b
L = 15R AT = 300K, —b: V6 LC L—1.5R h — 0.002m, —b: Vi =0.17
h = 0.002m, —c VoL By — hGy = 0.003m, — 1 Vinr —0.28

30 F gL — S = 0.002m,

/ ”‘%, 12, "s[t:ffi 50 /
C
L : 260 r b /
| I b
a
/ / :

210 ¢ ! c 180 L
]
K= 107me3, K;* 10°N/m

1
—
T K = 107N/m3, K>=105N/m
100 4 .
0 2 6 8

1
-2
2 0 W,2 /h 4 6 Wou/h

Hinh 2.12. Anh huéng cia huéng  Hinh 2.22. Anh hudng caa ty phan
suon FG-CNTRC dén duong cong  thé tich CNT dén du’O’ng cong sau
sau mat on dinh p—W__ /h cia  mat 6n dinh p—-W__ /h caa vo C-

Vo L-FG-CNTRC FG-CNTRC

370 F hly= hG=0.003m,
by = bGr = 0.002m,
nGy= 12, nky =50

p (MPa)
b=
p (MPa)

130
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2.6. Két luan chwong 2

Tur nhitng két qua khao sét sb, nhitng nhan xét noi bat dat duoc nhu sau

1. Cac suon FG-CNTRC anh hudng dang ké dén tai 4p luc ngoai mat
on dinh t&i han va kha ning chiu tai sau mat 6n dinh cua vo. Gia tri 16n
nhat cua tai 4p luc ngoai mat 6n dinh téi han dat duoc véi vo FG-V CC.

2. Khong quan sat thay hién tuong snap-through d6i véi vé tru L-FG-
CNTRC trong tt ca cac khao sét so.

3. Céc thdng sb hinh hoc, nhiét d6 méi trudng, nén dan héi, ty phan thé
tich CNT trong vé anh huéng déng ké dén tng xtr 6n dinh cia vo.

4. Cac suon FG-CNTRC cai thién dang ké tai nén doc truc téi han va
kha ning chiu tai sau mat 6n dinh cua vo tru FG-CNTRC.

5. C4c thiét ké vé quy luat phan bd CNT cua vé va suon ¢ anh huong
dang ké dén tac dung cua suon FG-CNTRC.

6. Nén dan hoi Pasternak, cac thong sé hinh hoc, vat liéu va nhiét do
moi truong c6 anh hudng dang ké dén tng xtr 6n dinh cua vo.

Chuong 3. ON PINH PHI TUYEN CUA KET CAU CONG TRINH
DANG VO TRU FG-CNTRC CHIU XOAN TANG CUNG BANG
SUON FG-CNTRC HOAC LOI AUXETIC

V6 tru FG-CNTRC tiép tuc duoc xem xét nhung trong mot truong hop
tai trong phuc tap hon, d6 1a tai trong X04n, Vi hai truong hop vo tru FG-
CNTRC c6 suon va vo tru FG-CNTRC sandwich 161 Auxetic.

3.1. Thiét ké vat liéu va két cau
3.1.1. Thiét ké vé tru FG-CNTRC ¢é swon FG-CNTRC

Vo tru FG-CNTRC c6 sudn FG-CNTRC, c4c quy luat phan b6 caa CNT

va hé toa d6 duoc xem xét twrong tu nhu mo hinh trong chuong 2.
3.1.2. Thiét ké vé tru FG-CNTRC sandwich 16i Auxetic

V6 tru FG-CNTRC sandwich c6 18i Auxetic chiu tai xoan phan bb déu
T dugc xem xét. Cac thdng sé hinh hoc cua vo try, 16i Auxetic t6 ong va
cac 16p mat FG-CNTRC duoc thé hién trén Hinh 3.1.

Thay vi tinh toan vai két cau 18i té ong phic tap, ta ¢ thé phan tich ¢ng
Xt cua 16p 16i nhu mot 16p thuan nhat di huéng véi cac hang sb dan hoi
duoc udce luong nhu sau [150]
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6, (6, —siny)

By =B cosg’y[1+(tan2 vy +0, sec’ y)@ﬂ ’ ¢
E,*=E" cos (6, —sineyg)(tan2 y+9§), ¢9
Go" = B" 0, (1+ 26921)cosy’ ©9
e siny(1-63)(6, —siny) (3.10)

[1+(61 sec’y +tan’ Y)GE}COSZ y

e siny(l—@é)
Yo T (tan2y+6§)(91—siny)’ =10

Lo1 Auxetic

Lép mat FG-CNTRC /r/

h . .
CNTRC| | & & @ o @

h h!\lw Lo1 Auxetic

.........
hentre

FG-O

..................
................
. . L] . L] L] . L] L N . . L] .
- . . L ] . . . o . . . .
e e s s " Y e

Lo1 Auxetic Ldi1 Auxetic
[] e & & & & & & 8 @
. L ] . L] . . . o L . L] .
IIIIIIIIIIIIII
................
..................

FG-X UD

Hinh 3.1. Thiét ké cta vo tru FG-CNTRC c6 16i Auxetic
3.2. Hé phwong trinh cin bang phi tuyén va ham ng suat
Cac biéu thtc caa cac thanh phan ma tran do cing va noi luc nhiét
duogc xac dinh
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(4;,B,

_ CNTRC CNTRC CNTRC Aux Aux Aux
B> Dy ) =( AN, BN, DN ) + (AL, B, D), (3.12)
0, =0, =0, ¢, =0, =0, (3.13)
trong do
(A;;NTRC’B;;NTRC’DI_JQNTRC) _

J‘ Q;‘NTRC—out (1,Z,Z2 )dZ 4 J‘ QiJC"NTRC—inn (1; Z,ZZ )dZ, (i,j =l,2,6)
8|

out Minn

(3.14)

(A;HX,B;”,D;‘“X): j Qi (Lz,2°)dz, (i,j=12,6) (3.15)

1_IAux

véi IT,, va IT,  la mién chiéu day cua I6p CNTRC mit ngoai va mat
trong cua vo, IT, . 1a mién chiéu day cua I5p 16i Auxetic.
Hé phuong trinh can bang cua vo tru theo Iy thuyét vé Donnell va tinh

phi tuyén hinh hoc cua von-Karman

ON
aévx v, (3.16)
x Yy
ON_ &N
axxy + 8yy =0, (3.17)
M, _o°M, o°M, N, o*w o*w o*w

+2 + +—2+N +2N +N =0,(3.18
ox? oxdy oy> R * ox? Yoxoy Yoy’ (3.18)

3.3. Dang nghiém d¢ vong va phwong phap Galerkin
Dang nghiém ba sé hang ctia d6 vdng cd thé duoc chon dudi dang sau [55]
w=w(x,y)=9,+9,sinoxsinp(y-ix)+9,sin“ax, (3.22)
Biéu thuc ham ung suat c6 thé dugce xac dinh bang cach thé dang do
vong trong phuong trinh (3.22) vao phuong trinh (3.20), sau mot s6 phép
toan nhan duoc
% = F,cos2ax + F,cos2B(y — \.x)

+FéCOSB|:y+(%—Kjx:|+F4COSB|:y—(%+7ij:| (3.23)

+F5005B{y—(3§+7Jx}+F6cos[3[y+(%a—x]x}rhxy,
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Thé cac phuong trinh (3.22) va (3.23) vao phuong trinh cin bang (3.19),
sau d6 ap dung phuong phap Galerkin, hé phuong trinh can bang méi
duéi dang dai s6 thu duoc nhu sau

2thB*A+ N, +N,8, + N,9° + N,9: =0, (3.24)

N.9,- N9 + N.99, =0, (3.25)

Cac két cau vo tron xoay kin nhu v tru chiu xoan ciing phai thoa man
diéu kién chu vi kin dudi day [55]

ZTcRL

j j —dxdy =0. (3.26)

Thé cac hé thie (2.7), (2.8), va (2.24), c6 tinh dén (3.22), vao phuong
trinh (3.26), ta co

. . 1
29,+9,+2R( A0y, —Alzq)lTx)—ZRSfBZ =0. (3.27)

Kht 9, va 9, tir cac phuong trinh (3.24), (3.25) va (3.27) va giai t theo
S, biéu thic lién hé 79, nhan dugc nhu sau

2
2 2
— L) NGNSy NN, | 2N L (308
2hB*L | 2( N, + N, 9;) 2(N,+N,97)
Khi 9, — 0, phuong trinh (3.28) dan dén
N
L —" 3.29
’ 2hp2N (3.29)

Do vong 16n nhat khéng thir nguyén duoc viét lai theo bién d6 do vong
tuyén tinh cua trang thai sau mat 6n dinh, dan dén
R R(AwW,—40i) 8 2N

W=w__ /h=
ax/ 8h h h ~ 4h(N,+N,97)

.(3.30)

GAc xoan dugc dinh nghia theo nghia trung binh nhu sau [55]
1 *F%fou ov . n°a9’
dy=A,th+ L. 3.31
V= 2RL ) I(ay axjdx I= AT R (3:31)
3.5. Ung dung két qua 1y thuyét vao phan tich 6n dinh phi tuyén két cau
cong trinh dang vé tru FG-CNTRC c6 swon FG-CNTRC chiu xoin
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65 ; —_— Vi 80 — o AT—
hky = hSy = 0.003m, a: Vo CC a: AT =0K
h.!:j;r: bg?: 0.002m, —b: Vo CL —/ —b: AT = 100K

N L _ —_— Y4 — —
55 |nGr=12.nk=50 . ¢V C o | ; c: AT = 300K

17 (MPa)
&

T (MPa)
&

Ry = hSr = 0.003m,

L ”
FG-X, V=012, L = 1.5R, by = by = 0.002m,

35 T R = 80, h = 0.002m, AT = 300K 20 r ny = 12, nky= 50
. Vo CC,FG-V, Py = 0.12,
_'-—-—___—_—_—__-__-__-—-—"_.‘ _ _ _
L= 15R, Rl =80, h = 0.002m
25 L 1 4 0 I | L
0 45 9 13.5 18 0 0.1 0.2 0.3 04

Wmnx’[h Q (rad)

Hinh 3.6. Anh huéng ctia huéng  Hinh 3.14. Anh huéng cua nhiét do
cua sudn dén duong cong sau mat  méi truong téi dudng cong sau mat
on dinh t—W cua vo tru chiu xodn  4n dinh t—o cua vé try FG-
C-FG-CNTRC CNTRC chiju xo3n
3.6. Ung dung két qua ly thuyét vao phan tich on dinh phi tuyén két
cau cdng trinh dang vé tru FG-CNTRC 16i Auxetic chiu xoan

75

—a:h =0
FG-X, Vi = 0.17,L = LR, & TAux —HM

R — 80 hewre — 0.001m Vo C |~ RAux =0.0005m
zav/ 60 F —c:hpyx =0.001m

a—"1—d: h Aux =0.0015m
oo sby—| € hAux = 0.002m
A /
2¢ E, 4d .
—a: FG-X w0 L
—b: UD

2:0,=050;=02 y=45
—c: FG-O | 3:0,=10,=03y=60°

o S 7o
1b VoL  Fiy=017,L=15R Rk =80, ?;g’:;’-éo_fog'i"ijgf
5 I 2VeC  h=0004m, hy, = 0.002m PO =S 62=00
0 1 1 L
0 3 6 9 12 15
Witk 0 0.05 0.1 0.15 02

@ (rad)

Hinh 3-17,- Puong cong sau mat on Hinh 3.26. Puong cong sau mat on
dinh xodn t—W véiba quy ludt  dinh - véi cac thong sb hinh hoc
phan b6 CNT ctia vo tru sandwich  knac nhau ciia vo tru 16 Auxetic
|61 Auxetic
3.7. Két luan chwong 3
Vi bai todn vo tru FG-CNTRC ¢6 sudn FG-CNTRC chiju xoan:
1. Kha nang chiu tai xoan cua vé FG-CNTRC c6 suon FG-CNTRC I6n
hon nhiéu so véi vo khong sudn tuong GNng.
2. Tac dung 16n nhét caa suon dat duoc trong truong hop sudn vong
3. Goc cua doan thang trudc mat on dinh ©— ¢ khong d6i véi cac truong
hop Vo c6 sudn va khong suon
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Vi bai toan vo tru FG-CNTRC sandwich 161 Auxetic:

1. Tai xoan mat on dinh t&i han ctia vo tru L-FG-CNTRC nhé hon nhiéu
so vo1 vo tru C-FG-CNTRC

2. Anh hudng cia cac tinh chat hinh hoc cua 16i Auxetic dén tai xoan
t3i han cta vo 1a khong dang ké

3. Do day cua 16i Auxetic anh huoéng manh dén tai xoan mat 6n dinh toi
han va kha nang chiu tai sau mat 6n dinh cta vo.

Chuong 4. ON PINH PHI TUYEN CUA BAN TRUC HUONG
DANG TAM FG-CNTRC PUQC TANG CUNG BANG SUON FG-
CNTRC CHIU TAlI TRONG KET HQOP THEO LY THUYET BIEN

DANG TRUQT BAC CAO
4.1. Thiét ké ciia ban truc hwéng dang tim FG-CNTRC dwoc ting
cirng bang swon FG-CNTRC
Xét c4c ban tryc huéng dang tam chir nhat FG-CNTRC duoc ting ciing
bang suon FG-CNTRC chiu nén P, va ap luc ngoai g trong mdi truong
nhiét. Trong d6, CNT duoc gia cuong vao mot nén dang hudng theo
phuong doc hoic ngang tam (Hinh 4.1).

S S N T O T

%

KI}K:’J

Hinh 4.1. Thiét ké suon cua tim FG-CNTRC va cac théng s6 hinh hoc cua
tAm va suon
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4.2. Xay dung cac phwong trinh chua dao

Sir dung HSDT va xét do khdng hoan hao vé hinh dang ban dau caa tam
véi cac thanh phan phi tuyén hinh hoc caa von Kéarman.

Céc biéu thirc noi lyc N, va mémen M, (1=x,y,xy) mébmen bac cao

T.ctia tam FG-CNTRC c6 suon dugc biéu dién dusi dang

N )| r .
Nx A, A, 0 B, B, 0 ¢, C, O
Y A, A, 0 B, B, 0 C, C, O
Nyl lo o A, 0 0 B, 0 0 C,
M, B, B, 0 D, D, 0 F, F, 0
) My =B, B, 0 D, D, 0 F, F, 0
Mxy 0 0 B, O 0O D, O 0 F,
T ¢, C, 0 F, F, O L, L, O
Ty C, C, 0 F, F, O L, L, O
Txy i 0 0 C, O 0 F, O 0 Lse_
( 82 3\
g,
Yy
ad)x (Plx
ox (Ply
%, o
ay (p2x
X< %4—% >_4 (p2y (s
oy ox 0
2
_k %4_8 L;) (p4x
ox ox (P4y
P 2
_k &4_8 u: O
y oy
(4.7)
P 2
—A 8¢x+ ¢y+28w
| oy ox oxay )|




trong do

(4y,B;>Dy,Cy, Fy, Ly ) (4.8)

=(A.’.’ Bf DF.C?.F?

/A VI | A | Rl |

LY)+(4;,B;,D;,C;,F;,L

1]'7 1_']'7 1_']'7 1_']" ij, 1])?

e N | S

P P P P P P P 2 3 4 6
(Ay aB,'j aDij aCij ’E‘j aLij): Ql] (LZaZ vZ 2 ,Z )dZ, (49)
h
2
va
An Bu Cu v ;A o

Bu Du Eu|=|BY DY R
Cu Eu Lu| [CF EY LY
20 BY o cf oo
stff stff stff
B B12 0 D12 0 Ez 0 |x
stff stff stff

AY 0 BY o cf o |[a¥ BY CF
0 AY BY BY o0 C¥ o 0 0
By 0 Dy 0 FE' 0| |BY Dy EY
0o BY o0 DY o0 FY¥ 0 0 0 | (410
C; 0 E' o0 ¢ 0| (¢ F' LY
0o LY o FY o0 L¥Y||O0O 0 0

trong do
st pstff st st st pstf )
bt
S N 2 3 4 .6 ..
d J.Qijtﬁf(l’z’z ’Z 7Z 7Z )dZ,(l,J :L2,6),
stff Q

x—stff —

T P_P PP —stff
P =0 +0; ( 11“11+Q12a22)ATdZ+(PfS J

(4.11)

y-stff _

_ T PP PP ~stff
P, =@ +¢; ( 120‘11+Q220‘22)ATdZ+(P1yS )

| |
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voi @) = Stﬂ [ ot 1+ QI o ]Asz o =0, d6i voi truong hop
stﬁ‘ Q
tam duoc tang ctring bang suon theo phuong X,

Ut = Stﬂ N QT o +Qf a3 ATdz, ¢ =0, d6i v6i truong hop
stﬁ‘ Q
tam duoc tang ciing bang sudn theo phuong Y .

Biéu thtrc cua luc cat va luc cit bac cao duoc tinh nhu sau

[ ow
H44 6_x + H44¢x
erj ow
Q HS5@+H55¢}/
] Sy b=+ . - (4.12)
) H66 _+H66¢x
\Sy J aax
w
H77 5_ 77(1)

trong do
(H,,H,Hy,H,, )=

44
. (413)
(HP HP H(;’HP) (H44’H55’H66’H77)’

445+"557

va tim duoc ting cing bang sudn theo phuong Yy cia tim

H, =0,
H, =0,
H. = dStﬁ “Q“ﬂdz SKIQSW 2dzj

H, = bay ([ QY 7°dz - 3xj Q¥ 7 4dzj

dstﬁ

véi Q 13 mién tich phan theo chiéu cao cua cac suon.
Hé phuong trinh can bang cia tim FG-CNTRC c¢6 suon khéng hoan
hao theo HSDT duoc viét nhu sau [102]
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ON ON_ oON
&vy+ xy:Q Y y=0,
ox oy

9, oS 2 0T o0°T
aQ’“+&—3k %+—y +A a7;3‘+2 T+
ox oy ox Oy 0x oxoy Y oy

2 2.— 2 2.— 2 2
+Nx(8 w+8 ijrZny(& w 0 wj+Ny[8 w 0 wj

2 2 + 2 + 2
ox® 0ox oxoy 0Oxoy oy- oy
+q—-Kw+K,V'w-K,w’ =0,
oM oT.
8Mx + Xy +37\4Sx—}\, aTx _i__x?J _Qx:O,
ox oy ox oy
oM_ oM oT., oT,
Lr—L 43S, - —=2+—2 |-Q, =0,
Ox oY Y ox oy Y (4.18)

4.3. Piéu Kkién bién va phwong phap giai

Ba diéu kién bién dugc xem xét nhu sau:

- Cé4c tam FG-CNTRC c6 suon ¢6 bbn canh géi di dong (FFFF)

- C4c tam FG-CNTRC duoc ¢ sudn véi hai canh x =0, x = a 1a goi di
dong va hai canh con lai y=0, y=b 14 gbi co dinh (FIFI)

- Céc tam FG-CNTRC c6 sudn ¢6 bon canh goi ¢6 dinh (IT1T) dugc xem
Xet:

Dang nghiém cua do vong, d6 khéng hoan hao va goc xoay cua phuong
trinh (4.24-4.26) duoc chon & dang gan dang nhu sau [2, 7, 8, 102]

w=Wsinoxsinfy, w =~E&hsinoxsinfy,

' : 4.27
¢, =@, cosoxsinPy, ¢, =P, sinoaxcosPy, (4.27)

Bing cach thé dang nghiém (4.27) vao phuong trinh (4.23), sau mét s6
phép toan, ham wng suat c6 thé nhan duoc l1a
f = f,cos2ax+ f, cos 2[3y+f3sinocxsinBy+%Nxoy2 +%Nyox2, (4.28)
Thé cac hé thirc (4.27) va (4.28) vao cac phuong trinh (4.24-4.26), va

4p dung phuong phap Galerkin, ta duoc cac phwong trinh can bang dudi
dang phuong trinh dai s6 phi tuyén nhu sau
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yqur(leonry3 )(hﬁ+W)+y6CD +y, D
+y4(X1CDX+X2®y)(h§+W)+y7(2h§+W) (RE+W)

+Yy (2RE+ W)W +y, X, W (RE+W ) +y,W +y, W* =0,  (4.29)
z,(2hE+ W)W +2,W + 2,0+ 2,0, =0,
z,(2hE+W )W + 2z W +2,®_ + 2,0 =0,

4.4. Phan tich mat on dinh phi tuyén
Bang cach rit @ va @ tir hai phuong trinh sau cua (4.29), va thay vao

phuong trinh dau cua (4.29), lién hé tai trong va do vong thu duoc

WY 14
le(?j hz"'(é"‘?j(Nxoyl"'Nyoys’)"'u ?"‘y%q

+uu, %(§+%jh+ueh2 (2&+%)%(§+%)+uﬁ(2§+%)% =0,

Vi c&c canh ¢d dinh, 11 =0 ¢ hai canh x=0, X =a va v=0 & hai canh
y =0,y =b. Piéu kién cb dinh theo nghia trung binh, duoc Viét nhu sau
[2,7,8,102]

ba a

! ! G—dedy -0, (4.31)
ﬁa—”dydx 0. (4.32)
0 0

Céc biéu thuc cia N, N 40 CO thé duoc xéac dinh tir cac phuong trinh
(4.31) va (4.32), bang cach su dung cac biéu thirc (4.2), (4.7), (4.22) va
(4.27), nhan duoc

N, =p®, +p,P, +p,W(2hE+W)+p,W -0, (4.33)

N, =p,®, +p®, +p7W(2hZ;+W)+p8W—(ply, (4.34)
4.4.1. Phan tich én dinh téim FG-CNTRC c¢é swon FG-CNTRC chi chju
tac dung cra tdi 4p luc ngoai

Thé cac phuong trinh (4.33) va (4.34) vao phuong trinh (4.30), cho
P =0, dé nhan duoc lién hé gitta ¢ va W nhu sau
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w w w w w Ww\w
q—qlf 2§+7j(§+7j+q27(2§+7j+q3(§+7j7

3
+q4(% +q5%+h[ﬁl"1a"zM+Bzaj‘—‘zlyj(a+%j,
4.4.2. Phan tich én dinh tdim FG-CNTRC c¢é swon FG-CNTRC chju tdi
ap luc ngoai va tai nén canh

Trong trudng hop g =0, bon canh 14 gbi di dong, hé so B, =0 duogc ap

(4.35)

dung. Tai trong nén doc truc P, dugc xac dinh tir phuong trinh (4.37)

(WY, W(W W
Yo (_) h* +—(—+2§j(—+§j€5
Po= o 1 ;] v}‘; hW Wh R
Ve |(hy, w w
(h +§j( y)_+ee( - +2§j - +e, - ( . +§J+e7 h

Xét diéu kién bién thir hai, tAm c0 hai canh x =0,a 1a gbi di dong, hai
canh y=0,b 1a gbi cb dinh, B, =1 duogc st dung, nhan duoc

wY’ W\W(. W
ylo(?) h2+%q+(2§+ j - (E_,+ - jeS

+e{2§+‘?{j?{ W(§+ j+e % (4.40)

W
+e, (‘i"‘ ijsq)n _(é + ijg(l%y + (E.' + Fj(yszl _hyl)Px =0.

4.6. Ung dung két qua tinh toan ly thuyét vao phan tich on dinh két
cau ban truc hwéng dang tam FG-CNTRC c6 swon FG-CNTRC
Bang 4.2. Anh hudng ctia hudng CNT, suon va nhiét do méi trudong dén
tai nén doc tryc t6i han P."cua tam FG-CNTRC hoan hao (MPa, khong
nén dan hoi, FFFE, UD)

TamXvaY TamXva TamXva TamYva TamY va

AT(K)

khongsuon  suonY  suon X  suonY suon X
0 2.182 4.346 6.704 6.704 4.346
100 2.119 4,127 6.568 6.568 4,127
200 2.066 3.910 6.464 6.464 3.910
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0.02 h=Tlem ah=200,UD, =0, —— Tim X Sudn X 027 1:K;=0Nm /
AVj:: ()_KC; l](zl'ui;g rf'r:]z, FFFF, o - = —Thm Y Swém X — 2:K3=10""Nm’ 3
» Mogn @ . = 10, Khong Suim —— 3:K;=5x101"N/m’
0.015 { P . 1
- — = 4 K;=— 10N/’ 2
_ (1)q=0 S S:Kg*75x10'°N/m‘_——/
= () q=1kPa o ]
0001 1 (1) e, | Boq Amm T T T T el
£ 5. BRAREEN
h=1lcm, ah=200 s
0.005 . 1 { | UD. FFEF, V=028 Sa
At =0,AT=0K, g = 1000N/m® "~ _
---------- Kj 2x105N/m?, K, = 10°N/m
+ Suém X, hWZh =10, b,ﬂ USh\
0 ;
0 0 05 1 1.5 2

W/h

Hinh 4.3. Anh huéng cua hu’Ung Hinh 4.14. Anh huéng cua d6 cang

cua suon dén (ng Xt sau Maton 3 ph| tuyén dén dudng cong sau
dinh P.—W/h ciatam FG-CNTRC 4t én dinh P.—W/h cua tim c6

suon
0.002 . 003 - -1 =
b= Tem, ah = 200, FG-X, &= 0, ! I Mr =20
FFFF, . —_— 2y =15 1 e
0.0015 | SwonX /5 0.027 4| —— 3:nyr = 10 "
' Ny = 10 ) a/h =200, FG-X, &= 0, FFFF \3"’
by — 0.8 , ,FG-X, =0, _
1 ‘ P 4 VCW:O.IZ,Q:O -
= K= 2x105Nfm? C 70024 -
G -
20‘001 | K7710‘:N/m‘ P 9 _______
2 K, = 10'0N/m’ e =
= A £ 0.021 -
< — Lihyg=2h
; 3
0005 Z - = =2hys=15h
00005 ," ; b . 0.018
“ — . =
Z  harr Suom X, iy = 2h, by = 0.8h
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Hinh 4.15. Anh huéng cua chiéu Hinh 4.18. Anh huéng cua s6 lugng
cao sudn dén duong cong sau mat  suon dén dudng cong sau mat 6n
6n dinh g—W/h cua tim dinh P.—W/h cua tam

4.7. Két luan chwong 4

Két qua s6 da chi ra mot s6 diém dang cha ¥ nhu sau:

1. Cac suon FG-CNTRC lam tang dang ké tai nén doc truc téi han va
kha ning chiju tai sau mat 6n dinh cua tam.

2. Anh hudng cua suon ting cang FG-CNTRC [én tai nén doc truc toi
han cta tam FG-V 14 I6n nhat

3. b6 ciing nén phi tuyén khéng anh hudng dén gia tri tai nén doc truc
t&i han cua cac tim hoan hao

4. Cac thong s6 hinh hoc va nhiét 6 méi truong anh hudng dang ké
dén tai nén doc truc t6i han va dudng cong sau mat on dinh cua tam.
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KET LUAN

Luén 4n da thu dugc mot sb két qua mdi sau day:

1. Ba dé xuat phuong an ting ctimg cho vo tru va tim FG-CNTRC bang
cac hé suon FG-CNTRC, dé xuat cac quy luat phan bd CNT cho sudn phu
hop Vvéi tim va vo tru FG-CNTRC. P phat trién cac k§ thuat san tac dung
suon cai tién danh cho hé suon FG-CNTRC. D3 dé xuat phuong 4n ting
cting cho két cau vo tru FG-CNTRC c¢6 161 Auxetic va cac ham quy luat
phan bd CNT cho cac 16p mit.

2. Cac phuong trinh cha dao cua bai toan on dinh phi tuyén cua két cau
vo tru FG-CNTRC c¢6 suon FG-CNTRC va c6 181 Auxetic trong moi
truong nhi¢t da dugce thiét l1ap. Lua chon dang nghiém ba ) hang dé mod
phong g xir 6n dinh va sau mat 6n dinh cta hai bai toan vo tru chiu ap
luc ngoai va nén doc truc, va vo tru chiu tai X04n

3. bi thiét 1ap cac phuong trinh cha dao cta bai toan on dinh phi tuyén
ctia tim FG-CNTRC c¢6 sudn FG-CNTRC trén nén dan hoi phi tuyén. Lya
chon dang nghiém va 4p dung phuong phap Galerkin dé nhan dugc cac
biéu thirc mg xt 6n dinh cia tAm.

4. ba tmg dung cac két qua 1y thuyét vao phan tich mot cach chi tiét cac
anh hudng cua thong s6 hinh hoc, vat liéu... t6i ung Xu 6n dinh va sau
mat 6n dinh. Céc két qua co6 tiém ning str dung trong thuc té thiét ké k¥
thuat cong trinh va lam co sé dé xay dung cac tiéu chuan thiét ké két cau
cong trinh dang tAm va vo tru FG-CNTRC trong tuong lai.

KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO
1. On dinh va dong luc cua tim va vo FG-CNTRC c¢6 suon ting cimg FG-
CNTRC hoic ¢6 18i Auxetic chiu cac tai nhiét va co - nhiét két hop.
2. Nghién citru phi tuyén 6n dinh va dong luc cia cac két cau FG-CNTRC
c6 sudn ting cing FG-CNTRC xién bang FSDT va HSDT.
3. On dinh va dong luc ctia vé nén, ndén cut, vo cAu nhan, panel non, panel
cau nhan, vo tron xoay FG-CNTRC ... ¢ xét dén cac bién phap ting cing.
4. On dinh va dong luc céc loai vo ¢6 hinh dang phuc tap, diéu kién bién
roi rac... lam bang FG-CNTRC c6 xét t6i cac bién phap ting cimg.
5. Nghién ctru xdy dung céc tiéu chuén thiét ké két cdu dang tam vo FG-
CNTRC cho cic cong trinh xay dung.
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