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MO DAU

FG-GPLRC la vat liéu tién tién, két hop wu diém cua vat liéu co tinh
bién thién (FGM) va composite gia cudng graphene. Vat liéu nay c6 thé
duoc diéu chinh thanh phan va cdu tric theo hudng cu thé, nham tao ra
cac dac tinh khac nhau theo cac hudng khac nhau. Trong linh vuc cong
trinh, cac két ciu su dung vat li¢u FG-GPLRC mang dén nhiéu wu diém
vuot trd1, dac bi€t trong cac cong trinh c6 kha nang chiu nhiét do cao, kha
nang chiu tai dong va moi truong khic nghiét. Nghién ctru vé dong luc
hoc phi tuyén cua két cau FG-GPLRC con nhiéu han ché. Céc cong trinh
trude day chi yéu tap trung vao 6n dinh tinh va dao dong tu do phi tuyén
clia tim va vo FG-GPLRC. Céc bai toan phuc tap hon nhu dao dong
cudng buc va 6n dinh dong phi tuyén van chua nghién ciru day du. Xuat
phat tir nhitng 1y do trén day, dé tai luan an nay nghién ctru “Nghién ciiu
déng lie hoc phi tuyén cua cau kién két cau céng trinh dang tam va vo
lam bang vdt liéu composite gia cuwong graphene”.
Muc tiéu nghién ciru cia luan an
1. Xay dung cac phuong trinh co ban va phuong phap giai dua trén cach
tiép can giai tich cho bai toan dong luc hoc phi tuyén cua cac két cau
panel, tim tron, va vo cau thoai.
2. Phat trién ki thuat san déu tac dung suon cai tién cua Lekhnitskii, ap
dung cho suon 1am bang FG-GPLRC trong khuén kho ly thuyét bién dang
truot bac ba (TSDT), ¢6 xét dén cac thanh phan @ng suat nhiét trong suon.
3. Xay dung cac phuong trinh chii dao va phuong phap ban giai tich dé
tim tai téi han dong cho céac két cau da néu & muc tiéu 1 & trén.
4. Thyc hién cac khao sét s6 dé danh gia cac anh huong cua vat ligu, cac
dac trung hinh hoc, ... dén dap tmg dong phi tuyén caa tam, vo.
Poi twong, pham vi nghién ciru ciia ludn 4n

Do6i tuong nghién ciru: Cac két cau tim va vé pho bién trong két cau
cong trinh nhu: Panel, tim tron va vo cau thoai.

Pham vi nghién ctru: bai toan dong luc hoc phi tuyén.
Phwong phap nghién ciru

Phuong phap nghién ctru ly thuyét dya trén tiép can giai tich.
B0 cuc cta luéin 4n



Bao gém mé dau, 4 chuong, két luan, danh muc céc cong trinh khoa hoc
cua tac gia va tai liéu tham khao.
CHUONG 1. TONG QUAN VAN DE NGHIEN CUU

1.1. Vat licu Nanocomposite va cac irng dung trong xay dung cong trinh
1.1.2. Vgt liéu nanocomposite gia cwong graphene co tinh bién thién

Graphene 1a vat li¢u hai chiéu véi tinh chat vuot troi, duoc ung dung
rong rii trong composite dé tang do bén, dan nhiét, chong mai mon va
giam trong luong. Khi két hop vai polymer, gom hoic kim loai, graphene
cai thién ro rét tinh co hoc, phu hop cho nganh hang khong, dién tir, nang
luong. Tuy nhién, vin con thach thirc vé phén tan va lién két voi nén vat
liu. Cac composite nhu gdm—graphene hay FGM gia cuong graphene co
tiém nang 16n trong mdi truong khac nghiét. Nghién ctru hién nay tap
trung toi wu céng nghé dé nang cao hiéu qua sir dung.
1.1.3. Quy ludt phan bé va cdc ddic trung co tinh cia vit ligu FG-GPLRC

Khi cac manh graphene (GPL) duoc phan bd ngau nhién trong nén
polymer, vt liéu thu duoc c6 thé tré thanh dang hudng. Néu ty 18 phan
bd GPL thay doi theo chiéu day, s& hinh thanh loai vat liéu di hudng goi
la FG-GPLRC. Vit liéu nay noi bat nhod su phan bd khéng dong nhat, kich
thuéc GPL lén va tuong tac pha phirc tap, 1am cho tinh chat co hoc thay
doi lién tuc theo chiéu day. Do d6, cac mo hinh truyén théng khé du doan
chinh xac mo dun dan hoi. Hién nay, hai md hinh pho bién dé xac dinh
dac tinh co nhiét hiéu dung cta FG-GPLRC la m6 hinh Halpin-Tsai va
quy tic hdn hop, gilp hd tro hiéu qua trong phan tich va thiét ké két cau
lam viéc trong diéu kién khic nghiét.
1.1.4. Ung dung vat ligu Nanocomposite trong xay deng

Vit liéu nanocomposite ngay cang dugc ing dung rong rai trong xay
dung nho kha nang tang do bén, giam trong luong, chéng nut, chiu nhiét
va than thién moi truong. Cac hat nano nhu TiO2, CNT, nanosilica gitp
cai thién dg cting, kha nang chiu luc, ty lam sach, giam 6 nhiém va kéo
dai tudi tho cong trinh. Nanosilica han ché co ngoét, CNT ting kha nang
dan dién, dan nhiét. Ngoai ra, vat liéu con hd trg diéu chinh nhiét d6, mau
sic theo moi trudng, tiét kiém ning lwong va nang cao tién nghi.



1.2. Céc nghién ciru vé dao dong va on dinh phi tuyén ciia tim va vo
FGM va FG-GPLRC
1.2.1. Két ciu tim va vé FGM

Nhiéu tac gia qudc té da nghién ctru dén tam va vo FGM nhu Shariat
va cac cong su [135, 136], Norouzi va Alibeigloo [118], Shen va Wang
[140], Kiani va Eslami [81], Kumar va cac cong su [88], Mirzaei va
Seyedi [106], Liew va cac cong su [92], cac nhom tac gia Viét Nam [35,
45, 96, 100, 104, 127, 154].
1.2.2. Két ciu tiam va vé FGM cé swon ting cirng

GS.TSKH. bao Huy Bich va cac cOng su [22], Kim va cac cOng sy [83],
Rajawat va cac cong su [131].
1.2.3. Két cdu tim va vé FG-GPLRC

Cac tac gia qudc té da phan tich cac két cau tim va vé FG-GPLRC nhu
Song va cac cdng su [146], Gholami va Ansari [55], Chen va cac cOng su
[33], Tao va Dai [148], Alibeigloo [10], Zhang va cac cong su [181],
Wang va Kiani [167], Qaderi va cac cong su [134], Kiani va Zur [81],
Pashmforoush [122], Wang va Yao [169], Tofangsaz va cac cOng su
[150], Niu va cac cong su [115, 117], Zhou va cac cong su [184], Twinkle
va Pitchaimani [156, 157], Karimiasl va Alibeigloo [78], Haboussi va cac
cong su [60], cac nhom tac gia Viét Nam [13, 34, 38, 39, 99, 125, 153,
162, 163].
1.2.4. Két cdu Auxetic va dp dién

C4c cong trinh nghién ctru tiéu biéu vé két cau Auxetic va ap dién trong
va ngoai nudc: Vi Pinh Quang va cac cong su [129], Karimiasl va
Alibeigloo [77], Sobhy [143], Behravanrad va Jafari [20], Pham Tan
Hung va cac cong su [67], P& Ngoc Ta va Pham Qudc Hoa [37].
1.3. Tiém ning ing dung ciia cac két cau dang tam vé FG-GPLRC
trong cac két cau cong trinh

Nho nhirng wu diém vuot trdi ctia vat lieu FG-CNTRC so véi kim loai
va composite truyén thong, loai vat liéu nay cho thay tiém ning tng dung
rong rai trong nhiéu loai cdu kién xay dung, dic biét 1a trong cac cong
trinh yéu cau cao vé kha nang chiu luc, do bén va dd tin cay. Mot s6 linh
vuc ung dung dang chi ¥ bao gdm: mai vom, mai nha thi diu, nha xudng
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cong nghiép va cac cAu tric dic biét khac doi hoi hiéu suit co hoc cao va
kha niang lam viéc on dinh trong diéu kién khic nghiét.
1.4. Nhirng két qua di dat dwoc trong nuwée va quoc té

1- P4 phan tich tuong d6i toan dién vé 6n dinh tinh tuyén tinh va phi
tuyén cac két cau tAim va vo FG-GPLRC chiu tai trong co, nhi¢t, co-nhiét
két hop hodc trén nén dan hdi bang cac phuong phap giai khac nhau, dua
trén céac 1y thuyét tim vo khac nhau.

2- Céc bai toan 6n dinh dong va dao dong tuyén tinh va phi tuyén cua
mot s6 két cAu FG-GPLRC chiju cac diéu kién tai trong khac nhau, theo
cac phuong phap khac nhau, ¢6 va khong c6 nén dan hoi ciing da dugc dé
cap.

3- Céc bién phap ting ctrng nhu suon ting cung xién va 16i Auxetic van
con chua duogc tap trung nghién ctru. Cac loai panel véi d§ cong phtre tap
nhu panel hinh sin, panel parabol FG-GPLRC cling chua dugc nghién
cuu.

1.5. Két ludn chwong 1 va nhirng van dé can tiép tuc nghién ciru
1-Thiét 1ap k¥ thuat san tac dung suon cai tién cho suon FG-GPLRC, dic
biét 12 suon xién FG-GPLRC can duogc quan tAm phat trién.

2-Nghién ctru vé 6n dinh va dong luc phi tuyén cua két cau panel FG-
GPLRC c6 do cong phire tap, c¢6 suon ting ciing FG-GPLRC trong moi
treong nhiét.

3-Nghién ctru vé on dinh va dong luc phi tuyén cia két cau panel FG-
GPLRC ¢6 do cong phtrc tap, c6 101 Auxetic trong moi trudng nhiét.
4-Nghién ctru vé 6n dinh va dong luc phi tuyén coa két cau chom cau
thoai va tim tron FG-GPLRC chju tai co, nhiét theo TSDT.

CHUONG 2. PONG LUC HQC PHI TUYEN CUA PANEL FG-
GPLRC CO PQ CONG PHUC TAP VA SUON TANG CUNG
XIEN FG-GPLRC

Mot phuong phap ban giai tich cho cac bai toan dao dong va on dinh
dong phi tuyén cta panel try, panel hinh sin va panel parabol véi cac sudn
tang clirng truc giao hoac xién da duogc trinh bay trong chuong nay. Ky
thuat san déu tac dung sudn cia Lekhnitskii [90] cai tién va phuong phap



ning luong dugc &p dung dé phan tich Gmg xir dao dong va o6n dinh dong
phi tuyén cta két cau.
2.1. M0 hinh cida ba loai panel FG-GPLRC c¢6 swon tang cing FG-
GPLRC truc giao hoac xién

Xét cac panel try, panel parabol va panel hinh sin ¢6 sudon nim trén nén
dan hoi phi tuyén, chiu 4p luc ngoai va tai trong nén doc truc nhu trong
Hinh 2.1. Ban kinh hinh hoc cua panel parabol va panel hinh sin theo
huéng cong c6 thé dé dang thu duoc tir biéu thire (2.1), nhu sau

3/2
X [b4+16H12(b—2y)2} R [anz cosz(yn/b)+b2]
P 8b*H, ’°® bHn’sin(yn/b)
Panel va cac suon tang cing dugc lam bang FG-GPLRC theo nim dang

quy luat phan bé GPL nhu sau:
- Dang phéan b6 Duyy (panel Dy ¢6 suodn ting cing Dy)

3/2

. (2.2)

+Doi véi panel: W, =W, . (2.3a)
+Doi v6i suon ting cing: W, =W, . (2.3b)
- Dang phén bd Dxx (panel Dy c6 suon ting cing Dy)

+Doi voi panel: W, =4|z|W,,, /h. (2.4a)
+Doi véi suon tang cing: W, = U(Zh 4z / h. -+ ZH i (2.4b)
- Dang phéan bd Doo (panel Do ¢6 sudn ting cing Do)

+D0i véi panel: W, =(2-4|z|/h)W,,. (2.5a)

+Dbi véi suon ting cimg: W, =[2 ‘(42 2h)/h, ZH - (2.5b)
- Dang phéan bd Dy, (panel Dy c6 sudn ting ctng D)

+Doi v6i panel: W, =(1-2z/h)W,,, . (2.6a)
+D0i v6i suon ting cimg: W, =[(2z—h)/h, W, . (2.6b)
- Dang phan bb D,y (panel D c6 sudn ting cimg Dy)

+Doi véi panel: W, =(1+2z/h)W,,,. (2.7a)
+D0i v6i suon ting cimg: W, =[ 2+(h—22)/h, [Wgy,. (2.7b)



Hinh 2.1. Théng s6 hinh hoc va hé toa d6 cua ba loai panel FG-GPLRC
duoc ting ctng bang cac sudn FG-GPLRC truc giao hoic xién

h < ) —— Panel FG-GPLRC
=
hy Suon tang cliing
FG-GPLRC

Dl/'(/' DXX

— (—
-

Doo Dy, Dy

Hinh 2.2. Quy luat phan b GPL cua panel va suon ting cing
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Trong d6, tong ty phan khoi lwong ctia GPL duogc ky hidu W, va z

duoc xac dinh trong mién —h/2<z<h/2 d6i véi cic panel va
h/2<z<h/2+h, d6i véi cac sudn ting cting (xem Hinh 2.2).

2.2. Cac cbng thire co ban

Cac biéu thirc noi lyc, mémen va mémen bac ba dugc suy ra nhu sau
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(2.15)

Phuong trinh tuong thich bién dang phi tuyén (2.21) ¢6 thé dugc thiét
lap lai khi xem xét cac phuong trinh (2.22) va (2.14), nhu sau

BE= A;Zf:xxxx T (A;G +24, )f,xxyy + Al*lf,yyyy + (BSl B }chl)d)x’xxx

+(}\’C;6 o 7‘C1*1 + Bl*l o Bgs )(I)

+(Bl*2 o 7\‘C1*2 )(I)

*

—ACL,w

Yyyy

Y,yyy

X,Xyy

~ACw,.. —A(Cy, +C;, —2C Jw

+ (che o }‘sz + B;2 o Bge )d)

#xyy-+'lz(l/)

2 * * * .
v, tw w,, tw W, - Zw,xyw,xy Tw. w,, = 0,

Y,xxy

w,, (223)




2.3. Piéu kién bién, dang nghiém, xap xi ham wng suat va phwong
trinh Euler — Lagrange
Pé thoa man diéu kién bién tua don tai 4 canh, cac dang nghiém ctia do
vong, goc quay va do vong khdng hoan hao cia panel dugc chon la
w=W(t)sinaxsinBy, w =E&hsinoxsinPy, (2.27)
¢, =@, (t)cosaxsinBy, ¢, =D, (t)sinoxcospy, '
Phuong trinh tuong thich bién dang phi tuyén (2.23) c6 chira ham phuc
tap vé do cong cua panel hinh sin va panel parabol khong thé xac dinh
chinh xac. Dang ham ng suat trong luan an nay duoc lua chon cé dang
twong tu panel tru nhu sau

f = f,cos2ax+ f, cos2[3y+f3sinowcsinBer%Noyx2 +%N0xy2. (2.28)

Thé céac nghiém xap xi (2.27) va ham ung suat (2.28) vao biéu thic
(2.23), sau do6 ap dung phuong phap Galerkin

|

O Q

ba ba
= C0S 20X dxdy:O,”ECOSZBy dxdy =0, ”E sin ax sin By dxdy =0.
00 00

(2.29)

Pé nhan duge cac phuong trinh chuyén dong cua panel, ham Lagrange
duoc st dung ¢c6 dang nhu sau

U, =U-U +U, (2.33)

Thé ning bién dang dan hoi cta panel duoc xac Chnh, la
1 W2 b G{G oV T 0wV 70,7, TO.E,

111 et

h/2 00
Cong do tai trong ngoai tac dung 1én panel duoc viét nhu sau

U,, = ﬁqwdxdy—ﬁ{%w{[(lw -K, (w’xx + w’yy)+ Ko }dxdy
00 00

ba
+ NOij(gox —%wi —w,xw;jdxdy.
00

(2.35)

Total ~—

+GS

}dxdydz. (2.34)

GPLRC

DOng nang cua panel duoc xac dinh nhu sau
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_ 1M
U ==
2_}!/

h/2 ba
pGMRCaﬁdXdydk::%'j ijamﬂc(uhf+uﬂ)2dXdde.

~h/200

t

|

O Q

2

(2.36)
Bang céach sir dung ham tiéu tan Rayleigh, ta thu dugc ham thé nang
can nhu sau [147]:

ba
d =1 [cirdxdy, (2.37)
2 00

Két hop ham tiéu tan Rayleigh véi phuong trinh Euler-Lagrange, cac
phuong trinh chuyén dong cua panel nhan duoc 1a

i 8l]Total _ 8l]Total + ad =0
dt\ oW ow oW
~ ~ _ - (2.38)
i GUTotal _8UTotal :O i al]Tot‘al _aUTotal :O
dt\ o, oD, dt| od, oD,
dan t6i

JW+J,0 +J, 0 +J,0 (W+Eh)+J @ (W+Eh)-J,,,
+d W (W +4/38h)+ J, W (W +28h)(W +Eh)+J, Ny, —J,1,q (2.39)
+d130Noy + 1 Nopo (W +ER) + I, KW + I, W + J, . cW =0,
J W+, 0, +J,,®, +J,,W(W+2Eh)
+J,5 Ny, + 5 Ny, —J 7 =0,
J W+, @ +J, @ +J,W(W +2Eh)
+J 5 Ny +J Ny, —Jy; =0,
Phuong trinh chuyén déng cua panel nhan dugc
(6T + 6, Ty + 6T )W + (e, T, +6,T,, +6,T,, J(ER+ W)
+(6. 05 + 6, Ty + 6T YW (ER+ W)+ (T, + 6, T, + 6, T, )W(2ER+W)
(6 T35 +6,Tos + G T )W (28R + W) (W +Eh) (6, T, +6, T ) PR
—(6.T3; + 6,1, )P h(W +Eh) + (g Thy + 6,15 + 65Ty )+ J 1 W(W +4ER/3)
+J WK, - J,,q+J W +J, . cW =0,

(2.40)

(2.41)

(2.42)



Phuong trinh (2.42) dugc giai bang cach sir dung phuong phap Runge-
Kutta bac bon dé thu duoc dap tmg dong caa panel. Tai toi han dong dugc
xéac dinh bang tiéu chuan Budiansky-Roth.
2.4. Két qua s6 va thao luan

Panel tru

06 (D, aF, #=001m, a=5=20% H, = 3%,
Wk, =0.5%, y=44°,£=03,4T=0K, |~ Panel parabol
......... D
¢ =2kN.s/m3, (m; n) = (1;1), Panel hinh sin
03 =107 sin(100¢),
h =1. 5/1 b,=h,
E =als.
E 0 =a
= Suon tang
= clg xién
-03 K,=0.1 GN/m3,
K, =1MN/m,
=10 TN/m’.
_06 1 1 1
0 0.025 0.05 0.075 0.1
t(s)

Panel tru, D, 4F, h=0.01m, H, = 1.5h,
a=b=20h, W =0.5%, =03,
¥ =42° ¢ =2kN.s/m3, AT = 0K.

—— Khong suon
----- Suon truc giao
Sudn xién

(m; n)=(1:1), g = 107 sin(2000¢), h, = 1.5h,
10 TN/m’.

K,=0.1 GN/m* K, =1 MN/m, K; =

b,=h,d,=al5,

4 t (ms) 8

12

Hinh 2.7. Anh hudng cua cac loai Hinh 2.8. Anh hudng cia cac loai
panel dén duong cong thoi gian -

suon dén duong cong thoi gian -

A ~ ol ~
do vong do vong
0.15 D,, 4F, = 0.01m, a = b= 20k, | Panel tru 0.3 Doo, 4F, h=0.01m, a = b = 20, —1: Khong suon
Hy = 1.5h, W, = 0.5%, =0, V| —  Panel parabol Hy = 1.5h, Wiy, = 0.5%, x = 42° —2: Sudn tryc giao
¢ =2kN.s/m3, AT = 0K, I ] -----Panel hit}lh'sin £E=0,c= 2kI\} ;/m‘ AT=0K, —3: Sudn xién
nit 2
- | (m: n)=$1_;l), f(,= 1GPa/s, :',”.'n‘..:".,' 02 L (mim)=(1;1), Py=1GPass,
K, =0.1 TN/m’, "'l,"-‘,;-,“:' hy=1.5h, b,=h,d,=al5,
= K, =1MN/m, HERY = K, =0.1 GN/m?,
= s ST N ! 2
= Ky = 10 TN/m5. g Y = K,=1MN/m, !
1
0.05 | iy 0.1 | K= 10TN/m. 5
Y
Khong suon !
tang cing ! Panel hinh sin
0 i 0 - i ;
5 5 0 1 2 3 4
33 3.35 P, (GPa) 34 3.45 P, (GPa)

Hinh 2.17. Anh hudéng ciia cac ~ Hinh 2.21. Anh hudng cua cac
loai panel dén dudng cong sau mat suon ting cing dén dudng cong
6n dinh dong sau mat on dinh dong

2.5. Két luaAn Chwong 2

T céc vi du s6, d nhan duoc mot s6 nhan xét dang cha ¥ nhu sau:

- S0 Voi panel khong c6 suon, panel ¢6 suon tang cirng cho bién do dao
d6ng nho hon dang ké; trong do, suon xién hiéu qua hon sudn truc
giao vé mit bién do dao dong va kha ning chiu tai toi han cao hon.

- Tan s6 dao dong riéng cua panel co suon xién ting tir 38.31% dén
47%, cao hon dang ké so véi panel khong c6 suon; trong khi d6, panel
c6 sudn tryc giao chi ting 5.08% dén 13.43%.
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- Chi trong truong hop panel khong c6 suon tang ctrng va vat liéu phan
b6 d6i xtng truc mai ¢6 thé quan sat duoc hién twong mat 6n dinh
dong.

CHUONG 3: PONG LUC HQC PHI TUYEN CUA PANEL LOI
AUXETIC FG-GPLRC VA FG-GPLRC RONG VOI PQ CONG
PHUC TAP

Tiép ndi ndi dung cia chuong 2, chuong nay tiép tuc phan tich do cong
phirc tap cua cau kién dang panel, ddng thoi xem xét anh huong cua tai

nhiét déu AT .

3.1. M0 hinh két cau

Trong chuong nay, cac két cau panel tru, panel parabol va panel hinh
sin duoc dit trén nén hoi tuyén tinh va duoc phan tich véi ba dang tai

trong (Hinh 3.1).

R(y)
Hinh 3.1. Céc thong s6 hinh hoc va hé toa do cua panel try, panel
parabol va panel hinh sin
3.2. M6 hinh vt liéu
3.2.1. L&i Auxetic

Hinh 3.2. Théng sé hinh hoc cua I18i Auxetic
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Trong chuong nay, 16i Auxetic duoc thiét ké vai cac thong sé hinh hoc
nhu trén Hinh 3.2. Cac mé dun dan hoi truc hudng, mo dun truot, hé sb
Poisson tryc hudng, hé so gidn nd nhiét va khéi lugng riéng cua 16i
Auxetic duge uéc tinh bang cach ap dung ki thuat déng nhat cho két cau
Auxetic, nhu sau [186]

; .
AU _ (1, ~sing) , 3.1
H " COSS(P[].‘F(tanZ @+1,sec’ (p)ﬂ &
3
o 12 | 3.2
22 tx COS(P(ll_sin(p)(tanch+lg) ( )
3
GAU _ L , 3.3
12 tx 1, (]__|_ 211)COS(P ( )
CAU _ g 1, COS P , 3.4
23 tx 2<1+Vtx)(1l_sin(p) (3.4)
: 2
GAU — E L Ly =SINQ L2 ¢ ; 3.5
13 “4(1+v,)cosp| 1+2y  2(y-sing) Y
VAU — _ Sin@(l_lg)(ll_smcp) (3.6)
“ [1+(ysec’g+tan’ @)1} Jcos’ o’ |
o g o
* (tan’@+13)(y, —sing)’
L, (11 + 2)
_ 3.8
Pav = Px ZCOS(P(H —Sin(p), 49
QLpy = Oy (39)

3.2.2. Lop mat dap dién va lop FG-GPLRC (mo hinh vt li¢u 1)

Lop vat liéu ap dién dugc ché tao tir gdm PZT-5A va hai 16p FG-
GPLRC dugc bé tri xa khoi mit trung binh caa két cau, dan dén sy thay
doi trong cac ham quy luat phan b cua GPL (xem Hinh 3.3) nhu sau:

- ~h
— Lép FG-GPLRC trén (7}1 +h,, <z< %}
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=
] )
I
ST
K

i

P )

J‘_

PE/X/AU/X/PE

8z—4h,, +2h+2h,,

*

W,

h— h’AU o 2hPE o
5 8z—4h,, +2h+2h,, W
h-h,, —2h,,

—4z-2h,,
h-h,,-2h,, )

4z+2h—-4h,, |, -

PE/O/AU/O/PE

V2222222222  dugsgzzgzgzgzgzg3gzg;z;‘;z)

PE/V/AU/A/PE

2222227 /20nwm0m0mgsmusapgpgngg7gzg07Tz707ggg5g5g5g5725z25353%2z

PE/A/AU/V/PE

e —————————— J

——— Ldp FG-GPLRC

< Lép FG-GPLRC

st e z z A
7777l —~=—o LOP Ap dién

(3.10a)

(3.10b)

(3.10c)

(3.10d)

Hinh 3.3. Thong s6 hinh hoc va tinh chat vat liéu cua 16p ap dién va 16p

FG-GPLRC

h
- Lop FG-GPLRC dudi | =¥ <z<-hy, +g .

+ Dang X: W,

+ Dang O: W,

+ Dang V: W, =

GPL —

GPL ~—

8z+4h,, —2h-2h,,| |,

| 7/
h_hAU_ZhPE o
8z+4h,. —2h—-2h .
2 hohy, -2k, |
AU PE

—4z+2h—4h,, W'

h-h,,-2h,, |
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. [ 4z-2h,, ;
+ Dang A: W, = h—h. —oh, Wp, . (3.11d)
3.2.3. Lép mat FG-GPLRC réng (md hinh vt liéu 2)
Trong phan nay, ba dang phan b 18 rdng theo chiéu day cua 16p mit
dugc xem xét, bao gom PC-A,, PC-A, va PC-A, (xem hinh 3.4). Céc tinh

chét hiéu dung cia FG-GPLRC rdng dugc thé hién qua cac biéu thirc sau

~—— L&p FG-GPLRC rdng

PC-A,
Hinh 3.4. Théng s hinh hoc va céc quy ludt phan bd 16 réng cua 16p
mit FG-GPLRC rong
— Lép mat trén (~h/2<z<-h,,/2)

_ 4zn+rmh +rh
Pre =Pepre | 1— €, €OS oh —2h AU 11, PC-A, (3.12a)
_ 4zn+rnh+rh
Pre = Popire 11— €, | 1—cCOS oh . —2h AU, PC-A, (3.12b)
Prc = PoprrcCars PC-A; (3.12¢)
4z +mh+rh
E,.=E_, ..|1-e,cos oh —2h AU, PC-A, (3.13a)
E,..=E;, - 11-e,|1-cos damtmh+ Thyy , PC-A, (3.13b)
2h,, —2h
EPC = EGPLRCeSt’ PC-A3 (3-130)
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Vpe =Veprres %pe = Qgprre: (3-14)

— Lép mat duéi (h,, /2<z<h/2)

—4zn+mnh+nh,,
2h,,, —2h ’

Prc = PopLre {1—% cos[ PC-A, (3.153)

Pprc = PerLre {1_ €y |:1— COS(_4ZR oy, ]}}, PC-A, (3.15b)

oh. —2h

Prc = PerrrcCan PC-A, (3.15¢)

E,-E, . |1-e,cos| 2=y || PC-A, (3.16)
oh, —2h

E,.=E_, .- 11—e,|1-cos “Azn+ nht Thy, , PC-A, (3.16b)
2h,, —2h

EPC = EGPLRCeSb’ PC-A3 (3-16C)

Vpc =Verres %pc = Lgprre:s (3-17)
3.3. Céac cong thire co ban
Céc biéu thire lyc gidn, mé men va mémen bac ba duoc suy ra

. NI I 7| &l
V] {45 0 00000 o[
y 27 ] O, AT+, 'V,

N,| [0 0A, 0 0 0 0 0 0 |[Vy 0

M, | |o o oD,D, 0E E, 0]ze 0

IM,t=| 0 0 0 D,D, 0 E,E, 0 ||~ 0 ,

Myl o 0 00 0D, 0 0E,|y¥ 0

T, 0 0 0FE,E, 0F F, 0 0

;y 00 0L, B, 0 £ F, 0| 8

o) Lo 000 0E 0 0F]mlc -
- (3.33)

15



1T sl

Qx é44 O Ii\I 44 O yxz
Qy 0 é55 0 IA{ 55 Y EJOZ]
Sx H 44 O L44 O ,YE(ZZ]
S,/ 10 A, 0 Lg]/?

55

, (3.34)

3.3. Piéu kién bién va phwong phap giai

Trong chuong 3, cac nghiém xap xi cho do vong, goc xoay, va do khong
hoan hao ctia ba loai panel dugc biéu dién theo phwong trinh (2.27). Céc
diéu kién bién cia panel dugc trinh bay trong cac phuong trinh (2.24-
2.26), va bd sung thém diéu kién 12 tat ca bon canh déu 1a tua don, trong
d6 hai canh y=0, y=>b tu do di chuyén va khong thé di chuyén ddi voi
hai canh x =0, x=a (212F).

Pé thu duoc hé phuong trinh chuyén dong, ham Lagrange c6 dang nhu
phuong trinh (2.33) vé6i thé nang bién dang dan hoi U ., cong do tai trong

ngoai U, va dong nang U, cla panel dugc thiét 1ap trong cac biéu thirc
Sau
ke GyVay T OV us +0,,Y,, + 0.6, +0 8,
1 5 o g2 |dxdydz, (3.41
" 2_h/2'(['<[ —OL(Z)AT(GX +Gy)_Vo[0xdpE n cyydPE] xdydz,(3.41)
B hPE hPE
ba ba
U,.= ”qwdxdy — “{—w[Klw -K, (w,xx +w )]}dxdy
00 00 . (3.42)
- NOXJ.J‘(SOX —%wi —w w, |dxdy.
o 1h/2 ba 1h/201?a N2
U, == | [[p(z)widxdydz== | [[p(z)(w, +w,) dxdydz. (3.43)
2—h/2oo 2—h/200

Két hop ham thé niang can (2.37) véi phuong trinh Euler-Lagrange
(2.38), thu dugc cac phuong trinh chuyén dong cta panel. Sau d6 giai cac
phuong trinh nhin dugc phuong trinh chuyén dong cua panel la
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(6T, +& T 8T + 8.0 )W 2, (T, AT + TV, )(he + W)
(8T +8, T W (28h+ W) 48, (T, AT + T,V )(hE+ W)
(W +48R/3)+ (8T, +8, T, |W(ER+W)

T+ 81 + 8T + 8,1 )W (28h+ W )(W + Eh) -8, T, PR

+J,

(&

~(&,+8,) JuPR(W +&h)+3, (T, AT + T,V )

(3.47)

@)

+e—’4 (1—:16 AT + T47 VO ) o Jlqu + JllSW + JllG CW = O

Phuong trinh (3.47) dugc giai bang cach sir dung phuong phap Runge-
Kutta bac bon dé thu duoc dap ing dong cua panel. Tai té1 han dong duoc
xéc dinh bang tiéu chuan Budiansky-Roth.

3.5. Két qua s6 va thao luan

| [4F, PE/X/AU/X/PE, h = 0.02m, —Lh=10=5 %4 0F 7= o0.0om.

hyy=0.7h, hgp=0.12h, hp, = 0.03h, ,|—2:4,=15¢=35° hyy=0.7h, hgp=0.12h, S

——1: L&i Auxetic GPLRC
--------- 2: Loi dac GPLRC

a=b=30hH, =h =0, —3y=2,0=60 E=0, hpy=0.03h,
0.75 FV,=0V,AT=0K, 03 fa=b=30n H=h B
(m,m=(1,1), Vy=500V, 9 =35, Z&
Wi, = 0.5%, 4L,=2,,=0.1,
= L=0.1, T2 | (m,n)=(1,1), d
S 05 re=0.1kN.s/m?, =77 [ wr, =0.5%, \A PE/X/AU/X/PE
Py = 1GPa/s. ¢=0.1kN.s/m’, § B: PE/O/AU/O/PE
Ay =100 Ks.
025 3 ] 0.1 f 2AF anel hinh sin
K, = 10MN/m?, | 5 — K = 10MNm, iy
K;=10.1 MNU J/ Panel hinh sin K,=01MN/m. i J J
0 L 0 . i . A
430 470 510 550 350 420 490 560 630 700

P.(MPa) -~ - AT (K)

Hinh 3.18. Anh hudng thong s6 Hinh 3.19. Anh hudng cta cac mo
hinh hoc cta 181 Auxetic dén  hinh tai dén duong cong sau mat
duong cong sau mat 6n dinh dong On dinh dong tai nhiét déu cua 161
tal nén doc truc Auxetic va 101 dac
Bang 3.4. Tan so dao dong riéng ®_  (rad/s) cua panel hinh sin 15i
Auxetic FG-GPLRC c¢o6 16p ap dién (41, PE/X/AU/X/PE, h=0.02m,
h,,=0.7h, h,,=0.12h, h,, =0.03h, a=b=30h, H,=h, W, =0.5%,
V,=500V, £=0, AT =100K, (m,n)=(1,1), 1,=0.1, K,;= 10 MN/m?, K,=
0.1 MN/m)

¢

1.0 1.5 2.0 5.0

5° 1801.42 1854.86 1881.75 1929.24
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P 1.0 1.5 2.0 5.0
15° 1740.77 1820.00 1857.09 1922.15
35° 1505.20 1698.73 1775.58 1921.09
45° 1299.74 1603.64 1714.19 1943.96
60° 854.97 1400.27 1585.32 2122.27

3.5. Két luan Chwong 3
Mot s6 nhan xét quan trong sau
- C4c thong s6 hinh hoc cua 16i Auxetic anh huong dang ké dén tan
s6 dao dong riéng, bién d6 dao dong va dap ung mat 6n dinh dong cua
panel.
- Viéc phan bo céc 16 rdng theo cac quy luat khac nhau ciing lam
thay doi dang ké dén tan s6 dao dong riéng caa panel.
- Viéc ting toc d6 dat tai da lam ting tai téi han dong cua panel trong
ca hai trudng hop tai nén doc truc va tai nhiét déu.
- Cac xu hudng hoan toan khac nhau cua dap trg dong luc caa panel
Vi cac diéu kién bién khac nhau dugc khao sat trong cac vi du sé.
CHUONG 4: PONG LUC HQC PHI TUYEN CUA TAM TRON
VA VO CAU THOAI FG-GPLRC, FG-GPLRC RONG, FG-
GPLRC LOI RONG
Trong chuong nay, luan an xem xét két cau cong trinh c6 dang tam tron
va vo cau thoai dugc 1am tir vat lieu FG-GPLRC két hop véi céc loai vat
licu khac. Thong qua viéc st dung TSDT két hop véi tinh phi tuyén hinh
hoc von Karman dé thiét 1ap cac phuong trinh co ban. Phuong trinh Euler-
Lagrange va ham tiéu tan Rayleigh dugc sir dung dé thu duoc cac phuong
trinh chuyén dong phi tuyén cuaa két cau.
4.1. M6 hinh két cau
Xét cac két cau tAm tron va vé cau thoai voi ban kinh cong R, ban kinh
day a,, va bé day h, nhu duoc minh hoa trong Hinh 4.1. Chuyén vi ctia
cac két cAu duoc gia dinh la ddi xung truc va dugc dat trén nén dan hoi
phi tuyén, chiu tac dong cia tai ap luc ngoai g va tai nhiét déu AT bién

d6i theo thoi gian.
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Vo chu thoai Tém tron

Hinh 4.1. Théng s6 hinh hoc va hé toa d6 caa tam tron va vo cau thoai
4.2. M6 hinh két cau
4.2.1. FG-GPLRC
Trong phan ndy, cac két ciu tAm tron va vo cau thoai dugc ciu tao tir vat
li¢u FG-GPLRC, nhu minh hoa trong Hinh 4.2. Nam dang ham quy luat
phan bd GPL dugc st dung, twong tmg véi cac phuong trinh (2.3a), (2.4a),
(2.5a), (2.6a), va (2.7a).
4.2.2. FG-GPLRC 18i réng c6 lép dp dign

N

h/’/‘? :F P zzz22222222;2;22;2;72z¢@zzz2ézzézzzizzzzizz]

hp
hee h —~—— Ldp 16i rdng

hpE ::: Wz 000000000000 ddzzzz2d

iz

% 2] ——— Lop ap dién

PE/U/CC/U/PE PE/X/CC/X/PE

Y rzzzz22z2200070070772222222202222222223 V ] zzzzzzzzz;ziiéiédddzzziiiiay

PE/O/CC/O/PE PE/V/CC/A/PE PE/A/CC/V/PE
Hinh 4.3. Théng sé hinh hoc va tinh chat vat liéu cua Ip ap dién, 16p
FG-GPLRC va l6p 16i rong
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Mo hinh vt liéu ndy duoc thiét ké twong ty nhu trong muc 3.2.2, nhung
phan 16i duoc thay thé bang 15i rdng thay vi 16i Auxetic (xem Hinh 4.3).

Cac dac trung nhu m6 dun dan hoi, hé s6 gian nd nhiét, va khoi luong
riéng cua 161 rong duoc xac dinh theo cac cong thirc sau [100]:

E. =E,|1-e,cos(nz/hy)] , ,
0o =0, , —£<Z<%, (4.3)

2

Poc =P [1— (1— \/1—7e0)cos(7cz/hcc )J
4.2.3. FG-GPLRC réng

Trong phan ndy, vat liéu FG-GPLRC rdng duoc cau tao tuong ty nhu
16p mit da trinh bay trong muc 3.2.3, nhung dugc thiét ké dé bao phu toan
bo bé day h cua két ciu. Do do, cc biéu thirc xac dinh céc thong s6 dic
trung cua vat liéu dugc diéu chinh lai dé phu hop voi thiét ké nay.
4.3. Céac cong thirc co ban

Cac ndi luc va mdé men bao gom lyc gidn va lyc cat, md men va md

men bac cao cling nhu luc cit bac cao cua tim tron va vo cau thoai doi
xung truc duoc xac dinh béng cach tich phan theo dinh luat Hooke, nhu
Sau

0

" (

0 T PE )
0 OTAT + DV,

Cl, Cl, F, F, G, G, || Mo, +w,,)| |0LAT +®V,
c,, C,, F, F, G, G, _k(d) 1 j (DLAT + DLV,

Qr _ Hl’14 HLS SSZ
Rr B H;,5 Hés _}\‘(d)_'_w,r) ,
(4.17)

Xét tuong tac nén cua két cdu 1a nén phi tuyén, gia st ring cac thanh
phan dong ning ciia goc xoay va trong mit phang 1a rat nho nén c6 thé bo

N.| (A} A}, B, B}, C}, C,]
N, A}, A, B}, B}, C}, C,, (I)’r (D;AT+(DQEVO
M| |B B, DD EE|| O] AT+ 0TV,

J L — > X — ,
M, B, B, D, D,, F, F, r CD;)AT—FCD;EVO
P
P,
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qua. Thé ning bién dang dan hoi, cong do tai trong ngoai tac dung va dong
nang cta tam va vo duoc thé hién lan luot nhu sau

(0,6, +0,8,+0,¢,—a(z)AT (5, +0,) |
h/2 ay
U, = n_;!./z _([ _%(Grd;_;lg N Gedgzj rdrdz, (4.18)
h h
i PE PE _
- 1 )
@ @ K1w+§K3w
U, = 27:_[ qwrdr—n_[% 1 w crdr, (4.19)
° ° _KZ(wrr+_wrj
L S Tl
h/2 ay
;=T I j Jw’rdrdz, (4.20)

~h/2 0
Tir cac phuong trinh (4.18), (4.19) va (4.20), ta thu dugc biéu thirc cua
nang lugng toan phan ciia két ciu 1a
UTotal = UT o Uint + Uext
4.3. Pieu kién bién va phwong phap giai
Theo diéu kién bién (4.22a, 4.22b), cac nghi¢m da thirc dugce chon [99,
126]

(4.21)

_u(p(@-T) r(a;—r?)
u—U(t)T, b=t )a—g”
. 2 (4.23)
w:W(t)M w' ahM,
a, a,

Hé phuong trinh Euler—Lagrange duogc st dung dé thu duoc cac phuong
trinh chuyén dong ctia tim tron va vo cau thoai két hop véi ham tiéu tan
Rayleigh [147], c6 dang nhu sau

d (oU oU od, oU

el Tf)tal _ Total 1 0 i( aUT.otal j _ Total _ O

dt\ ow ow oW 7 dt\ oU ou (4.24)
i a[]Total _ a[]Tol‘al =0

dt\ od ov

0
trong d6 ham thé nang can d, =7 _[ cw;rdr.
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Thé phuong trinh (4.23) vao biéu thirc ning lwgng toan phan (4.21), sau
d6 thé vao biéu thirc (4.24), hé phuong trinh chuyén dong ciia tim tron va
vo cau thoai 1a

a,U+a,®+a,W+a,W(W+2th)=0, (4.25)

a,U +a,,®+a,,W +a, W (W +2Eh)=0, (4.26)
a, U +ay, @ +a,U(W +Eh)+a,,® (W +Eh)+a, W (W +4Eh/3)
+a W (W +Eh)(W +28h)+ a,, WK, + a,,W + a,,AT(W +Eh)  (4.27)

Tc . .o
+ayyo AT + A, Vo (W +ER) + .V, + g — gag (eW +a,,W)=0,

Cac bién d6 U va @ c6 thé duoc xac dinh bang cach giai hé phuong
trinh (4.25) va (4.26), sau d6 thé két qua vao phuong trinh (4.27), tir d6
dan dén

(ay by, +ayb,, +a, )W +(a,b, +a, b, )W (hE+W)
+a, W (W +4Eh/3)+(ay, by, +a,b,, )W (26h+ W)

+AT[a39 (RE+W )+ ay, :| +V, |:a312 (RE+W)+ay, (4.28)
+(a,b, +a, b, +a, )W (26h+W)(Eh+W)

+a, WK, +a,,q —gaj (CW + a314W) =0

Phuong phap Runge-Kutta duoc ap dung dé giai phuong trinh (4.28).
Cac ham g =q,t va AT = At dugc chon cho ap lyc ngoai va tai nhiét déu.
4.5. Két qua sé va thao luan

6 m— o . D, 16 - TAm tron
Al s D’\_ Dy, h=0.012m, a, = 20h, £=0.1, Y
RHPAAR N LUAAUT 2 3 pmen P i o s ) = a,/0.
a1 % RRAY i NG — =Dy | 12 F W =0.7%,c=0.1kN.s/m’, AT= 100K,
NV T4m tron P S Vi siallta s = Ry=a,/0.2
3. : .;\3 ek w‘ g = 10° sin(10007) N/m?.
) "

1}
h=0.012m, ‘Y
ay=20h, =0, ‘."
3 P We =0.7%, Vi Fil
GPL o > A $0 =

¢=0.1 kN.s/m? "‘:-WJ-f?‘.' &g~ (LWL,

. -s/m-, by K;=1TN/m>, AR
AT = 100K. v g = 106 sin(1007) N/m2. “ ¥~

K =10 MN/m?,

K, =10 MN/m3, K, = 0.1 MN/m, K5 =1 TN/m>.

0 0.03 0.06 0.09 0.12 0 0.005 0.01 0.015 0.02
£(s) t(s)

Hinh 4.5. Anh huéng ciacac  Hinh 4.7. Anh hudng cua kich
dang quy luat phan bd GPL dén  thudc ban kinh cong dén dudng
duong cong thoi gian — d0 vong cong thoi gian — d vong
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0 T 3
X/CC/X, h=0.02m, hee = 0.6h, a, = 20h, ;; %= g I K, =25 MN/m3, K, = 25 kN/m.
Ry=ay/0.2,£=0.1, A, = 100 KIs, T 3:%:0%
02 | Wep, =0.5%, ¢ =100 N.s/m?. B0 2 |
— 1: T4m tron
V6 cau thoai khong —2: Ry =a,/0.1
04 F v Ao dis =+ el
§ ¢6 16p ap dicn = —3:Ry=a,/0.2
AN PR-3, GPL-X, 4 =0.02m,
0.6 I K, =10 MN/m?, D 2 0 e,=0.3,a,=20h,E=0.1,
K, i ()_|7MN/m2 N ’ 3 qo=10° Pa/s, AT =200K,
K; =107 MN/m>. 1 S W = 0.6%, ¢ = 10 kKN.s/m?.
_08 1 1 1 1 = _l 1 1 1
0 100 200 300 400 500 0 10 20 30 40
AT (K) q (MPa)

Hinh 4.32. Anh huéng ctia hé s6  Hinh 4.39. Anh hudng ctia ban
rong dén dudng cong sau mat 6n kinh cong dén duong cong sau mat
dinh dong chiu tai nhiét déu  6n dinh dong chiu tai ap luc ngoai
4.6. Két luan chuong 4
Mot sb nhan xét ndi bat cé thé dat duoc nhu sau
1) LAy truong hop hé sé nén phi tuyén bang 0 1am tham chiéu, hé s6 nén
phi tuyén duong lam giam manh bién d6 dao dong, trong khi hé s6
nén phi tuyén am 1am ting dang ké bién do dao dong.
2) VUing mat 6n dinh dong cé thé quan sat dugc d6i voi tim tron va
nguoc lai dbi véi vo cau thoai khi cac két cau nay chiu tai nhiét déu.
3) Tai tdi han tinh va dong chi xac dinh duoc dbi vai tim tron hoan hao,
khdng ap dung cho vé cau thoai dudi tac dung cua tai nhiét déu; dong
thoi, chi mot dé cong thoai ciing du l1am giam dang ké bién do dao
dong cua két cau.
KET LUAN

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

1. Dua trén TSDT, tinh phi tuyén hinh hoc theo mo6 hinh von Karman
va cai tién k¥ thuat san déu tac dung sudn cua Lekhnitskii, cac phuong
trinh chu dao da duogc thiét 1ap cho bai toan 6n dinh dong phi tuyén va dao
d6ng phi tuyén cua nhiéu dang két cdu tim va vo, bao gdm ca cic truong
hop c6 hodc khong c6 sudn ting cimg. Cac dang két cau dugce nghién ciru
bao gdm panel tru, panel parabol, panel hinh sin, tim tron va vo cau thoai,
v6i nhiéu mo hinh vat liéu khac nhau duoc ap dung cho cac két cAu nay.

2. Ham tng suat ddi véi panel parabol va panel hinh sin dugc xac dinh
xap xi bang phuong phap Galerkin, két hop voi viée st dung ham
Lagrange, phuong trinh Euler-Lagrange va ham tiéu tan Rayleigh d¢é thiét
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1ap cac phuong trinh chuyén dong phi tuyén cta két ciu. Cac dap tmg
dong va tai téi han dong twong ing dugc phan tich biang phuong phap
Runge-Kutta va tiéu chuan Budiansky-Roth.

3. Luan an da phan tich dong luc cta cac két cAu tAm va vo ¢6 hinh dang
phtic tap nhu: panel tru, panel parabol, panel hinh sin, tim tron va vé cau
thoai. Trong d6, cac bai toan ¢ tinh phirc tap khi xem xét téi nhiéu yéu
t6 nhu: suon ting cing, nén dan hoi tuyén tinh va phi tuyén, do hoan hao
ctia két ciu, cac dang mo hinh vat licu FG-GPLRC khac nhau va cac dang
tai trong khac nhau.

4. Pa xay dyng mé hinh tinh toan va khao sat bang s6 mot cach chi tiét
cac anh hudng ciia suon ting cing, nén dan hoéi tuyén tinh va phi tuyén,
do khong hoan hao, tinh chét vat liéu, kich thuéc hinh hoc, cic cach Xép
Xép b tri suon téi ung xur dong luc cua két cAu. T d6 rat ra cac nhan xét
¢ ¥ nghia cho cac nha thiét ké xem xét sir dung trong thuc té k¥ thuat.

5. Céac két qua cua luan an khong chi dong gop vé mit hoc thuat ma con
¢ tiém ning tng dung cao trong thiét ké va phan tich cac két ciu cong
nghiép chiu tai nhiét, dao dong cudng burc va tai trong phirc tap. M6 hinh
dé xuat c6 thé hd tro danh gia on dinh, giam thiéu dao dong va toi wu thiét
ké cho cac két cu tdm, vo trong cac cong trinh nhu bon chtra, mai vom,
két cau dang vo trong nha may, tram phat dién va cong trinh hang khong
— v tru.

KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO
1. Nghién ctru dong luc hoc phi tuyén ciia cac két tim tron va vo cau thoai
vai cac mo hinh vat lieu FG-GPLRC khac nhau c6 suon tang cing chiu
céc co - nhiét - dién két hop.
2. Nghién ctru dong luc hoc phi tuyén cua cac két cau c6 hinh dang phuc
tap nhu vo nén, non cut, vo cau nhan, panel non, panel cau nhan, v tron
xoay lam bang FG-GPLRC c6 suon ting cing.
3. Nghién ctru dong luc hoc phi tuyén céc loai vo ¢6 hinh dang phtc tap,
diéu kién bién roi rac... 1am béng vat liéu FG- GPLRC c6 suon tang cing.
4. Nghién ctru xdy dung céac tiéu chuan thiét ké két cdu dang tim vo FG-
GPLRC cho cac cong trinh xay dung.
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