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MO DAU

Két cau cong trinh dang chom thodi va tam tron da dugc phat trién va Gmg dung
qua nhiéu thé ky, déng vai trd quan trong trong nhiéu cong trinh xay dung trén khap
thé gi6i. Nho hinh dang cong mém mai, két ciu chom thoai c6 kha ning phan bd déu
luc tac dong, tir d6 nang cao kha ning chiu luc va do bén ctia cong trinh. Ngoai nhitng
vu diém vé mit k¥ thuat, kién tric chom thoai con c6 tinh thAm m§y cao nho hinh
dang mém mai, dong thoi tao ra khong gian sir dung 16n cho cong trinh. Nho d6 chung
c6 kha nang ung dung rong rai cho cac cong trinh dan dung, cong trinh ton gido va
van hoa, cong trinh thuong mai va du lich, cong trinh cong cong, cong trinh cong
nghiép, cong trinh luu trit va cong trinh quan sy. .. Kién trac va két cau cac cong trinh
xay dung ngdy cang trd nén phirc tap dé dap ing dugc da dang muc dich sir dung cia
cac dang cong trinh mdi1 duge xay dung trong cac diéu kién dic biét. Két cAu chom
thoai va tAm tron con phu hop voi cac cong trinh xdy dung trong diéu dic biét nhu:
trong moi truong hoa chit, dué6i nude, dudi day bién, siu trong long dat hodc trén
hém nii cao... Két cau chom thoai va tim tron c6 duge su linh hoat trong thiét ké két
cAu va kha ning sir dung da dang vat liéu khong chi mang lai gia tri tham my ma con
dem lai nhiéu loi ich vé mat k¥ thuat va kinh té. Nho d6, chung tiép tuc khang dinh
vi thé quan trong trong nganh xay dung hién dai, dap ing dugc cic yéu cau ngay cang
cao cua cac cong trinh da churc nang va phuec tap.

Su phat trién khong ngimg cua khoa hoc va cong nghé san xuat di tao ra cac vat
liéu composite tién tién véi cac tinh chit co hoc vuot trdi. Dién hinh trong s6 do 1a
vat lidu composite co tinh bién thién c6 tén qudc té 1a Fuctionally Graded Material
(viét tat 1a FGM), va vat liéu nanocomposite gia cudng cic “manh” graphene
(Graphene platelets, viét tat 1a GPL) co tinh bién thién c6 tén quéc té 1a Functionally
graded graphene platelets reinforced composite (viét tat 13 FG-GPLRC). Nhiing vat
liu ndy duoc xem 1a giai phap xay dung uwu viét vi c6 do bén cao, tudi tho dai dem
dén nhiéu co hoi méi trong nganh xay dung va kién triic. Trong twong lai, cac két cau
FGM va FG-GPLRC c6 thé két hop véi két cdu vt liéu xay dung truyén théng dé tao
ra cac cAu tric nhe hon, viing chac va an twong hon. Tuy nhién, FGM va FG-GPLRC
déu c6 tinh chét vat liéu di hudng va img xtr co hoc phuc tap, do1 hoi cac mo hinh

tinh toan tin cdy va cac nghién ctru 1y thuyét chuyén sau ap dung riéng biét cho ting



loai vat liéu trude khi dua vao ing dung trong cac cong trinh thuc té. Hién nay, tai
Viét Nam, céc tiéu chuan thiét ké hién hanh méi dé cap cho bai toan thiét ké 6n dinh
tong thé tuyén tinh két cdu tAm vo bang vt liéu ddng hudng. Trong khi d6 FGM va
FG-GPLRC c6 dac tinh di hudéng phtrc tap va kha nang chiu luc cao, chiu dugc do
vong rat 16n khong phi hop véi cac bai toan tuyén tinh hinh hoc ma doi hoi phai st
dung céc bai toan phi tuyén. Do d6, hién van con thiéu cac tiéu chudn vé thiét ké 6n
dinh phi tuyén ciia cac két cau cong trinh thanh moéng lam tir vét liéu composite tién
tién. Viéc phat trién cac tiéu chuin nay 1a can thiét dé dam béo tinh an toan va hiéu
qua khi tmg dung FGM va FG-GPLRC trong cic cong trinh thuc té.

Su két hop cua két cau cong trinh chom thoai va tAm tron véi cac vat liéu tién
tién FGM va FG-GPLRC tao ra ciu triic vuot trdi, vira c6 tinh tham my cao, vua co
d6 bén va do on dinh 16n, déng thoi chiu duoc cac diéu kién 1am viéc khic khe nhu
moi trudng nhiét do cao va mdi trudng hoa chat. Két cau cong trinh chom thoai va
tam tron FGM va FG-GPLRC thudc dang két cdu thanh mong, chiu dugc bién dang
va do vong 16m nén co6 kha nang lam viéc an toan ngay ca khi ¢ mat 6n dinh. Vi vay,
bai toan 6n dinh va sau mat on dinh phi tuyén try thanh huéng nghién cru quan trong
trong phan tich tng xtr két ctia cau nay lam co sé dé danh gia kha ning chiu tai cia
két cau phuc vu trong cong tac thiét ké, duy tu, bao tri va bao dudng cong trinh. Hién
nay, viéc phan tich 6n dinh phi tuyén cta cac két cdu chom thoai va tAm tron FGM
va FG-GPLRC sir dung céc 1y thuyét bién dang trugt con gip nhiéu kho khin do tinh
chét phtrc tap vé mit toan hoc nén céc cong bd con han ché va chua déy du. bac biét,
d6i vai cac két cdu chom thoai c6 dd cong phirc tap nhu chém parabol, chom sin va
chom elip, cho dén nay van chua c6 nghién ctru nao dugc cong bd. Diéu nay cho thiy
su cap thiét phai tiép tuc phat trién cac phuong phap phan tich tién tién va toan dién
hon d¢ khai thac toi da tiém nang ing dung ctia két ciu va vat liéu nay trong thuc té.

Xuat phat tir nhitng 1y do trén day, dé tai luan an nay nghién ctru Phdn tich 6n
dinh co nhiét ciia tam tron va vé chom thodi FGM va FG-GPLRC trong két cdu cong

trinh cé xét dén bién dang trirot ngang.



Muc tiéu cua ludn dan

Luan &n dit ra cac muyc tiéu chinh sau day:

Vé mit két cAu: nghién ctru tip trung danh gia anh huong cua thong s kich
thude hinh hoc, anh huéng cua nhiét méi truong, anh hudng cia twong tac nén dén
g xir co va nhiét ciia cac két cau cong trinh chom thoai c¢6 do cong phirc tap va tim
tron tir viée giai quyét cac bai toan sau:

- Phén tich 6n dinh co nhiét phi tuyén bao gdm tinh phi tuyén hinh hoc theo
nghia von Karmaén cua két ciu chom thoai va tAm tron véi cac dang chom thoai khac
nhau gém chom cau, chom parabol, chom sin va chom elip. Ttr do, c6 thém dugc su
so sanh rd rang vé kha niang chiu tai giita cac dang chom thoai khac nhau. Cach tiép
can theo chuyén vi, dua trén 1y thuyét bién dang trugt bac nhat (FSDT) va phuong
phap Galerkin. Str dung dang nghiém lugng giac cho phép xem xét dong thoi nhiéu
mode mat 6n dinh khac nhau, nang cao do tin cdy cta phuong phéap trong phan tich
va du doan tng xur ciia két cdu trong cac diéu kién tai trong khac nhau.

- Phan tich 6n dinh co nhiét phi tuyén ctia két cau cong trinh chom cau thoai va
tam tron c6 xét toi phi tuyén hinh hoc theo nghia von Karman. Cach tiép can theo
chuyén vi, theo 1y thuyét bién dang trugt bac ba ciia Reddy (R3SDT). R3SDT thudc
loai Iy thuyét bién dang truot bac cao (HSDT) duoc str dung phd bién nhét trong d6
cac thanh phan bién dang truot ngang duoc xét dén mot cach day du ma khong can
hé s6 hiéu chinh trugt dé nang cao d chinh xac trong phan tich rng xtt co hoc. St
dung phuong phap nang luong Ritz vdi dang nghiém da thirc cho phép gidm baot do
phirc tap cua bai todan ma van dam bao tinh chinh x4c ctia phuong phap.

- Phén tich 6n dinh co nhiét phi tuyén ctia két cdu chom cau thoai va tAm tron
duogc thuc hién trén co s& FSDT, c6 xét dén phi tuyén hinh hoc theo mo6 hinh von
Karman. Tiép can theo ham tng sut gitp da dang héa phuong phap nghién ctru,
ddng thoi cung cip goc nhin khac vé tmg xir co hoc cua két cau. Phuong phap ning
luong Ritz két hop véi dang nghiém da thirc duoc sir dung dé can bang giira do phirc
tap vé mit toan hoc va d6 chinh x4c ctia phuwong phap.

Vé mit vt lidu: phan tich anh huéng cua tinh chat vat liéu di huéng, anh huong
ctia quy luat phan bd thanh phan vat liéu d&én tng xir co nhiét cia két cdu chom thoai

c6 do cong phuc tap va tAdm tron. Céc loai vt liéu tién tién FGM va FG-GPLRC c¢6



thiét ké duoc lua chon nghién ciru dap tng cac yéu cau k¥ thuat cip thiét trong xay
dung cong trinh. Cu thé:

- Vat 1iéu FG-GPLRC: ¢6 dg ctrng cao, thuan loi trong ché tao, phu hop véi cac
két cau chiu tai 16n.

- Vat liéu FGM va FG-GPLRC rong: bén trong chira cac 15 réng co ty phan thé
tich phin bd theo quy luit xac dinh doc theo chiéu day két cAu, véi muc dich 1am
giam khdi lugng va cai thién kha ning cach nhiét, cach am.

- Vat liéu sandwich FGM va FG-GPLRC 13i rdng: cdu trac gom l6p 15i 1a vat
liéu rong két hop véi hai 16p mat FGM hoidc FG-GPLRC, vira ting d6 ctg vira dam
bao hi¢u qua cach nhiét va cach am cao.

Tir @6 ludn an cung cép co sé khoa hoc bang cac nhan xét kién nghi dé dé xuat
cac giai phap thiét ké dang két cau chom thoai va tAm tron, va cac giai phap thiét ké
ché tao vat liéu FGM va FG-GPLRC phu hop véi ing dung thuc té trong xay dung
cong trinh. Pong thoi, luan an dua ra nhimng kién nghi quan trong nham dinh hudéng
viéc xdy dung tiéu chuan thiét ké cho cac két cau nay trong tuong lai.

Doi twong va pham vi nghién ciru

Péi tuong dugc quan tam trong ludn an 1a:

- Céc két cAu chom thoai c6 do cong phirc tap gdom chom cau, chom parabol,
chom sin va chom elip va két ciu tAm tron.

- Céc loai vat liéu tién tién gém FGM rong, sandwich FGM 16i rong, FG-
GPLRC, FG-GPLRC rdng, va sandwich FG-GPLRC 15i rong.

Pham vi nghién ctru cta ludn an la bai toan 6n dinh va sau mat 6n dinh dan hoi
phi tuyén cta két cdu chom thoai c6 do cong phirc tap va tim tron bang céc loai vt
liéu tién tién FGM rong, sandwich FGM 15i rong, FG-GPLRC, FG-GPLRC rong, va
sandwich FG-GPLRC 13i rong.

Phwong phap nghién ciru

Luan 4n ndy sir dung phuong phép nghién ciru 1y thuyét bang cach tiép can giai
tich, st dung FSDT va R3SDT.

Bai toan duoc tiép can theo hai cach khac nhau: tiép can theo chuyén vi va tiép

can theo ham wng suat.



Hai phuong phap duoc sir dung gdm: Phuong phap Galerkin va phuong phap
nang lugng Ritz dé dan ra hé phuong trinh dai s6 phi tuyén.
Y nghia khoa hoc va thuc tién ciia luén dn

Ynghfa khoa hoc cua luan an:

- Luan 4n lan dau giai quyét bai toan phan tich on dinh va sau mat 6n dinh co
nhiét phi tuyén cta két ciu vo chom thoai c6 d6 cong phirc tap gdm chom cau, chom
parabol, chom sin va chdm elip FG-GPLRC rong va sandwich FG-GPLRC 15i rong
theo FSDT.

- Luan 4n giai quyét cac bai toan co ban vé on dinh va sau mat 6n dinh co nhiét
phi tuyén cua két cdu chom cau thoai va tAm tron bang cac loai vat liéu tién tién nhu
FGM rong, sandwich FGM 16i rong, FG-GPLRC va sandwich FG-GPLRC 15i rong
theo R3SDT. Thiét lap 1oi giai va thu duoc cac két qua vé tai nhiét t6i han va kha
nang chiu tai sau mat 6n dinh co nhiét dudi dang hién.

- Luan an st dung hai cach tiép can (tiép can theo chuyén vi va tiép can theo
ham ung suat), hai phuong phap (phuong phap Galerkin va phuong phap Ritz), va
hai dang nghiém (dang nghi¢m luong gidc va dang nghi¢m da thuc) dong gop thém
vao cac hiéu biét va kién thirc vé phén tich 6n dinh va sau mat on dinh co nhiét phi
tuyén cta két cdu chom thoai c6 do cong phirc tap va tim tron bang céc loai vt lidu
FGM va FG-GPLRC day tiém ning nay.

Ynghfa thye tién cia ludn dn:

- Luan 4n nghién ctru tng xir 6n dinh co nhiét phi tuyén cua két cau chom cau
thoai, vé chom thoai c6 d6 cong phurc tap va tAm tron, duoc lam tir cac loai vat liéu
tién tién nhu FGM rdng, sandwich FGM 16i réng, FG-GPLRC, FG-GPLRC rdng va
sandwich FG-GPLRC 13i rdng véi cac diéu kién lam viéc phu hop véi thuc té. Cac
két qua ctia bai toan duoc thé hién dudi dang hién va dugc ing dung trong cac khao
sat s6 mot cach chi tiét dé danh gia kha ning chiu tai cta két cdu khi cac thong sé dau
vao thay doi. Tir d6, nghién ctru cung cap cac nhan xét quan trong vé anh huéng cua
cac thong sb t6i ing xir 6n dinh va sau mat 6n dinh cta cac két cAu nay.

- Két qua ctia luan 4n c6 thé duoc ing dung trong cong tac thiét ké, thi cong va

bao tri cac két cdu chom thoai c6 dd cong phirc tap va tdm tron FGM va FG-GPLRC.



- Céc két qua cua luan 4n c6 gia tri tham khao quan trong cho viéc thiét ké va
ché tao cic loai vat licu FGM va FG-GPLRC nham huéng t6i san xuat thuong mai
hoa, dap tng nhu cau thuc té trong nganh xay dung.

- Cac két qua cua ludn 4n c6 thé 1am co s& khoa hoc trong cong tic xay dung
céc tiéu chuan thiét ké cho cac két cau nay trong tuong lai.

Bé cuc ciia lugn dn

Luan 4n bao gdm phin m¢ dau, chuong tong quan va 3 chuong chinh, phan két
luan, danh muc cac cong trinh khoa hoc cua tac gia lién quan dén luan an, tai liéu
tham khdo va phu luc. N§i1 dung chinh ctia luan an dugc trinh bay nhu sau:

- Chuong 1 trinh bay tong quan van dé nghién ciru vé két cau cong trinh c6 dang
chom thoai c6 dd cong phtrc tap va két cau tam tron 1am tir cac loai vat liéu composite
tién tién FGM va FG-GPLRC; cic nghién ctru trong nude va qudc té vé két ciu tim
vo lam b:;ing cac loai vat lieu FGM va FG-GPLRC; tinh chét hiéu dung cua cac loai
vat liéu gdbm FGM rong, sandwich FGM 15i réng, FG-GPLRC, FG-GPLRC rdng va
sandwich FG-GPLRC 13i rdng duoc nghién ctu trong luan an.

- Churong 2 nghién ciru bai toan 6n dinh phi tuyén cta két cau chom thoai c6 do
cong phirc tap va tdm tron FG-GPLRC rdng va sandwich FG-GPLRC 16i rdng theo
FSDT béng cach tiép can chuyén vi. Trong d6 dang nghiém luong giac dugc luwa chon
v6i phwong phap Galerkin. Cac két cdu chom parabol, chom sin va chom elip 1an dau
tién dugc nghién ctru.

- Chuong 3 nghién ctru bai toan 6n dinh phi tuyén cua két ciu chom cau thoai
va tim tron bﬁng cac vat liéu FGM rong, sandwich FGM 15i rong, FG-GPLRC dic
va sandwich FG-GPLRC 15i rdng theo R3SDT, bang cach tiép can theo chuyén vi va
phuong phap nang luong Ritz. R3SDT dugc sir dung hiéu qué trong phan tich két cau
tdm va vé composite di dudng nhung phirc tap hon vé mit toan hoc nén sé luong cac
nghién ctru vé két cAu chom cau thoai st dung R3SDT con rat han ché.

- Chuong 4 nghién ciru bai toan 6n dinh co nhiét phi tuyén ciia két cau chom
cau thoai va tdm tron FG-GPLRC rdng tiép can theo ham tng suét theo FSDT va
phuong phap Ritz dé giai bai toan. FG-GPLRC rong ¢6 hé s6 Poisson thay doi nén
viéc x4c dinh ham tng suét gip nhiéu khé khin va chua timg dugc cong bd trude do.

Noi dung cu thé cta cac chuong dugc trinh bay dudi dy.



Chuwong 1. TONG QUAN VAN PE NGHIEN CUU

1.1. Gi6i thiéu két cAu chém thoai va tAm tron, vat liéu FGM va FG-GPLRC
1.1.1. Gidi thi¢u két cdu cong trinh chém thodi va tdm tron

Chom thoai va tim tron 13 nhitng két ciu thudng gip trong cic cong trinh xay
dung c6 y nghia dic biét, trong d6 chom cau thoai 1 dang phd bién nhat. Chom cau
thoai duoc tao bang cach cit mot phan chdp cua hinh cau bang mot mat phang nam
ngang, trong d6 46 nang cao nhat tai dinh rat nho so v6i ban kinh day. Vé mit co hoc,
truong hop phirc tap hon cia chom cau 13 cac chom hinh parabol, chom hinh sin va
chom hinh elip, sau day cac két ciu nay duoc goi chung 1 két cdu chém thodi. Dic
biét khi do nang 16n nhat tai dinh ctia chom bang khong thi két cau chom thoai tré

thanh két ciu tAm tron (Hinh 1.1).

| chom céu, chom parabol, chom sin, chom elip thoai |

-_  Bankinhday - _~ !

Hinh 1.1. Hinh dang cta két ciu cong trinh chom thoai va tdm tron



Két ciu chom thoai va tm tron di sém xut hién va phat trién manh mé trong
kién tric cong trinh tir xa xua nhu cong trinh dén tho, cung dién va cac cong trinh
biéu tugng 16n trén thé gidi. Chom thoai va tAm tron thudng xuit hién trong cac két
ciu dang tAm vo nhu: mai vom, tim chiu nhiét, tudng vach, san... Ching 13 mét giai
phap linh hoat t6i wu khong gian va dién tich sir dung nho sy chac chan cua két cau
c6 thé tao ra khong gian rong 16n ma khong can dén hé thdng dam, cot truyén thong.
Két cau chom thodi c6 kha ning phan bo tai trong déu dan, gitip giam khéi lugng vat
liéu can str dung va giam chi phi xay dung. Ngoai ra thiét ké chom thoai va tim tron
mang lai nét tham my doc ddo, su than thién véi moi truong, tdi wu hiéu qua nang
lugng va d6 bén viing cua cong trinh. Két cau nay duoc sir dung phit hop trong nhiéu
loai cong trinh v&i quy md tir nhé dén 16n nhu:

- Cong trinh dan dung: mai cuia cac nha kho, nha xudng, mai cia cong trinh nha
o cac khu d6 thi hién dai hodc nhitng cong trinh yéu cau tinh thim my cao, mai chom
thoai c6 thé mang lai hiéu qua thAm my va ting cudng kha niang chdng chiu thoi tiét.

- Cong trinh ton gido, van héa: chua, nha thd, dén thd s dung két cau nay tao
khong gian linh thiéng dong thoi dam bao kha ning chiu lyc va chng chiu thoi tiét.

- Cong trinh thwong mai va du lich: cac cong trinh khéach san, resort hay khu
nghi dudng, méi va két cau chom thoai va tAm tron c6 thé tao ra khong gian rong rai,
mo va thodng mat, phu hop voi moi truong thién nhién.

- Cong trinh cong cong: nha hat, bao tang, san van dong, nha ga, cac cong trinh
trién 1am thuong st dung két ciu nay dé tao khong gian rong rai va kién trac an tuong
dong thoi c6 kha nang chdng chiu véi cac yéu td thoi tiét khac nghiét.

- Cong trinh cong nghiép: cac bé chira, silo va nha may ciing 4p dung két cau
chom thoai va tAm tron dé t6i vu hoa khong gian va hiéu qua st dung.

- Cong trinh luu trir: ham chura vat liéu, kho chira hang hoa, ham chéng thién tai
st dung két cAu mai chom thoai va tim tron nhé vao kha nang chiu tai trong cao, dé
thi cong va giam thiéu vat liéu.

- Cong trinh quan su: boong-ke, ham tra an str dung két ciu nay dé ting cuong
kha nang chiu lyc va bao v¢.

Vi nhitng tién bo trong ky thuat xay dung, két ciu chom thoai va tdm tron da

va dang dugc 4p dung vao nhiéu cong trinh hién dai nhu nha hat, nha tho, nha quéc



hoi, sin bay, nha thi ddu, boong-ke chdng bom, hdm tru an... Pic biét, chung con
xuat hién trong cac cong trinh dic biét mang tinh thir nghiém nhu: cac toa nha thong
minh tng dung cong nghé tiét kiém nang lugng, cac cong trinh dudi nude nhu khach
san dudi day bién, phong nghién ciru hai duong hoc va céc cong trinh trén dia hinh
khéc nghiét nhu vung nui cao, sa mac, hoac khu vuc chiu tic dong cua thién tai va

hoa chat.

\

Hinh 1.2. M6t s6 cong rinh 1’1’ dung két cdu chom thoai va tim tron

Trong twong lai, v&i sy phat trién cua vat liéu xdy dung méi nhu vét lidu
composite va nanocomposite cuong do cao, két cau chom thoai va tdm tron htra hen
s& trd thanh mot xu hudng thiét ké phd bién. Viéc két hop giira tinh thim my, kha
nang chiu luc t6t va hiéu qua sir dung khong gian s& gitip loai két ciu nay tiép tuc

dugc ing dung rong rai trong nhiéu linh vyuc kién trac va xay dung trén toan cau.



1.1.2. Gioi thi¢u vit ligu FGM va FG-GPLRC

Vit liéu composite tién tién di va dang 13 xu thé phat trién dugc nghién ciru ing
dung rong rii trong cic két cu cong trinh xay dung trén thé gisi [45, 72, 74, 90].
Chung c6 nhiéu wu diém vuot trdi so voi cac vat liéu truyén théng: nhe hon, bén hon,
linh hoat hon, kha ning cach nhiét, cach am tét hon. Dién hinh trong d6 1a vat liéu
composite co tinh bién thién FGM duoc gi61 thi¢u vao nam 1984 bdi mot nhom cac
nha khoa hoc Nhat Ban [73]. Ké tir d6, sb lugng céac cong trinh nghién ciru vé ung
dung cta vat liéu FGM trong cac két cu nhu dam, tAm va vo di ting 1én dang ké [22,
63, 64, 67, 86, 96, 134, 142,]. FGM c6 c4c dic tinh vat li¢u bién dbi tron va lién tuc
tir mat nay sang mat khac do d6 1am giam g suét nhiét, giam Ung suét tap trung va
giam ng suat du thuong gip trong cac loai composite 16p thong thuong. FGM dugc
cAu tao tir hai hay nhiéu vat liéu thanh phan véi ty 1& phdi tron dam bao ty phan thé
tich ctia cac vat liéu thanh phé”m bién d6i theo mot quy luat tron va lién tuc theo mat
sb hudng nhat dinh [128]. Trong do, FGM dién hinh duoc cu tao gém hai vat liéu
thanh phan 13 kim loai va gdm (ceramic) v&i ty phan thé tich bién ddi tron va lién tuc
theo hudng chiéu day két cAu, nhor d6 vira ¢ kha nang chiu nhi¢t tot va do cung cao
cua gém vira ¢6 tinh déo dai ctia kim loai dé han ché sy ran nit cta vat liéu. FGM c6
thé chiu duoc tai trong 16n va nhiét do cao dap ng yéu cau cap thiét trong cac thiét
ké k¥ thuat noi chung va nganh xiy dung cong trinh noi riéng.

Trong linh vuc vat liéu nanocomposite, Graphene dang tré thanh vat liéu gia cd
phd bién dugc wa chudng nhitng ndm gan ddy nhd so hitu cac tinh chit co, nhiét va
dién tuyét voi [11, 41, 48, 89, 92, 124, 139]. Dugc phat hién ndm 2004 bo1 Andre
Geim va Konstantin Novoselov, vat liéu nay c6 kha nang tuong tac tdt vGi cac vat
liéu nén nho dién tich bé mit 16n va c6 thé gia cudng truc giao [69, 93, 122]. Khi
duogc gia cudng trong nén polyme, graphene gitip ting mé dun dan hdi téi 98.7% [75,
140]. Graphene sheet va Graphene platelet (GPL) 1a hai dang ton tai phd bién cia
Graphene duogc nghién ctru va tng dung rong rai. Vé mit Iy thuyét, Graphene sheet
1a vat liéu hai chiéu don 16p phéng (2D) duoc tao thanh tir cac hat carbon lién két
trong ciu trac mang luc giac c6 d6 day 0.34 nm, va GPL 1a cdc manh graphene nho
v6i 56 16p tir 1 dén 10 [47, 88]. Trong s6 cac dang graphene, ngay cang c6 nhiéu cac

cong trinh nghién ctru ve vat li¢u composite gia co GPL trong cac két cau dam, tam,
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vo dugc cong bd [23,34,43,80,100, 131, 135, 136]. Trai qua nhiéu cong trinh nghién
clru va phat trién vé cong nghé san xuat, dén nay GPL da c6 thé duoc san xuit hang

loat trong cong nghiép vai chi phi thap [33].

Hinh 1.3. C4u tric nguyén tir ciia Graphene sheet [33]

Déi vai chu trac vi mé GPL duogc gia cudng véao trong nén polyme hodc nén
kim loai b::ing mot ham phan b lién tuc hodc tung phﬁn theo chiéu day két cu tao ra
vat liéu nanocomposite graphene co tinh bién thién (FG-GPLRC) c6 céu triic bén
viing tmg dung trong k¥ thuat noi chung va cho nganh xay dung trong tuong lai néi
riéng. Nhiéu cong trinh nghién ciru da chi ra rang véi ty phan khéi lugng nhé GPL

cling lam tang dang ké kha nang chiu luc ciia FG-GPLRC [9].

- :

Hinh 1.4. Hinh anh ctia GPL trén thi trudng qua kinh hién vi dién tir quét (SEM), co
do day 10nm va duong kinh trung binh 8um [40]
1.1.3. Tiém nding teng dung ciia két ciu cong trinh chém thodi va tim tron bang
FGM va FG-GPLRC
FGM va FG-GPLRC la nhiing vat liéu xay dung tién tién, c6 trong lugng nhe,
d6 climg va d6 bén cao cung voi tudi tho dai. Nhimg dic tinh ndy mé ra nhiéu co hoi

moi trong nganh xay dung va kién trac, cho phép tao ra cac két cau vira nhe vira viing
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chéc, dong thoi mang tinh thAim m§ cao. FGM va FG-GPLRC c6 nhitng vu diém vuot
tro1 dugc xem la lya chon ly tudng cho cac ting dung trong cong trinh xay dung, bao
gom:

- Khé ning chiu luc va dap, chiu kéo tot, cach am, cach nhiét, chdng chay, chdng
tham nudc, chéng an mon boi cac hoa chét, axit.

- Trong luwong nhe gitip thun tién cho qua trinh van chuyén, d& dang cho viéc
thao tac thi cong lap dit, lip ghép cac két cau cong trinh.

- Kha nang ché tao duoc cac dang két cau cong trinh linh hoat, da dang hinh
thai, tao ra cac két cdu mdi ma vat liéu truyén théng khong dap tmg dugc. Diéu nay
cho phép kién triic su c6 thém su lya chon trong thiét ké, thé hién dugc cac ¥ tudng
thiét ké méi doc dao, sang tao, hién dai, mang nét van hoa, mang tinh biéu tuong.

- Vuot duoc khau do 16m, tao ra khong gian st dung rong 1on.

- Pam béo tinh 6n dinh vé cac thong s6 k¥ thuat xay dung trong cong trinh.

Két cAu dang chom thoai va tAm tron véi kha nang chiu lyc tdt, hinh dang doc
dao, t6i wu khong gian sir dung, 1a Iya chon 1y twong cho viéc tng dung FGM va FG-
GPLRC. Céc két cdu chom thodi va tAm tron bang FGM va FG-GPLRC c6 tiém ning
sir dung rong rai trong cac cong trinh xay dung v6i nhiéu kich thudc khac nhau nhu:

- Cong trinh ¢ yéu cau kién trac phirc tap: nha hat, bao tang, trung tim hoi nghi
voi thiét ké doc dao va sang tao.

- Cong trinh trong diéu kién khac nghiét: nha may, 16 phan tng hat nhan, co s
nghién ctru khoa hoc hoat dong trong moéi truong nhi¢t do cao hoac chiu tai trong
phuec tap.

- Cong trinh thuong mai va du lich: khach san, khu nghi dudng, trung tam mua
sam v6i khong gian rong 16n va thiét ké an tuong.

- Cong trinh vin hoa va ton gido: dén chuia, nha thd véi kién trac mang tinh biéu
tugng va bén ving theo thoi gian.

- Cong trinh quéin su: boong-ke, hdm tra 4n yéu cau do bén, do cing va do on
dinh cao.

Viéc ung dung FGM va FG-GPLRC trong két ciu chom thoai va tim tron khong
chi nang cao hi¢u qua st dung vat li€éu ma con mé ra huéng di mai cho thiét ké kién

tric hién dai, két hop giita tinh thAm my va hiéu qua k¥ thuat.
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1.2. Tinh hinh nghién ciru trong nwéc va qudc té vé ing xir co nhiét cia két ciu
tAm v6 bang FGM va FG-GPLRC
1.2.1. Két cdu tim, panel tru, vé thodi hai dp cong FGM va FG-GPLRC

Tam, panel try va vo thoai hai do cong la nhitng dang két cu tAm vo phd bién,
dong vai tro quan trong trong nganh k¥ thuat néi chung va ddc biét trong linh vyc xay
dung cong trinh. Cho dén nay, cac nghién ctru vé két ciu tAm, panel try va vo thoai
hai d6 cong 1am tir vat liéu FGM va FG-GPLRC da dat duoc nhiéu thanh tiu ndi bat
trong viéc phan tich ing xtr 6n dinh tinh va dong dudi tac dong cia tai trong co, nhiét
va co nhiét két hop. Nhitng nghién ctru ndy di duoc thuc hién dira trén nhiéu 1y thuyét
va phuong phap tiép can da dang. Trong phan nay, luan 4n s& tap trung trinh bay cac
nghién ctru tiéu biéu, ph hop nhat voi pham vi va muc tiéu cua dé tai.

Déi voi vat liéu FGM, cac nghién ctru vé 6n dinh va dong luc phi tuyén cia cac
két cau panel tru va panel cau da duoc thuc hién bai nhiéu nhom tac gia. Pau tién,
nhom tac gia Shen va cong su [108, 110, 111, 113, 114] da tién hanh nghién clru sau
rong vé cac van dé nhu x4c dinh tai téi han, mdi quan hé gitra d0 vOng va tai trong,
tan s6 dao dong tu do tuyén tinh, ciing nhu dap Gng dong luc phi tuyén (d6 vong theo
thoi gian) ciia cac két cau panel try, panel cau FGM dudi tac dung cua tai trong co,
nhiét va co nhiét két hop. Trong cac nghién ciru ndy, nhom tac gia da sir dung HSDT
dé thiét 1ap cac phuong trinh chi dao. Cac bai toan dugc giai bang nhidu phuong
phap bao gdm: phuong phap Galerkin, k¥ thuat nhidu hai buéc. Tiép theo, nhom tac
gia Kiani va cong sy [71] di ap dung Iy thuyét vo Sanders cai tién va FSDT dé nghién
cuu panel cau thoai FGM dit trén nén dan hoi Pasternak vé bai toan on dinh, dao
dong ty do va dong lyc cua vo. Song song do, nhom tac gia Alibeigoo va cong su [12,
14] da str dung chudi Fourier mo rong dé dua ra nghiém giai tich ctia truong chuyén
vi, trudng Ung Sut, truong nhiét do va tan s6 dao dong co ban trong phan tich on
dinh tinh va dao dong tu do cua panel tru sandwich FGM dudi tac dung cua tai co
nhiét két hop theo 1y thuyét dan hoi ba chiéu. Tai Viét Nam, nhém tac gia Nguyén
Dinh Puc va Hoang Vin Tung [36, 127] di tap trung nghién ciru 6n dinh phi tuyén
clia tim va panel try FGM, xét t&i cac thanh phan phi tuyén hinh hoc theo von Karman
va d6 khong hoan héo ban dau cua két cAu. Trong cic nghién clru nay, cac tac gia

thiét 1ap cac phuong trinh chii dao theo 1y thuyét vo Donnell va lya chon phuong
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phap Galerkin dé giai bai toan. Ngoai ra, tic gia Pao Vin Diing va Lé Kha Hoa [39]
da sir dung 1y thuyét vé Donnell dé nghién ctru ing xtr 6n dinh tinh phi tuyén cta
panel tru FGM c6 xét toi hé sb Poisson thay doi theo chiéu day vo, lam viéc véi cac
diéu kién bién khac nhau.

Ddi véi vat lidu FG-GPLRC, céc nghién ctru cling dat dugc nhiéu két qua dang
ké. Nhom tac gia Song va cong su [121] d nghién ciru tng xtr 6n dinh cua cac tAim
chit nhat FG-GPLRC c6 d6 vdng khong hoan hao ban dau, xét ti phi tuyén hinh hoc
theo von Karman dudi tdc dung badi tai trong nén hai phuong. Cac phuong trinh chu
dao duogc thiét 1ap theo HSDT. Nhom tac gia Wang va cong su [132] di sir dung
HSDT két hop vé6i nguyén 1y Hamilton dé phan tich dao dong ciia tim vanh khuyén
FG-GPLRC khi chiu tai trong trong mdi truong nhiét. Tuong tu, nhém nghién ctru
Ansari va cong su [19] ciing 4p dung HSDT dé nghién ctru 6n dinh ctia tAm chir nhat
FG-GPLRC rdng véi cac diéu kién bién khac nhau. Karimiasl va Alibeigloo [68]
phan tich vé dao dong ty do va dao dong cudng birc phi tuyén cia cac panel tru
sandwich FG-GPLRC véi 16i auxetic to ong bang cach dua ra cac cong thic co ban
dua trén HSDT, 4p dung phuong phép cau phwong vi phan tong quat (GDQM) va ky
thuat nhidu. Bén canh d6, nhom tac gia Zhao va cong su [141] di phén tich uén va
dao dong theo phwong phap phan tir hitu han d6i véi tAm hinh thang FG-GPLRC.
Ngoai ra, cac nghién ctru vé udn, dao dong, ing xur nhiét - dan hdi cua cac két cAu vo
thoai hai do cong va panel tru FG-GPLRC ciing dugc thuc hién boi nhiéu nhom tac
gia, ndi bat nhu: Alibeigloo [13], Cao Vin Poan va Vit Hoai Nam [35], Esmaeili va
cong su [43], Heydarpour va cong su [52], Zhang va cong su [138]. Cac nghién ctu
nay da ap dung nhiéu 1y thuyét khac nhau, tir 1y thuyét vo Donnell dén FSDT va
HSDT, nhim dua ra cac phan tich toan dién vé ung xur co nhiét cua cac két cAu FG-
GPLRC.

1.2.2. Két cdu vé tru, vé trong FGM va FG-GPLRC

V6 tru va vo trong FGM va FG-GPLRC ciing c6 s6 luong cac cong trinh nghién
ctru d6 so ca trong nudc va qudc té. Trong phan nay, luan an lya chon gidi thiéu cac
nghién ctru dién hinh c6 lién quan dén muyc tiéu va pham vi nghién ctru ciia dé tai.

Nhom tac gia Shen cung cong sy dd c6 nhidu dong gop quan trong trong viée

phan tich tng xir sau mat 6n dinh phi tuyén cua két ciu vo FGM, st dung céc 1y
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thuyét va phuong phap khac nhau. Cu thé, cac nghién ctru ctia ho bao gom phan tich
6n dinh phi tuyén cta vo tru FGM chiu tai ap lyc ngoai trong mdi trudng nhiét [105],
tai nén doc truc trong méi trudng nhiét [104], va tai nhiét déu [106], v6i cac phuong
trinh cha dao duoc thiét 1ap theo 1y thuyét vo Donnell. Theo HSDT nhém tac gia da
thiét 1ap cac phuong trinh cha dao va str dung cac nghiém tiém can cing phuong phap
1ap don dé phan tich tng xur sau mét on dinh phi tuyén cua vo tru FGM chiu nhiét do
tang déu va nhiét truyén qua chiéu day [107], chiu tai ap luc ngoai két hop vé6i tai nén
doc truc [112], va tai nén doc truc ¢ twong tac v6i moi trudng dan hoi xung quanh
[109]. Theo 1y thuyét vo Donnell, dong gép dang ké khac dén tir tac gia Huang va
Han da giai quyét cac bai toan 6n dinh phi tuyén ciia vo tru FGM chiu tai ap luc ngoai
[58], nén doc truc [56], va tai nén doc truc két hop véi ap luc ngoai trong méi trudng
nhiét [55]. Cac tac gia st dung dang nghiém d6 vong ba sé hang va phuong phap
nang luong Ritz dé giai bai toan. Ngoai ra, trong cac nghién ciru [54-59] Huang va
Han d3 ap dung phuong phép gia tri riéng (eigenvalue method) va tiép cin theo ham
ing suat dé nghién ctru img xur on dinh tinh va dong phi tuyén ciia vo tru FGM duéi
tac dong cua tai co va tai nhiét. Tac gia Sofiyev va cong su [116-120] da cong bd
nhiéu nghién ctru toan di¢n vé ung X 6n dinh va dao dong cua vé tru sandwich FGM
duéi tic dung ctia nhiéu loai tai trong tinh va tai trong thay doi diéu hoa theo thoi
gian st dung phuong phap Galerkin. Trong khi do, tac gia Alibeigoo va Rajaee [15]
d3 ap dung phuong phap giai tich va ban giai tich dé phan tich ing xir 6n dinh va dao
dong tu do cua két cAu vo tru sandwich FGM ¢6 cac diéu kién bién khéc nhau.
Trong nhitng nim gan day, cic nhém nghién ciru tai Viét Nam ciing c¢6 nhiéu
dong gop quan trong. Nhom tac gia Vi Hoai Nam va cong su [84] da phan tich 6n
dinh phi tuyén cta vo tru va vo trong FGM rdng chiu tai xoan bang 1y thuyét vo
Donnell va dang nghiém ba s hang. Nhom tac gia Nguyén Dinh Ptic va cong su [38]
d3 nghién ctru 6n dinh tinh phi tuyén cta vo tru tron FGM c6 xét dén anh hudng cua
nhiét do va nén dan hodi xung quanh theo HSDT. Téc gia Pao Huy Bich va Nguyén
Xuan Nguyén [27] di phan tich dao dong phi tuyén cua vo tru FGM, trong d6 thanh
phan do cong cua vo duoc tinh dén trong cac thanh phan d6 cong do bién dang khi
thiét 1ap hé phuong trinh cin bing theo cic thanh phin chuyén vi chiu tai trong ap

Iire ngoai bang 1y thuyét vé Donnell cai tién.
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Déi voi cac két clu vo tru FG-GPLRC, nhom tac gia Blooriyan va cong su [29]
d3 str dung phuong phap ning luong Ritz dé phan tich tng xir 6n dinh dudi tic dung
cua tai nén doc truc va tai ap luc ngang, vdi cac phuong trinh chu dao duoc lap dua
trén 1y thuyét vo Donnell va tinh phi tuyén hinh hoc von Karman. Dép tmg dong cia
két cau vo tru FG-GPLRC chiu tai trong xung trong mdi truong nhiét duoc nhom tac
gid Heydarpour va cOng su [53] da phan tich dua trén FSDT, trong d6 phuong phap
DQ-Heaviside-NURBS két hop duogc sir dung. Nhom tac gia Yang va cong su [136]
da phan tich dao dong tu do va 6n dinh cta vo tru FG-GPLRC khi quay léch tam, vdi
niam quy luat phan bé ctia GPL theo chiéu day ciia vo duoc khao sat, sitr dung phuong
phap Galerkin dé giai bai toan, cac phuong trinh chii dao c6 tinh dén phi tuyén hinh
hoc von Karman duoc thiét 1ap dya trén nguyén 1y Hamilton va FSDT. Ngoai ra,
Huang va cong su [60] di phan tich Gng suét nhiét — dan hoi cua vo tru FG-GPLRC
v6i nam quy luat phan bd ty phan khéi lwong GPL theo chiéu day bang phuong phap
giai tich v&i nghiém chinh xéc.

1.2.3. Két cdu vé chém thodi va tiam tron FGM

Chom cau thoai va tim tron FGM 14 nhitng két cau c6 Gmg xr co nhiét phic tap,
thu hiit sy quan tdm nghién ciru siu rong trong nhitng nam gan dy. Trong phan nay,
céc nghién ciru trong nudc va qudc té co cach tiép can twong dong v4i hudng nghién
ctru cta luan 4n s& dugc tong hop va trinh bay chi tiét.

Nhiéu 1y thuyét khac nhau dugc st dung dé phan tich 6n dinh co nhiét va dao
dong cua két cdu tam tron FGM nhu: 1y thuyét tim mong chuyén vi 16n [102, 46],
FSDT [49], Iy thuyét dan hoi ba chiéu [62] va phuong phap phan tir mién-bién [42].
Ngoai ra, Reddy va cong su [99] da st dung cac 1y thuyét tim vé mong, FSDT va ly
thuyét bién dang trugt bac ba trong phan tich tmg xir udn ddi xtng truc cua két cau
tam tron FGM véi cac diéu kién bién khac nhau. Bai toan phan tich gidi han dan hoi
chiu tai trong co nhiét cua két cAu tAm tron FGM cling da dugc nghién curu b%lng
phuong phap Galerkin b&éi Madan va Bhowmick [78].

Doi v6i két cau chom cau thoai FGM nhiéu nhom tac gia st dung hé toa do cuc
dé thay thé xap xi cho hé toa do ciu phuc tap nhu: Boroujerdy va Eslami [30, 31]
phan tich anh huéng cua cac 16p ap dién dén ung xtr dbi xtmg truc phi tuyén, trong

khi Moosaie va Panahi-Kalus [81] phan tich Gng suat nhiét ctia chom cau FGM khéng
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nén duge vai tinh chét vat liéu phu thudc nhiét d¢. Shahsial va cong sy [103] da phan
tich 6n dinh tinh ciia cac chom cau thoai FGM chiu tai nhiét ting déu, tai nhiét bién
d6i tuyén tinh va tai nhiét bién ddi phi tuyén theo 1y thuyét Donnell — Mushtari —
Vlasov va phuong phap bién phan. Boroujerdy va Eslami [32] ciing d3 phén tich 6n
dinh bat ddi xtng truc ctia chom ciu thoai FGM ap dién véi bién ngam ¢ dinh xung
quanh chu tuyén dudi tai nhiét dua trén FSDT. Prakash va cong su [94] da st dung
phuong phap tich hop sé cia Newmark két hop véi so do 1ip Newton — Raphson cai
tién dé phan tich 6n dinh nhiét dong phi tuyén ctia chém cau FGM. Tai Viét Nam,
cac nghién ctru vé két cdu chom cau thoai FGM ciing d3 duogc thuc hién. Tac gia Puc
va cong sy [37] da tiép can theo ung suit, GS.TSKH. Pao Huy Bich va cong su [28]
cling tiép can theo ng suét, trong khi Tung [125] tiép can theo chuyén vi va [126]
tiép can theo tng suit bang phuong phap Galerkin voi cac phuong trinh co ban dugc
thiét 1ap dua trén 1y thuyét vo c6 dién hodc FSDT. Céc nghién ctru ndy da thu dugc
céc biéu thure hién cua tai téi han va cadc mdi quan h¢ tai trong — do vong dé phan tich
cac két ciu chom cau thoai FGM dit trén nén dan hoi c6 tinh chit vat liéu phu thudc
vao nhiét do, bién dang doi xung truc, xét dén phi tuyén hinh hoc von Karman va su
khong hoan hao ban dau. Tac gia Vii Thi Thuy Anh va Nguyén Pinh Dtc [17] da
phan tich mat on dinh va dao dong phi tuyén cua két cdu chom cau FGM c6 bién dang
ddi xung truc dat trén nén dan hoi Pasternak theo FSDT. Nhém téc gid GS.TSKH.
Pao Huy Bich va cong sy da nghién ctru tng xt dao dong va 6n dinh dong cua cac
két cau chom cau thoai FGM khéng hoan hao co bién dang d6i xtng truc xét dén tinh
phi tuyén hinh hoc Von Karman [24-26]. Két cau dat trén nén dan hoi chiu tac dung
clia tai co va tai co nhiét két hop. Trong do, cac tac gia ap dung 1y thuyét vo co dién
tiép can bai todn theo ham tng suét va sir dung phuong phap Galerkin dé dwa ra hé
phuong trinh chu dao sau d6 giai bang phuong phap Runge — Kutta va tiéu chuan
Budiansky — Roth dé co duoc tai téi han dong.

Doi voi két cau chom cau va tam tron FGM dang sandwich, cac van dé dong
luc, udn, mat én dinh, dao dong phi tuyén dd duogc nhiéu nhém nghién ctiru cong bd
trong céc tai liéu md. Nhom nghién ciru ctia Phuong va cong sy [91] d3 st dung tiép
can ban giai tich, cic phuong trinh chu dao dwoc rat ra bang cach st dung FSDT c6

xét dén phi tuyén hinh hoc ctia von Karman va nén dan hoi hai tham s6 Pasternak.
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Céc phuong trinh chuyén dong duoc giai bang nghiém da thirc va phuong phap Runge
— Kutta dé phan tich dao dong phi tuyén ctia két cau chom ciu va tim tron sandwich
FGM bién dang ddi ximg truc chiu 4p luc ngoai trong moi trudng nhiét. Minh va cong
su [79] dd nghién ctru cac dap ing dong cua két ciu chom cau sandwich FGM déi
xtng truc ¢6 16i xdp nhe chiu tai trong ap luc ngoai phan bd déu va dit trén nén dan
hdi Pasternak. Céc tac gia dua trén FSDT vdi tinh phi tuyén hinh hoc ctia von Karman
dé thiét 1ap phuong trinh chu dao, str dung phuong phap Galerkin va phuong phap
Runge — Kutta dé thu dugc cac tdn sb co ban va dap tng dong phi tuyén cua vo, tir
d6 xem xét anh hudng cia hé s6 x6p, cac thong sd hinh hoc va hé sb nén.

1.2.4. Két cdu vé chém thodi va tam tron FG-GPLRC

Céc nghién ctru vé sy mat on dinh phi tuyén va dao dong cta két cdu chom cau
thoi va tam tron FG-GPRC dugc dic biét quan tdm trong nhiing nim gan day. Do
su phirc tap hon vé mit toan hoc nén sd luong cac cong trinh nghién ciru cia két cau
chom ciu thoai va tdm tron FG-GPRC 1a it hon han so véi FGM.

Déi véi cac tam tron FG-GPLRC, nhom nghién ctru cia Huo va cong sy [61]
da nghién ctru van dé uén cta tim tron va tdm hinh khuyén FG-GPLRC bang cach
ap dung 1y thuyét d6 rong 3D. Trong khi, nhém nghién ciru ciia Javani va cong su
[66] d& cong bd cac két qua vé img xir dao dong ty do phi tuyén cia tam tron FG-
GPLRC dit trén nén dan hoi phi tuyén, st dung FSDT két hop voi quy tic vi co
Halpin — Tsai va phuong phap GDQM. Tac gia Sobhy [115] di nghién ctru van dé
ubn ddi xtmg truc cta tAm hinh khuyén va tdm tron sandwich FG-GPLRC 15i rdng
vé6i cac diéu kién bién khac nhau, chiu tai co va 16p ap dién bén ngoai, sir dung phuong
phap GDQM dé giai cac phuong trinh chi dao. Ngoai ra, nhém nghién ciru Javani va
cong sy [65] da phan tich su méat on dinh nhiét cua cic tim hinh khuyén sandwich
FG-GPLRC bang cach két hop sir dung FSDT, phi tuyén hinh hoc von Karman va
phuong phap GDQM. Safarpour va cong su [101] dd cong bd nghién ciru vé dao dong
tu do phi tuyén ctia tAm hinh khuyén FG-GPLRC chiu tai co nhiét két hop, dua trén
HSDT két hop véi nguyén Iy Hamilton va sir dung phuong phap GDQM dé giai.

Dbi voi két cdu chom cau FG-GPLRC, nhom nghién ctru Heydarpour va cong
su [51] d4 nghién ctru tng xtr nhiét — dan héi cua chom cau FG-GPLRC dua trén 1y

thuyét dan hoi nhiét Lord — Shulman va phuong phép cau phuong vi phan ting 16p
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(LW-DQM) két hop v6i thudt toan Newton — Raphson. Nhom nghién ctru Liu va
cong su [76] da phan tich dao dong tu do va udn cua vo cau FG-GPLRC bé‘mg cach
ap dung 1y thuyét dan hdi ba chiéu va phuong phap khong gian trang thai. Dbi voi vo
cau sandwich FG-GPLRC 15i rong dit trén nén dan hdi, dya trén FSDT va phuong
phap Galerkin, cac dap ing dong phi tuyén va dao dong ty do di duoc nghién ctru
boi Vi Thi Thuy Anh va cong su [18].
1.3. Tinh chit hiéu dung ciia cic loai FGM va FG-GPLRC dwoc nghién ciru
trong luan an
1.3.1. FGM réng

Ngay nay, vat liéu rdng dugc phat trién va (mg dung cho nhiéu cong trinh quan
trong trong nganh xay dung vi c6 trong luong nhe va c6 kha nang hap thy nang lugng,
kha nang cach nhiét, cach am tot hon vat liéu thong thuong. FGM rSng dugc gia dinh
6 bot rong xuat hién trong qua trinh ché tao FGM vdi ty phan thé tich bot rong thay
ddi theo quy luat xac dinh doc theo chiéu day két cAu. FGM rSng da duoc dé cap
trong nhiéu nghién ciru vé udn, 6n dinh, dao dong tu do va dap ung dong cua dam

[20, 133], dAm vi md [123], vom [16], tAm chit nhat [21, 50, 83].

FG-UD FG-O
) ) §) ) ) ) §) o
O O O O O O O o O O T
O O o) O O o) o o o) O O
— =0 < c c c o - = s - > : -h
. . . . . . 3 . .
. . . . . . . .
. . . . . .

Hinh 1.5. Hai quy luat phan b6 rdng cia FGM rdng
Trong nghién ctru cta luan 4n, FGM rdong dugc cAu tao tur gém va kim loai ¢co
ty phan thé tich rdng phan bd theo hai loai (Hinh 1.5) [133]:
- Loai FG-UD: ty phan thé tich rdng phan bb déu theo chiéu day két ciu. Mo

dun dan hoi E(z)va hé s6 din nd nhiét a.(z) tai toa do z (—% <z< gj theo huéng

chiéu day két cau cua FGM rong dugc xac dinh nhu sau:

k
E(z):(zzzth [Ec—Em]+Em—§[Em+Ec], (1.1)
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k
a(Z):(zzzhj [ac—ocm]+ocm—§[am+occ], (1.2)

- Loai FG-O: ty phan thé tich rong phan bd khong déu theo chiéu day két cau

v6i ty phan thé tich 16 rdng 16n nhat ¢ 16p giita va bang 0 & 16p trén cung va 16p dudi

cung. M6 dun dan hoi E(z) va hé s dan no nhiét oc(z) tai toa d0 z (—% <z< gj

theo hudng chiéu day két cAu FGM rdng dugc xac dinh nhu sau:

(2z+h ‘ 2|z| \e
E(z)—( o j [Ec—Em]+Em+[l—T 5[Em+EC], (1.3)
2z+h k 2z
a(z) (221 [ac—am]+am+(l—# fonral,

v6i e 1adorong 0<e<1, ¢ va m 1a cac chi s6 dudi dé chi thanh phan gom va kim
loai twrong ng.

Heé s6 Poisson cia FGM rdng duoc coi 1a khong thay doi v=0.34.

Céc tinh chit hiéu dung cta vat liéu thanh phan phu thudc vao nhiét do duogc
xac dinh nhu sau:

[Pr(T)]=[E; o, ]=P,(1+ PT* + BT+ PT' + P,T"); véi i=c;m (1.5
trong do:

T=T,+AT (K) v6i T, =300 K la nhiét d0 phong ma khong gay ra ing suét
nhiét trong két cAu, AT 1a do tang nhi¢t do cua két cAu so v&i nhiét do phong;

P,,P,P,P,,P, 1acac hé s6 nhiét do dugc gia dinh 1a khong d6i ddi véi cac vat
liéu thanh phan Si,N, / SUS304 cua FGM rdng duoc cho trong Bang 1.1.

Bang 1.1. Hé s6 nhiét d6 cho céc tinh chit cta vat liéu thanh phan [70]

Vatliéu Tinh chat P, P, P P, P,
E(Pa)  3.4843x10'" 0 -3.070x10* 2.16x107 -8.946x10!!
Si,N,
a(l/K) 5.8723x10° 0 9.095x10 0 0
E(Pa) 2.0104x10"" 0 3.079x10* -6.534x107 0
SUS304
a(l/K)  12.33x10° 0 8.086x10* 0 0
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1.3.2. Sandwich FGM [6i rong
Trong nghién ctru cua luan an vat liéu sandwich FGM 161 rSng dugce cau tao

bang su két hop 16p 161 réng lam bang vat liéu thuan nhét kim loai c¢6 bé day hpC va
hai 16p mat dugc lam bang FGM c¢6 cung bé day h,, v6i thanh phan kim loai ¢ mat

trong va thanh phan gém ¢ mit ngoai (Hinh 1.6).

Hinh 1.6. Cau trac sandwich FGM 15i réng

Ty phan thé tich réng cuia 16p 13i tai toa dd z theo hudng chicu day bién thién

theo quy luat:

P h

pc

h h
1% (z)eocos(n—z} — P cz< ;’C (1.6)

vé6i e, 1a do rong ctia 16p 16i (0<e, <1).

Tinh chat hiéu dung Prg .., cia sandwich FGM 15i rong tai toa do z
h h r * A \ A A A A \ A A A
5 <z< 5 theo hudng chicu day két cau bao gom: mo6 dun dan héi E (Z) , hé so
dan né nhiét o (z)duge xéc dinh theo quy tic hdn hop nhu sau:
[PrSwFGM (z)] = [E(z),oc(z)]
k
2z+2hg +h,, J h h

[Pr,]+[Pr,,—Pr, ][ oh,

h h 1.7
[Pr,,]| 1-e,cos L (47
h, )l 2 2

k
[Prc]+[PrmPrc]( o j <2<

S

Heé sb Poisson cua sandwich FGM 13i rong dugc coi 1a khong d6i v=0.34.
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Céc tinh chat hi¢u dung cua vét liéu thanh phan Si,N, / SUS304 cia sandwich
FGM 15i rdng phy thudc vao nhiét 6 duoc xac dinh bang cong thic (1.5).
1.3.3. FG-GPLRC

Trong nghién ciru ca luan an FG-GPLRC dugc cdu tao gdbm GPL gia cudng
trong nén kim loai Pong. Ti phan khdi lugng ciia GPL thay doi theo chiéu day két

cAu v6i nam loai phan bd khac nhau (Hinh 1.7):

j

UD-GPLRC - » __

z

L&—«—J L—k‘

X-GPLRC ——»

-
O

T
o

V-GPLRC — = j
O

Hinh 1.7. Cac loai phan b ty phan khéi luong GPL cua FG-GPLRC
- Loai UD-GPLRC: ti phan khéi lugng GPL phan b6 déu theo chiéu day két cau.
- Loai X-GPLRC: ti phan khéi lugng GPL phan bd khong déu theo chiéu day
két cau, bang 0 & 10p gitra va 16n nhat & hai 16p trén cung va dudi cung.
- Loai O-GPLRC: ti phan khdi lugng GPL phan bd khong déu theo chiéu day
két cdu, 16n nhit ¢ 16p giira va bang 0 ¢ hai 16p trén cung va dudi cing.
- Loai V-GPLRC: ti phan khdi lugng GPL phan bd khong déu theo chiéu day

két cdu, 16n nhat ¢ 16p trén cung va bang 0 ¢ 16p dudi cung.
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- Loai A-GPLRC: ti phan khdi luong GPL phan bb khong déu theo chiéu day
két cau, 16n nhat ¢ 16p dudi cting va bang 0 ¢ 16p trén cung.
M6 dun dan hdi cia FG-GPLRC duge x4c dinh theo m6 hinh Halpin-Tsai m&

rong nhu sau:

| 3+36,8, Vg, (z) 5+58,8,Vip(2)

(7)= 885,V (2) i 885,V (z) | ™ (1.8)
trong do:
(EGPL/Em)_l (EGPL/Em)_l
81 = ’ 62 = ’ (19)
(EGPL/Em)-'_CA (EGPL/Em)"‘Cz
Cl:Z(aGPL/tGPL)’szz(bGPL/tGPL)’ (1.10)

véi: E,, va E;p lan luot la cdc mo dun dan hoi cua kim loai Pong va GPL; agp, ,
bopr» tgp, 1a cac kich thude chiéu dai, chiéu rong va chiéu day ctia GPL tuong ung;

Verr (Z) la ty phﬁn thé tich ciia GPL tai toa d6 z duogc xac dinh nhu sau:

Ve, (2)= Wer. (2) (1.11)

- WepL (Z) +(pGPL/pm )[1 ~Wepr (Z)] ,

trong do: p,, Va pgp, lan lugt 1a khdi lugng riéng ctia kim loai Pong va GPL;

Wy, (2) 1a ty phan khoi luong cua GPL tai toa d§ z dugc xé4c dinh tuong ung véi

5 loai phan bd GPL nhu sau [137]:

W, _7 <z< g UD-GPLRC,
Zl . ~h h

4|h_|WGPL — <7<5  X-GPLRC,

2 . -
Wepr (2)= 2[ —%jwm Thgs% O-GPLRC, (1.12)

27\, -h h

(1 A jWGPL 7 <z< 5 V-GPLRC,
27\ -h h

(1 + 7) Wep, — <7<5  AGPLRC,

trong d6: W, 14 tong ty phan khéi lugng ctia GPL trong FG-GPLRC.



Hé s6 Poisson v(z) va hé so gidn né nhiét o(z) cia FG-GPLRC dugc xéc
dinh theo quy tac hon hop nhu sau:
V(2) =V [1=Vop, (2) ]+ Ver Vor (2),
a(z) =, [ 1= Vipy (2) |+ 0tgp, Vip, (2)-

Trong nghién ctru ca ludn 4n cac thong sd cua vat liéu thanh phan gdm GPL

(1.13)

va kim loai Déng dugc st dung trong Bang 1.2.

Bang 1.2. Thong sd vat liéu cia GPL va nén kim loai Dong [132]

Egpr  Vorr  PorL Qgpr, Agpp,  bopy topL
GPL (GPa) (kg/m®)  (x10%K)  (um) (um) (nm)
1010 0.186 1062.5 5 2.5 1.5 1.5
En Vo Pn Oy
Kim loai
\ (GPa) (kg/m?) (x10°%/K)
Dong
130 034 8960 17

1.3.4. FG-GPLRC réng

Trong nghién ctru cta luan an, FG-GPLRC rong, duoc ky hiéu 1a GF3D, c6 ty
phan khdi luong cia GPL phéan b déu theo quy luat UD-GPLRC. Ty phan thé tich
rong thay d6i doc theo chiéu day két cdu theo ba loai nhu sau (Hinh 1.8):

- Loai GF3D-U: ty phan thé tich rdng phan b6 déu theo chiéu day két cau.

- Loai GF3D-O: ty phan thé tich rdng phan bd khong déu theo chiéu day két
ciu, 16n nhit & 16p giira va bang 0 ¢ 16p trén cung va 16p dudi cung.

- Loai GF3D-X: ty phan thé tich rdng phan bd khong déu theo chiéu day két

céu, 16n nhat & 16p trén cing va 16p dudi cung, bang 0 & 16p giira.

GF3D-O GF3D-U

Hinh 1.8. Cac loai phan b ty phan thé tich rdng cua FG-GPLRC rdng

24



M6 dun Young E(z), khoi lugng riéng p(z), hé sb Poisson v(z) va h¢ s6
gidn no nhiét o.(z) cua FG-GPLRC rdng duoc x4c dinh tuong Gmg voi timg loai phan

b ty phan thé tich rdng nhu sau:

E {1 -e, cos(%zﬂ, GF3D-O

E(z)={E {l—eX {l—cos(%zﬂ}, GF3D-X (1.14)
E'e,, GF3D-U
;- {1 — v, COS (%Zﬂ GF3D-O

p(2)= p*{l—o){l—cos(%zﬂ}, GF3D-X (1.15)
P vy, GF3D-U

(1.16)

v(z)=V,

{a (z)=a,

trong do: E " p* , v va o : lan luot biéu thi mo dun dan hdi Young, khdi luong

riéng, hé s6 Poisson va hé sb gian n¢ nhiét cia FG-GPLRC; e, , ey, €;: lan luot 1a

cac do réng twong g véi ba loai phan b ty phan thé tich rong GF3D-0, GF3D-X

va GF3D-U; v, Ly, Uy : lan luot 1a cac hé s6 khoi lugng riéng twong tmg véi ba

loai phan bé ty phan thé tich réng GF3D-0, GF3D-X va GF3D-U. E dugc xé4c dinh

dua trén mo hinh Halpin-Tsai mé rong bang cong thire (1.8) twong tng véi quy luat
phan bd UD-GPLRC. Cac gia trj v va o duogc xac dinh bang cong thirc (1.13).

Phuong trinh dai dién cho céac tinh chit co hoc cua FG-GPLRC r6ng [87, 95,

130] 1a:
E(Z) i p(Z) 2.73 )
E* p* .

Thay thé céc biéu thic ciia E(z) va p(z) tir cac phuong trinh (1.14) va (1.15)

vao phuong trinh (1.17) thu dugc phuong trinh biéu thi mbi quan hé giira d6 rong va
hé s khéi luong riéng:
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2731 —e, cos (n_zj =1-v, cos(n—zj, GF3D-O
h h
2.7#1 —e, {1 - cos(%zﬂ —1-v, {1 - cos(%zﬂ, GF3D-X  (1.18)

273le, = vy, GF3D-U

Do diéu kién khéi luong cua cac két cdu FG-GPLRC rdng d6i voi ba loai phan
b ty phan thé tich rdng khac nhau (GF3D-0, GF3D-X, GF3D-U) la bang nhau nén
ta thu dugc phuong trinh biéu thi méi quan hé giita cac do rong 1a:

h/2 h/2 h/2
I 2.7\3/1—e0 cos(%jdz: I z.7€/1—eX {l—cos(%zj}&z j 2e,dz.  (1.19)

0 0 0

Tt phuong trinh (1.19), céc gia tri ctia do rong e, va e, dugc xac dinh twong
g véi gié tri do rong e,, cho trude thé hién & Bang 1.3.

Bing 1.3. Tuong quan gitta cac loai d6 rong khac nhau

e ex ey
0.1 0.1734 0.9360
0.2 0.3426 0.8713
0.3 0.5065 0.8058
0.4 0.6637 0.7391
0.5 0.8112 0.6711
0.6 0.9432 0.6012

1.3.5. Sandwich FG-GPLRC 16i rong

Trong nghién ctru ciia ludn 4n, vat liéu sandwich FG-GPLRC 15i réng duoc ciu
tao boi 16p phu trén va dudi bang FG-GPLRC, ¢6 vat liéu nén 1a kim loai Dong.

Dé dam bao tinh lién tuc cua vat liéu, 16p 161 rdng ciing bang kim loai Pong voi
ty phan thé tich rdng bién thién doc theo chiéu day cua 16p 16i. P day 16p phu trén
va 16p phu duéi bang nhau 1a h % vado day lop 1oi rong 1a hpc (Hinh 1.9).

Déi voi 16p 16i rong, ty phan thé tich rdng V, (z) dugce xéc dinh theo cong thire

(1.6), m6 dun dan hodi Young E,. (Z) va hé s gidn né nhiét e (Z) xac dinh theo
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cong thirc (1.7) twong Gng véi —% <z< % . Hé s6 Poisson cuia 16i rong duoc coi

la khong 461 v, =v,,,.

UD-PC-UD -

X-PC-X —

O-PC-O —~

V-PC-A —~

A-PC-V —~ -

Hinh 1.9. Nam loai c4u tric sandwich FG-GPLRC 15i rdng
Doi vé6i cac 16p phit FG-GPLRC, md dun dan hoi Young E ,, (2z) duoc xé4c dinh
theo cong thirc (1.8). Trong do, ty phan khoi lugng ciia GPL W, (2) duge xac dinh
tuong tmg v4i 5 loai phan bd GPL cua 16p phi trén va 5 loai phan bé GPL cua 16p

phu dudi nhu sau:
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+) Lop phu bén trén

- Loai UD-GPLRC: Wy, (2) =Wy, (1.20)
. - —h
- Loai X-GPLRC: W, (z)= Bz+4h _, Wepr » “h < T (1.21)
h-h, 2 2
. - —h
- Loai O-GPLRC: W, (2)=| 2- Bz2+4h_, Wepr » “h < (1.22)
h-h, 2 2
- Loai V-GPLRC: Wy, (2)=| ——= [Wgp,, —<z< (1.23)
h, —h 2 2
- Loai A-GPLRC: Wy, (2)=| —— (Wgp,, —<z< (1.24)
h-h, 2 2
+) Lop phu bén dudi
- Loai UD-GPLRC: W, (2) =Wy, (1.25)
. 8Z - 4h * hpC h
- Loai X-GPLRC: W, (z)= +2 (W, <z<— (1.26)
h-h, 2 2
) 8z —4h . hpc h
- Loai O-GPLRC: W, (z)=| 2- +2| (W » <z<—  (1.27)
h-h, 2 2
2h -4z . h h
- Loai V-GPLRC: W, (z)=| =% , X <z<— 1.28
¢ GPL ( ) hpc _ h J GPL 2 2 ( )
. 2h -4z h,. h
- Loai A-GPLRC: Wy, (2)=| ———— [Wgy,, <z<— (1.29)
h—h, 2 2

trong d6 W, 1a tong ty phan khéi lugng ctia GPL trong mdi 16p phit FG-GPLRC.

HE s6 Poisson v 4 (z) va h¢ sO gian nd nhiét a % (z) cua cac 16p phu dugc xéac dinh

theo cong thuc (1.13).

Véi cac loai phan bd GPL cua hai 16p phu, nim loai ciu tric sandwich FG-

GPLRC 18i rong thu dugc la: X-PC-X, O-PC-O, UD-PC-UD, V-PC-A, A-PC-V nhu

thé hién trén Hinh 1.9.
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1.4. Nhitng két qua di dat dwoc trong nuwée va qudc té va nhirng van dé can tiép
tuc nghién ctru
1.4.1. Nhitng két qua dd dat dwoc trong nwéc va quéc té

Thong qua cac két qua nghién ctru trong va ngoai nudc vé cac két ciu tim vo
FGM va FG-GPLRC loai dic thong thuong, loai r5ng va loail sandwich 161 r5ng trong
nhirng nim vira qua, c¢6 thé thiy dugc nhitng két qua chinh nhu sau:

1. Céc két cau tdm v6 thong thuong bao gém: tm, panel try, vo thoai hai do
cong, vo try, vo trong bang FGM va FG-GPLRC (loai thong thudng, loai rong va loai
sandwich 16i rong) dén nay di dugc nghién ctru twong ddi toan dién vé 6n dinh tinh
tuyén tinh va phi tuyén dudi tac dong cia tai trong co, nhiét, va co nhiét két hop,
cling nhu 6n dinh dong va dao dong tuyén tinh va phi tuyén. Vi da dang cac phuong
phap va 1y thuyét duoc ap dung dé phén tich nhitng van dé nay.

2. Pa c6 nhiéu nghién ctru vé bai toan 6n dinh tinh ctia chom cau thoai bang cac
loai FGM bién dang ddi xtng tryc theo 1y thuyét vo c6 dién va FSDT. Tuy nhién, s6
lugng nghién ciru vé FG-GPLRC trong linh vuc nay van con han ché.

3. Viéc nghién ctru két ciu chom cau thoai str dung FGM va FG-GPLRC theo
HSDT vén chua dugc quan tdm ddy da va con rat it tai lidu dé cap dén.

4. Pic biét, chua co nghién ciru ndo vé két cdu chom thoai c¢6 d6 cong phiic tap
gdém chom parabol, chom sin va chom ellip, bang cac loai FGM va FG-GPLRC.
1.4.2. Xdc dinh muc tiéu cin tiép tuc nghién ciru

Vit liéu FGM va FG-GPLRC c6 tiém ning tng dung 16n trong ché tao cac két
cAu tién tién cho nganh xay dung. Tuy nhién, dé tdi uu hoa viéc tinh toan, thiét ké,
thi cong ciing nhu bao tri va bao dudng cac két ciu nay, can co su hiéu biét sau rong
hon vé quy luat tng xtr co hoc cia chiing. Piéu nay dit ra yéu cau cap thiét ddi voi
céc nghién ciru khoa hoc nham phat trién cac 1y thuyét va phuong phép tiép can dang
tin cay dé du doan kha nang chiu tai cua két cau st dung vat li¢u FGM va FG-GPLRC.

Trong k¥ thuat xay dung, tinh 6n dinh cua két ciu 1a mot yéu tb quan trong,
quyét dinh dén kha ning lam viéc an toan cua cong trinh. Hai van d& chinh trong bai
toan 6n dinh bao g@)m xac dinh gi4 tri tai trong téi han lam cho két cdu bat dau mat
6n dinh va phan tich tng x&r sau mat 6n dinh cta két ciu dé danh gia kha ning chiu

tai khi tai trong vuogt qua gia tri tai tdi han. Ngoai ra, nghién ctru vé 6n dinh con hudng
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t61 muc tiéu phan tich anh hudng cua cac yéu té nhu: kich thude hinh hoc két céu,
dic tinh co hoc cua vat liéu, hé s6 nén dan hoi, khuyét tat hinh dang két cau,... dén
gia tri tai to1 han va kha nang chiu tai sau khi mét On dinh cua két cu.

Téng quan nghién ctru 1y thuyét vé két ciu tim vé6 FGM va FG-GPLRC cho
thdy van con nhiéu khoang trong trong phan tich cac két cu chom thoai c6 do cong
phtec tap va tAm tron. S4 lugng nghién ctru va tai liéu vé van dé nay con han ché, dic
biét la cac nghién ctru st dung HSDT, do gap nhiéu khé khin vé& mat toan hoc.

Xuét phat tir thuc té d6, luin an dit ra muyc tiéu giai quyét cac bai toan phan tich
6n dinh phi tuyén cua két ciu chom thoai c6 do cong phirc tap va tim tron FGM va
FG-GPLRC bang cac 1y thuyét, phuong phép va cac cach tiép can moi dé gop phan
gia ting cac hiéu biét trong nghién ctru loai két cau nay. Cu thé, luan an tap trung giai
quyét cac van dé sau:

1. Tiép can theo chuyén vi phan tich 6n dinh co nhiét phi tuyén cta két ciu vo
chom thodi c6 d6 cong phirc tap (chom cau, chom parabol, chom sin va chom elip)
va tdm tron bang vat liéu FG-GPLRC rdng va sandwich FG-GPLPC 13i rong theo
FSDT. St dung phuong phap Galerkin v6i dang nghiém lugng giac dé giai bai toan.
Do cong phtic tap ciia két cau két hop voi dang nghiém lugng gidc 1am cho bai toan
tré nén phtrc tap nén dén nay van chua c6 10i giai.

2. Tiép can theo chuyén vi phan tich on dinh co nhiét phi tuyén ciia két cau
chom cau thoai va tm tron béng vat liéu FGM rong, sandwich FGM 15i rong, FG-
GPLRC va sandwich FG-GPLRC 13i rong theo R3SDT. Sir dung phuong phap ning
lugng Ritz v6i dang nghiém da thirc dé giai bai toan. R3SDT giup nang cao do chinh
x4c nhung ciing 1am cho bai toan tré nén phirc tap nén dén nay van chua c6 10 giai.

3. Tiép can theo ham tng suat phan tich 6n dinh co nhiét phi tuyén cia két cau
chom cau thoai va tim tron FG-GPLRC rdng theo FSDT. Sir dung phuong phép ning
lugng Ritz véi dang nghi¢m da thure dé giai bai toan. Vat liéu FG-GPLRC r5ng co hé
sO Poisson thay doi lam bai toan trd nén phire tap do gip khé khan trong viée xac

dinh ham tng suat nén dén nay van chua co 101 giai.
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Chuong 2. ON PINH PHI TUYEN CUA KET CAU CHOM THOAI CO PO
CONG PHUC TAP VA TAM TRON BANG FG-GPLRC RONG VA
SANDWICH FG-GPLRC LOI RONG THEO FSDT VA PHUONG
PHAP GALERKIN - TIEP CAN THEO CHUYEN VI

Trong chuong nay, ludn 4n xem xét bai toan 6n dinh phi tuyén cua két cdu chom
thoai va tAm tron véi cac dd cong phire tap khac nhau, bao gdm chom ciu, chom
parabol, chom sin va chom elip. Cac két ciu nay dugc ché tao tir hai loai vat liéu tién
tién: FG-GPLRC rdong va sandwich FG-GPLRC 15i rong. Céc két cdu chom parabol,
chom sin va chém elip mang lai sy mém mai hon vé mit kién tric so v6i chom cau
nhung ciing dit ra nhiéu thach thirc vé mat toan hoc. Hién nay, chua c6 nghién ctru
nao cong bd vé 6n dinh phi tuyén ciia cac két cau nay.

Chuong nay dé xuit mot phuwong phap tiép can giai tich dé nghién ctru 6n dinh
phi tuyén cia cac két cAu chom thodi c6 do cong phurc tap va tam tron, ap dung hai
loai vat liéu tién tién gdm: FG-GPLRC rdng va sandwich FG-GPLRC 13i réng. Két
cu duoc xem xét véi diéu kién bién chu tuyén bi ngam c¢b dinh, chiu tai ap luc ngoai,
tai nhiét va tai co nhiét két hop. Mo hinh nén dan hoi phi tuyén ciing duoc tich hop
vao hé phuong trinh ¢¢ mo ta chinh xac hon su twong tac gitta két cau va nén dan hoi.
Bing tiép can theo chuyén vi, cac phuong trinh cha dao duoc thiét 1ap dua trén FSDT
c6 ké dén tinh phi tuyén hinh hoc theo nghia von Karman. Dang nghiém cta cac thanh
phan chuyén vi, goc xoay va do khong hoan hao cua két cau duogc biéu dién dudi
dang ham luong giac cho phép xem xét dong thoi nhidu mode mat 6n dinh d6i xtimg
truc khac nhau, nhd d6 nang cao dd tin cdy cuia phuong phap. Phuong phap Galerkin
duogc ap dung dé thu duoc hé phuong trinh can bing duéi dang dai sé phi tuyén, tir
d6 xac dinh lién hé phi tuyén giira tai trong va do vong thong qua cac bién ddi toan
hoc. Cac biéu thirc tai nhiét ti han ctia tim tron, biéu tirc quan hé ciia tai ap luyc ngoai
va tai nhi¢t voi do vong sau mét dn dinh cta két cAu chom thoai va tim tron c6 thé
thu dugc mot cach twong minh. Cac khao sat s6 duoc tién hanh dé danh gia anh hudng
ctia thong s hinh hoc va vat liéu, hé s6 nén va nhiét do moi trudng dén tai nhiét toi
han cta tim tron va kha nang chiu tai sau mat on dinh cua két cdu chom thoai va tim
tron. Dya trén céc khao sat nay, cac thdo luan va nhan xét c6 y nghia dugc thuc hién

mét cach chi tiét.
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Noi dung chinh cua chuong nay da dugc cong bd trong 02 bai bao trén céc tap
chi quéc té ISI (SCIE) va 01 bai bao trén tap chi Co hoc Viét Nam (Bai bao s6 1, 2
va 3 trong danh muc cac cong trinh di cong b cia tac gia lién quan dén luan 4n).
2.1. Thiét 1p cic phwong trinh chi dao theo FSDT cho két cAu chém thoai cé
do cong phirc tap va tim tron
2.1.1. M6 hinh két cdu chém thodi cé dp cong phirc tap va tém tron

Mo hinh cta két chom thoai c6 d6 cong phirc tap va tdm tron voi diéu kién bién
ngam cb dinh xung quanh chu tuyén duogc thé hién trong Hinh 2.1. Két ciu twong tac
v6i nén duge mod hinh héa bang moé hinh nén phi tuyén ba hé sé gdm hé s6 nén
Winkler K, hé s6 nén Pasternak K, vah¢ s6 nén phi tuyén K; ¢o thé dwong hoic
am tuong Ung voi nén hoa cimg va nén hda mém. Cac thong s hinh hoc cia két cau
bao gom: d6 day h, d6 nang 16n nhat tai dinh ctia chom H , ban kinh day a va ban
kinh cong chinh R. Cac chém thoai c6 6 ndng H nhoé hon nhiéu so véi ban kinh
day a dé phu hop véi gia thiét chom c6 do cong thoai.

Ap dung hé toa d6 cuc ((p,@,z) dugc dat & mat gitta cuia két cau. Trong do, z
thé hién toa do theo phuong vudng goc voi mat giita va co chiéu duong hudng vao
tam; O thé hién toa do theo hudng chuviva ¢ thé hién toa do theo huong kinh tuyén.
Do gia thiét 46 cong thoai nén cac phép tinh gan ding cose~1 va Rde ~dr duoc
ap dung. Bién sd @ duoc thé hién thong qua bién sé6 moi r = Rsin¢ thé hién toa do
theo hudng ban kinh cia chom. Tu do, hé toa do (r, 0, Z) duogc st dung thay thé nham
don gidn hoa qua trinh tinh toan.

Két cau chom thoai va tAm tron duogc gia thiét co bién dang ddi xtmg truc. Cac
tai trong duoc xem xét gom: tai co 13 tai ap lyc ngoai g phan bd déu trén bé mit
ngoai va tai nhiét AT phan bd déu trong toan két cdu. Cac phurong trinh 1y thuyét va
cac phuong trinh quan hé duoc thiét 1ap cho truong hop két ciu chom thoai co do
nang H , két qua twong tng ctia tAm tron thu dwoc khi ban kinh cong chinh R —> oo,

vadodo H=0.
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| v =y(r)

M =

Hinh 2.1. M6 hinh két cau chom thoai c6 do cong phtic tap va tim tron

DbJ nang cua mat gitra két cau chém thoai dugc thé hién bang cic ham so

y=y (r) tuong Ung voi cac chom cau Yy, , chom parabol y,, chom sin yg, va chom
elip y,;;, - Ban kinh cong chinh cua cac chom cau R,, chom parabol R, chom sin
R, vachomelip R

otip dugc xac dinh twong Gmg tir ham dd néng cua chung nhu sau:

- Doi véi chdm cau

2 2
y.=(H-R,)+R>-17; Rc:% @.1)
- Pbi voi chom parabol
3
Hr? a’ 4H*r* )2
Yp=- e +H; RpZZI_I(l+ a* (2.2)
- Déi v6i chom sin
e
2a
©H? . ,(nr : (2.3)
—sin’®| — |+1 :
R 4a* | 4a 2a
sin HTC2 ( nrj
cos| —
2a
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- D061 véi chom elip

_ -3
2 |2
. PER
J(@-r)H s | T2 a
yelip = a ’ Relip =a'H F + H* (24)

So sanh tga do hinh hoc ctia chom cau, chom parabol, chom sin va chom elip

duogc quan sat trong Hinh 2.2.
1

— o
4 AN
0 8 i / ,’l‘ \\‘ \
- ayy NN
/o a=0.4m, H=0.04m N\
0 6 / ’I \\ \
N B / l’ \\ \
S 7 \
3 / ‘ v\
/A — Chém céu \
04t/ / \,
/ ’/ ......... Chém parabol “\ \
02 H /7 ——— Chém sin \, )
\]
| / — —Chém elip \!
0
1 -0.5 0 0.5 1

ra

Hinh 2.2. Hinh dang d6 cong hinh hoc cua cac chém thoai khac nhau

2.1.2. Thiét ldp cdc phwong trinh chii dao theo FSDT

Bai toan nghién ctru vat li€u lam viéc trong giai doan dan hoi, gia thiét cac thanh
phan bién dang nho dam bao lién hé giita ing suat va bién dang 1 tuyén tinh tuan
theo dinh luat Hooke. Céc thanh phan phi tuyén hinh hoc theo von Karman duogc xét
dén phu hop véi gia thiét d6 vong 1on. Sir dung FSDT dé xdy dung cac phuong trinh
cha dao vé tng xir 6n dinh va sau mét on dinh phi tuyén cua két cau vo chom thoai co
d6 cong phtic tap chiu tai ap lyc ngoai va tai nhiét ting déu trong toan két cu.

- Phuong trinh quan hé bién dang — chuyén vi

Xét mot diém bat ky c6 toa dd z (cach mit giita ciia két cau mot khoang bang
Z),gol U,u,w lan luot 14 cac thanh phﬁn chuyén vi tai diém nay theo cac hudng cua
toa do r,0,z. Vi gia dinh ban dau bién dang doi xung qua truc cua két cAu chom
thoai, phuong trinh quan hé gitta cac chuyén vi (i, 7,10 ) v6i cac thanh phan chuyén

vi trong tmg (u,v,w) cua diém thudc mit giira 1a [125]:

@(r,z2)=u(r)+2y(r), B(r,z)=0, @(r,z)=wEr)+w (), (25
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trong do: \V(r) vaw' (r) tuong ng 13 gbc quay phéap tuyén ciia mit gitta va ham
mo ta do vong khong hoan hao ban dau cia két cau.
Theo FSDT, phuong trinh quan hé giita cac thanh phan bién dang tai diém bat

ky c6 toa d0 z v6i cac thanh phan bién dang twong (mg cua diém & mat giira 1a:

€, £+ zy,

0
€ =1€s T 2ZXg (> (2.6)
Srz \Ij + w,r

trong do: €, 88 1an luot 1a cac bién dang theo phuong kinh tuyén va theo phuong vi
tuyén tai mat giira; s Ko lan luot 14 cac thanh phan d6 cong theo phuong kinh tuyén

va theo phuong vi tuyén tai mat gitra, dugc xac dinh nhu sau:

I , W

u, +-w,+w,w, ——

Q) |72 T R

0 u_w
0t= r R . (2.7)

Xr v,
Xe W
r

- Phuong trinh quan hé tng sudt — bién dang
Ap dung dinh luat Hooke cho két ciu chom thoai chiu tac dung cua tai ap luc

ngoai phan bd déu két hop véi tai nhiét ting déu nhu sau:

G| Q]] le €, OL(Z)AT ~
{Ge}_|:Q12 Q22}{{89}{0L(Z)AT}}’ GrZ_Q448rz. (28)

trong 46 AT 1a d6 tang nhiét so v6i nhiét do phong khong co tng suat nhiét cua két

cau va Qij l1a d§ cung rut gon cua két cau dugce xac dinh nhu sau:

Q11 :sz =L)2, le :M

1-[v(2)] 1-[v(2)T’
___EB(s)
2[1+v(z)]

- Phuong trinh lyc gian, mé men va luc cat

(2.9)
Q44

Céc noi luc gobm lyc gian, mémen va lyc cat cua két cau duoc tinh nhu sau:
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h/2
(N.M,)= | (1,2)0,dz,

“h/2
h/2
(NoM,)= [ (1.2,)0,dz, (2.10)
“h/2
h/2
Q. =K, J. c,,dz.
“h)2

Thé phuong trinh (2.6) vao phuong trinh (2.8), sau d6 thé cac phuong trinh két
qua vao phuong trinh (2.10) thu dugc két qua dudi dang nhu sau:

B 0

N, A, A, B, B, 0 €, D,
Ny A, A, B, B, 0 Sg D,
M.:=|B, B, D, D, 0 . —1®, AT (2.11)
Me B12 Bzz D12 D22 0 Xo D,
Q. | 0 0 0 0 KSH44_ y+w, 0

trong do h¢ s6 hiéu chinh truot theo FSDT duoc chon theo gia tri phé bién K.,=5/6,

A.. B.

i»Byi» Dy 1an luot la cac do cling gién, do cimg két hop va d cimg udn cia ket cau:

e 1O | S

(Al.j,Bij,Dij): (l,z,zz)Qide voi 7 =11,12,22, (2.12)

SR~

e 10 | S

(Q,+Q,)o(z)zdz (2.13)

e A
e 10 | S

H,=|Q.dz, ®=|(Q,+0Q,)a(z)dz, ®,=

SR~
SN~
N~

- Céc phuong trinh can bang cua két cau
Céc phuong trinh can bang cta két ciu chom thoai theo FSDT c6 xét dén twong
tac voi nén phi tuyén ba hé sb dugc ap dung nhu sau:
(*N,), - N, =0,
(er ),r -M,-Q.r=0,

(T‘Qr),r+[Nr(w’r+w;)r]r+(Ne+Nr)% (2.14)

+[q—K]w+K2(w,rr +%w’r)—K3w3}r:0,
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Céac phuong trinh cin bang (2.14) duoc viét lai thong qua ba 4n sb ham s

u, v, w bang cach két hop vé6i cac phuong trinh (2.7) va (2.11), dan dén:

w2

I

2

* . w
L= (rw,rw’rr tw, w,r+u, +w,w,r+ R +

w, ; rw, w-. ;
R rfw.w,.+u,r|A, - R + 5 tw.w, |A, (2.15)

+(£_EJA22 +(\|Ir +Wrrr)Bll - Bzzw :0’
R r ’ ’ r

2
5r )r

R

L, = {u,r tww, r+w, wr+w w, r+
2
w * wr wr *
-—+u,. r+ww. |B,-| —+—r+w.w. |B (2.16)
R ;T T 11 2 R oo 12

+(%—%j322 (v, +v,)D, —%Dzz ~(w,r+yr)K,H,, =0,

L w * 3 * 2 * * -Ll)’r.3
s _E(w"'r +w,, )r +3w, w, w,r+2w, w, w,r+ —

* 2 er * 1 *
+w . w + —(w_ t+w. . Jr+u. | w... +—+w r
RZ T ,r ,r ,rr R T

I ,I'T
* 0 3, * w
+u,rr(w,r +w,r)r+w’rr w, r+5w,r (w’rr +w,rr)r—Fr

2
w,r

r+ur(w

r

* w * 3 2 *
+tw, |-—(w, +w, |+-w,w, |4,
) R ’ ’ 2 » )

w’r w * * u *
~ R r—E(w’r +w,r)+u(w,rr + w,rr)+E+u,r (w,r +w,r)

A12

J{%_%rJAEJ{\Z{ r+w’r(w,rr+w;r)r+\|f,rr(w,r+w;)r
+\v,r(w,r+w3)}3“{%H"’(wﬂ*wir)%*"”r(w’”w;)}g” 2.17)
B%W_[%—F(w,rr—i_w;r)r_(w,r+w;):|q)1

—<K3 w3+K1w)r+(w,rrr+w,r)K2+(\y+w,r)KsH44+qr:0.

+
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2.2. Dang nghiém luwgng giac va phwong phap Galerkin

Diéu kién bién ngam ¢ dinh xung quanh chu tuyén (tai r =a) va diéu kién bién
dang dbi xting truc ap dung tai dinh (tai 7 =0) ctia két cdu chom thoai dugc trinh bay
nhu sau:

r=0: y=0,u=0,

(2.18)

r=a: w=0,y=0, u=0.
Dang nghiém luong giac cho cac thanh phan chuyén vi, goc xoay va do khong
hoan hao cua két ciu thoa man cac diéu kién bién (2.18) duoc lya chon nhu sau:

a a

2 2
w =W|:COS(MJ:| , w=w’ {cos(mnrﬂ )
2a 2a

trong d6 m la s6 tu nhién 1& biéu thi mode mat 6n dinh cta két ciu theo phuong kinh

(2.19)

tuyén; U,W,¥ lan luot 12 bién do cia cac thanh phan chuyén vi u, d6 vong w va
goc xoay y; W' 1a bién d6 ctia ham d6 khong hoan héo ban dau w' .

Thé dang nghiém (2.19) vao cac phuong trinh can bang (2.15), (2.16) va (2.17)
r0i 4p dung phuong phap Galerkin nhu sau:

a?ln
j L sin (deedr =0, (2.20)
00 a
a.2n
j L, sin(mj dodr =0, (2.21)
00 a
a 2:{ 2
j L, {cos (MH dodr =0. (2.22)
0 -0 2a

Thuc hién cac tich phan (2.20), (2.21) va (2.22) thu dugc hé ba phuong trinh
dai s6 phi tuyén theo ba thanh phan bién 46 U,W,¥ d¢6 la:
X W+ X, W+X WW +X,U+X,,¥=0, (2.23)
X, W +X, W+ X, WW +X,,U+X,¥ =0, (2.24)
Xy W+ X, W2+ Xy WW + X, W(W )2 (X W + X, U
+ X3V + Xy @ AT+ X0 )W +( X5, U + X5, ¥ + X5, QAT )W (2.25)
+ X, U+ X, Y+ X, OAT + X;,,q=0,
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1 tm I+m
XB:—ﬁ_a { B[ (-1)"=1]+3[(-1) +1JBIZ},
a 2
B]l J.[ ( (nmrD ]dra

r
0
1 T mr ?
Xy == (P'm’Dy, + @K H,,) - | [ ( i (“ D }dr,
4 0
‘m? m\Y’ m)\\ m\)’
X31:—n | 16| cos I —32] cos| 22 || +4 cos| 22
512a 2 2 2
mY 2 m)Y
+12 cos(n—j +3n°m’ AH—% 144 cos(n—j
2 2304tm 2
6 4 2
+224[cos(%jj +420(cos[?D +1260[cos(%)) +315n2m2—2048]K3,
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o= e oo ) oo )
R (n;nr}( d_R_Rj nmer}dr’
=—An{n J—s(cos(%f“}
ol (o)
Bn{z(c J—{cos(%ﬁ““%

40



41*m?

2
- m’n’ (K, + K, H,,)+3a’K, (cos( an

4
X, - m’n’* (K, +K,H,,)-a’K, (COS( m sz

4m°m’ 2
m'n* (K, + K, H,,)+a’K,(3n’m’ -16)
167°m?
_jr(zA12 +A, + A, ( D
0 R2

2
a1 (amr) rem nmr nmr
X313=I0 {E(Alz"'Azz)sm( a j+ aR (A“+A12)COS( a H[COS( 2a D a

mna
X314:TKsH44+
a 2
mmr mmr 1 . [mTtmr nmr
+ﬂ R (Bn+Blz)cos( . j+E(B12+Bzz)Sm( . ﬂ(cos[ » D dr,
X ——J-az CcoS nmr 2dr
3 0 R 2a ’

e o2 ]

Tién hanh giai hé hai phuong trinh (2.23) va (2.24) thu duoc cac biéu thirc cua
Uva V¥ la:
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1

U=- X . X,.- X, . X, )W?*
X14X25_X15X24[( e N 21)
+(X13X25 _X15X23)W*W+(X12X25 _X15X22)W:|’ (2.26)
1 .
Y= X. X, -X.X, )W?
X14X25_X15X24|:( e N 21)

+ (X13X24 _X14X23)W*W + (X12X24 _X14X22)W]'

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

YW + YW + Y W'W +Y, W+ YW (W )2 +YWW' +Y,. WO AT

(2.27)
+Y, @ ATW +Y,®AT +Y,,q =0,

trong do:
Y=X =+ (X11X24 _X14 le)X37 _(Xn Xzs _XIS le)X36
17 “*31 )
X14 Xzs _X15X24
Y2 :X32 n (X12 X24 _X14 Xzz)X37 _(Xlz Xzs _XIS Xzz)X36

X14 Xzs _XIS X24
X313 (X11X25 _XIS X21)+X314 (X11X24 _X14 le)
X14 Xzs _XIS X24 ’
(X13 X24 _X14 X23)X37 _(XB Xzs _XIS X23>X36
X14 Xzs _XIS X24
n (Xll X24 _X14 X21)X311 _(Xll Xzs _XIS le)Xalo

Y, =X, +

X14 Xzs _XIS X24 ’
Y,=X,, - Xi13 (Xlz X5 _X;(s )izz)"'iﬁg((Xlz Xo =Xy Xzz)’
14 4225 154224
Ys :X34 n (X13 X24 _X14 X;)))(;u _(;(13;(25 _XIS Xzs)X310 ,
14 4325 154224
Ys =X35 n (XIZ X24 _X14 Xzz)in _(XIZ Xzs _XIS Xzz)X310

X14 Xzs _XIS X24
_X313 (X13 X5 = Xis X23)+X314 (X13 Xy =Xy X23)
X14 Xzs _X15 X24 ,
Y; =X, Yy = X5, Y, =X, s, Y)) =Xy

Phuong trinh (2.27) thé hién mdi lién hé giita tai ap luc ngoai g, tai nhiét AT

va bién d¢ cua do vong W.
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Tir phuong trinh (2.27), 1an luot thu duoc biéu thirc cua tai ap luc ngoai g va
tai nhiét ting déu AT nhu sau:

q= —YL[YIW3 LYW Y WW YW+ YW (W )2 +YWW*

0 (2.28)
+Y,WOAT + YO ATW +Y,0AT |
AT =- L (YWY, W + YW W+ Y, W
O, (WY, + W'Y, +Y, ) e

YW(W') + Y, ww +Y]0q}

Biéu thirc quan hé (2.28) va (2.29) dugc st dung dé nghién ctru tng xt 6n dinh
tinh cia cac két cdu chom thoai. Cac phuong trinh quan hé tuong ung cho két cau
tam tron thu duoc béng cach cho R— . Theo dang mét 6n dinh phan nhanh, tai

nhigt t6i han AT,, (K) cta két céu thm tron hoan hao (W =0) thu duoc tir biéu thirc

(2.29) khi W —0 la:

AT, = Y, | (2.30)
Y7CI)1

Hién tugng mat 6n dinh phan nhanh khong xay ra véi cac két ciu chom thoai.

Luan 4n sir dung phan mém Maple va Excel dé thuc hién khao sat sé cho két
cAu chom thoai va tim tron bang cach sir dung cac két qua 1y thuyét da nhan dugc &
dang hién phia trén.
2.3. Nghién ctru so sanh

Dé khang dinh tinh tin cdy ctia phuong phap nghién ciru trong luan an, nghién
ctru sinh lya chon mot s6 két qua cua cac nghién cuu da dugc cong bd trude do béng
cac phuong phap khac dé tién hanh so sanh v6i phuong phap ma luin an sir dung.

Dau tién, dbi v6i két cu tAm tron FGM véi diéu kién bién ngam c¢6 dinh xung
quanh chu tuyén chiu tai nhiét ting déu. Cac két qua tai nhiét toi han cua luan an duoc
so sanh tuong Gmg voi két qua cac nghiém st dung tiéu chuin can bang l4n can cua
Najafizadeh va Hedayati [82] dya trén FSDT va cac két qua st dung phan tir hitu han
d'fmg hinh hoc cua Loc va cong su [77] dua trén HSDT. Bang 2.1 cho théy cac két
qua ctia luan an pht hop véi két qua cia cac phuong phap khac véi phan 16n céc sai

s6 1 rat nho, sai s6 16n nhat nhan duoc chi la 1.41%.

43



Bang 2.1. So sanh tai nhiét t6i han AT, (K) ctia tim tron FGM Al/ALO3
h/a
0.05 0.04 0.03 0.02 0.01
Najafizadeh va 146.815 94.081 53.029 23.603 5.906
Hedayati [82] (0.15%)"  (0.34%) (0.39%) (0.42%) (0.44%)
Loc va cong sy 144.9953  93.4005 52.8191 23.5719 5.9093

[77] (1.41%)  (1.07%)  (0.79%)  (0.55%)  (0.38%)
Luan an 147.0435 944065 532351  23.7019  5.9318

* Do léch gitra két qua cia tac gia khac véi két qua cta ludn an

Tiép theo, bién d6 cta dd vong cua cac tim tron dang hudng véi dicu kién bién
ngam cb dinh xung quanh chu tuyén chiu tai ap luc ngoai phan bb déu duoc sir dung
dé so sanh vai két qua cua Reddy [98] (sit dung 1y thuyét vo co dién). Cac két qua
phi tuyén cta luan an thu duogc tir biéu thire (2.28) va két qua tuyén tinh cua ludn an
dugc xac dinh bang cach loai bo cac sd hang phi tuyén trong phuong trinh nay. Két
qua so sanh thé hién trong Bang 2.2 cho thdy hau hét cac truong hop sai s6 16n nhét
chi 14 hon 7%. Sai s6 16n bat thudng (26.07%) chi xay ra voi két qua phi tuyén cua
luan 4n so voi két qua tuyén tinh ctia Reddy trong trudng hop do vong rat 16n, luc
nay mo hinh tuyén tinh khong con du do chinh xac nita dan téi sai 1éch 16n véi mo
hinh phi tuyén. RS rang, cic so sanh nay khang dinh d tin cdy ctua phuong phép tiép
can cua luan an.
Bang 2.2. So sanh bién do cua d6 vong W (mm) cta tm tron ddng hudng chiu tai ap
luc ngoai phan bd déu

(q=10kPa, E=207.78Gpa, v=0.34, h= 0.01m)

h/a 0.01 0.02 0.04 0.06 0.08

Tuyén tinh — Reddy [98] 8.212 0.513 3.208x10 6.336x10° 2.005x1073
Tuyén tinh — luan an 8.595 0.538 3.383x102 6.750x10° 2.165x1073

(4.46%)" (4.65%) (5.17%) (6.13%)  (7.39%)

Phi tuyén — luan 4n 6.514  0.537 3.383x102 6.750x10° 2.165x10°3
(26.07%) (4.47%) (5.17%) (6.13%)  (7.39%)

" D0 léch giita ket qua cua tac gia khac véi ket qua cua luan an
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2.4. Khio sat s6 phan tich 6n dinh phi tuyén két cAu chém thoai c6 d cong phirc
tap va tim tron bang FG-GPLRC rdng va sandwich FG-GPLRC 16i rong

Phan nay tién hanh phan tich sé dé nghién ctru tmg xir co nhiét sau mat 6n dinh
cua céac két cAu: chom cau, chom parabol, chom sin, chom elip va tAm tron.

2.4.1. Két ciu chém thodi cé dj cong phirc tap va tim tron FG-GPLRC réng

OO YA
\ GF3D-O GF3D-X GF3D-U

Hinh 2.3. M6 hinh két cau chom thoai va tim tron FG-GPLRC rong

FG-GPLRC rdng c6 ty phan khéi lugng GPL phan b6 déu UD-GPLRC véi ba
loai phan b ty phan thé tich réng khac nhau GF3D-0, GF3D-X va GF3D-U. Cac
tinh chit hiéu dung cia FG-GPLRC rdng duogc ldy theo muc 1.3.4. Két ciu c6 thé 1a
hoan hao hoic khong hoan hao dugc phén tich trong mé hinh khong c6 nén dan hoi
(K1 =0,K,=0,K; = O) v6i diéu kién bién ngam c6 dinh xung quanh chu tuyén, chiu
tai ap luc ngoai phan bd déu két hop véi tai nhiét ting déu theo chiéu day (Hinh 2.3).

Hinh 2.4 khao st cac mode mat 6n dinh m cta tdm tron GF3D-X chiu tai co
va tai nhiét. P6i voi tai co, xu hudng di 1én tir diém gbc ciia dudng cong sau mat 6n
dinh thu duogc cho tit ca cac mode m va khong thé quan sat dugce diém phan nhanh.
Nguoc lai, ddi voi tai nhiét trang thai mang va diém phan nhanh cé thé duoc quan sat
10 rang voi do vong c6 thé vong vé phia am hodc dwong mot cach ngau nhién. Ngoai
ra, trong tat ca cac trudng hop duge khio sat sy mat 6n dinh dé dang xay ra nhat &
mode m =1 trong ca Uung xir co va nhiét ctia két cau. Do dé, cac phan tich tiép theo

chi tp trung vao mode mat 6n dinh m =1 cta két cau tam tron.
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a/h =40, h=0.01m, —lm=1
ey =0.3426, W7, = 0.5%,
g = 0Mpa, W* =0

200 800
B —1lm=1
Tam tron
GF3D-X

—2m=3 —2:m=3

—3:m=5 3 —3:m=5

TAm tron

: /h =40, h =0.01m, §400 i GF3D-X
ey =0.3426, Wgr, =0.5%, S
AT = 0K, W*=0
N / 1 :
1

0 1.5 3 4.5 6 -1 -0.5 0 0.5 1
W/h W/h

(a) (b)

Hinh 2.4. Khao sat cic mode m mat 6n dinh co va nhiét caa tim tron GF3D-X

q (MPa)
g

Bang 2.3. Anh hudng ciia d6 rdng, loai phan bd rong, ty phan khdi lugng GPL dén
tdi nhi¢t t6i han AT, (K) cua tm tron FG-GPLRC rdng hoan hao

(h=0.01m,a = 40h,q = 0Mpa,m =1)

*

ey om GF3D-O GF3D-X  GF3D-U
(%0)

0 33.5996 33.5996  33.5996

0.5 34.7558 347558 34.7558

’ 1 35.8965 35.8964  35.8965

L5 37.0219 37.0219  37.0219

0 35.7084 20.9968  33.5996

0.5 36.9372 310289  34.7558

02 1 38.1496 32.0472  35.8965

L5 39.3457 33.0519  37.0219

0 38.5363 25.5434  33.5996

04 0.5 39.8625 264221 34.7558

1 41.1710 27.2891  35.8965

1.5 42.4620 28.1446  37.0219

0 42.5267 203748 33.5996

0 0.5 43.9904 21.0756  34.7558

1 45.4345 217670 35.8964

L5 46.8593 224493 37.0219
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Bang 2.3 cho thiy khi d6 rdng ting, tai nhiét téi han ctia tAm tron ting dang ké
d6i v6i loai phan bd réng GF3D-O nhung lai giam ddi véi loai phan bb rong GF3D-
X va khong d6i d6i véi loai phan bd rdng GF3D-U. Ty phan khéi luong GPL ting
1am tdng tai nhiét toi han cta ca ba loai phan bd réng. Két qua ciing cho thay véi cling
d6 rong va ty phan khéi lwong GPL, tai nhiét toi han cta loai phan bd rong GF3D-O
13 cao nhét, trong khi GF3D-X thé hién thap nhét.

160 300 H__ .,
. | ’ Chom Sin
Chom cau GF3D-O
A —1:m= —2:m=3
GF3D-U I:m=1 240 F m 3
120
3 —2:m=3 —3m=5
_ 180
g 2 —3m=5| & 2
80 Mt
=3 &
- =
120
a/h =40, h =0.01m, 1
a0 | ey=0.7391, H = 0.04m, @h =40, 1 =001m,
WG’;’L: 1%, AT = 0K, W* = 0 60 | eo*—0.2,H—0.05m,
Wepr=0.5%, ¢ = OMpa,
T W =0
1
0 . 0 . . . .
0 1.5 3 4.5 6 -1 -0.8 -0.6 -0.4 -0.2 0
W/h W/h
(a) (b)
160 300 H__ 1y
Chom parabol
GF3D-O —2:m=3 3
240
120 3 —1l:m=1 —3m=5
s —2m=3| _ 180 f 2
= 80 ~
< —3m=5|
= a/h =40, h =0.01m, 120 Chom parabol
ep=0.2, H=0.06m, GF3D-O 1
Wy, = 0.5%, AT = 0K,
40 W*=0 a’/h =40, h =0.0lm,
60 ' ¢,=02,H=0.06m,
I Wep = 0.5%, ¢ = 0Mpa,
Wx=0
0 0 L L
0 1.5 3 4.5 6 -1 -0.8 -0.6 -0.4 -0.2 0
W/h W/h
(c) (d)

Hinh 2.5. Khao sat cac mode m mat 6n dinh co va nhiét caa chom thoai c6 do cong
phtrc tap FG-GPLRC rong

Ung xtr 6n dinh co va nhiét ciia chom cau, chém parabol va choém sin dugc khao

sat voi cac mode mat 6n dinh m khac nhau trong Hinh 2.5. Xu hudng cac duong

cong sau mat 6n dinh ctia két cdu chom cau va chom parabol twong ty dugce quan sat

thdy & két cau tAm tron trong trudng hop chiu tai co (Hinh 2.5a, ¢). Tuy nhién trong

treong hop tai nhiét (Hinh 2.5b, d) c6 su khac biét so véi két cdu tAm tron, chom
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parabol va chém sin duogc khdo sat cho thay xuat hién ving do vong am va xu hudng
di 1én tr diém goc cua cac duong cong sau mat 6n dinh. Ngoai ra, mode mat 6n dinh
m =1 dugc thay ro ludn xay ra dau tién, do do, cac nghién ctru tiép theo chi tip trung

vao mode mat 6n dinh m =1 cua két cau chom thoai c6 d cong phurc tap.

20 M ——Chom clu 7 2
=+ = Chom parabol GF3D-X e
= = =Chom sin 7 Y
4 /,
[ 2 : - y
15 Chom elip /// ./,/ / 19
_- > /
4 -
.7 = /
-
- /
= Py Y =
S 0 7 - < 16
; P _ -~ < V4 N a/h =40, h =0.0lm,
- s Y N =0.2, Wiy = 0.5%
—_—— GF3D-O N €o=V.2, Wgp, = V.07,
— N\ 4T =300K, H=0.06m,
5} // 13 F —— Chom céu N\ wr=0
/ a/h =40, h=0.0lm, ) N /
/ ey =0.3426, Wi, = 0.5%, = - = Chom parabol N - Y
/ AT = 0K, H=0.06m, - = =Choém sin ~__-
4 W*=0 — — Chém elip
0 L L 10 L
0 1.5 3 4.5 6 0 1.5 3 4.5 6
W/h W/h
(a) (b)
200 —— Chém ciu 200 — —— Choém parabol
— — Chdm sin | |— —Chom sin
N e Chom elip i fee- Chom elip
N N e
150 ~ - 150
N GF3D-O
e Q-
—~ Sso fon)
2 100 S R~ Zi00
) S~ ~ &
~ Sso ~N ~
Sl ~
el NN
GF3D-X SN
50 t X 50 I
a/h =40, h =0.0lm, H=0.06m, \*~~\ a/h =40, h = 0.01m, H=0.06m,
ey =0.6637, Wk, = 1%, g = OMPa, B 0= 0.4, Wi, = 1%, ¢ = 2MPa, :
W*=0 \\\\~ Wk =0 !
N 1 Sso
0 . . . 0 . . L ! N
-0.8 -0.6 -0.4 -0.2 0 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4
W/h W/h
(c) (d)

Hinh 2.6. So sanh cac dudng cong sau mat 6n dinh g ~W /h va AT ~W / h cia
chom cau, chom parabol, chom sin va chom elip FG-GPLRC rdng

Kha ning chiu tai co va nhiét sau mat 6n dinh ciia két ciu chom cau, chom
parabol, chom sin va chém elip dugc so sanh trong Hinh 2.6. So sanh kha nang chiu
tai co ctia két cAu & méi trudng nhiét do phong AT =0K (Hinh 2.6a) va & mdi trudng
nhiét 46 cao AT =300K (Hinh 2.6b) déu cho thdy duong cong sau mat 6n dinh
q~W /h cia chom elip 1 thap nhit thé hién kha ning chiu tai yéu nhat va chom
sin 13 cao nhét thé hién kha ning chiu tai tot nhat. Trong trudng hop moi truong nhiét

dd cao, do vong nhiét vé phia &m cua truc z dugc quan sat va duong cong cia chdm
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sin thdp hon so véi cac loai chém khac ¢ ving d6 vong nho. Tuy nhién, & ving do
vong 16n kha nang chiu luc sau mét 6n dinh cua chom sin van dugc thé hién 1a tbt
nhat. Ngoai ra, hién tuong snap-through xay ra trong trudng hop méi trudng nhiét do
cao voi tat ca cac loai chom, ngoai trir chom sin. Trong trudng hop chiu tai nhiét
khoéng c6 tng suit trude g = 0MPa (Hinh 2.6¢) va ¢ ing suét truéc g = 2MPa (Hinh
2.6d), c6 thé quan sat thiy hinh dang dudng cong sau mat 6n dinh gin nhu tuyén tinh
va thy rd kha ning chiu tai t6t nhat cia vo hinh sin. Do tng suat trude, do vong trude
duong duoc thé hién trong Hinh 2.6d.

Daénh gia anh huong ctia cac loai phan bd ty 16 thé tich rong dén cac duong cong
sau mat 6n dinh ¢ ~W /h cua chém elip thé hi¢n trong Hinh 2.7 va AT ~W / h
ctia chom parabol dugc thé hién trong Hinh 2.8. Két qua cho thy kha ning chiu tai
co va nhiét sau mat 6n dinh cua loai phan b6 GF3D-O 1a tot nhat va GF3D-X 1a thép
nhat. Tuy nhién, sy khac biét vé kha ning chiu tai co giita cac loai phan b réng duoc

thé hién o rang hon trong trudng hop tai nhiét.

500

4

Chom elip

- -

400
35 F

= =2b- -7 3
= a/h =40, h =0.0lm, —_ 300
£ 3 [eo=04 e=06637 )
g ey =0.7391, Wy, = 0.5%, R &
= | H=004m W¥=0 PrATZI00R S 00 L ——GFIDO
— —GF3D-X Chom parabol
st = 1 || - GF3D-U
: ——1: GF3D-0 100 k
——2:GF3D-X a/h =40, h =0.01m, e, = 0.4, e, = 0.6637,
——3: GF3D-U ey =0.7391, W, = 0.5%, H = 0.04m, g = 0MPa,
| Wx=0
2 1 1 1 1 1 0 L L L L
1 15 2 25 3 3.5 4 3 2.4 -1.8 -1.2 0.6 0
Wh Wi

Hinh 2.7. Anh huéng ciia loai phan b6  Hinh 2.8. Anh huéng ciia loai phan b
rong dén ung XU cO sau mat 6n dinh cua rong ung x1r nhiét sau mat on dinh cua
chém elip FG-GPLRC rong chém parabol FG-GPLRC rong
Hinh 2.9 cho thiy nhiing anh huéng trai chiéu cua do rdng dén tng xir co va
nhiét sau mat on dinh. Khi do rdng ting 1én, kha ning chiu tai co cia chém parabol
GF3D-O giam do mé dun dan hoi giam, trong khi kha nang chiu tai nhiét cia chom
sin GF3D-O ting nhe do hé s gifin nd nhiét giam. Dbi voi loai phan bd rdng GF3D-
0, khi d6 rdng tang s& lam giam ca md dun dan hoi va hé s gidn no nhiét gay ra hai

hiu ng trai chiéu lén kha nang chiu tai nhi¢t cuia két cau. M6 dun dan hoi gidm lam
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giam kha ning chiu tai nhiét trong khi hé sé gidn né nhiét giam lai lam ting kha ning
chiu tai nhiét ctia két cau. Tir két qua khao sat cho thay anh hudng cta hé sé gidn no

nhiét dén kha nang chiu tai nhiét cuia két cau la 16n hon so vd1 mé dun dan hoi.

20 500
liep=0 Chom parabol AT = 0K /
2:e,=02 _
3 62:0‘4 GF3D-0 - — = AT=300K 1
4:e5=0.6 400
15 . 2
a/h =40, h = 0.01m, Wz, = 0.5%, )
_ 300 |
-~ ~
£ ¥
S0 &
; A ep=0
200 ||----- ep=02 Chém sin
—T T ep=04 GF3D-0O
5 — — e,=0.6
100
a/h =40, h =0.01m, W, = 0.5%,
H=0.04m, g = 0MPa, W* =0
0 . 0 . .
0 L5 3 4.5 6 3 24 -1.8 12 0.6 0
W/h W/h
(a) (b)

Hinh 2.9. Anh hudng ctia d6 rdng dén tng xir co ciia chom parabol va nhiét ctia
chom sin GF3D-O sau méat 6n dinh
Tuong tu nhu cac khao sat trude, ty phan khéi lugng GPL tang lam ting manh

kha ning chiu tai co va nhiét sau mét 6n dinh cta két cdu chom parabol (Hinh 2.10).

20 —AT=0K 600
- = =AT =300K Chom parabol \\\\\\ =
GF3D-O \:\\\
\\\ :\
* \\\\
5 I: WG*F’L:O% 450 NN
2 W, =0.5% O
_4 - L% 1o A
= |- ~-_ 3 W, = 1% X
= il VG 4 W = 1.5% ) N
S0 f___ 1, T L300 | N
ST Ts ~ £ — W= 0% Q
S < N A GPL \\\\
——————— .. = T W‘;”" =0.5% \‘\§ Chom parabol
T~ - Wen=1% & GF3D-X
5 150 FL—— Wep, =1.5%
1 a/h =40, h =0.0lm, a/h =40, h = 0.0lm, H=0.05m,
o= 0.4, H=0.04m,W* =0 ey=0.6637, ¢ = 0MPa, W* =0
O 0 L L L 1 1
0 1.5 3 4.5 6 -3 -2.5 -2 -1.5 -1 -0.5 0
W/h W/h
(a) (b)

Hinh 2.10. Anh huéng cua ty phan khéi lugng GPL dén tng xir co ciia chom
parabol GF3D-O va nhiét ctia chom parabol GF3D-X sau mét 6n dinh
Hinh 2.11 cho thay anh huéng cta ty s6 hinh hoc a / h dén xu hudng cac duong
cong sau mat 6n dinh tai co va tai nhiét 13 trai nguoc nhau ddi véi tat ca cac trudng

hop khao sat. Khi ty sb hinh hoc a / h ting 1én, kha ning chiu tai co sau mat 6n dinh
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cua chom elip GF3D-O va GF3D-X gidm manh, trong khi kha nang chiu tai nhié¢t sau

mat 6n dinh cta chom sin GF3D-0 va GF3D-X ting manh.

50 H

— 600 ep=0.4
— 20;8'2637 7 - = —ey=0.6637
X - -
1:a/h=40
40 2:a/h=35 1:a/h =40
3:a/h=30 450 2:a/h=35
3:a/h=30
3
30t
)
g 1
2
N : 3
@20 I _ Chom sin
| e
L 001 H— 0.06 150 | h=0.0lm, H=0.06m,
10 o =0.01m, H = 0.06m, q = OMPa, W, = 4%,
Chém elip AT = 100K, Wk, = 4%, Wk =0 o ’
W*=0
0 . L n L 0 2 1I5 I ()I5 0
0 1 2 3 4 5 ’ W/h
(@) (b)

Hinh 2.11. Anh huéng cta ty s a /h dén Gng xtr co ctia chom elip va nhiét cia

chom sin GF3D-X va GF3D-O sau mat 6n dinh

17 4 —LW¥h=0 60 —
----- 2: W¥h=0.1 ep=0.4
- = 3 W¥h=02 — = = ey =0.6637
— — 4 W¥h=03
145 ¢ 45 Chom sin
______________ 1: H=0.03m
2: H=0.04m
—_ = 3: H=0.05m
< =]
E 12 =30t
= a: AT = 0K =
b: AT = 100K 3
L 2
93 a/h =40, h =0.01m, 15 - -
e,=0.2, H=0.05m, X Z T— i)gIl(m;;*— {02(,)/
WG*PL =2% = UK, WepL = 570,
W*=0
7 L L L 0 L
0 1 2 3 4 5 0 1 2 3 4

Hinh 2.12. Anh hudng ctia @6 khong ~ Hinh 2.13. Anh huéng cua d6 nang dinh
hoan hao dén tmg xir co sau mat 6n dinh dén tng xir co sau mat 6n dinh ctia chém
cua chém parabol GF3D-O sin GF3D-0O va GF3D-X

Anh huong cia do khong hoan hao dén kha ning chiu tai co sau mat 6n dinh

cua chém parabol GF3D-O trong méi trudong nhi¢t do phong va moi truong nhiét do
cao dugc nghién ciru trong Hinh 2.12. O ving d vong nho, cac dudng cong sau mat
on dinh q~W / h thap hon véi cac do khong hoan hao 16n hon va quan sat nay bi
dao ngugce & ving do vong 16n sau khi ching di qua mot diém giao nhau. Do nang

cua dinh H cling anh hudng 16n dén kha nang chiu tai co sau mat 6n dinh cua chom
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sin GF3D-0 va GF3D-X trong Hinh 2.13. Kha ning chiu tai sau mat 6n dinh 16n hon
dang ké khi d6 nang cta dinh H tang 1én.
2.4.2. Két cdu chém thodi cé d¢ cong phire tap va tim tron sandwich FG-GPLRC
16i rong

Trong phan niy tién hanh phan tich s dé nghién ctru dic tinh mét 6n dinh co
nhiét cia cac két cAu chom ciu, chém parabol, chom sin, chém elip va tim tron bang
vat liéu sandwich FG-GPLRC 161 rSng. Vit liéu sandwich FG-GPLRC 161 r5ng co
nam loai cAu tric khac nhau: UD-PC-UD, X-PC-X, O-PC-O, A-PC-V va V-PC-A.
Céc tinh chét hiéu dung cia sandwich FG-GPLRC 161 r5ng duoc léy theo muc 1.3.5.

A-PC-V V-PC-A
Hinh 2.14. M6 hinh két cdu chém thoai va tdm tron sandwich FG-GPLRC 15i rdng
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Két cau chom thoai c6 do cong phure tap va tam tron duge dit nén dan hdi ba hé
s6 voi diéu kién bién ngam cd dinh xung quanh chu tuyén (Hinh 2.14). Két cdu duoc
phan tich trong trudong hop 1a hoan hao hodc khéng hoan hao chiu tai 4p luc ngoai
phan bb déu két hop voi tai nhiét ting déu theo chiéu day.

Bang 2.4. Anh hudng ciia d6 rdng, loai phan bé GPL, ty phan khdi luong GPL dén
tai nhiét toi han AT, (K) cta tim tron sandwich FG-GPLRC 16i réng (h=0.027m,

a=35h,W =0,K, =8MN/m’,K, =0.2MN/m,K, =0,m=1,g =0MPa,R =)

e, Wgp (%) X-PC-X UD-PC-UD O-PC-O A-PC-V V-PC-A
2 70.8998  69.3236  68.9344 61.9949  77.7184

4 78.9470  76.5732  76.2760 66.7859  88.1547
02 6 86.0654  83.4394  83.0127 72.1132 96.5350
8 92.4361 89.9208  89.1432 77.3382 103.6819
2 743282  72.5838  72.2656 64.9825 81.4843
4 82.2274  79.5902  79.4430 69.5500 91.8256
04 6 89.3954  86.4576  86.2223  74.8927 100.2779
8 95.8833  93.0353  92.4654 80.2120 107.5561
2 77.2841 753874  75.1370 67.5560 84.7326
4 85.0219  82.1499  82.1405 71.9025 94.9546
06 6 02.2185  89.0044  88.9429 77.2468 103.4527
8 98.7993  95.6568  95.2752 82.6407 110.8348
2 79.6098  77.5883  77.3957 69.5780  87.2906
4 87.2002  84.1380  84.2424  73.7331 97.3957
08 6 944113  90.9745  91.0553 79.0723 105.9207

8 101.0608  97.6814  97.4536 84.5214 113.3796

C6 thé quan sat anh hudng cia do rong, loai cdu triic sandwich FG-GPLRC 15i

rong va ty phan khéi lugng GPL dén tai nhiét téi han ciia tim tron trong Bang 2.4.
Loai ciu tric V-PC-A chiém vu thé tuyét dbi trong khi cau tric A-PC-V thé hién thap
nhat vé gia tri tai nhiét toi han trong 5 loai cau tric. Ly do rd rang 1a GPL dugc dat
cang xa bé mat giira thi do cng cuia tAm tron cang 16n dan dén tai nhiét t6i han 1on
hon. Ngoai ra, véi tit ca nam loai cau triic sandwich FG-GPLRC 15i rong dugc xem

xét déu cho thfiy tai nhiét toi han cta két cAu tAm tron tang ty 1 thuan voi do rong va
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ty phan khéi luong GPL. D6 rdng ting s& lam do cing giam va ciing 1am hé s gidn
nd nhiét giam, tac dong c6 xu hudng trai nguoc nhau cia hai thanh phan nay 1én tai
nhiét t6i han két qua tac dong la lam tang gia tri cua tai nhiét t&1 han cua tam. Mat
khac, d6 ctirmg va hé sd gidn nd nhiét déu ting khi ty phan khéi luong GPL tang, tuy
nhién, xu hudng thay ddi cia tai nhiét t6i han nguoc lai véi truong hop thay d6i do

rong khi van lam tang dang ké gia tri tai nhié¢t t1 han cua két cau tam tron.

160 — lm=1 160 —1Im=1
Choém parabol TAm tron
X-PC-X —2:m=3 3 A-PC-V —2:m=3
120 } N —3m=5 120 —3m=5
2
- K, = 8MN/m’,
[} ~_~
& K,=02MNm,K,=0 | Z
= 80 S 80
= 2 pe
a/h =35, h =0.027m, =
By = hy, = h/3, W% =0,
ey =02, H = 0.06m, a/h =30, h =0.027m,
40 Wy, = 2%, AT = 0K 40 | I = Iy = 13, W% =0,
! ey =04, Wiy, =2%,
AT = 0K
1
0 . 0 : . .
0 1.5 3 45 6 0 1.5 3 4.5 6
W/h W/h
(a) (b)
1000 o 400
—1:m=1 3 —1l:m=1 Chom sin
A-PC-V
—2m=3 —2:m=3 e =04, W, = 2%,
750 b a/h =40, h = 0.027m, hy = hy, = h/3, 00 | g =0MPa, W* =0 3
—3m=5 ey=0.6,Wgp, = 4%, g = OMPa, W* =0 —3:m=5
—- -
2.0l Thm tron £ 00 b am=40.n=0027m,
~ ~ _ _
g UD-PC-UD 3 by = hy. = /3, H = 0.06m 2
2
] K, = 8MN/m’,
K, = 0.2MN/m, K; = 0
250 |} K, =8MN/m’ K, =02MN/m, K; =0 100 }
1 1
0 . . . 0 . .
-0.8 -0.6 0.4 0.2 0 0.8 0.6 -0.4 -0.2 0
W/h W/h
(c) (d)

Hinh 2.15. Khao sat cac mode m mat 6n dinh co va nhiét caa chom thoai c6 do
cong phirc tap va tim tron sandwich FG-GPLRC 15 rdng
Ung xir co nhiét ciia két cdu chom thoai c6 do cong phirc tap va tim tron voi
nam mode mat 6n dinh dau tién duoc trinh bay trén Hinh 2.15. Céc khdo sat trong
Hinh 2.15a va Hinh 2.15b dugc xem xét véi AT =0, tuc la khong tao ra d¢ vong

nhiét trude. Hinh 2.15¢ va Hinh 2.15d dugc xem xét khong c6 tng suit trude g =0.

C6 thé thdy mode mét 6n dinh dau tién (m=1) dé dang xdy ra nhat trong tt ca cac
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truong hop duoc khao sat. Puong cong sau mat 6n dinh cao hon rd rang khi mode
mat 6n dinh ting 1én. Do d6, trong cac khao st sb tiép theo chi nghién ciru mode mat
6n dinh dau tién m=1. Trong truong hop két cau tim tron hoan hao dudi tai nhiét
(Hinh 2.15¢) mdi c6 thé quan sat dugc trang thai mang va hién tuong phan nhanh va

tai nhiét t61 han tding manh khi mode mét 6n dinh tang.

40 fq ----- 1: Choém sin 7 30 A -0 1: Chom sin 7
2 4 =+ = 2: Chom parabol !
-+ = 2:Ch, bol V-PC-A / P 4
om patbo / ——3: Chom ciu UD-PC-UD /
—3: Chom cau Fd / 25 4 Chom oli /
Ll — o /
— —4: Chém elip ,’l /, oM ep ’
30 S /
I
a/h =30, h = 0.027m, 20T
_ hg = h,, =h/3, H=0.09m, 2 !
< s £ o . =
0 Leo=045=2%, L 4 £ 5|
220 [ sr=ok, w =0 e 4 =
Sl el / =
f"/ 7 ’
e ~ 10 | I am =30, h=0.027m,
10k //’ - -~ 3 ! hg=h, =h/3, H=0.09m, )
4= K, = 8MN/m’, 0= 04 Wy = 2% K, = 8MN/m’,
- _ L “ 4 =
- K, = 0.2MN/m, 5 Il AT =300K, W*=0.1h K =02MN/m,
~ K;=0 / K;=0
” /
0 . . 0 . . . . .
0 1.1 22 33 44 2 -1 0 1 2 3 4
W/h W/h
(a) (b)
400 N\ 3 1: Chom sin 400 3 —— 1: Chom sin
\ \\ 1 = - = 2: Chém parabol N N ) == 2:Chém pfirabol
\\ A\ - = =3: Chom cau 300 | \4 ———3:Ch(:)mc£1.u
4 \\ 2 — —4: Chom elip . 2 — —4: Chom elip
300 | <
N
0-PC-0 N 200 | >
/\8\ K, = SMN/m’,
A K, = 0.2MN/m,
9 3 \ D Q / -
=200 O L0 | 3 K;=0
~ N\ ~
~ a/h =30, h =0.027m, NN A
hyg =hy, =h/3, H=0.09m, N\ O\ V-PC-A
— * -
€0 =0:4.Wgp, =2% N\ O T am=30h=0027m,
100 } a=0MPa, W*=0 AN QD g =hy,, = h/3, H=0.09m,
K, = SMN/m3, N 00 | @04 Wi, = 2%,
= * —
K = 0.2MN/m, N \ g =3MPa, W* =0.2h
K;=0 A\
0 -200 . . .
2 -15 -1 0.5 0 -15 -1 0.5 0 0.5 1
W/h Wih

(c) (d)
Hinh 2.16. So sanh trng xur co va nhiét sau mét 6n dinh ctia chom cau, chom
parabol, chém sin va chom elip sandwich FG-GPLRC 15i rong
So sanh cac duong cong g~W /h va AT ~W /h cta chom cau, chom
parabol, chom sin va chom elip sandwich FG-GPLRC 13i rong duoc trinh bay trong
Hinh 2.16. Nhu duoc quan sat trong Hinh 2.2, cau hinh hinh hoc cia chém parabol
va chom cau rat gin nhau. Vi vy, cac dudng cong sau mat on dinh cta hai loai chom

nay khong khac biét dang ké. Trong trudng hop két cau khong c6 tng suit nhiét trude
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khong thé quan sat hién tuong snap-through trong Hinh 2.16a, ma chi quan sat thdy
v6i truong hop két cdu co tng suat nhiét trudc trong Hinh 2.16b. Kha ning chiu tai
co sau mat 6n dinh cta chom sin 13 tot nhit trong truong hop khong c6 ting suét nhiét
trude. Trong trudng hop két cAu chiu tai co c6 ing suét nhiét trude, do vong trude do
nhiét tao ra ving c¢6 do vong vé phia am cia truc z va dudng cong sau mat 6n dinh
ctia chom sin thap hon so véi cac loai chom khac trong ving d6 vong nho nhung
trong ving c¢6 do vong 16n cac dudng cong sau mat 6n dinh ctia chom sin 1 cao nhat.
Ngoai ra, dudng cong sau mat on dinh co va nhiét ciia chom elip 13 thdp nhit trong
truong hop khong co tg suit trude (Hinh 2.16a va Hinh 2.16¢). Do tng sudt trudc
gay ra do vong trude ciia chom cau, chom parabol, chom sin va chom elip duge quan
sat thdy o ving do vong duong trong Hinh 2.16d.

So sanh kha ndng chiu tai co va nhiét sau mét On dinh cta két cAu chom thoai
c6 d6 cong phirc tap va tAm tron v6i nam loai cau triic sandwich FG-GPLRC 15i réng
khac nhau thé hién trong Hinh 2.17. Két qua cho thiy, dbi voi ca hai truong hop chiu
tai co va nhiét cua két cau chom thoai c6 do cong phirc tap va tim tron, kha nang chiu
tai sau mét 6n dinh cua ciu trac V-PC-A 14 cao nhét va ciu tric A-PC-V 1a nho nht.
Déi v6i tai nhiét, anh huong cua nam loai cau tric sandwich FG-GPLRC 16i rong
dugc thé hién rd nhat trong trudng hop tAm tron hoan hao (Hinh 2.17b) va it 1o rét
trong truong hop chom sin (Hinh 2.17d).

Khong gidng nhu truong hop tAm tron chiu tai nhiét khao sat & trén, trong truong
hop chom sin UD-PC-UD chiu tai co va chdm parabol V-PC-A chiu tai nhiét kha
nang chiu tai sau mat 6n dinh déu giam khi do rong tang (Hinh 2.18).

Anh hudng cia ty phan khéi lwgng GPL dén kha ning chiu tai sau mat 6n dinh
ctia chom sin dugc nghién ciru trong Hinh 2.19. Kha ning chiu tai sau mat on dinh
tang 1én va hién tugng snap-through giam dang ké khi ty phan khéi lwong GPL ting.
So sanh chém sin hoan hdo va khong hoan hdo ciing dugc khao sat trong Hinh 2.19
cho thiy kha ning chiu tai co sau mét on dinh ctia két cau hoan hao giam rd rét so voi
két cau khong hoan hao trong ving do vong 16n. Trong khi kha nang chiu tai nhiét

cua két cau hoan hao ludn ludn cao hon so véi két cau khong hoan hao.
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9 { ——1: UD-PC-UD -
————— 2: V-PC-A Tém tron 7/
- = =3:X-PC-X Z /
/-
8 | ——4:0pco N
— - =5: A-PC-V /
’ 3
_ 7 I
<
E K, = 8MN/m’, 4
= K, = 0.2MN/m, /7
S b K=0 Y
a/h =30, h =0.027m,
5 F hy = hy,. = i’/3, ,
¢g=0.4,Wep, = 2%,
AT = 0K, W* =0
4 - .
1 12 1.4 1.6 1.8
Wih
(a)
8 — ——1:UD-PC-UD ——
_____ 2: V-PC-A Chom parabol .
: V-PC- A
- = =3:X-PC-X ; .
[ | ==4+0rco yd
T /
— - -5:A-PC-V
3
~_~ 6 [
£ K, = 8MN/m’,
= K, =0.2MN/m,
= K;=0
s 5
a/h =30, h =0.027m,
hy = h,. =h/3, H=0.06m,
4r ep= 0.4, Wy, =2%,
AT = 0K, W* =0
3 .
0 0.6 12 1.8 24
Wih

(c)

AT (K)

120

a/h =30, h =0.027m, e, = 0.4,
by =hy, = W3, W* =0,

90

* — 90, -
WepL=2%, e

e - - -3:X-PCX
"7 K,=8MNm?, | — —4:0-PC-O
| .- - K, =0.2MN/m, — . =5: A-PC-V
K;=0 T
80 L . L
0 0.2 0.4 0.6 0.8
W/h
500
N Chom sin
400 f
300
—— UD-PC-UD
K, = 8MN/m}
----- V-PC-A ! ’
20 + K, =0.2MN/m,
- - =X-PCX K, =0
— —0-PC-0
100 | L= -aPCv
a’h =30, h =0.027m, h, = h,. =h/3, H=0.09m,
ey=0.4,Wgh, = 2%, g = OMPa, W* = 0.2h
0
2 -5 -1 0.5 0
W/h

(d)

Hinh 2.17. So sanh nim loai c4u tric sandwich FG-GPLRC 15i rong vé tmg xir co

va nhiét sau mat 6n dinh ctia chom thoai c6 dé cong phurc tap va tam tron

30 a: W¥h=0 - 600
a/h =30, h =0.027m, e — b W¥h=03 I;, \'&. Chom parabol
hy, = hye = h/3, H =0.09m, " V-PC-A
AT = 350K, Wop =2% 1
1
liep=0 m
2ieg=03 " 450
25 3:¢,=0.6
= -
S L300 | \ ;
i = - K, = 8MN/m’,
= = =0
_____ - K, = 0.2MN/m,
er=03 2
° K;=0
20 — — ¢,=05 3
— - €p=0.8
150 | ‘o «
K, = 8MN/m’, Chom sin
K; = 02MN/m, UD-PC-UD a/h =30, h =0.027m, hy, = h,. = h/3,
K,=0 H=0.09m, g = IMPa, Wgp, =2%, W*=0
15 1 1 1 0 L 1 1
0 1 2 3 4 2 -1.5 -1 0.5 0
W/h W/h

(a)

Hinh 2.18. Anh huéng cua d6 rdng 16i dén g xir co ctia chom sin UD-PC-UD va

(b)

nhi¢t cua chom parabol V-PC-A sau mét 6n dinh
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50 —_—— - 400 N
. W*/hio Chom sin ’ \\\ N W¥h =0
m--WR=02 V-PC-A S OO\ b I
N W¥h = 0.4
N N N
a/h =30, h =0.027m, / RN
40 & ho=h, =h3 H=009m, 300 1 R c
ey=0.4, 4T = 300K . S \\ N a: W;PL =0.5%
N
a: Wiy =0.5% BN b: Wi, = 2%
330 | b WG =2% 500 | \\\\ ¢ Wop, =3.5%
E [ Wg,,,_ =3.5% Chom sin N Q
= X-PC-X AN
N N
N
s ~
20 100 [ a/h =30, h =0.027m, N
By = h,. =h/3, H=0.09m, N
ey=0.4, g = 0Mpa,
K; = 8MN/m3, K, = 0.2MN/m, K; = 0
10 0 * *
0 1 2 3 4 5 -1.6 -1.2 -0.8 -0.4 0

Wi
(a) (b)
Hinh 2.19. Anh hudng cia ty phan khéi luong GPL dén tng xtr co va nhiét cia
chom sin V-PC-A va X-PC-X sau mat 6n dinh

Hinh 2.20 khéo sat anh hudng cia do nang tai dinh t&i1 kha ndng chiu tai co cla
chom parabol UD-PC-UD va tai nhiét ciia chom sin V-PC-A sau méat 6n dinh. Két
qua thé hién trong khi kha nang chiu tai nhiét sau mét 6n dinh tang khi do nang tai
dinh ting & ca ving c6 d6 vong 16n va nho, thi kha nang chiu tai co sau mat 6n dinh
chi ting & ving c6 do vong nho. Ngoai ra, anh hudng cua d6 khong hoan hao dbi voi
kha nang chiu tai co (Hinh 2.20a) va tai nhiét (Hinh 2.20b) ctia két cau ciing thu dugc
két qua twong tu nhu khao sat trén Hinh 2.19.

45 0 —1:H=0.06m 7 400 N —— 1: H=0.06m
- %: 1;11 = 8‘?5?1 Chom parabol / A Chom sin —— 2:H=0.08m
— =0. N — —
UD-PC-UD , A ~ 32 V-PC-A 3:H=0.lm
! ~2a AN
35 F aaW¥h=0 Z - 0}1027112”;/}’ - 3(())’2 ! 300 F~ N la \Zb N N
- Wk = Uy = Mpe = , €p=V.2, ' AN
b: W¥h =02 TR, W — 2, 0 SN NN h=0.027m, a/h = 30,
AN AANRA hy =h,. = h/3,¢,=0.2,
= ) NN g = O0MPa, Wy, =2%
&5 -~ =200 ENNRRNNRRN
= -7 = SO
:. 4 s TS =esF N S ~ N N
2a ~ N N
/_ < N
L--—-- a: W*h =0 \\\‘\\\
15 100 F b: W¥h =02 AR
- la K, = 8MN/m?, )
= K, =0.2MN/m, ,
K,=0 K, = SMN/m3, K, = 0.2MN/m, K; = 0
5 L L L L 0 L L
0 1 2 3 4 5 -1.5 -1 -0.5 0
W/h W/h

(a) (b)
Hinh 2.20. Anh huéng cia d6 nang dinh dén tmg xir co ctia chom parabol UD-PC-

UD va nhiét cua chdm sin V-PC-A sau mat 6n dinh
Nhitng anh huéng dang chti y cuia cac hé so nén K, K, dén ing xtr co cia chom

elip V-PC-A va nhiét cta chom sin X-PC-X sau mat 6n dinh thu duoc trong Hinh
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2.21. Céc két qua sb cho thiy kha ning chiu tai sau mat 6n dinh cua két cau 16n hon

khi cac thong s6 nén tuyén tinh ting. Nhu duoc quan sat trong Hinh 2.21a, hién tuong

snap-through giam rd rang khi cac hé s6 nén tuyén tinh ting 1én.

30 o — 1: K, = OMN/m3, K, = 0MN/m 600 WHh=0 |
——2: K, = 150MN/m?, K, = OMN/m o\ Chém sin - = =W¥h=02
——3: K, = 150MN/m’, K, = 10MN/m N SN X-PC-X
NN
. Chom elip RSN
25 La:W*h=0 V-PC-A 450 } AN NN
: W¥h=0.2 SN\
AR 3 h=0.027m, a/h = 30,
_ RN by = hye = h/3,*e(, =02,
2 NN q = O0MPa, W, =2%
N
=20 5 N
N N
= SN\
SN
SN
NLD
NS
15 TN
I N\
=0.027m, a/h = 30 S
Z R 1: K, = OMN/’, K, = OMN/m, K, = 0
A= 200K W =2 2: K, = 150MN/m?, K, = OMN/m, K; = 0
= > Wep, = 2%, 3: K, = 150MN/m?, K, = 10MN/m, K; =0
1o LK =0 ) ) 0 : .
0 1 2 3 4 2 -15 -1 0.5 0

W/h

(b)

Hinh 2.21. Anh huong ciia hé sé nén K, K, dén mg xir co ctia chém elip V-PC-A

va nhiét cua chém sin X-PC-X sau mat on dinh

300 200 v -

1: K, = 4 x 105 MN/m’ 1: K, = 4 106 MN/m®

Ky = o s 2: K, =2 x 106 MN/m
§I 11? - é ;/I;\?/ml\s/lN/m Chom parabol 3 K, = 0 MN/mS
4K =2 % 105 MN/m? 1 X-PCX 1 4K,=-2x 106 MN/mS
150 5. K, = 4 x 105 MN/m’ NN 150 | 5: Ky =-4x 10° MN/m?
- 2 1= m°,
K; = IMN/m Chom parabol 2
7 2 XPOX a/h =40, h = 0.027m,
S 3 < 100 | I = e = 173, ¢=0.2,
< & H = 0.06m, Wi, = 2%,
™ - \ q= OMPa, W* =0
4

a/h = 40, h = 0.027m, 3
150 F o =h,.=h/3,¢,=02, 5 50

H =0.06m, , W5, = 2%, K, = 20MN/m?,

AT =0K, W*=0 K, = 1IMN/m 4

5
2300 . . . 0 . . .
0 1 2 3 4 0.8 0.6 04 02 0
W/h W/h

(a)

(b)

Hinh 2.22. Anh huéng ciia hé s6 nén phi tuyén K, dén ting xtr co va nhiét sau mat

6n dinh ctia chém parabol X-PC-X

Anh hudng ctia hé s6 nén phi tuyén véi cac hé s6 nén duong (nén hoa ciing) va

am (nén héa mém) duoc xem xét trong Hinh 2.22. R rang, xu hudng cong 1én dugc

the hién trong cac dudong cong sau mat 6n dinh ctia phan nén héa cung. Nguoc lai, xu

hudng cong xuong cua cac duong cong sau mat 6n dinh ¢ vung do vong 1én doi véi

nén héa mém.
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2.5. Két luan chwong 2

Chuong 2 luan an da dat dugc cac két qua quan trong sau:

- Thiét 14p hé phuong trinh chu dao cho bai toan 6n dinh tinh phi tuyén cua két
cAu vo chom thoai c6 do cong phuc tap va tAm tron chiu tai ap luc ngoai phan bd déu
va tai nhiét ting déu theo chiéu day dua trén FSDT, c6 xét dén tinh phi tuyén hinh
hoc theo nghia von Karman. Trong d6 két cAu vo chom parabol, chom sin va chom
elip 1an d4u tién duoc nghién ciru. M6 hinh nén dan hdi phi tuyén ciing duoc tich hop
vao hé phuong trinh dé mé ta chinh x4c hon su tvong tac giira két ciu va nén dan hdi
trong diéu kién tai trong phirc tap.

- Bang phuong phap tiép can dua trén chuyén vi, cac thanh phan chuyén vi, goc
xoay va do khong hoan hao cua két cau duoc biéu dién dudi dang cac ham luong
gidc. Dang nghiém nay cho phép xem xét dong thoi nhiéu mode mat on dinh khac
nhau, nho d6 mé hinh toan hoc c6 kha ning md ta chinh xac hon dién bién thuc té
cua qua trinh mét 6n dinh va giai doan sau mét 6n dinh cua két ciu vo.

- Bang cach ap dung phuong phap Galerkin, cac biéu thirc dang hién da dugc
thiét lap dé xac dinh tai nhiét tdi han cta két ciu tAim tron va moi quan h¢ phi tuyén
giita tai ap luc ngoai va tai nhiét véi d6 vong trong giai doan sau mat 6n dinh phi
tuyén cta cac két cdu tAm tron va vo chom thoai c6 d6 cong phirc tap bao gdm vo
chom cau, chom parabol, chom sin va chom elip.

- Két qua khao sat s6 cho thdy Gmg xt 6n dinh co nhiét ciia két cAu mang tinh
chat phire tap. Cac mode mat 6n dinh cua két chom thoai va tdm tron chiu tai co va
tai nhiét da duoc khao sét chi tiét. Anh huong cia cac yéu t6 vat liéu va hinh hoc, anh
hudng cua hé s6 nén dan hoi dén tai nhiét téi han cia két ciu tAm tron va ung XU co
nhiét sau mat on dinh cta két cdu chom thoai va tm tron ciing dugc nghién ciru.
Nhirng két qua thu duge cung cap cai nhin tong thé gitip hiéu & hon vé img xir sau
mat on dinh cua két cdu chom thoai c6 d6 cong phirc tap va tdm tron bang vat lidu
FG-GPLRC rdong va sandwich FG-GPLRC 15i rong, lam co s& cho cac nghién ctru

tiép theo vé thiet ké va to1 uu hoa két cau nay trong di€u kién lam viéc thuc té.
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Chuong 3. ON PINH PHI TUYEN CUA KET CAU CHOM CAU THOAI VA
TAM TRON BANG FGM RONG, SANDWICH FGM LOI RONG, FG-
GPLRC VA SANDWICH FG-GPLRC LOI RONG THEO R3SDT VA
PHUONG PHAP RITZ — TIEP CAN THEO CHUYEN VI

Tiép ndi chuwong 2, trong chuong niy tap trung xem xét két cdu chom cau thoai
va tim tron ap dung bon loai vét liéu tién tién: FGM rdng, sandwich FGM 15i rong,
FG-GPLRC va sandwich FG-GPLRC 15i réng. Két cau bién dang d6i ximg truc co
bién ngam cb dinh xung quanh chu tuyén, chiu tai 4p luc ngoai va tai nhiét ting déu
theo chiéu day, va dit trén nén dan hdi phi tuyén ba hé sd.

Céc phuong trinh chii dao dugc thiét 1ap dua trén R3SDT trong d6 ¢ xét dén
d6 khong hoan hao vé hinh dang ban dau va tinh phi tuyén hinh hoc theo nghia von
Karman. R3SDT 14 1y thuyét c6 xét dén cac thanh phan bién dang truot ngang ma
khong can c6 hé s6 hiéu chinh truot boi thoa man duge didu kién bién vé ung suit va
bién dang truot tai mat trén va mat dudi két cau. Do d6, R3SDT c¢6 d6 chinh xac tbt
hon va phi hop véi ca két cdu thanh mong va thanh day, cling nhu vat liéu dang
huéng va di hudng. Sir dung dang nghiém da thirc dé giam bot do phirc tap cua bai
toan ma van dam bdo tinh chinh x4c cua phuong phap. Phuong phap ning luong Ritz
dugc ap dung dé thu duoc hé phuong trinh can bang dudi dang dai s6 phi tuyén. Sau
khi thuc hién mot s6 bién d6i toan hoc, c6 thé xac dinh cac lién hé phi myén gitra tai
co, tai nhiét va d6 vong. Tir d0, cac biéu thirc cua tai co va tai nhiét sau mat on dinh
ctia két cAu chom cAu thoai va tAm tron va tai nhiét t&i han cta tAm tron ¢6 thé nhan
dugc dudi dang hién.

Céc khao sat s6 duoc tién hanh dé danh gia anh hudng cua cac thong sé vat liéu
va hinh hoc, anh hudng cua cac hé s6 nén dén tai nhiét toi han cua két ciu tAm tron
va kha ndng chiu tai sau mat 6n dinh cua két cdu chom cau thoai va tdm tron. Cac
thdo luan va nhan xét c6 y nghia dugc thuc hién mot cach chi tiét.

Noi dung ctia chuong nay di duoc cong bd trong 04 bai bao trén cac tap chi
quéc té ISI (SCIE) (Bai bao sb 4, 5, 6 va 7 trong danh muc cac cong trinh di cong bd

cua tac gia lién quan dén luan an).
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3.1. Cac phwong trinh chii dao theo R3SDT va phuwong trinh niing lwong cia két
cAu chém cau thoai va tAm tron
3.1.1. M6 hinh két cdu chém cdu thodi va tim tron

Hinh 3.1 thé hién két cAu chom cau thoai va tdm tron véi cac thong s6 hinh hoc
gom: chiéu day h, do nang 16n nhat tai dinh cua chom H , ban kinh cong chinh R
va ban kinh ddy a. Két cdu chom cau thoai va tdm tron duogc gia thiét bién dang dbi
xtng truc, c6 diéu kién bién ngam cb dinh xung quanh chu tuyén va dit trén nén dan
hdi phi tuyén ba hé s gdbm: K , 1a do cling tuyén tinh ctia mé hinh nén Winkler, K 5
1a d6 cung tuyén tinh ctia mo hinh nén Pasternak va K, 1a d6 cting phi tuyén c6 thé
duong hodc 4m twong ng vdi nén hoda cing va nén héa mém. Tai tac dung lén két
céu gom tai 4p luc ngoai phan bd déu trén bé mat g va tai nhiét ting déu theo chiéu

day AT .

Hinh 3.1. M6 hinh két cAu chom cau thoai va tim tron theo R3SDT

Hé toa do cuc ((p,@,z) duoc dat & mat gitta cua vo voi z 1a truc hudng tdm
vuong goc voi mat gitra, 0 1a toa do theo hudng chu vi va ¢ 1a toa do theo hudng
kinh tuyén. Két cdu chom cau thoai phu hop voi gia thiét c6 d6 thoai 1én nén cac phép
tinh gan dung cos@ ~1 va Rde ~dr duoc ap dung va bién s6 ¢ duoc thé hién thong
qua bién s6 méi r= Rsing thé hién toa do theo hudng ban kinh. Tur d6, hé toa do
(r,@,z) duoc st dung nham don gian hoéa qua trinh tinh toan. Cac phuong trinh 1y

thuyét va cac phuong trinh quan hé duogc thiét 1ap véi truong hop két ciu chom cau
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thoai, cac phuong trinh va quan hé cua két ciu tam tron thu dugc khi cho ban kinh
cong chinh R— 0.
3.1.2. Thiét lap cdc phwong trinh chii dao theo R3SDT

Céc gia thiét duoc 4p dung trong bai toan gdm: gia thiét vat liéu lam viéc trong
giai doan dan hoi, cac thanh phan bién dang nhé dam bao lién hé gitra Gmg suat va
bién dang 14 tuyén tinh tudn theo dinh luat Hooke va cac thanh phan phi tuyén hinh
hoc ctia von Karman phu hop véi gia thiét d6 vong 16n.

- Phuong trinh quan hé bién dang — chuyén vi

Theo R3SDT, cac thanh phﬁn chuyén vi tai diém c6 toa do z (cach mat gitra
mot khoang bang z) ctia két cau chom cau thoai bién dang ddi xtng truc duoc xac

dinh nhu sau:

3

(r,2) =ulr)+ 29 () o [w(r) +w(r), |,
v(r,z)=0, (3.1)
w(r,z)=w(r)+w (r),
trong do v (r) 1a géc quay phap tuyén clia mit gitta, w" (r) 12 ham biéu thi d6 khong
hoan héo hinh hoc ban dau cua két cau.
Cac thanh phan bién dang tai diém c6 toa d0 z cua két ciu chom cau thoai bién

dang doi xung tryc dugc xac dinh nhu sau:

0, 4 N
€, Zw,r 122 \V,r w,rr

3h?
87‘
o, V_ 4 slv W
€ (=€ +Z2————=7 | —+— , 3.2
0 " Tr 3R (r rj (3-2)
€

trong do: ag,sg,agz la cac thanh phé“m bién dang tai diém thudc mat gifra trong tng

duoc xac dinh dya vao gia dinh d¢ vong 16n phi tuyén ctia von Karman nhu sau:

u w+1w2+w w
o -
87" I R 2 s S, ;T
0
) (= u_w : (33)
0 r R
Srz
y+uw,
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- Phwong trinh quan hé gitta ing suit — bién dang

Ap dung dinh luat Hooke cho két cAu chom ciu thoai c6 tinh dén bién dang
nhiét, dugc thiét 14p bang cong thire (2.8) trong muc 2.1.2 thudc Chuong 2 luén 4n.

- Phwong trinh lyc gidn, md men va luc cit

Céc biéu thirc cua ndi luc gém lyc gian, momen, moémen bic cao, luc cat va luc

cat bac cao duoc xac dinh nhu sau:

hj2
(N,,M,,P,)= I (1,Z,Z3)GrdZ,
“hy2
h2
(Ny, M, P,)= j (1,2,2° Yo, dz, (3.4)
“hy2
hj2
(Q.,R,.)= I (l,zz)crzdz.
“hy2

Thé phuong trinh (3.2) vao phuong trinh (2.8), sau d6 thay cac phuong trinh két
qua vao phuong trinh (3.4) thu duoc:

0
ST‘
N, A, A, B, B, C, C, gg O,
N, A, A, B, B, C, C, v, D,
M, _ B, B, D, D, F, E, \|;/r _ D, AT,
M, B, B, D, D, F, F, D,
P, ¢, C, F, F, G, G, _hz(w’r-’_wrr) 0N (3.5)
F, ¢, C, FE, F, G, G, —%(\I//r-l‘wr/r) 0,
&0
R, Hy Hg)|-— (\V+w)
trong do:
h
2
(4y:By>Dy,Cy .Gy ) = [ Qy(1,2,2,2°,2%,2°)dz voi §=11,12,22, (3.6)
h
)
h h h h
2 4 2 2 2
2
H, = LQ44dZ—h— J;IQ44Z dz, J;QMZ J;QMZ (3.7)
2 2 2 2
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h h
®, = [(Q+Qu)a(z)dz,  @,=[(Q+Qy)a(z)zdz,

L _h

; 2 (3.8)
O, = j. (Q,+Qp)a(z)z’dz.

L]

3.1.3. Thiét lgp cdc phwong trinh ning lwong
Thé ning bién dang nhiét dan hdi cua két ciu chom cau thoai bién dang dbi

xtng truc dugc tinh nhu sau:

U, =7 [Gr (e, —0AT)+0, (g, —aAT)+0,.¢,, ] rdrdz, (3.9)

0 | S
= e 1)

[N~

Thé cac phuong trinh (3.2) va (2.8) vao phuong trinh (3.9) thu dugc:

a

Uy = RI{SSN,« +y,M, —7(% + w,rr)P,l

0
0 Y 4 \Y 1 0 4
+|:89N9 +?M9 —W(?+;w,rj%j|+|:8rz - —F(\V-Fw,r)Rr}}rdr
(3.10)

h
2a 3

_ RAT-[I-HOL(QU +Q12)|:82 +2y, —j%(\l!,r + w’rr)}
2

3
o v 4z [y 1
o(Qp, + Qs ){se Y2 (? tow, ﬂ}rdrdz
Cong do ngoai luc thuc hién c6 xét dén su tuong tac véi nén dan hoi phi tuyén

ba hé so0 duogc tinh nhu sau:

a a 1
U, =2¢|lqwrdr-=n|| Kw-K,|w. +—w
ext _([q J‘{{ 1 2( T r ,r

0

j+%K3w3}w}rdr, (3.11)

Ttr phuong trinh (3.10) va (3.11) ning luong toan phan thu duoc 1a:

Uiotal =Uint —Uont (3.12)

3.2. Piéu kién bién, dang nghiém va phwong phap ning lwong Ritz
Két cdu chom cau thoai bién dang di xtng truc cé didu kién bién ngam cb dinh

xung quanh chu tuyén dugc thé hién nhu sau:
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r=0: u=0, y=0, w,=0,
’ (3.13)
r=a: w=0, w,.=0, y=0, u=0,

Nghiém gin dung cho cac thanh phan chuyén vi va thanh phan goc quay duoc

lwra chon dwa vao diéu kién bién (3.13) 1a [125]:

:Ur(az—r),
a
2 2
w:w%, (3.14)
2 2)
w:W(a —4r) ,
a

trong do: U,¥ va W lan luot 13 bién d6 cua chuyén vi u, goc quay y va do vong
w.
Ham d¢ vong khong hoan hdo ban dau w duoc giad dinh c¢6 dang tuong tu do
vong cta két cau nhu sau:
w*zéhw, (3.15)
a
trong do: & la kich thudc khong hoan hao dugce coi 1a nhé so voi 1.

Thé cac biéu thirc ctia u,y va w trong phuong trinh (3.14), biéu thic cua w’
trong phuong trinh (3.15) va cac phuong trinh (3.3), (3.5) vao biéu thic ning lugng
toan phan (3.12) r6i 4p dung phuong phap ning luong Ritz nhu sau:

oU oU. oU.

Total _ Total _ Total =0 (316)
oU oY oW ’

Két qua sau khi giai cac quan hé trong phuong trinh (3.16) ctia phuong phap

nang lugng Ritz thu dugc hé ba phuong trinh dai s6 theo ba 4n U,¥ va W nhu sau:
a,U+a,¥+a,W+a W +a,WEh=0, (3.17)
a,U+a,,¥+a,W+a,W +a,,Weh=0, (3.18)

a,U+a,¥+a,W+a, KW +a, , K,W+a,, W’ +a,, W’
+a, WK, +a,,WU +a,,, Uch+a,, WY +a,,, Yeh +a, ; WER (3.19)

2
+ay WEh® +ay W th +a,, AT +ay,, ATEh +a3l7WAT—% =0,

trong d6 céac hé so duoc xac dinh la:
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1 1 4
a“:g(2A11+A22), a, = 90( 17C“h C22h2 +51B“+21322j,
a. - 34 [ 9A,,+66A,+57A, &+ 417C,,+7C,,

13 2 ’
45a 238R h 17
2(23A,. —41A 4(23A,. —41A
a14:_ ( 11 12)’ 6115:— ( 11 12)’ a21:a12,
315a 315a

1 12G,, +4G,, \16 24F, . +8F. 4

= 12{( Hes =15 MJh“ {(H“5+H5“)a2+%}ﬁ

+a’H,,+12D,, +4D22},

1 16 3C,+C,, +4C
a23:£{{_H55F+[H45+H54 = 121112 ujhz H44

_B,,+4B,+3B 16 4 4
1 4; 22} _5(3(}11 G22)h4 3(3F11 Fzz)hz},

3C,-C
ay, =— ISaK ]23 ”jhz 311_3312}

1] 16
a,, =— [ (3C,,-C,,)+4B,, - 12312}

15a| 3h*
a; =a;, Az, = Ay,

16 |9A,, +18A,+9A 4 3 16 4
a33:9a2{ 11 80Rl§ 22a +|:—(H55F+(—H45_H54)F+H44j

_3C22+C“+4C12i & £3G”+G22

8R h? h* 4 ’

2

a 4 1 32
a34:?, a35:§, a36:—W[F(CH_3C12)R+12a2(A11+A12):|,

1284, 2@ 4(414,-234)))

3C,-C,, 4
a311:a312:_15a( 123 “_2"'311_3312),
1 128

a313 :—W[?(Cn —3012)R+48a2 (All +A12 ):l,

256 A, 1284, 24’0, 4

a314:W7 a315—w’ a316_§T’ a317:—§(1)1_

Thuc hién giai hé hai phuong trinh (3.17) va (3.18) thu duoc céc biéu thic cua
bién do U va W la:
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U=b,W+b,W?*+b ,WEh, (3.20)

¥ =b,W +b,,W?+b,WEh, (3.21)

trong do6 cac hé s6 dugc xac dinh nhu sau:

b — a,qa,, —a;5a,, _ayaq, —q,a,, b. = a,sa,, —a,5a,,
= » Oy = » O3 = )
a,a,, —a,,a,, a,a,, —a,,a,, a,a,, —a,,a,,
b —_ a,a,, +a;a,, b —— a,,q,, +a,a,, b. — a,sa;, +a,5a,,
21 — 2 22 — s Uy — .
a,a,, —q,,a,, a,a,, —a,,a,, a,a,, —Qa,,a,,

Thé cac biéu thirc cia U va W trong cac phuong trinh (3.20) va (3.21) vao
phuong trinh (3.19) thu duoc phuong trinh két qua la:
(¢, + Ky, )W’ +c,W? +(c4 +K,c,+ K, ¢, +c,Eh+c,Eh°

qa? (3.22)
+C,&h* +¢,, AT )W +(c, Eh+ c, JAT -2 =0,

trong do céac hé s6 duge xac dinh nhu sau:
¢ = a311b22 + a39b12 T4y, € =Ayx, C= a31b12 + a311b21 + a32b22 + a39b11 + Qyg
C,=ay b, +a,b, +a,;, s =ay, Cs = Uys,
C; =3, b+ ;b +ay,by, + a3, by +ays,
Cy =0y0D, + 4,0y + 5,0,y + a3 by, € =ay0b; + a3, 0,5 + 4y,
Cio = Q3175 Cip =35 Cpy = Qy5-

Phuong trinh (3.22) thé hién mdi lién hé gitra tai 4p luc ngoai q, tai nhiét AT
va bién do cua d§ vong W . Tu phuong trinh nay, 1an lugt thu dugc biéu thire cua tai
ap luc ngoai g va tai nhiét tang déu AT nhu sau:

g=(c, +K;c, )W’ +e;W? + ¢, EhW? + (¢, + K, c5 + K, ¢ )W

(3.23)
+C, ERW + ¢, Eh°W + ¢, , ATW + ¢, ERAT + ¢, AT,
1 3 2 2
AT =— c, +K,c, )W’ +c,W* +c,ERW
(CmW+cuéh+clz)[( Ke) ’ ' (3.24)

+(cy+ Kics + Ky )W+, EhW + ¢, &h°W —q |.

Biéu thuc (3.23) va (3.24) dugc sir dung dé nghién cu ing xir co nhiét phi
tuyén sau mat 6n dinh cta két cdu chom cau thoai dit trén nén dan hoi phi tuyén. Cac

phuong trinh quan hé twong tng cho két ciu tAm tron thu dwgc khi cho R —> oo.
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Doi voi két cau tam tron hoan hao (£=0,R — ), gié tri tai nhiét t6i han theo

tiéu chuan mat 6n dinh phan nhanh dugc xac dinh khi cho W —0 ¢ phuong trinh

(3.24), thu duoc la:

_Kies+ Ky +cy
Cio

AT, =

cr

(3.25)

Hién tugng mét 6n dinh phan nhanh khong xay ra voi két cAu chom cau thoai.

Luan 4n sir dung phan mém Maple va Excel dé thuc hién khao sat s6 cho két
cAu tam tron va chom cau thoai tng dung két qua Iy thuyét dd nhan duoc & dang hién.
3.3. Nghién ctru so sanh

Pé khang dinh d6 tin cy ctia phuong phap st dung trong luan 4n, so sanh bién
d6 d6 vong W (mm) ctia tAm tron dang hudng chiu tai ap luc ngoai phan bd déu voi
két qua ctia Reddy [98] dugc trinh bay trong Bang 3.1. Céac két qua ludn 4n phi tuyén
thu duge tir biéu thirc (3.23) va két qua luan an tuyén tinh dugc xac dinh bang cach
loai bo cac s6 hang phi tuyén trong phuong trinh nay. Két qua ctua Reddy thu duoc
10 giai chinh x4c bang cach sir dung 1y thuyét vo co dién cho bai toan 6n dinh tuyén
tinh. Hau hét cac két qua so sanh déu tring nhau v6i do 1éch 0%. Sai s6 16n bat thuong
(21.78%) chi xay ra véi két qua phi tuyén ctia luan 4n so v&i két qua tuyén tinh cua
Reddy trong truong hop tAm qua moéng h/a=0.01. Do khi h /a bé ma vdi cing
mot tai trong thi do vong cta tdm s& 10n, lac ndy mo hinh tuyén tinh khong con du do
chinh x4c nira dan t6i sai 1éch 16n gitta mé hinh tuyén tinh va phi tuyén. Nhu vy, so
sanh nay khang dinh tinh dang dan ciia phuong phéap trong luan an.
Bang 3.1. So sanh bién d6 d6 vong W (mm) ctia tim tron dang hudng chiu tai ap luc

ngoai phan bd déu ( E =207.78GPa, h= 0.0lm, g=10kN/m 2, v=0.34)

h/a 0.01 0.02 0.04 0.06 0.08 0.1

Reddy [98] 8212  0.513 3.208x102 6.336x103 2.005x10 8.212x10
Luan 4n 8212  0.513 3.208x102 6.336x107 2.005x107 8.212x10
(tuyén tinh) (0o%)"  (0%) (0%) (0%) (0%) (0%)
Luan 4n 6.423  0.512 3.208x102 6.336x10° 2.005x103 8.212x10
(phi tuyén) (21.78%) (0.19%)  (0%) (0%) (0%) (0%)

D0 léch giita ket qua cua tac gia khac véi ket qua cua luan an
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Tiép theo, so sanh do vong cua két cAu tAm tron FGM trong nghién ctru cia
Reddy [99] (st dung FSDT cho bai toan tuyén tinh véi 10 giai nghiém chinh xac) voi
két qua do vong tuyén tinh va phi tuyén cta ludn 4n thé hién trong Hinh 3.2. Két qua
so sanh phu hop véi két qua so sanh trude, véi ty s6 hinh hoc ctia tim a / h =10 cac
két qua so sanh gan nhu trung khép nhau, véi tAim qué mong, dan téi do vong nhan

duoc 1a rat 16mn, xay ra su sai s6 16n doéi voi két qua phi tuyén cua luan an.

0.034
A Reddy - Tuyén tinh
. A
— —Luén an - Tuyén tinh _ 7
0.031 .
Luan an - Phi tuyén
>
v
% 0.028 |
=
0.025 r /=100
0.022 L L
0 5 10 15 20

Chi s6 ty 18 thé tich k cia FGM

Hinh 3.2. So sanh bién do do vong cta tim tron FGM véi két qua ctia Reddy [99]

0.1 (  Anhvabuc
Luan an
0.08
a/h=20,H/a=0.15,n=0, AT =0K
- 0.06 T K, =0N/md, K, =0N/m, K, =0 N/m’
[-»
S
=
0.04 |
0.02 Chém cdu thoai
Sigmoid FGM
0 L L L L L
0 0.5 1 1.5 2 2.5 3

W/'h
Hinh 3.3. So sanh dudng cong sau mét on dinh chiu tai ap luc ngoai ciia chom cau

thoai S-FGM véi két qua ctia Anh va Ptic [17]
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Cudi cung, so sanh dudng cong quan hé tai — d6 vong sau mat 6n dinh phi tuyén
ctia chom cau thoai Sigmoid FGM chiu tai 4p luc ngoai phan bd déu khong tuong tac
v6i nén véi két qua cua Vit Thi Thuy Anh va Nguyén Dinh D [17] duoc trinh bay
trong Hinh 3.3. Nghién ctru ctia Vii Thi Thiy Anh va Nguyén Pinh Puc st dung
FSDT va hé phuong trinh can bang dugc giai bang phuong phap Galerkin. C6 thé
quan sat thiy, cac két qua 1a hoan toan trung khép vé6i nhau.

3.4. Khao sit s6 phan tich on dinh phi tuyén két cau chém ciu thoai va tim tron
bang FGM réng, sandwich FGM 16i réng, FG-GPLRC va sandwich FG-GPLRC
16i rong

3.4.1. Két cidu chém cau thodi va tim tron FGM réng

Xét két cau chom cau thoai va tim tron FGM rdng ngam ¢ dinh xung quanh
chu tuyén dat trén nén dan hoi phi tuyén ba hé sd (Hinh 3.4). Tai tac dung bao gom
tai ap luc ngoai phan bd déu trén bé mat ngoai va tai nhiét ting déu trén chiéu day két
cAu. FGM rdng dugc xem xét véi hai truong hop phan bé ty phan thé tich rong khac
nhau 1a: FG-UD va FG-O. Tinh chét hiéu dung ctia FGM rdng duoc lay theo muc
1.3.1.

Hinh 3.4. M6 hinh két ciu chom cau thoai va tdm tron FGM rdng
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Két qua khao sat & Bang 3.2 cho thay ty s6 a / h ting 1am tdi nhiét téi han cla
céc két cdu tAm tron FGM rdng giam manh. Piéu nay ciing thé hién tai nhiét t&i han
s& giam khi d6 day twong dbi cta két ciu tAm moéng hon. Ngoai ra, tai nhiét t6i han
giam dang ké khi chi s ty 1& thé tich k cua FGM ting. Nguyén nhan do chi sb ty 16
thé tich k cia FGM cang 16n thi d6 cing két cAu cang giam va hé sé gidn né nhiét
cang 16n. S4 liéu khao sat con cho thay tai nhiét t6i han ctia tAm tron véi loai phan bd
thé tich rdng FG-UD 16n hon dang ké so véi loai FG-O ¢6 cung d6 rong. Diéu nay
duogc giai thich 1a mac du FG-O cling mang lai d§ cting 16n hon, tuy nhién, loai phan
bb thé tich rong nay ciing 1am ting sy gidn no nhiét cua két cau.

Bang 3.2. Anh hudng cia loai phan b rdng, ty sé a/ h, chi so ty 18 thé tich k cia
FGM dén tii nhiét t6i han AT, (K) cta tim tron FGM rdng (h=0.01lm,q =0MPa,

e,=0.2,£=0,K,=10"N/m’ K, =5x10°N/m, K, =10"* N/m’)

Loai pha k
oai phan a/h

b6 rong 0.1 1 3 5 7 10

20 363.0935 261.7301 234.1105 226.0956 221.0567 215.8588
FG-UD 30 194.5095 138.5774 123.6125 119.3649 116.7763 114.1613

50 102.4282 75.2785 68.2672 66.3665 65.2596 64.1742

20 235.5449 184.5612 168.1579 162.9868 159.8233 156.6700
FG-O 30 120.4377 93.8523 85.4020 82.7822 81.2043 79.6475

50  59.0091 47.0915 43.3369 42.2085 41.5510 40.9167

Bang 3.3 cho thdy su gia ting dang ké gia tri tai nhiét toi han cta tim tron voi
loai phan bo rong FG-UD nhung lai giam dang ké véi loai phan bo rong FG-O khi d6
rong e ting lén. Ngoai ra c6 thé thiy nén dan hoi co tac dung hd trg tot lam tang do
ctng ctia két cAu tAm tron dan dén tai nhiét toi han ting manh khi hé s6 nén ting Ién.
Tuy nhién, ciing co thé thiy do cimg phi tuyén K , khong anh huéng dén tai nhiét t6i
han ctia cac két cdu tAm tron trong két qua khao sat. Do tai nhiét ti han cta tm tron
thu dugc theo kiéu phan nhanh, trong duong voi tai nhiét téi han tuyén tinh, nén do

ctmg phi tuyén khong anh hudng dén tai nhiét t6i han trong trudng hop nay.
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Bang 3.3. Anh hudng cua loai phan bé réng, do rong, hé s6 nén dén tai nhiét toi han

tam tron FGM rdng (h=0.0lm,a/h=20,£=0,g=0Mpa k=1)

K,=0 K =100 N/m*> K, =10'N/m* K, =10"N/m’
Loai phan S
‘ x e K,=0 K,=0  K,=5x10°N/m K,=5x10°N/m
bo rong

K,=0 K,=0 K,=0 K, =10"N/m°

0 2002204 201.3891 211.0993 211.0993

0.1 220.3378  221.7659 233.6273 233.6273

FG-UD 0.3 2763677 278.6791 297.8684 297.8684

0.5 373.1499  377.6387 415.0127 415.0127

0.7 577.1099  590.3481 704.4124 704.4124

0 2002204 201.3891 211.0993 211.0993

0.1 1872187  188.2869 197.1627 197.1627

FG-O 03 1647738 165.6737 173.1525 173.1525

0.5 1462706  147.0367 153.4060 153.4060

0.7 130.9005 131.5593 137.0370 137.0370

Anh huéng cua chi s6 ty 18 thé tich k ctia FGM dén tmg xir co nhiét sau mat 6n
dinh duoc trinh bay trén Hinh 3.5a, b ddi voi cac két cAu tAm tron va Hinh 3.5¢, d d6i
voi cac két cAu chom cau thoai. Kha nang chiu tai co va nhiét sau mét on dinh cua
két cdu tAm tron va chom cau thoai FGM rdng ting khi chi sb ty 1¢ thé tich k cua
FGM giam. Tuy nhién, c6 thé thdy mét luu ¥ nho trong Hinh 3.5¢, mot xu hudng
nguoc lai cua cac duong cong trong vung do vong nhoé. Nguyén nhan do nhi¢t moi
truong AT =300K da tao ra ¢ vong am trudce khi chiu tac dung bai tai ap luc ngoai.
Riéng truong hop tai nhiét dbi véi két cAu tAm tron hoan hao méi quan sat thiy hién
tugng mat 6n dinh & dang phan nhanh (Hinh 3.5b). Ngoai ra, hién tugng mat 6n dinh
o dang cuc tri khong xudt hién & tat ca cac truong hop dugc khao sat. Co thé théy su
khac biét khong dang ké giira xu hudéng duong cong sau mat 6n dinh cia két cau
chom cau thoai hoan hao va khong hoan hao. Chi riéng két cau tdm tron khong hoan
hao chiu tai nhiét c6 cac dudng cong sau mat 6n dinh xuit phat tir gbc toa do. Mot
Iru ¥ nita 12 trong ca bon nghién ctru & trén, chi c¢6 cac dudng cong sau mat 6n dinh
trong truong hop chom cau thoai chiu tai nhiét 1a thu duoc vung c6 d§ vong theo

chiéu 4m cua truc z, 6 vong tiép tuc ting theo hudng 4m khi tai nhiét ting.
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16 520
FG-0, h=0.01m, a/h =20, e=0.2, FG-UD, h=0.01m, a/h =20,e=0.2,
AT=0K, £=0.1 ¢=0MPa
Tam tron d Tam tron
12 b 390
c
a —a: k=5 —lc
g 2
A -
Sst bE=1 | S50 f—1b
& =
et —ck=02| < Tl -
c L e —ck=02
—d:k=0 2 .7 ¢
7 ,2a
4 t 130 '/I,’ 1:¢=0
Il 2:¢6=0.1
"
K, =10"N/m3 K, =5 x 10° N/m; K; = 102 N/m? ,' K, =10"N/m? K, =5 x 105 N/m; K3 = 10'2N/m’
0 . . . . 0 A . .
0 0.2 0.4 0.6 0.8 1 0 0.3 0.6 0.9 1.2
W/h W/h
(a) (b)
50 200
0, h= —&=0
FG-UD, /= 0.01m, a/h =20, a/R=0.2, FG-0, #=0.01m, - 5
e=0.2.AT= 300K a/h=20,a/R=0.2,
emns . e=02,g=5MPa |~ ~—£=0.1
Chom cau thoai
40 F | —— £=0
---g=01
= - 3,
£ < N INC
= 30 ;100 + Chom cau thoai
<
= <
-7 1k=5 N
20 50 f2k=1 )
3:k=0.2
K, =10"N/m’; K, =5 x 10° N/m; K; = 10'2N/m® K, = 107N/m?, K, = 5 x 10 N/m, K, = 10'2N/m’
10 . . . . 0 . . .
0 0.5 1 1.5 2 2.5 -0.8 -0.6 -0.4 -0.2 0
W/h W/h

(c) (d)
Hinh 3.5. Anh hudng chi sé ty 1¢ thé tich k cia FGM dén tng xir co va nhiét sau

mat on dinh cda tam tron va chom cau thodi FGM rong

40 600
FG-UD, h=0.01m, a/h =20,k=1, FG-UD, 2 =0.01m, a/h =20,k=1,£=0.1,
£=0.1,4T=0K g=0MPa
1 .
30 | K, =10"N/m% K, =5 x 10° N/m; Tam tron
K, = 1012N/m’ 5
T4m tron 400
3
= a
& <
%20 4 =
= <
5
—1lie=0 200 F —1le=0
10 —2:¢=0.1 —2:e =0.1
—3:¢=03 3:e=03
—4:e=0.5 —4:e=05
—35:e =07 K, =10"N/m’; K, =5 x 10° N/m; K3 = 10'2N/m’
0 t L I 0 " L .
0 0.5 1 1.5 2 0 0.2 0.4 0.6 0.8
Wih W/h

(a) (b)
Hinh 3.6. Anh huéng ctia d6 rdng dén ng xir co va nhiét sau mat 6n dinh ctia tim

tron FG-UD
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60

400

FG-O, h=0.01m, a/h =20, a/R=0.2,
k=1,£=0.1,4T=300K

50/\

FG-0, h=0.01m, a/h =20, a/R=0.2,
k=1,6=0.1,q=1MPa

300 |

—2:e=0.1

30 | —3:e=03 100 F

Choém céu thoai —4: e=0.5

Ky = 107N/m’; K, = 5 % 105 N/m; Ky = 102Nms | > ¢=07 K, =10"N/m3; K, = 5 x 105 N/m; K; = 102N/m®
. - . I 0 - - . . . , ,
2
' 0 05 1 15 2 25 08 07 06 -05 04 03 -02 01 0
W/h W/h

(a) (b)
Hinh 3.7. Anh huong cua do r5ng dén ung XU co va nhiét sau mét 6n dinh ctia chom
cau thoai FG-O
Hinh 3.6 va Hinh 3.7 cho thiy tng xir co nhiét trai nguoc nhau cua két ciu tim
tron FG-UD véi két ciu chom cau thoai FG-O khi d6 rong ting 1én. Déi vai két cau
tam tron FG-UD, khi d9 rdng ting thi kha ning chiu tai co sau mét 6n dinh giam trong
khi kha ning chiu tai nhiét ting 1én. Nguoc lai, khi d6 rong ting thi kha ning chiju tai
co sau mat on dinh ctia két ciu chom cau thoai FG-O ting 1én trong khi kha ning chiu
tai nhiét lai giam. Hién twong snap-through dugc quan sat thiy trong truong hop két

cau chdm cau thodi FG-O chiu tai co va cuong do cua né ting rd rét khi do rong ting.

51

FG-UD, 4=0.01m, FG-O, h=0.0lm, a/h=20,a/R=0.2,k=1,
wh=20,a/R=02, k=1, ¢=02,E=0.1,q = IMPa
e=02,5=0.1,
AT =300K
40 1
5 A e K :3 X 10|4N/m5
K, = 107N/m¥; 2 53 200 \ chometutor Ko=1 % 104 N/m?
1

300

1:

2: Ky
_ K,=5%105N/m 3: Ky =0 N/m’
< [ 3
£ %) 4: Ky =-2 x 104 N/m?
2 29 = 5: Ky =-4 x 10'4N/m’

<
=
) 100 4
s | 47 LK, =3 % 102 N/m’

. 2:K;=1x102N/m’ 5
Chém chu thodi 5 3: K, = 0 N/m’ /
4: Ky =-2 x 10> N/m’
\ 5:K3=-4 x 10> N/m? K, =10"N/m’; K, =5 x 105 N/m
7 : : . 0 . : : . : . .

0 1 2 3 4 04 -035 -03 -025 -02 -0.15 -0.1 -0.05 0
W/h W/h

(a) (b)
Hinh 3.8. Anh huéng cia hé s nén phi tuyén dén tng xir co va nhiét sau mat 6n

dinh cta chom cau thoai FG-UD va FG-O
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300

£=0, ¢=0MPa

400
FG-UD, i = 0.01m, a/h =20, k=1, FG-0, 1 =0.01m, 1/2/
¢=02,E=0.1,4T=0K ah=20,k=1,e=02,

3

200 | 300 .
K, =107 N/m?, 1: Ky =3 x 1012N/m?
1: Ky =3 x 1012N/m’ K,=5x10°N/m 2:K;=1x 102N/m’
_ Tém tron 2:Ky=1x 102N/m’ 3:K;=0N/m’
£ 3: Ky =0 N/m’ =) 4: Ky =-2 x 103 N/m’
= 100 4: Ky =-1 x 103 N/m® = 200 5: K3 =-4 x 1013 N/m*
= 5: Ky =-3 x 103 N/m’ <

4 100 Tém tron

5

5
\ K, =107N/m? K, =5 x 105 N/m \
. X 0 .

-100 L
0 1 2 3 4 5 0 0.5 1 1.5 2

W/h W/h
(a) (b)
Hinh 3.9. Anh huéng ctia hé s6 nén phi tuyén dén tmg xir co va nhiét sau mat 6n

dinh cta tAm tron FG-UD va FG-O

Anh hudng 16n ctia hé s nén phi tuyén dén cac duong cong sau mat on dinh
co nhiét cua két cdu chom cau thoai va tAm tron FGM rong dugc thé hién trén Hinh
3.8 va Hinh 3.9. Céc truong hop nén hoa cing va héa mém duoc mé hinh hoa bang
cach ap dung do cimg phi tuyén K, duong va am tuong tng. Nhitng khao sat nay
cho thiy xu hudng hudng di 1én déu din cia cac duong cong sau mat 6n dinh co va
nhiét ctia két cu chom ciu thoai va tAm tron ddi voi nén hoa ctimg (46 cting phi tuyén

duong) va xu hudng di xuong trong vung dé vong 16n doi véi nén hoéa mém (dd cung

7
phi tuyén am).
30 15
FG-O, h=0.01m, a/h =20,a/R=0.2,e=0.1,k=1 FG-O, h=0.01m, e=0.1,
k=1, a/h=30,
Chém ciu thodi K, =10"N/m? K, =5 x 10° N/m;
10 | K;=102N/m’
20 TAm tron
________ 1:4T=0K
: : e
AT = K
2 27
S ; =
o L 1: AT=0K £=ol
2: AT = 100K
3:4T=200K 0
K, =10"N/m% K, =5 x 10° N/m; K; = 10> N/m*
0 . . . s . . .
0 1 2 3 4 0 0.5 1 1.5 2

W/h W/h

(a) (b)
Hinh 3.10. Anh hudng cta nhiét moi trudng dén g xir co sau mat 6n dinh cia

chom cau thoai va tam tron FG-O
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C6 thé quan sat anh hudng cia sy ting nhiét moi trudng 1én duong cong quan
hé tai co — do vong sau mat 6n dinh cua két ciu chom cau thoai va tAm tron FG-O
trén Hinh 3.10. Xu huéng cac dudng cong sau mat 6n dinh cua két ciu chom ciu
thoai va tm tron 1a khac nhau rd rét. Cac do vong nhié¢t trudc dugc quan sat rd rang
& céac két cau chom cau thoai, nguoc lai, n6 khong xuét hién trén cac két cdu tim tron.

Cuong dd snap-through tang ro rét khi nhi€t moéi truong tang.

47 400
FG-UD, 4#=0.01m, K, =10"N/m?; / - _ _ - -
WR=02.0=0.1, K;:SX 108 N/ , FG-UD, h=0.01m, e=0.2, k=1, g = OMPa
k=1,4T=300K, Ky =102N/m? ) Tém tron
L Chom ciu thoai I " Lam=20
37 1:a/h=20 300 2 a/h=30
2:a/h =30 l————1 - 3:a/h =40
3:a/h=40
§27 <
[
= <
17
< -
R ---£=0.1
I,
1, -~ < <
u K, =10"N/m% K, =5 x 105 N/m; K; = 1012 N/m’
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Hinh 3.11. Anh hudng cta ty s a /h dén Gng xt co ctia chom cau thoai va nhiét

ctia tim tron FG-UD sau mat 6n dinh
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(a) (b)
Hinh 3.12. Anh hudng cta ty s a/ R dén ting xir co va nhiét sau mat 6n dinh cia
tAm tron va chom cau thoai FG-O
Trong ca hai truong hop duoc khao sat trén Hinh 3.11, ¢6 thé thiy rang kha

nang chiu tai sau mat 6n dinh cua két cau chom cau thodi va tam tron FG-UD giam
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manh khi ty s6 a/h ting. Ngoai ra, cudng do snap-through cta két cau chom ciu
thoai FG-UD duéi ap luc ngoai ting manh khity sé a/h ting.

Khao sat anh hudng cia ty s6 a/ R trén Hinh 3.12 cho thy kha niang chiu tai
co cua két cAu tim tron va tai nhiét ctia két cdu chom cau thoai FG-O sau mét 6n dinh
tang 1én khi d6 cong cua vo 10n hon. Ngoai ra, do trang thai phi tuyén cta vo, xu
huéng Gmg xtr sau mét 6n dinh tré nén phtc tap dugce quan sat ¢ ving do vong 16n.
3.4.2. Két cdu chém cau thodi va tdm tron sandwich FGM 16i rong

Xét két cau chom cau thoai va tAm tron sandwich FGM 16 rong trén Hinh 3.13.
Két cau ngam cb dinh xung quanh chu tuyén va tira trén nén dan hoi tuyén tinh hai
hé sd. Tai tac dung bao gom tai ap luc ngoai phan bd déu va tai nhiét ting déu trong

két cAu. Tinh chit hiéu dung cua sandwich FGM 161 r5ng duoc léy theo muc 1.3.2.

Hinh 3.13. Mo hinh két ciu chom cau thodi va tAm tron sandwich FGM 16i réng

Anh huéng cua chi sd ty 18 thé tich k cua cac 10p mit FGM va ty s6 hinh hoc
a/h dén tai nhiét t6i han AT, cua két cau tAm tron sandwich FGM 16i rdng duoc
trinh bay trong Bang 3.4. C6 thé thiy rang, khi ty s6 h # /[ 'h dugc gilt nguyén, ty sd
a/h cua két cu tAm tron ting 1én, tirc 1a d6 day cua cac két cau tAm giam, thi tai
nhiét t6i han cta két cdu tdm tron sandwich FGM 15i rong giam. RS rang 1a khi d6
day tim giam thi cac thanh phan do cimg cuia tim ciing giam, ddn dén kha ning chiu
tai cia tim giam. Ngoai ra, anh huéng cua chi sb ty 1¢ thé tich k cua cac 16p mit
FGM ciing c6 thé duoc quan sat thay trong tat ca cac két qua khao sat. Vi dic tinh

vuot trdi [a moé dun dan hoi cao va hé s6 gian nd nhiét nho, rd rang ty 1¢ thé tich cua
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gom tang, d0 clirng cua tam tang va hé s gian nd nhiét giam, kha nang chiu tai nhiét
cua tam tron tang manh.

Bang 3.4. Anh hudng cia chi s6 ty 1é thé tich k cua 16p mit FGM, ty sb a/h dén
tai nhiét t6i han AT, (K) cua tim tron sandwich FGM 15i rong (h =1mm,h %=02h,

h, =h-2h.e,=0.1,§ =0 g=0Mpa, K, =10"Nin’, K, = 5x10° N/m)

' a/h
20 30 40 50

0.1 180.5721 93.1591 62.1768 49.3799
1 216.1058 110.7007 72.7444 56.5744
3 238.6994 122.0160 79.7232 61.4735
5 246.0424 125.7236 82.0354 63.1192
7 249.6332 127.5443 83.1762 63.9358
10 252.5195 129.0121 84.0989 64.5989

Bang 3.5. Anh hudng cta hé s nén, d6 rong 15i, ty sd h % / h dén tai nhiét t&i han
AT, (K) ctia tim tron sandwich FGM 18i rong (h=0.01m,a /h=20,h,, =h—2h,,

£=0,g=0MPa,k=1)

haho e, K, =0N/m’ K, =10"N/m? K, =10"N/m’
K, =0N/m K,=0N/m K, =5x10"N/m

0 174.4540 175.5876 185.0146

o 0.1 189.0240 190.2703 200.6357
0.2 205.0576 206.4302 217.8477

0.3 222.5806 224.0941 236.6864

0 191.7468 192.8864 202.3660

- 0.1 204.7118 205.9345 216.1058
0.2 218.3617 219.6725 230.5782

0.3 232.5725 233.9759 245.6535

0 204.9949 206.1419 215.6828

0.1 214.5774 215.7786 225.7710

0 0.2 224.2134 225.4692 235.9162
0.3 233.7835 235.0936 245.9928
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S liéu trong Bang 3.5 cho thdy kha ning chiu tai ctia 16p mit FGM, tai nhiét
t6i han ctia két cdu tAm tron ting ro rét néu ty sé do day h 1/l cia 16p mat FGM
tang 1én. Két qua dang chu ¥ nhat trong Bang 3.5 1a su thay ddi cua tai nhiét toi han
theo sy thay ddi cua do rong 15i e, . Tai nhiét t61 han cua két cAu tAm tron tang 1én
khi d6 rong ctia 15i e, ting. Mic du viéc ting do rong lam giam do cimg cua két cAu
tam tron, nhung hé s6 gidn nd nhiét cia 15i cling giam, 1am giam Gng suét nhiét &
trong tam do d6 lam tdng gia tri tai nhiét td1 han. HE sb6 nén tdng cling lam tdng manh

gia tri tai nhiét t&1 han cua két cau tim tron sandwich FGM 15i rong.

. s 400 -0
ok Chém chu thodi
— k=1 ---g=01
—c: k=02 300
<
> 200 F . g=s
2:k=1
P 3:k=02
,,,/’ 1E=0 Tam tron
80 -I”" 2:8=0.1 h=0.01m, a/h =20, ¢,=0.1, 100 [ 72=0.01m, a/h =20, a/R=0.3,¢,=0.1,
7] h,/h =0.2, ¢ = OMPa, h,,(, =h- Zh/v h,/h =0.2, g = IMPa, h!w =h- Zh,S
[
X K, = 10"N/m’; K, = 5 x 105 N/m K, = 10"N/m?; K, = 5 x 105 N/m
0 1 1 1 1 1 0 1 1
0 0.2 0.4 0.6 0.8 1 1.2 -0.8 -0.6 -0.4 -0.2 0
W/h W/h
(a) (b)
12 - - - - 90
h=0.01m, a/h =20, ¢,=0.1, h/h = 0.2, h=0.01m, a/h =20, a/R=0.3, e, = 0.1,
atk =0 | AT =100K, by, =h- 2l &=0.1 hy/h = 0.2, AT=300K, . = h - 2h
—bik =5 Tém tron a
9 | 75
—cik =1
g g | pH T
g6 S 60
= =
1
3 45 t Chém céu thoai

K, = 107N/m; K, = 5 x 105 N/m

K, = 107N/m3; K, = 5 x 105 N/m

L L 30
0 0.2 0.4 0.6 0.8 1 0 0.7 1.4 2.1 2.8 3.5

W/h W/h

(c) (d)
Hinh 3.14. Anh huéng cua chi s6 ty 18 thé tich k ctia 16p mat FGM dén g xir co

va nhiét sau mat 6n dinh ctia tAm tron va chom cau thoai sandwich FGM 15i rong
Hinh 3.14 cho thay chi sé ty 1¢ thé tich k ciia 16p mat FGM ting déu lam ting

kha nang chiu tai co va nhi¢t sau mat 6n dinh cua két cau chém cau thoai va tam tron
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sandwich FGM 15i rong. Két qua nay tuong tu v6i két qua khao sat tai nhiét t6i han
ctia két cau tim tron trong Bang 3.4. D6i véi truong hop két cAu tam tron chiu tai
nhiét, diém phan nhanh dwgc quan sat voi két ciu hoan hao va khong xuét hién véi
két cdu khong hoan hao. Diéu nay c6 thé dugc giai thich 1a do sy khéng hoan hao 1am
cho trang thai mang ctia tim khong ton tai, dan dén do vdng xdy ra ngay khi c6 (g
suét & canh tAm. Nguoc lai, do do cong cua két cAu chom cau thoai, su gian no nhiét
tao ra do vong am ngugc chiéu véi truc z. Hién tuong phan nhanh va kiéu mat 6n
dinh cuec trj cling khong dugc quan sat thiy trong truong hop chom cau thoai chiu tai
nhiét. Trong trudng hop nay, xu hudng cic dudng cong ciia két cdu chom cau thoai
hoan hao va khong hoan hao ciing khong c6 su khac biét dang ké. Poi véi tai co, xu
huéng cac dudng cong sau mat on dinh ciia két cau chom cau thoai va tim tron cé sy
khac nhau dang ké. Trong khi cac dudng cong sau mat on dinh co cia két cau tim
tron c6 xu hudng tang dan déu thi hién tuong mat 6n dinh cuc tri c6 thé duge quan
sat thiy trong truong hop két ciu chom cau thoai va cuong do snap-through ting khi
chi s6 ty 18 thé tich giam.

Nhirng anh hudng cua ty s6 hinh hoc a/h va a/R trén cac dudng cong sau mat
on dinh co nhiét cta cac két cau chom cau thoai va tAm tron sandwich FGM 15i rSng
duoc thé hién trén Hinh 3.15. Kha nang chiu tai sau mat 6n dinh cua két ciu chom
cau thoai va tim tron sandwich FGM 15i rdng ting 1én dang ké khi ty sb a/h giam
(46 day tang 1én). Viéc ting d6 day 1am cho d6 clmg cua két ciu ting 1én va dan dén
kha ning chiu tai cua trang thai sau mat 6n dinh ting l1én dang ké. Co6 thé quan sat
thdy su gia ting 16n vé cuong do snap-through cua két cdu chom cau thoai khi ty sd
hinh hoc a/h tang (Hinh 3.15d). Pdi véi cac két cau chom cau thoai khong hoan hao,
cling xdy ra hién tuong snap-through, nhung véi cuong do nho hon dang ké so voi
truong hop hoan hao. Ngoai ra, Hinh 3.15e va f cho thdy do cong ctia chom cau thoai
cang 16n thi kha nang chiu tai co va nhiét cia trang thai sau mat 6n dinh cang 16n.
Tuy nhién, c6 nhitng diém bat thuong duoc quan sat thiy & ving bién dang nho trong
cac duong cong tai nhiét (Hinh 3.15¢) va trong ving bién dang 16n trong cac dudng

cong tai co (Hinh 3.15f).
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Hinh 3.15. Anh huéng cia ty sb a/h va a/ R d&n tng xir co va nhiét sau mit 6n

dinh cta tam tron va chém cau thoai sandwich FGM 1461 rong
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Hinh 3.16 cho thiy anh hudng cua ty sb h /R dén xu hudng cua cac duong

cong co va nhiét sau mat on dinh twong tu v4i cac trudng hop khao sat khac. RS rang
13 d6 ctng tong cong cta két ciu chom cau thoai va tAm tron sandwich FGM 151 rong
chu yéu duoc dong gop boi hai 16p mat FGM, do d6, khi d6 day cua hai 16p mat ting
thi d6 cimg tong cua két ciu ciing ting va kha ning chiu tai co nhiét ctua két cdu ciing
tang rd rét. Ngoai ra, cudng do snap-through ctia két cdu chom cau thoai chiu tai co

giam khi ty 1¢ h, /h ting.
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(d)

Hinh 3.16. Anh huéng cua ty s6 h /R dén tng xir co va nhiét sau mét on dinh ciia

tam tron va chdm cau thoai sandwich FGM 16i rong
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Hinh 3.17. Anh hudng cta do rong 16p 161 dén Gng xtr co va nhiét sau mat 6n dinh

ctia tam tron va chom cau thoai sandwich FGM 13i rong

D0 rong cua 16p 101 tang lam tang kha nang chiu tai nhiét cia két cau chom cau

thoai va tdm tron sandwich FGM 15i rdng trén Hinh 3.17a, b. Két qua nay phu hop

v6i két qua khao sat trong Bang 3.5 ddi voi tai nhiét t6i han cua két cau tAm tron.

Nguoc lai, kha ning chiu tdi co giam khi d6 rong ting (Hinh 3.17c, d). Trong Hinh

3.17d c6 thé quan sat thay cac duong cong tai co cua két cau chdm cau thoai c6 cuong

do snap-through giam khi do rong ting.
3.4.3. Két cdu chém cau thodi va tim tron FG-GPLRC

Khao sat két cdu vo chom ciu thodi va tdm tron FG-GPLRC ngam cd dinh xung

quanh chu tuyén va dit trén nén dan hodi phi tuyén ba hé s6 nhu Hinh 3.18. Két cdu

chiu tai 4p luc g phan bd déu trén bé mat ngoai va tai nhiét AT ting déu theo chiéu

day. FG-GPLRC dugc xem xét voi nam loai quy luat phan b khac nhau cia ty phan
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khéi lugng GPL doc theo chiéu day két cau gdm: UD-GPLRC, X-GPLRC, O-
GPLRC, V-GPLRC va A-GPLRC. Tinh chét hiéu dung cua FG-GPLRC dugc lay
theo muc 1.3.3.

UD-GPLRC

A-GPLRC X-GPLRC

V-GPLRC O-GPLRC
Hinh 3.18. M6 hinh két cdu chom cau thoai va tAm tron FG-GPLRC
Bang 3.6 khao sat anh huéng ctia ty s6 kich thuéc GPL t,,,, /a,p, dén tai nhiét
téi han cua két ciu tAim tron FG-GPLRC véi nam loai phan bd GPL. S6 liéu khao sat
cho thiy khi ty s6 tp, /agp, ting, tirc 1a do day twong ddi ciia GPL ting, tai nhiét t6i
han cta két ciu tdm tron FG-GPLRC tang nhe ddi v6i bon loai phan bd GPL la: UD-
GPLRC, O-GPLRC, V-GPLRC va A-GPLRC. Chi dbi véi loai phan b6 X-GPLRC,
muc gidm nhe dugc quan sat khi ty s6 t,p; /agp, ting. Ngodi ra, trong nim loai phan

bd GPL tai nhiét t6i han loai X -GPLRC 16n nhat trong khi O -GPLRC 13 nho nhit.

Bang 3.7 cho thay ty phan khéi luong cua GPL ting 1am cho tai nhiét t6i han

ctia két cAu tAm tron ting 1én dang ké ddi voi cac loai phan bd X-GPLRC va UD-
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GPLRC. Nguoc lai, xu huéng phire tap thu duoc cho ba loai phin b con lai. Ciing
c6 thé thay, thir tu gia tri tai nhiét t6i han ciia 5 loai phan bé GPL van dugc git
nguyén. Ngoai ra, két qua & Bang 3.6 va Bang 3.7 déu thé hién tai nhiét téi han cta

két cdu tAm tron V-GPLRC va A-GPLRC déu bang nhau.
Bing 3.6. Anh hudng cua thong so hinh hoc GPL dén tai nhiét t6i han AT, (K) cta

tim ton FG-GPLRC (h=0.0lm,a/h=20,W_,, =2%,a,, =2.5um,£=0,

K,=10MN /m’,K,=0.5MN /m,K,=10° MN / m’)

tepr / Qgp,  X-GPLRC UD-GPLRC O-GPLRC V-GPLRC A-GPLRC
1x1073 213.6924 175.77466 140.8884  165.1174  165.1174
2x1073 213.6508 175.7662 140.9663  165.1810  165.1810
3%1073 213.6093 175.77856 141.0439 165.2442  165.2442
4x1073 213.5678 175.8049 141.1212 165.3069  165.3069
5x1073 213.5264 175.8241 141.1980 165.3692  165.3692

Bang 3.7. Anh huong ciia ty phan khéi luong GPL dén tai nhiét t6i han cua tim tron

FG-GPLRC

(h=0.0lm,a/h=20,£=0,K,=10MN /m’,K,=0.5MN /m,

K,=10°MN /m’)

*

Wsp,  X-GPLRC  UD-GPLRC O-GPLRC V-GPLRC A-GPLRC
0% 163.0512 163.0512 163.0512  163.0512  163.0512
0.5% 180.7061 164.9961 149.7932  162.9852  162.9852
1% 193.7848 168.1050 143.8303  162.9567  162.9567
1.5% 204.4757 171.7737 141.3772 163.6894  163.6894
2% 213.7091 175.7387 140.8571  165.0918  165.0918
2.5% 221.9539 179.8669 141.4978  166.9934  166.9934
3% 229.4765 184.0840 142.8777  169.2529  169.2529

Nhu c6 thé thay trong Hinh 3.19b, ¢ va d cac dudng cong co va nhiét sau mat
on dinh cta két cAu chém ciu thoai va tim tron loai X-GPLRC ludn cao nhét va loai
O-GPLRC 14 thap nhat. Diéu nay thé hién loai phan bd X-GPLRC cua GPL 1a t6i uu
nhat dé thiét ké két ciu FG-GPLRC chiju tai co va nhiét. Trong Hinh 3.19a, c6 thé
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quan sat dugc xu hudng phirc tap ctia cac duong cong sau mat 6n dinh véi cac loai

phan bd GPL khac nhau. Trong trudng hop nay, két cau chom cau thoai chiu tai ap

luc ngoai trong moi truong nhiét AT =300K, do anh hudéng cua nhiét, d§ vong trudc

am duoc tao ra va c6 thé quan sat rd hién twong snap-through.

180

165

q (MPa)
[
(=}

135

120

300

225

AT (K)

75

0

12 — ;
a/R= 0.4, a/h =20, Wiy, = 2%, AT=300K, —— 1. X-GPLRC | Tamtron //
7 =0.01m, K, = 10MN/m’, K, = 0.5MN/m, — . UD.GPLRC | @ =20, We = 2% £ =001, //
K; = 10°MN/m’, £=0.1 1 AT=0K, h=0.01m. -
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2 = s
" = 2 5 & e 4
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7/, < o
/, s // 3
/, —— 1: X-GPLRC e
; — —2: A-GPLRC % 57
1 —3:UD-GPLRC| o
——4: O-GPLRC S
2
---- 5: V-GPLRC > K, = 10MN/m?, K, = 0.5MN/m, K; = 10SMN/m*
. . : ]
0 . . .
0 1 2 3 4 0 02 04 0.6 08
Wih W/h
(a) (b)
L 300
AN 1: X-GPLRC alh =20, Weo, = 2%, & =0.1,q = OMPa,
AN 1 5 ——2: UD-GPLRC 7 =0.0lm
A Y
SN e 3: V-GPLRC
N
PR S ——4: A-GPLRC 225
N,
A SN - - -5:0-GPLRC
5 s
N
S ~ N 9
3 5150 - Z ——1: X-GPLRC
A 7 —— 2. UD-GPLRC
. A '3 ~
Chom cau thoai AN \ — —3: A-GPLRC
r a/R =0.05, a/h =20, AN 75 ——4: V-GPLRC
Win, = 2%, &= 0.1,q = 0MPa, h = 0.01m N
\ Thmm trom ——5:0-GPLRC
K, = 10MN/m?, K, = 0.5MN/m, K, = 10MN/m?
. - K, = 10 MN/m3, K, = 0.5 MN/m, K = 105 MN/m®
o X X A X
-12 09 06 03 0 0 02 0.4 0.6 0.8 1
W/h W/h
() (d)

Hinh 3.19. Anh huéng cta quy luat phan bé GPL dén tmg xir co va nhiét sau mét 6n

dinh cta chom cau thoai va tim tron FG-GPLRC

GPL thé hién 1a vat lidu gia cudng tuyét voi trong Hinh 3.20. Sy gia tang 1% ty

phan khéi lugng GPL lam ting rd rét kha nang chiu tai co va nhiét ctia két cdu chom

cau thoai va tm tron X-GPLRC. Hién twong snap-through chi xdy ra trong cac truong

hop két cau chdm cau thoai chiu tdc dung cua tai ap lyc ngoai va khong xay ra véi

cac truong hop con lai. Xu hudng duong cong sau mat 6n dinh cta két cau chdm cau

thodai va tam tron khong hoan hdo giong véi xu hudng ctuia két cau hoan hdo trong

Hinh 3.20a, b va c. Truong hop riéng biét trén Hinh 3.20d, xu hudng cac duong cong
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sau mat on dinh cua két cau tam tron hoan hdo va khong hoan hao chiu tai nhiét 1a
khac nhau rat nhiéu. K&t cau tam tron hoan hao c6 thé quan sat dugc hién tugng mat
on dinh phan nhanh, trong khi két cau tam tron khong hoan hao cac duong cong sau

mét 6n dinh lai xudt phat tir gc.

300 500 — =0
a/R=0.4, a/h =20, AT = 300K, h =0.01m. RN\
NN 3 -==£=0.1
N N
L Wep = 1% AN
250 F 2w, =2% 400 AN .
3: Wi =3% N \\\ 1.W0’;},,_710/n
h N \\\\ 2: WiPLzzA)
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S N 2o < S X N\
150 | 200 | N
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50 L L L L 0 L L L N
0 1 2 3 4 5 -1.5 -1.2 0.9 0.6 03 0
Wih W/h
(a) (b)
200 350 ”
K, = 10MN/m’, K, = 0.5MN/m, K; = 10°MN/m® a/h=20,q=0MPa, h=0.01m. P/
a/h =20, AT=0K, h=0.01m Tém tron X-GPLRC
280 |
150
__/3:1 -
~
210 ——20 2 1 W =1%
E < la ’: il 2: Wp=2%
S100 = b, :\\ 3: W, =3%
<% 3] .7 23b GPL
<) < [N
40 | el 2b
* /W, 4
1 Wepp=1% " ag=0
0T Wep=2% A i ,;” == =b:£=0.1
3: Wep,=3% > Téam tron 70 F
= X-GPLRC '
= ! K, = 10MN/m?, K, = 0.5MN/m, K; = 10SMN/m?
0 0 . . .
0 1 2 3 0 0.3 0.6 0.9 12
W/h W/h

(c) (d)
Hinh 3.20. Anh hudng cua ty phan khéi luong GPL dén g xir co va nhiét sau mat
6n dinh ctia chom cau thoai va tim tron X-GPLRC
Hinh 3.21 thé hién anh hudng ciia su ting hé s nén phi tuyén lam ting manh
kha nang chiu tai co va nhié¢t sau mat 6n dinh cta két cdu chém cau thoai O-GPLRC
va tdm tron V-GPLRC. Véi hé s6 nén phi tuyén K, duong, cac duong cong sau mat
6n dinh co va nhiét ciia két cdu chom cau thodi va tAm tron déu cé xu hudng tang 1én
déu dan. Tuy nhién, v6i hé s6 nén phi tuyén K, am, cac duong cong nay c6 xu hudng

di xuong ¢ vung do vong 16n.
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-1.2 x 107 MN/m?®
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a/R=0.4,a/h =20, Wgp, =2%,5=0.1 Chom cAu thoai  1: K5 =5 x 106 MN/m®
AT =300K, ~ =0.01m. O-GPLRC 2: Ky =2 x 10°MN/m’
3:K; = 0N/m’
3 .

K, = 10MN/m?, K, = 0.5SMN/m | 4 K,
165 2 600 | 2 5:K; =-1.5 x 10’ MN/m’
3 1
5 ; < a/R =0.05
2 A & .05,
S0 f C"g’_“G?;‘L“R‘}(‘:‘”‘ S 400 b a/h=20, Wi, = 2%
- < £=0.1,¢q =0MPa, h = 0.01m
= 3 =
1: K = 106 MN/m® 4 K, = 10MN/m?, K, = 0.5MN/m
95 | 2: Ky =5 x 105 MN/m®

3: Ky =0 N/m’
4: Ky = -2 x 10°MN/m>
5: K3 = -5 x 10 MN/m®

60 L L " L 0 L L
0 1 2 3 4 5 -2.5 -2 -1.5 -1 -0.5 0

80 - _ 600
alh =20, Wiy, = 2%, £=0.1 Tém tron alh =20, Wgh, = 2%, £=0.1
AT =0K, h = 0.01m. V-GPLRC ¢=0MPa, h=0.01m.
1
K, = 10MN/m?, K, = 0.5MN/m

K, = 10MN/m’,
450 | 2

60 K, =0.5MN/m 3

2
1 1: K5 = 107"MN/m’ i

~ K s 1M |~ Tém tron 1: K, = 10" MN/m’
£ 3K =0 N/mS ) V-GPLRC 2: Ky =5 x 106 MN/m®
=T e e300 f 3: K, = 0 N/m’
= 4: K, =-1.1 x 10" MN/m° 83

3 i I 4:K, = -1.2 x 10’ MN/m’
= 3 5:K, =-1.5 x 10’ MN/m’ 3
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/—\ \
4

W/h W/h
(c) (d)
Hinh 3.21. Anh huéng cta hé s6 nén phi tuyén dén tng xir co va nhiét sau mat 6n
dinh ctia chom cau thodi O-GPLRC va tam tron V-GPLRC
Véi ty s6 hinh hoc a/h 16n hon tuong tmg vé6i két cAu mong hon dan dén ca
dd bén co va nhiét sau mat dn dinh cua két cdu choém cau thoai va tim tron A-GPLRC
déu giam dang ké (Hinh 3.22). Trong trudng hop két ciu chom cau thoai A-GPLRC
chiu tai 4p luc ngoai (Hinh 3.22a), cuong d6 snap-through ting 1 rét khi ty s a / h
tang. Ngoai ra, anh hudng 16n cia do cong ciia vo c¢6 thé duoc quan sat trong Hinh
3.22e va f. Do cong cua két ciu chom cdu thoai cang 16n thi kha ning chiu tai sau
mat 6n dinh ctia ching cang 16n. Do dic tinh phi tuyén phirc tap, cac xu hudng nguoc

lai xuat hién trong pham vi d6 vong 16n khi két cAu chiu tai 4p lwc ngoai (Hinh 3.22¢).
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Hinh 3.22. Anh huéng ciaty sb a/h va a/ R d&n tng xir co va nhiét sau mit 6n

dinh cta chom cau thoai va tim tron FG-GPLRC
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3.4.4. Két cdu chém cau thodi va tim tron sandwich FG-GPLRC 16i rong

7
A

Xét két cau chom cau thoai va tim tron sandwich FG-GPLRC 15i réng ngam c6
dinh xung quanh chu tuyén dit trén nén dan hoi hai hé sb chiu tai ap luc ngoai phan
bd déu trén bé mit va tai nhiét ting déu theo chiéu day (Hinh 3.23). Sandwich FG-
GPLRC 16i rng dugc xem xét vi nim quy luat phan bd vat liéu cta hai 16p phu tao
ra nam loai cAu tric sandwich FG-GPLRC 15i réng la: X-PC-X; O-PC-O, UD-PC-
UD, V-PC-A, A-PC-V. Trong phan nay tinh chat hiéu dung cia sandwich FG-
GPLRC 15i réng dugc 14y theo muc 1.3.5.

0-PC-O  X.PC-X

A-PC-V V-PC-A
Hinh 3.23. M6 hinh chém cau thoai va tim tron sandwich FG-GPLRC 15i réng
Anh huéng cua ty phan khéi luong GPL, d6 rdng, do day 15i va hé sb nén dén
tai nhiét téi han cta két ciu tim tron sandwich FG-GPLRC 15i rong v6i nam loai cau

truc duoc khao sat trong Bang 3.8, Bang 3.9, Bang 3.10 va Bang 3.11.
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Bing 3.8. Anh hudng ciia ty phan khéi lvong GPL dén tdi nhiét toi han AT, (K) cta

tam tron sandwich FG-GPLRC 16i rong (a / h=20,h=0.03m,h,, =h, =h/3,e,=0.3,

£=0,K,=10MN /m’,K,=0.5MN / m)

Wep, (%)  V-PC-A X-PC-X UD-PC-UD O-PC-O  A-PC-V
1 214.5271  198.8875  196.0500  194.3994  178.6217
2 240.6123 2171617 2122734 210.4066  186.5703
3 261.3063  233.0453  226.7070  224.8774  195.9621
5 294.5025 260.5149  252.6877  250.6367  215.4757
7 321.4739  284.1766  276.2405  273.2863  234.3501

Bang 3.9. Anh huong cia do rong 15i dén tai nhiét t6i han AT, (K) clia tdm tron

sandwich FG-GPLRC 16i rong (a/h=20,h=0.03m,h, =h,=h/3,£=0,

Wy =3%,K,=10MN /m’ K, =0.5MN /m)

e, V-PC-A X-PC-X UD-PC-UD O-PC-O A-PC-V
0.1 249.3736 2224308  216.7796  214.6439 187.0774
0.2 255.4817 227.8648  221.8666  219.8831 191.6269
0.3 261.3063 233.0453 226.7070  224.8774 195.9621
0.4 266.7865 2379179  231.2514  229.5744 200.0376
0.5 271.8605 2424278  235.4502  233.9213 203.8072

Bang 3.10. Anh huong cua do day 161 dén tai nhiét t6i han cta tim tron sandwich

FG-GPLRC 16i réng (a/h=20,h=0.03m,h, =(h-h,.)/2.6=0,Wg, =3%,

K,=10MN /m’,K,=0.5MN /m)

h,(m) V-PC-A X-PC-X UD-PC-UD O-PC-O A-PC-V
0.005  244.0107 212.2919  202.6234 1982568 165.4138
0.01  261.3063 233.0453  226.7070  224.8774 195.9621
0015  275.0139 253.2214  249.6890  249.2302 227.1180
0.02  280.0018 266.7105  265.5230 2653055 251.9017
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Bang 3.11. Anh huéng cta hé s6 nén dén tai nhiét toi han AT, (K) clia tAm tron

sandwich FG-GPLRC 16i rdng (h=0.03m,h, =h,=h/3,£=0, W, =3%,

e,=0.3)

CAu tric vat K, =10MN/m’, K, =10 MN/m’,

a/h " Khong nén
liu K, =0MN/m K, =0.5 MN/m
UD-PC-UD 219.91 223.43 (1.60%)"  226.70 (3.09%)
X-PC-X 225.96 229.64 (1.63%)  233.04 (3.13%)
20 V-PC-A 254.22 257.90 (1.45%)  261.30 (2.78%)
A-PC-V 188.88 192.55 (1.94%)  195.96 (3.75%)
O-PC-O 217.79 221.47 (1.69%)  224.87 (3.25%)
UD-PC-UD 97.73 105.68 (8.13%)  108.94 (11.47%)
X-PC-X 100.43 108.69 (8.22%)  112.10 (11.62%)
30 V-PC-A 112.98 121.26 (7.33%)  124.66 (10.34%)
A-PC-V 83.94 92.21 (9.85%)  95.62 (13.91%)
O-PC-O 96.79 105.07 (8.55%)  108.47 (12.07%)
UD-PC-UD 54.97 69.09 (25.69%)  72.36 (31.64%)
X-PC-X 56.49 71.19 (26.02%)  74.59 (32.04%)
40 V-PC-A 63.55 78.25(23.13%)  81.66 (28.50%)
A-PC-V 47.22 61.92 (31.13%)  65.32(38.33%)
O-PC-O 54.44 69.15 (27.02%)  72.55 (33.27%)

* Anh huéng ctia nén dan hdi so véi trudng hop khong cé nén

Trong tat ca cac truong hop dugc khdo sat, tai nhiét téi han 16n nhét dat duoc
v6i cac cau triic V-PC-A, tiép dén 1a cac cdu trac X-PC-X, UD-PC-UD, O-PC-O va
nho nhét 1a cdu trac A-PC-V. Tt ca ndm ciu tric sandwich FG-GPLRC 15i réng déu
dugc thiét ké dbi xtimg qua mat giira, trong nhiing trudng hop nay mat giira tring véi
mit trung hoa ctia két cdu. Do d6, GPL cang duoc gia cudng xa mit giira thi do cing
cua két cau cang lén dan dén tai nhiét t&i han cua két cdu 16n hon. Bang 3.8, Bang
3.9 va Bang 3.10 cho théy c4 nim cAu trac vat liéu, tai nhiét t&i han cua két cdu tAm
tron sandwich FG-GPLRC 15i rong ty 1¢ thuan véi ty phan khoi lugng GPL, d6 rong

va d6 day cua 156i. Bang 3.11 khao sat tai nhiét ti han cua cac két cAu tim tron
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sandwich FG-GPLRC 15i rong khi tham s6 hinh hoc a/h thay d6i theo ba trudng hop
hé sb nén. Tai nhiét t&i han tang manh khi hé s6 nén tang. Tac dung cua nén dan hoi
tang khi ty s6 a/h ting va tac dung cta nén 16n nhét trong trudng hop két cdu tim
tron A-PC-V. Ngoai ra, khi ty sé a/h ting 1én, nghia 1a khi tdm tr& nén mong hon,
tai nhiét t&i han cua két cAu tAm tron s& giam.

Két qua khao sat trong Hinh 3.24 cho thay kha ning chiju tai co sau mat 6n dinh
ctia két cdu chom cau thoai UD-PC-UD 1a 16n nhat trong pham vi bién dang nho,
nguoc lai, trong pham vi bién dang 16n thi kha nang chiu tai co sau mat 6n dinh cua
két cau chom cau thoai V-PC-A chiém uu thé. Kha nang chiu tai nhiét sau mat on
dinh 16n nhat dat duoc trong truong hop tim tron V-PC-A va yéu nhat tvong tng voi
truong hop A-PC-V. Kiéu mat 6n dinh cuc tri duoc quan sat thdy trong truong hop
két cau chom cau thoai chiu tai 4p luc ngoai trong moi trudng nhiét, va kiéu mat 6n

dinh phan nhanh thu duoc dbi v6i két cAu tAm tron hoan hao chiu tai nhiét.
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Hinh 3.24. Anh huéng cta quy lut phan bé GPL dén tmg xir co ctia chom ciu thoai
va nhiét cua tdm tron sandwich FG-GPLRC 15i rong sau mét on dinh
Tat ca cac truong hop khao sat trong Hinh 3.25 déu thé hién anh hudng 13 rét
clia sy tang 1% ty phan khéi lugng GPL lam ting manh kha nang chiu tai co va nhiét
sau mat 6n dinh cta két cdu chom cau thoai va tdm tron sandwich FG-GPLRC 15i
rong O-PC-O.
Hinh 3.26 khao sat anh hudng cua do day 15i rong h,. va Hinh 3.27 khéo st

anh huéng ctia d6 rong 16p 161 e,. Khi do day 18i rong hoic do rdng ting 1én thi
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duong cong q—W / h sau mét 6n dinh ha thap hon dang ké, nghia 1 d¢ day 15i rong
hoic d6 rong ting 1én lam giam dang ké kha ning chiu tai 4p luc ngoai cua két cau.
Tuy nhién, xu huéng nguoc lai xay ra ddi voi duong cong sau mat 6n dinh
AT -W /h (Hinh 3.26b, d va Hinh 3.27b). Khi d6 day 18i rong hodc d6 rong ting
thi kha nang chiu tai nhi¢t sau mét 6n dinh cua két cAu chom cau thoai va tim tron
tang 1én twong tu v4i truong hop tai nhiét t6i han ciia két cdu tAm tron duoc khao sat

trong Bang 3.9 va Bang 3.10.
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. 3 ’
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150 0-PC.O YL 225
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=3 RV 2 294 Tam tron 1: Wep,=2%
=2 i, 7
L7 7, //,// O-PC-O 2: Wi =3%
7
2 o 2z 3 W, = 4%
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’ —— =01 I 4
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Z N K, = 10MN/m3; K, = 0.5MN/m
0 L L 1 0 . A
0 0.75 L5 225 3 0 02 04 0.6 0.8
W/h W/h

(c) (d)
Hinh 3.25. Anh huéng cua ty phan khéi lwong GPL dén tg xir co va nhiét sau mat

on dinh cua chom cau thoai va tam tron O-PC-O
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Tam tron N4 —-—r1c¢
X-PC-X S
ARy
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= 1:E=0 S - 27267 722
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0 : : . 0 . . . .
0 05 1 L5 2 0 0.2 04 0.6 0.8 1
W/h W/h
() (d)
Hinh 3.26. Anh hudéng d6 day 16p 161 dén ing xUr co va nhi¢t sau mat 6n dinh
cua chom cau thoai va tam tron X-PC-X
180
WR—=04, alh =20, Wy — 3% £~ 0.1 —aq=0 | P00
AT = 400K, h=0.03m, h,, = = /3. bees — 02 Wy, = 3%, ¢ = OMPa, h = 0.03m,
h,. = hy= /3
—cie, =04 c
160 F 0 230 Tam tron
\a/ —diey =06 A-PC-V
—_ _ d R
< d\_/ P / a@=0
3140 : /C —b:¢p=0.2
=2
_/ —c:e,=0.4
Chom chu thoai e, —
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K, = 10MN/m?; K, = 0.5MN/m
K, = 10MN/m?; K, = 0.5MN/m
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Wih W/h

(a)

(b)

Hinh 3.27. Anh huéng cta do rong 161 dén tng xr co ctia két chom cau thoai A-PC-

V va nhiét cta tAm tron A-PC-V sau mit on dinh
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Tat ca cac trudong hop dugc khao sat trong Hinh 3.28 déu cho thiy kha ning
chiu tai co va nhiét sau mat 6n dinh cua két ciu chom cau thoai va tAm tron hoan hao
hoic khong hoan hao ty 1& nghich véi ty s6 hinh hoc a / h. Ngoai ra, cic duong cong
co va nhiét sau mat on dinh cua két cau khong hoan hao cé dang twong tu nhu trudng
hop hoan hdo, ngoai trir trudong hop trén Hinh 3.28d. Hinh 3.28d c6 thé quan sat dugc
dang mat 6n dinh kiéu phan nhanh cta két cAu tAm tron hoan hao dudi tac dung cia

tai nhiét trong khi di v6i tim tron khong hoan hao thi khong xay ra.

50 800

Chom chu thodi / — Liah=20 N WR=0.1, ¢,= 0.3, Wy, = 3%, £=0
_PC-A N =0MPa, h =0.03m, 1, =hy=h/3. |- - -£=0.
Vpe —2:a/h=30 . 1 e 5703
Y X
—_ Chom cau thoai . _
L 3:a/h=40 L M 1:a/h=20
40 la — : 600 V-PC-A 2 a/h =30
-==1b-- / 3:a/h =40
7
= K, = 10MN/m’; K, = 0.5MN/m ,
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=
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0 . . .
2 -15 -1 -0.5 0
W/h
(a) (b)
40 —_ 800
ey =0.3, Wiy, = 3%, AT = 0K, | §=0 €y =0.3, Wip, = 3%, g = OMPa £=0
h=0.03m, hy,=he=h3. 4 ---&=01 h=0.03m, h,,=hg=h/3.
e ---£=0.1
Tém tron V-PC-A TAm tron V-PC-A
301 600 1 K, = 10MN/m’; K, = 0.5MN/m ,
1:a/h =20
2: a/h =30
a 3:a/h=40
S| 400
=3 1
[=p 7
z
”’
—
-
L 200 |
10 P 2 1:a/h=20
A== 3 2:a/h=30
= 3:a/h =40
K, = 10MN/m’; K, = 0.5MN/m o i . .
0 ; . X
0 0.75 15 225 3 0 0.75 1.5 2.25 3
W/h W/h
(c) (d)

Hinh 3.28. Anh huéng cua ty s6 a /h dén ting xir co va nhiét sau mét on dinh ciia
chom cau thoai va tdm tron V-PC-A
Hinh 3.29 cho thiy do cong cuia két cAu chom cau thoai UD-PC-UD cang 16n
thi kha ning chiu tai co va nhiét sau mét 6n dinh cua chiing cang 16n. Trong trudng

hop chiu tai co, xu huéng nguoc lai xuat hién trong ving do vong 16n (Hinh 3.29a).
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Hinh 3.29. Anh huéng cua ty s6 a/ R dén mg xir co va nhiét sau mat 6n dinh cua
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(d)

Hinh 3.30. Anh hudng cua h¢ s6 nén dén irng xtr co va nhiét sau mat o6n dinh cta

chém cau thoai va tAm tron UD-PC-UD
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Trong tit ca cac trudng hop khao sat trong Hinh 3.30, bao gdm chém cau thoai
hoan hao va khong hoan hao, tAm tron hoan hao va khong hoan hao, cac dudng cong
co nhiét sau mat dn dinh cta két cdu tang khi d§ cung dan hdi cta nén tang. Khi do
climg dan hdi cua nén ting thi do cimg chung cia cac két ciu ciing ting, do d6 kha
nang chiu tai cta két cau ciing tang.

3.5. Két luan chwong 3
Chuong 3 di giai quyét duoc mot s6 van dé sau:

- Hé phuong trinh chu dao cho bai toan 6n dinh tinh phi tuyén cua két ciu vo
chom cau thoai va tdm tron da dugc thiét 12p dua trén R3SDT, két hop véi tinh phi
tuyén hinh hoc theo nghia von Karman. Cac két cdu ndy chiu tic dong cia tai ap luc
ngodi phan bé déu va tai nhiét ting déu theo chiéu day. Bén canh d6, mo hinh nén
dan hoi phi tuyén ciing dugc tich hop vao hé phuong trinh nham moé ta chinh xac hon
su tuong tac gitra két cdu va nén dan hoi trong diéu kién tai trong phirc tap.

- Bing phuong phép tiép can theo chuyén vi, dang nghiém cua cac thanh phan
chuyén vi, goc xoay va do khong hoan hao cuia két cau dugc biéu dién duéi dang ham
da thirc, pht hop véi diéu kién bién ngam cb dinh xung quanh chu tuyén. Viéc lua
chon dang nghiém nay cho phép giam boét dd phirc tap cia bai toan ma van dam bao
tinh chinh xéc trong phan tich va danh gia dap Gmg cua két cau dudi tac dong cia tai
trong.

- Bang cach 4p dung phuong phép Ritz, cac biéu thirc dang hién cua tai nhiét
t6i han gy mat on dinh cho két cdu tAm tron, ciing nhu mdi quan hé tai - d6 vong
trong giai doan sau mat 6n dinh phi tuyén cta két cdu vo chom cau thoai va tam tron,
da duoc xac dinh.

- Két qua khao sat sb cho thay Gmg xir 6n dinh co nhiét ctia két cu tAm tron va
chom cau thoai lam tir bon loai vat liéu khac nhau déu c6 tinh chat phirc tap. Poi véi
két cau chom cau thodi va tam tron FGM réng cac yéu td hinh hoc, d6 réng, phan bd
thé tich rong, nén dan hoi tuyén tinh va phi tuyén déu déng vai trd quan trong trong
kha nang chiu tai va ing x{r sau mat on dinh. Péi véi két cau chom cau thodi va tam
tron sandwich FGM [5i rong viéc diéu chinh cac thong s6 nhu ty s6 hinh hoc a/ h,
ty 1€ thé tich k cua 16p mit FGM, d6 rong 13i va hé s6 nén co thé giap t6i wu hoa

thiét ké két cau dé nang cao kha nang chiu tai co va nhiét sau mat 6n dinh. Poi voi
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két cau chom cau thodi va tam tron FG-GPLRC ban chét vat 1y cia FG-GPLRC c6
mo dun dan hoéi phu thudéc manh vao su phan bd va hinh dang kich thuée cia GPL
cling dugc thé hién 1 cung cip co s cho viée tdi wu hoa thiét ké nham nang cao kha
nang chiu tai sau mét 6n dinh. Poi vdi két cau chom cau thodi va tam tron sandwich
FG-GPLRC 16i réng nghién ciru d xac dinh duoc cac yéu td quan trong anh huéng
dén g xtr 6n dinh dic biét 1a do day 16i rong va do rong 161 anh hudng 1én dén tng
XU sau mét 6n dinh ctia két ciu. Nhitng két qua nay cung cp co sd khoa hoc quan

trong cho vi¢c thiét ké va to1 uu hoa két cau trong di€u kién lam viéc thuc te.
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Chuong 4. ON PINH PHI TUYEN CUA KET CAU CHOM CAU THOAI VA
TAM TRON FG-GPLRC RONG THEO FSDT VA PHUONG PHAP
RITZ - TIEP CAN HAM UNG SUAT

Trong chuong nay, luin 4n tip trung xem xét két cdu chom cau thoai va tAm
tron st dung vat liéu FG-GPRLC rdng. Day 1a dang két cu quan trong c¢6 nhiéu vu
diém dé ap dung rong rii trong cic cong trinh x4y dung. Bai toan 6n dinh phi tuyén
cta két cdu nay dugc xem xét mot cach tong quat nhiéu yéu té nhu diéu kién bién
ngam cd dinh xung quanh chu tuyén, twong tac véi nén phi tuyén, méi trudng nhiét
va hai loai tai trong 1a ap luc ngoai va tai nhiét.

Céc phuong trinh chu dao duoc thiét 1ap dua trén FSDT véi tinh phi tuyén hinh
hoc theo von Karman va mé hinh nén dan hoi phi tuyén. Khac véi cac chuong trudc
tiép can theo chuyén vi, bai toan nay s& tiép can theo ham Gng suit. Phuong trinh
tuong thich bién dang dugc thiét 1ap va ham (mg suat duoc dua vao dé dua hé phuong
trinh cha dao vé thanh hé ba phuong trinh dao ham riéng phi tuyén v6i ba an ham 1a
d6 vong, goc xoay va ham ung suat. Dang nghiém ciia do vong, goc xoay va do khong
hoan hao cua két ciu duge biéu dién dudi dang ham da thtrc, phu hop vai diéu kién
bién. Dang nghiém nay thoa méan dong thoi su can bang giita d6 phirc tap tinh toan
va do tin cdy ctia phuong phap. Phuong phap ning lugng Ritz duge ap dung dé nhan
dugc hé phuong trinh can bang dudi dang dai s6 phi tuyén. Sau mot s bién ddi toan
hoc, thu duoc cac biéu thire tai nhiét toi han ctia két ciu tAm tron va lién hé sau mat
on dinh gitra tai va 6 vong cua két ciu chom cau thoai va tAm tron.

Anh huong cua cac thong s6 hinh hoc, vat liéu, va nén dan hoi phi tuyén to1 ing
xtr 6n dinh va sau mat 6n dinh cua két cau cling dugc khao sat mot cach chi tiét va
dua ra céc nhan xét c6 y nghia.

Noi dung chinh cta chuong nay da dugc cong bd 01 bai bao trén tap chi JSTT
thudc danh muc Scopus cua truong Pai hoc Cong nghé Giao thong van tai (Bai bao
sO 8 trong danh muc céc cong trinh di cong bd cua tac gia lién quan dén luan an).
4.1. M6 hinh va cac phwong trinh chii dao theo FSDT ciia két cAu chém céu thoai
va tam tron FG-GPLRC réng

Xét két cdu chom cau thoai va tdm tron bién dang ddi xtmg truc ngam cb dinh

xung quanh chu tuyén nhu Hinh 4.1 véi cac thong s6 hinh hoc: chiéu day h , ban kinh
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chinh R va ban kinh déy a. Hé toa do cuc (¢,0,2z) dugc dat & mit gitta két cau;
trong d6 z la tryuc hudng tdm vuong goc voi mat gitra, 0 1a toa do theo hudng chu vi
va @ la toa d6 theo hudng kinh tuyén. Két cau chom cau thoai dugc gia thiét co do
thoai 16n nén cac phép tinh gan dang cose~1 va Rde~dr dugc ap dung. Hé toa
do (r,0,z) v6ibién sé r=Rsine la ban kinh vi tuyén duoc sir dung thay thé nhdm

don gidn hda qua trinh tinh toan.

)00000000000000000000000¢
)00000000000000000000000¢
)000600006000000000000000¢
)00000000000000000000000¢
)O0060000000000000000000¢
)O0060000000000000000000¢
)00060000000000000000000¢
)00060000000000000000000¢
)00000000000000000000000¢
100000000000 000000000000¢

)00000000000000000000000¢

z GF3D-O

Hinh 4.1. M6 hinh két cdu chom cau thoai va tdm tron FG-GPLRC rdng

Két cau chom cau thoai va tdm tron dit trén nén dan hoi phi tuyén ba hé sb. Tai
tac dung 1én két cdu gdm tai ap lyc ngodi g phan bd déu trén bé mat va tai nhiét AT
tang déu theo chiéu day két cu. Cac phuong trinh Iy thuyét va cac phuong trinh quan
hé duoc thiét lap voi truong hop két cAu chom cau thoai, cac phuong trinh va quan
hé cta két cau tAm tron thu duoc khi cho ban kinh cong chinh R —c0.Vit liéu FG-
GPLRC rong duoc thiét ké v6i ty phan khdi lwong GPL phan bd déu theo loai UD-
GPLRC. Trong d6, ty phan thé tich rdng phan b theo ba loai khac nhau theo chiéu
day két cau gdm: GF3D-0, GF3D-X va GF3D-U. Céc tinh chét hiéu dung ciia FG-
GPLRC rdng dugc iy theo muc 1.3.4.
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Bai toan xem xét vat li€u lam viéc trong giai doan dan hoi, gia thiét cac thanh
phan bién dang nho dam bao lién hé giita ing suat va bién dang 1 tuyén tinh tuan
theo dinh luat Hooke. Cac thanh phén phi tuyén hinh hoc theo von Karman duoc xét
dén phu hop véi gia thiét d6 vong 1on. Sir dung FSDT dé xdy dung cac phuong trinh
cha dao vé g xtr 6n dinh va sau mat 6n dinh phi tuyén ctia két ciu chom cau thoai
chiu tai 4p luc ngoai va tai nhiét ting déu theo chiéu day két cau.

- Phuwong trinh quan hé bién dang — chuyén vi: dugc thiét lap giéng nhu cac
phuong trinh (2.5), (2.6), (2.7) trong muc 2.1.2 thuoc Chuong 2 cua luan an.

- Phuwong trinh quan hé vmg sudt — bién dang: 4p dung dinh luat Hooke cho két
cAu chom cau thoai chiu tac dung cua tai ap luc ngoai phan bd déu két hop vai tai

nhiét ting déu nhu sau:

(O _ Qll le €, Q(Z)AT -
{09}_|:Q21 QﬂH{ge}{Oﬂ(Z)ATH’ G,, = QuE,, (4.1)

trong 46 AT 1a d6 ting nhiét so v4i nhiét do phong khong c6 tng suét nhiét,

E(z E(z)v(z E(z

Q,=0y= ( ) 2 Q,=0Q, = ( ) ( 2’ Qu= ( ) . (4.2)
1-[v(2)] 1-[v(2)] 2[1+v(z)]

- Phwong trinh lyc gidn, mé men va lyc cdt: cac ndi luc gdbm luc gidn, mo men
va lyc cit cua két cau chom ciu thoai duoc tinh bang phuong trinh (2.10) trong muc
2.1.2 thugc Chuong 2 cua luén an.

Thay thé phuong trinh (2.6) vao phuong trinh (4.1), sau d6 thay thé cac phuong
trinh két qua vao phuong trinh (2.10) thu duoc két qua duéi dang nhu sau:

N, A, A, B, B, O0 82 D,
0 A, A, B, B, 0 88 D
M, :=sB, B, D, D, 0 - -3 @, +AT, (4.3)
Me B, B, D, D, 0 Xo D,,
Q] o 0o 0o 0o KH,|y+w,]| |0

trong d6 h¢ s6 hiéu chinh truot theo FSDT duoc chon theo gia tri phé bién K.,=5/6,

/Rt | R ]

S 1O | S

A B.,D.)=|(1,2z,2*)Q.dz véi ij =11,12,21,22, (4.4)
( )= (L27)q;

SR~
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h h
@, = j (Q,+Qy,)a(z)dz, @, = j (Q,+Qy,)a(2)2dz,

_h _h

; 2 N (4.5)
D, = J(QZI +Q22)oc(z)dz, ®,, = J-(Q21 +Q22)0c(z)zdz, H, = J.Q44dz.

_h _h _h

Tir phuong trinh (4.3) thuc hién bién doi dé thu duoc biéu thirc cua cac thanh
phan bién dang theo cac thanh phan lyc gidn nhu sau:

{82} _ { Al*lNr + Bl*1Xr + szXe + AI*ZNO - ATCD; } (4.6)
g Ay N, + By, + Byig + Ay, Ny —AT D

€
trong do:
A* _ Azz A* _ A12 B* _ (AlzBm _AzzBu)
11— > £33 — s ’
Aquz - A12A21 AnAzz - A12A21 Aquz - A12A21
B = (Alszz _AZZBIZ) Al = A21 * All

= s 4y =~ ’ A22 =
A11A22 - A12A21 AnAzz - A12A21 AnAzz - A12A21
* (AIIBZI B Aleu) B* _ (AIIBZZ B Alelz)

21— ’ 22
A11A22 _A12A21 A11A22 _A12A21

. —A, 0, +A,D,, « (FA D+ A D,
® :_( 1210 22 1), q)w:( 11710 21 1)

4 , ALA,, - A]Zfélz] ALA, —ALA,, o
Tiép theo thay biéu thuc (4.6) va phuong trinh (4.3) va thuc hién bién do1 dé
nhan dugc biéu thirc cia mé men theo lyc gidn nhu sau:
{Mr} _ { C};Nr + D;xr + Dl}xe + c[;zN9 = ATd);*r 47
M, | |C,N,.+D,y, +Dyyxs+CypN,—ATD,,
trong do:
Cl*l :BllAl*l +Ble;1’ Cl*z :BuAl*z "'Ble;z’ Dl*l :BllBl*l +BlzB;1 +Dy,
DI*Z - BIIBI*Z + BIZB;Z +Dy, C; - BZlAl*l + BzzA;a sz - BZIAI*Z + BzzAgz’
D, =B, B, +B,B, +D,, D,, =B, B, +B,,B,, +D,,,
®,, =B, @, + B0, +D,,, ’q);e =B, @, + B, @y, + D, ’
- Phuwrong trinh twong thich bién dang: phuong trinh tuong thich bién dang cua

két ciu chom cau thoai FG-GPLRC rong c6 xét dén d6 khong hoan hao ban dau la:

1 0 2 0 0 wrr 1 wr * *
;gr,r o ;Se,r “Copr = ? + ; TWwWw,,. +w.Ww,, +W,,W, (4.8)
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Ham ung suat f (r) duoc xac dinh thoa man diéu kién sau:

N zi, N,=f.. (4.9)
- ,

Vit liéu FG-GPLRC rdng ¢6 co tinh ddi xtmg qua mait giita cta két cau, thay
biéu thirc (4.9) vao (4.6) thu duoc biéu thirc cua cac thanh phan bién dang theo ham
g sudt, sau d6 thay két qua vao phuong trinh turong thich bién dang (4.8) trd thanh:

AT

r2

_A;2f:rrrr + (AI*Z - A;l - 2A;2)
(4.10)

— w,rr 1 w’r * *
=% - - +W,W, W W, W, W,

Tiép theo, thay biéu thirc (4.9) vao (4.7) thu duoc biéu thirc ciia md men:

frC* . " * *
M, = Tll +Dyx, —ATD,, + Dy, + Cl?frr’
f . (4.11)

M, = rTZI + D, = AT®, + Dy + C;f’”“

4.2. Piéu Kién bién va xac dinh ham ng suat
Két cdu chom cau thoai FG-GPLRC rdng bién dang ddi xing truc c6 diéu kién

bién ngam c¢b dinh xung quanh chu tuyén dugc thé hién bang phuong trinh nhu sau:
r=0:y=0, f.=N,r=0,

4.12)
r=a: w=0, y=0, N,.=Q,,

trong do Q, la phan lyc nén tai canh bién két ciu do bi ngam c¢d dinh.
Dua vao diéu kién bién (4.12), dang nghiém gan dung cho do vong va goc quay

duoc dua ra la:

wzww \V:‘PM (4.13)

M
a' a

trong d6: Wva ¥ lan luot 12 bién d6 cua d6 vong w va goc quay .
Ham d6 khong hoan hao ban ddu w™ dugc gia dinh c6 dang tuong ty do vong
cua két ciu nhu sau:
2
2 2
w =W —(a -r?)

’
a4

(4.14)

trong do: W™ 1a bién do cta ham do khong hoan hao ban dau w .
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Thay thé w va w’ trong phuong trinh (4.13) va (4.14) vao phuong trinh twong
thich bién dang (4.10) thu dugc:

*)hﬁf fo o fr (487 06WWT)

_Azzf:rrrr +(A1*2 _A; _2A22 11 _2_A11 _’3: 3 r
r r a
[CAWP+128WW" 16W ), (16W” +32WW"  8W
a® a‘R a a’R

(4.15)
Duya vao mdi twong quan toan hoc gitta vé trai va vé phai cua phuong trinh

(4.15), ham tng suat duoc xac dinh nhu sau:
fro=Yr Y, + Y +Y,r’ +Yr+C (4.16)
trong do:
Y, =Y, W’ +Y,,WW’,
Y,=Y,W+Y,,WW +Y,W,

. (4.17)
Y3:Y31W2+Y32WW +Y, W,
Y, =0,
vO1:
8 16
Y = * * * * > Y = * * * * )
UaM (A +TAL-TAL -494,) T ¥ (A +74, -4, -494),)
16 32
Y =- * * * * b Y = * * * * M
Ta’(AL 454,54, -2545,) T af(A +54), -54, - 25A,,)
4 8
Y = * * * * M Y = * * * * >
Y a'R(A)+54,-545-254,,)" 7 a'(A) +34, 345 -94,,)
16 4
Y, = Y, =

a‘ (A, +3A,-34; -94;,) @R(A) 34,34, -94;,)
Hiang s6 C va Y, duoc xac djnh dwa vao biéu thirc diéu kién bién (4.12):

- Tai r=0, f, =0 phuong trinh (4.16) dan t6i:
C=0 (4.18)

- Tair=a, N, = & = (Q, phuong trinh (4.16) dan t6i:
r

Y, =Y, W +Y ,W+Y , WW +Q,, (4.19)
trong do:
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y. - L 8 ~ 16

U@ (A +TA,-TA, -494,,) (A +5A), 54, -254,))
N 8

(45 +34,,-34;,-94;,)

Y, = 4 4

52 T * * * * - * * * * >
R(A} +34,,-34;-94,,) R(A] +54,-54, -25A,,)

y L 16 _ 32

Y@ (A +TA,-TA, —494;,) (A +5A], 545 -254,,)

16

+

’

(A5 +34,,-34; -94},)
va Q, dugc xac dinh bang diéu kién chuyén vi ctia canh két cau trong mit phang day

theo hudng vuong géoc A =0 theo nghia trung binh:

1 21
A :_2na2 .([

Thay phuong trinh (2.7) vao (4.3) rdi két hop v6i phuong trinh (4.9) thu duoc:

I u,rdrdo=0. (4.20)
0

u, =Ur°+U,r*+U;r* +U,, (4.21)
trong do:
U=UW+U,WW, U=UW +U,WW+U_,W,
U=UW+UWW+UW+U,V¥,
u,=UWwW+UWW+UW+U,Q,+UAT+U,¥,

vO1:
U - 7a° ALY, +84, 4, -84, A, -a'Y, A,
! _aSAzzAn + a8A21A12 ,
U.= 7a8Y12A12 + 16AzzAn _16A21A12 _a8A22Y12
v —a8A22A11 + a8A21A12 ’
U 250y A, —164), 4, +164, A, —a°A,Y,,
“ _a6A22A11 + a6A21A12 ’
g _3aVnA, —324,A) +324, A, —a’ AT,
“ _a6A11A22 + a6A12A21 ’
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_ 5A12Y23 — A22Y23 + A21A12 _A11A22
23 ’
A12A21 B Al 1A22 a4R (A12A21 - A11A22 )
U. = (3Y31A12 B A22Y31 ) + 8A11A22 B 8A21A12
31
(_A11A22 + A12A21)
_ (6Y32A12 B 2A22Y32 ) + 32(A11A22 - A21A12 )
* (_2A11A22 + 2A12A21)
_ 3A12Y33 _A22Y33 + 2AnAzz _2A21A12
33 )
A12A21 - Al 1A22 az (A12A21 - A11A22 )R

_ 2A12 (3321 + Bzz ) - 6AzzBu - 2AzzB12

M

>

> a’(-24,A, +2A,A,) ’

U. = A12Y51_A22Y51 U. = A12Y53_A22Y53

YT _A A +ALAL] PT_A A +AA]
—A, 95 + A, A, —A 4, A4,
AY., —AY. A, —-A

U43— 12752 2152 +l, _ 12 22

_A11A22 + A12A21 R " _A11A22 + A12A21 ’
_ A12(D19 _Azzq)lr U = 2(_le _Bzz)Alz + 2Azan + 2AzzB12
= ’ 46 — .
—A Ay +ALA), a(_2A11A22 + 2A12A21)

Thay phuong trinh (4.21) vao phuong trinh (4.20) r6i giai phuong trinh két

U45

qua thu dugc:

1
120,

-(3U,,a° +4U,,a* +6U, a* +12U,,, )W*

Q, [—(4U23a4 +6Ua* +12U 5 )W

(4.22)

~(3a'U,, +4U ,a* +6a’Uy, +12U,,, \WW
~(6Ua + 12U, )P = 12U AT |
4.3. Phuong phap nang lugng Ritz
Thé ning bién dang nhiét dan hdi cua két ciu chom cau thoai bién dang dbi
xtng truc dugc tinh bang cong thirc (3.9) trong muc 3.1.3 thudc Chuong 3 cua ludn

an. Két hop cac phuong trinh (2.6), (2.10) va (3.9) thu dugc:

U, = nT[(Nrsg +err>+(Neag +MeXe)+Qr (\|1+ w’r)}rdr
‘ (4.23)

1r®r

—ATn j (@0 + @y, 7, +® g8 + D, Jrdr
0
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Cong do ngoai luc thuc hién xét dén sy twong tac véi nén dan hoi phi tuyén ba
hé s duoc tinh béng cong thtrc (3.11) trong muc 3.1.3 thuoc Chuong 3 cua ludn an.
Tir phuong trinh (4.23) va (3.11) ning luong toan phan thu duoc 1a:
Urotat =Usnt =Ulext (4.24)

Thay céac phuong trinh (4.6), (4.7), (4.9), (4.13), (4.16) va (4.22) vao phuong
trinh ning lwong toan phan (4.24) rdi ap dung phuong phap Ritz nhu sau:

—ag{;ml =0, va (4.25)
WUrotat _, (4.26)
oW

Giai phuong trinh (4.25) thu duoc biéu thirc cia ¥ nhu sau:
¥Y=-MW*+ MWW +MW +M,AT (4.27)
trong d6 M; (i = 1—4) duoc trinh bay cu thé trong phu luc A3.
Thay phuong trinh (4.27) vao (4.26) thu duogc phuong trinh két qua thé hién mbi
lién hé gitra tai &p luc ngoai @, tai nhiét AT va bién do do vong W nhu sau:

. ©\2 *
(C,—NK)W*+(C,Ww +C3)W2+[C4(W ) +CW +CAT 4.28)

+C, - N,K, - N,K,|W + C,ATW  +C,AT - N,q =0.
trong d6 C; (i = 1—-9) va N; (j = 1—4) dugc trinh bay cu thé trong phu luc A4.
Phuong trinh (4.28) duoc sir dung dé phan tich tng xir 6n dinh co nhiét phi
tuyén cua két cdu chom cau thoai va két ciu tim tron (khi R —o0) FG-GPLRC rdng.
Ttr phuong trinh nay cac biéu thirc quan hé sau mat 6n dinh cua tai co va tai nhiét voi
bién do do vong cua két cau thu duoc 1a:
q= L[(CI ~KN )W +(CW +C )W + (C4 (W) +ew’
N, (4.29)
+ CAT +C,—K,N, - K,N, )W + CATW +C,AT |,
1

A== CW+CW +C, [(C-KN )W +(C,W +C,)W?

(4.30)
+(C4 (W) +CW" +C,~ KN, ~K,N,)W -N,q].
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D6i voi tAm tron hoan hao (W* =0,R—> oo), tai nhiét t6i han theo tiéu chuan
mat 6n dinh phan nhanh duoc xac dinh khi cho W —0 ¢ phuong trinh (4.30) thu
duoc:

AT :_C7 _KINZ _K2N3 )
cr C6

Hién tuong mat 6n dinh phan nhanh khong xay ra vdi két cau chom cau thoai.

(4.31)

Luan 4n sir dung phan mém Maple va Excel dé thuc hién khao sat s6 cho két
cAu tam tron va chom cau thoai tng dung két qua Iy thuyét dd nhan duoc & dang hién.
4.4. Ung dung két qua tinh toan 1y thuyét phan tich 6n dinh phi tuyén két ciu
chém cau thoii va tim tron FG-GPLRC rdng
4.4.1. Nghién cvru so sanh

Dé kiém chung tinh chinh xac va do tin cdy cta phuong phap, luan an da so
sanh két qua vé tai nhiét t6i han cua két cdu tAm tron hoan hao sandwich FG-GPLRC
16i rdng v6i két qua trong nghién ciru ctia Vil Hoai Nam va cong su [85]. Trong nghién
ctru ndy, Vil Hoai Nam va cong su 4p dung phuong phap tiép can dua trén chuyén vi,
phuong trinh co ban thiét 1ap theo FSDT, str dung nghiém lugng giac va phuong phap
Galerkin. Két qua so sanh trong Bang 4.1 cho thay do twong dong cao giita hai phuong
phap, véi sai 1éch 16n nhét chi 2.3701% khi do rong 15i dat 0.8. Piéu nay khang dinh
tinh chinh xac cta phuong phap dugc dé xuit trong luan an.

Bang 4.1. So sanh tai nhiét to1 han cla tdm tron hoan hao sandwich FG-GPLRC (UD-
PC-UD) véi két qua ctia Vi Hoai Nam va cong su [85] (h =0.027m,a =35h,q =0MPa

,R=0,K,=8MN /m’,K,=02MN /m,K,=0MN /m’ W =0,W,,, =2%,

mode m=1)

Vii Hoai Nam va cong sy Sai sO

€, Luan an (85] %)

0.2 68.9535 69.3236 0.5367
0.4 72.0065 72.5838 0.8017
0.6 74.2311 75.3874 1.5577
0.8 76.7919 77.5883 2.3701
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4.4.2. Phan tich tii nhigt téi han ciia tdm tron FG-GPLRC réng

Béng 4.2 trinh bay sy thay d6i cua tai nhiét toi han dbi voi cac tam tron GF3D-
0, GF3D-X va GF3D-U khi d6 rdng va ty phan khéi luong cua GPL ting 1én. Két
qua cho thy tai nhiét téi han tim tron GF3D-O ting dang ké khi do rong ting, tai
nhiét toi han tim tron GF3D-X giam déng ké khi d6 rdng tang, tai nhiét téi han tim
tron GF3D-U khong thay doi theo do réng. Khi do réng khong ddi, tai nhiét téi han
clia ca ba loai tAm tron déu ting rd rét theo ty phan khéi lugng GPL. Ngoai ra, voi
cung d6 rong va ty phan khéi lvong GPL, tim tron GF3D-O c6 tai nhiét téi han cao
nhat, trong khi tim tron GF3D-X c6 gi4 tri thip nhat.
Bang 4.2. Anh hudng cta do rong, loai phan bd rong, ty phan khoi luong GPL dén
tai nhiét t6i han AT, (K) cua tdm tron hoan hiao FG-GPLRC rdng (h=0.015m,

a=35h,q=0MPa,R=c0, W =0,K,=0MN /m’,K,=0MN /m ,K,=0MN /m’)

eo Wy (%) GF3D-U GF3D-X GF3D-0
2 25.43818927  24.14717231  26.18305686
0.1 4 28.09727090  26.67116372  28.92014047
6 30.61747114  29.06350250  31.51399238
2 25.43820709  21.10673482  28.02415919
0.3 4 28.09733677  23.31263916  30.95361612
6 30.61754302  25.40359851  33.73020175
2 2543807384  17.40913970  30.55177877
0.5 4 28.09729979  19.22865662  33.74587558
6 30.61741646  20.95280862  36.77294942

4.4.3. Ung sir sau mit 6n dinh ciia chém cdu thoii FG-GPLRC rong

Anh huong cia cac loai phan bd rdng GF3D-0, GF3D-X va GF3D-U dén
duong cong sau mat 6n dinh g ~W/h va AT ~W/h cua két cdu chom cau thoai
FG-GPLRC rdng dugc thé hién trong Hinh 4.2. Kha ning chiu tai sau mat 6n dinh
ctia chom cau thoai GF3D-O dat gia tri cao nhat, trong khi chém cau thoai GF3D-X
c¢6 kha nang chiu tai thip nhat. Tuy nhién, su khac biét giira cic loai phan bd rong

dugc thé hién rd rét trong truong hop tai co, nhung khong déng ké doi véi tai nhiét.
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Hinh 4.3 trinh bay anh hudng cta d6 rdng 1én cac duong cong sau mat on dinh
co va nhiét cua két ciu chom cau thoai GF3D-0. C6 thé quan sat thay sy gia ting do
rong lam giam cac duong cong q ~W/h va nang cao cac duong cong AT ~W/h.

Khi d6 rong ting 1én, kha ning chiu tai co sau mat 6n dinh giam dang ké, trong khi

kha nang chiu tai nhiét sau mét 6n dinh tang nhe.

12 — 250 ——GF3D-0
_ _ Chom cau thoai
a/h =45, h =0.015m, L — —GFIDX
R=5m,e,=0.5, RN Chom cau thodi
exj 0.:8132, eu*10.671 1, 3 /// 200 \\\\ ----- GF3D-U
o5 L W =4%mw* =0 7 N
- 7 D
A D
K, = 100MN/m’, S \\\ a/h =451 =0.01m, R = 5m
K,=20MN/m, W 150 | D ep=0.5,e,=0.8112, ¢;,=0.6711
= 5 7/ D * — —
= K;=OMN/m! , — ANN Wi, = 4%, g = OMPa,W* =0
S 7 o0 < R\
[ —— AT=0K 27,7 N
= AT = 250K ! 2?7 ~ N
I i 2% 100 N
2% .2 N
=2z~ .~ X
===~ _- N
45 f == --" - K,;=O0MN/m? =
L==5 ——1: GF3D-O 50 | : m, A
Prad — 5.GF3DX K,= OMN/m, N
¢ —3.GF3D-U K;=0MN/m’
2 L L | 0 L L
0 1 2 3 4 -1.5 -1 0.5 0
Z Wi

(a)

(b)

Hinh 4.2. Anh hudng ctia loai phan b thé tich rdng dén tmg xir co va nhiét sau mat

6n dinh ctia chom cau thoai FG-GPLRC rdng

3 400
Chém cau thoai K;=OMN/m?,
GF3D-O K,=OMN/m,
K= 0MN/m’
a/h =45, 7 =0.015m, R = Sm / 300
5k W oy = 4%, W* =0, AT = 0K /
A/
5 N )
s K= OMN/m?, e = 200 —7
= K,=0MN/m, o 7 ~ fo=" Chém cau thoai
K;=0MN/m’ o2 R | et ep=03 GF3D-O
1 —- - = -e¢,=05
P i
- ep=0.1 100 F
/” - - =
7 foZ 03 a/h =45, h = 0.015m, R = 5m,
— %" > W, = 4%, W*=0, g = 0MPa
0 . 0 . .
0 1 Wi 2 3 3 2.4 -1.8 -12 -0.6 0

W
(a) (b)
Hinh 4.3. Anh huong ctua do r5ng dén ung XU co va nhi¢t sau mét 6n dinh cta chom
cau thodi GF3D-O
Hinh 4.4 cho thay kha ning chiu tdi co va tai nhiét sau mat on dinh ctia chom
cau thoai GF3D-O ting manh khi tong ty phan khéi luong GPL ting. Anh huéng cta
ty s6 hinh hoc a/h trong trudng hop tai co dugc nghién ctru trén Hinh 4.5. Khi ty
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s6 hinh hoc a / h ting 1én, kha ning chiu tai co sau mat 6n dinh giam manh cung véi
cudng do snap-through ting dang ké véi két cdu chom cau thoai GF3D-U. Anh huong
cta sy khong hoan hao 1én cac dudng cong sau mat 6n dinh cua chom cau thoai
GF3D-0O dugc xem xét trong Hinh 4.6 cho thiy, tai ving d6 vong nho, duong cong
sau mat 6n dinh c6 xu huéng thip hon khi d6 khong hoan héo ting 1én. Tuy nhién,
thir tu nay bi ddo nguoc tai vung dd vong 16n sau khi cac duong cong duong nhu giao

nhau tai mot diém nhat dinh, tuong g voi cac do khong hoan hao khac nhau.

10

. ,
Chém cAu thodi /7 600 —_— W = 0%
GF3D-0 //, ,' Chém chuthoai | === W, = 2%
* _
@h =451 =0015m, R = 4m, s GF3D-0 ==~ Wop =4%
75 F W*=0,e,=0.3,4T =0K /7 450 BN — — Wip, = 6%
77 NN
/’I’ L N
= ‘s RN N
g K, = 20MN/m?’, _Z _ RN
25 K,=10MN/m, P 5300 NN a/h =45, h=0.015m, R = 4m,
= K;=0MN/m* PRl = O W*=0,e,=0.3, g = 0MPa
== S NN -
— 2 SN
- N
)s s — W =2% N
. s % | RN
2 War, = 4% 130 K, = OMN/m?, NN
% — =W, =6% - 3
V ¢ K,=0MN/m, e
K,= OMN/m’ I
0 . . .
0 . . .
0 ! 2 3 4 3 25 2 15 1 0.5 0
Wih Wih

(a) (b)
Hinh 4.4. Anh huéng ctia ty phan khdi lugng GPL dén tng xir co va nhiét sau mat

on dinh cta két cAu chém cau thoai GF3D-0O

20 H ah=35 12 W*=0 - —
----- a/h =40 // e W =02 Cht">GrnF §]§‘ gwaii / ,‘/
— —ah=4 / — —W*=04 / /7
/ / 7/
/ / /

15 | J 9 /v
h=0.015m, R = 4m, e, = 0.8058, / / /7
AT = 50K, Wk, = 6%, W* =0 / / a/h:45,/1j0A015m,R:4m /S

_ 7 / ep=0.3, Wgp, =6% /.7
é. K / = AT = 0K /7
=10 // / & 6 | 5
< K, = 20MN/t, y y =3 42
K,=10MN/m, Y = 4
K;=0MN/m’ v
el s —a X
e - = K, =20MN/m’,
5 P ~ N 3} —Z !
- Chém cAu thodi 7 K,=10MN/m,
GF3D-U i K;=0MN/m’
¢
0 L 0 L
0 1 2 Wih 3 4 5 0 1 3 4

Hinh 4.5. Anh huéng cta ty s a/h

dén ing xtr co sau mat 6n dinh ctua

chém cau thoai GF3D-U

2
W/h

Hinh 4.6. Anh hudng ctia d6 khong hoan
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20

600

1: K, = OMN/m?, K, = OMN/m 1: K, = OMN/m?, K, = OMN/m
2:K; = 100MN/m’, K, = OMN/m 2: K, = 100MN/m?, K, = OMN/m
. = 3 — 1 s X2
3: K, = 100MN/m’, K, = 20MN/m 3: K, = 100MN/?, K, = 20MN/m
Chém cau thoai 450 F Chém ciu thoai
GF3D-0 GF3D-0
a/h =45, h=0.015m ;
R=4m, e,=0.5 2
Wk = 6%, W =0 3 )
[ AT = 0K, K;= OMN/m’ = 300
S 1
2 150 | b =45 h =0015m, R = 4m
e0="0.3, Wop, = 6%, W*=0
1 q = 0MPa, K;= OMN/m’
, , , , o , , , , ,
1 2 3 4 3 25 2 15 -1 0.5 0

W/h

(b)

Hinh 4.7. Anh huéng cua h¢ s6 nén K, K, dén trng xu co va nhiét sau mat 6n dinh

cua chom cau thoai GF3D-O.

300 400
. = 6 . . = 6 5
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4: K; = -1 x 106 MN/m® 1 4: K; = -1 x 106 MN/m®
150 T's. k= -2 x 106 MN/m’ 300 5: K, = -2 x 106 MN/m

' 2 Chém chu thoai .

GE3D-O a/h =45 h=0.015m
= — 2 R=4me,=0.1
E 0 % 500 F Wep = 6%, W =0
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3
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(a) (b)
Hinh 4.8. Anh huong ctia hé s6 nén K, dén ung xu co va nhiét sau mét 6n dinh cua
chém cau thoai GF3D-O

Nhitng anh huéng dang chu ¥ cua cac hé sé nén KK, dén Gmg xtr co va nhiét
sau mat 6n dinh cua cac két cAu chom ciu thoai GF3D-O duoc khao st trong Hinh
4.7. Cac két qua sb cho thdy kha ning chiu tai sau mét 6n dinh ciia chom cau thoai
GF3D-O tang lén dang ké khi cac hé sb nén tuyén tinh K, K, ting. Dic biét, c6 thé
quan sat thy rang hién tuong snap-through giam rd rét khi cac hé s6 nén tuyén tinh
tang 1én.

Anh huréng cta hé s6 nén phi tuyén déi véi cac truong hop nén hoa cing va nén

héa mém dugc phan tich trong Hinh 4.8. Két qua cho thay, ddi véi nén hoa cting, cac
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dudng cong sau mat 6n dinh ciia két cdu chom cau thoai GF3D-O c¢6 xu huéng di 1én
déu dan. Nguoc lai, ddi voi nén hda mém, céc duong cong sau méat 6n dinh ¢ xu
huéng di xudng déu din & ving c6 do vong 16n. Su khac biét nay phan anh tic dong
cta tinh chat nén dén tmg xir sau mat 6n dinh cua két ciu.

4.5. Két luan chwong 4

Chuong 4 di giai quyét duoc mot sb van dé sau:

- Thiét 1ap hé phuong trinh chi dao cho bai toan 6n dinh phi tuyén ctia két cau
v6 chom cau thoai va tim tron theo FSDT c6 xét dén tinh phi tuyén hinh hoc cua von
Karman. Két cau chiu tai ap luc ngoai phan b déu va tai nhiét ting déu theo chiéu
day. Tuong tac giita nén va vo duoc mo ta bang mo hinh nén dan hoi phi tuyén voi
ba hé sb.

- Theo cach tiép can theo ham Ung suit, dang nghiém dg vong, goc xoay va do
khong hoan hao ciia két cau vé chom cau thodi va tim tron duge biéu dién dudi dang
ham da thirc, phi hop véi diéu kién bién ngam cb dinh quanh chu tuyén. Dang nghiém
nay thoa man dong thoi sy can bang giita d phurc tap tinh toan va do tin cay cia phuong
phap.

- Céc biéu thirc tai nhiét t6i han cua tam tron va biéu thirc quan hé giita tai - do
vong trong giai doan sau mat on dinh phi tuyén ctia chom cau thoai va tim tron dugc
xéc dinh dudi dang hién théng qua viéc ap dung phuwong phap Ritz.

- Két qua khao sat cho thay nhitng nhan xét ndi bat vé anh huéng cua do rong
va ty phan khéi lwong GPL dén tai nhiét t&i han cta tm tron, cling nhu tac dong cia
cac thong s6 vat liéu va hinh hoc dén ung XU sau mat 6n dinh cua két cau chom cau
thodi. Ngoai ra, nghién ctru cling phan tich anh hudng cua do khong hoan hdo va hé¢
s6 nén dbi v6i tmg xir sau mét 6n dinh cua két cdu chom cau thoai. Nhimng két qua
nay cung cip cai nhin sau sac vé anh huéng ciia cac tham so thiét ké dén 6n dinh va
ung XU sau mét 6n dinh cua két cAu chom cau thoai va tAm tron FG-GPLRC rgng, tu

d6 hd tro toi uu hoa vat lidu va hinh hoc trong thiét ké két cau nay.
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KET LUAN

Luan 4n d3 thu duoc mot sb két qua méi sau day:

1. Theo tiép cin theo chuyén vi, dua trén FSDT va tinh phi tuyén hinh hoc cia
von Karman, cic phuong trinh chu dao cia bai toan 6n dinh phi tuyén cua két ciu vo
chom thoai c6 d6 cong phurc tap va tam tron di duoc thiét 1ap. Trong d¢6, mé hinh nén
dan hoi phi tuyén ba hé s6 duoc dugc ap dung dé mé ta twong tac gitta nén va két clu,
dong thoi xét dén tac dong cua tai ap luc ngoai va tai nhiét ting déu. Dang nghiém
luong giac duoc lya chon dé xem xét duoc déng thoi nhidu mode mét 6n dinh khéc
nhau. St dung phuong phap Galerkin dé nhan duoc cac biéu thire tai toi han va lién
hé tai - d§ vong sau mat 6n dinh cho bai toan 6n dinh cia két ciu vo chom thoai co
d6 cong phirc tap va tdm tron lam tir vat lieu FG-GPLRC rdng va sandwich FG-
GPLRC 15i rong.

2. Theo tiép can theo chuyén vi, dua trén R3SDT, tinh phi tuyén hinh hoc cua
von Karman, luan 4n d3 thiét 1ap cac phuong trinh chu dao cua bai toan 6n dinh phi
tuyén cta két cdu chom cau thoai va tdm tron trén nén dan hoi phi tuyén, chiu tai ap
luc ngoai va tai nhiét tang déu. Lya chon dang nghiém da thuc va dp dung phuong
phap Ritz dé nhan duoc cac biéu thirc tai téi han va lién hé tai - do vong sau mat 6n
dinh cho bai toan chom cau thoai va tdm tron lam tir vat liéu FGM rong, sandwich
FGM 15i rong, FG-GPLRC va sandwich FG-GPLRC 15i rong.

3. Theo tiép can ham ung suét, dua trén FSDT, tinh phi tuyén hinh hoc ciia von
Karméan, luan an da thiét 1ap cac phuong trinh chu dao cua bai toan on dinh phi tuyén
ctia két cdu chom cau thoai va tim tron lam tir vat liéu FG-GPLRC rong. Két cau
dugc xem xét trong tuong tic v6i nén thong qua mé hinh nén dan hi phi tuyén ba hé
s0, déng thoi chiu tdc dong cua tai &p luc ngoai va tai nhiét ting déu. Lua chon dang
nghiém da thirc va 4p dung phuong phap Ritz dé nhan duoc cac biéu thirc tai ti han
va lién h¢ tai - do vong sau mét 6n dinh cho bai toan chom cau thoai va tAm tron 1am
ttr vat liéu FG-GPLRC rong.

4. Dya trén céac két qua Iy thuyét, nghién ctru da tién hanh phén tich chi tiét anh
hudng cia cac yéu t6 khac nhau dén ung xir 6n dinh va sau mat on dinh cua két cau.
Vé mit két cAu, d3 xem xét tac dong cua kich thudc hinh hoc két cAu, nén dan hdi

tuyén tinh va phi tuyén, cling nhu sy khong hoan hao vé hinh dang ban dau. V& mat
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vat liéu, nghién ctru da phén tich chi tiét anh huéng cia cac théng sb dic trung cua
tung loai vt liéu, bao gém:

- FG-GPLRC rdng va sandwich FG-GPLRC 13i rdng véi cac két ciu: chom cau,
chém parabol, chém sin, chom elip va tm tron theo FSDT.

- FGM rdng, sandwich FGM 16i rong, FG-GPLRC va sandwich FG-GPLRC 15i
rong v6i két cAu chom cau thoai va tAm tron theo R3SDT.

- FG-GPLRC rdng v&i két cau chom cau thoai va tim tron theo FSDT.

Tur cac két qua thu dugc, nhitng thdo luan va nhan xét quan trong da dugc dua
ra, ¢6 tiém ning tng dung trong thyc té thiét ké k§ thuat cong trinh. Pong thoi, nghién
ctru cling dat nén mong cho viée xay dung cac tiéu chuan thiét ké két ciu dang tam
tron va chom thoai st dung vat li¢u FGM va FG-GPLRC trong tuong lai.

Noi dung chu yéu cta luan an duge cong bd trong 08 cong trinh khoa hoc, trong
d6 06 cong trinh trén cac tap chi khoa hoc qudc té ISI (SCIE), 01 cong trinh trén tap
chi Co hoc Viét Nam va 01 cong trinh trén tap chi JSTT thudc danh muc Scopus cua

Truong Pai hoc Cong ngh¢ Giao thong van tai.
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KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO

1. Nghién ctru phi tuyén on dinh tinh va dong cho cac két cau chom thodi c6 do
cong phirc tap khac sir dung da dang cac thiét ké vat liéu FGM va FG-GPLRC khac
chiu céc tai co, nhiét va co - nhiét két hop.

2. Nghién ctru phi tuyén 6n dinh va dong luc cac loai vo chom thoai c6 d6 cong
phtrc tap voi diéu kién bién khac 1am bﬁng cac thiét ké vat lieu FGM va FG-GPLRC.

3. Nghién ctru phi tuyén 6n dinh va dong luc cta cac két cdu chom thoai va tim
tron ¢ d6 cong phirc tap lam bang cac thiét ké vat lieu FGM va FG-GPLRC c6 thém
cac bién phap tang cling.

4. Nghién ctru xay dung céac tidu chuan thiét ké két cdu dang tdm tron va vo
chom thoai c6 dd cong phirc tap FGM va FG-GPLRC loai dic, rong va sandwich 15i

rong cho céac cong trinh xay dung.
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DANH MUC CONG TRINH KHOA HQC CUA TAC GIA LIEN QUAN
PEN LUAN AN

Lu4n 4n di cong bd dugc 08 cong trinh khoa hoc. Trong dé cb 06 cong trinh

trén céc tap chi khoa hoc quéc té ISI (SCIE), 01 cong trinh trén tap chi Co hoc Viét

Nam va 01 cong trinh trén tap chi JSTT thudoc danh myc Scopus ctuia Truong Pai hoc

Cong ngh¢ Giao thong van tai trong thoi gian thuc hién luan an nhu sau:

l.

Bui Tien Tu, Nguyen Thi Phuong, Le Ngoc Ly, Vu Tho Hung, Vu Hoai Nam,
(2024). A New Analytical Approach to the Nonlinear Thermo-Mechanical
Buckling Behavior of Three-Dimensional Graphene Foams-Reinforced
Complexly Curved Caps and Circular Plates. International Journal of Structural
Stability and Dynamics, 2550169. (Tap chi quoc té SCIE, Q1)

Vu Hoai Nam, Bui Tien Tu, Vu Tho Hung, Cao Van Doan, Nguyen Thi

Phuong, (2024). Nonlinear thermomechanical buckling and postbuckling
analysis of sandwich FG-GPLRC complexly curved caps and circular plates
with porous core. Acta Mechanica 236, 421-438. (Tap chi quoc té SCIE, Q1)
Bui Tien Tu, Le Ngoc Ly, Nguyen Thi Phuong, (2022). A New Analytical
Approach of Nonlinear Thermal Buckling of FG-GPLRC Circular Plates and
Shallow Spherical Caps Using the FSDT and Galerkin Method. Vietnam
Journal of Mechanics 44(4), 418-30. (Tap chi Co hoc Viét Nam)

Bui Tien Tu, Dang Thuy Dong, Vu Minh Duc, Vu Hoai Nam, (2024).

Nonlinear Buckling and Postbuckling Response of Porous FGM Shallow
Spherical Caps and Circular Plates with Nonlinear Elastic Foundation Effects
Using the Ritz Energy Method. Mechanics of Composite Materials 60(3), 417—
432. (Tap chi qudc té SCIE, Q2)

Le Ngoc Ly, Duong Thi Ngoc Thu, Dang Thuy Dong, Vu Minh Duc, Bui Tien
Tu, Nguyen Thi Phuong, Vu Hoai Nam, (2023). A Novel Analytical Approach

for Nonlinear Thermo-Mechanical Buckling of Higher-Order Shear
Deformable Porous Circular Plates and Spherical Caps with FGM Face Sheets.
International Journal of Applied Mechanics 15(05), 2350035. (Tap chi qubc té

SCIE. Q2)
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Nguyen Thi Phuong, Dang Thuy Dong, Bui Tien Tu, Vu Minh Duc, Le-
Nguyen Khuong, Pham Thanh Hieu, Vu Hoai Nam, (2024). Nonlinear thermo-
mechanical axisymmetric stability of FG-GPLRC spherical shells and circular
plates resting on nonlinear elastic medium. Ships and Offshore Structures 19(6),
820-830. (Tap chi qudc té SCIE, Q2)

Le Ngoc Ly, Bui Tien Tu, Duong Thi Ngoc Thu, Dang Thuy Dong, Vu Minh

Duc, Nguyen Thi Phuong, (2023). Nonlinear thermo-mechanical buckling and
postbuckling of sandwich FG-GPLRC spherical caps and circular plates with
porous core by using higher-order shear deformation theory. Journal of
Thermoplastic Composite Materials 36(10), 4083—4105. (Tap chi quoc té SCIE,
Qn

Nguyen Thi Phuong, Vu Hoai Nam, Bui Tien Tu, (2025). An Analytical

Approach for Nonlinear Thermo-Mechanical Buckling Behavior of Porous FG-
GPLRC Circular Plates and Spherical Caps. Journal of Science and Transport
Technology, 40-60. (Tap chi JSTT thugc danh muc Scopus ctia Truong Pai hoc

Coéng nghé Giao thong van tai)
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G155 (10Y52Y22 + 10Y53Y23 )(A;2 + All + 3A12 + 3A21 J

b

LI8Y.Y, [ 4, 4 Aut3A, +3A21j

Y,
G5 = 7(C21 +5C,, + B, + B, + 5B, +5B,, +C,, + 5C12)

Y.
agl (C3,+3C;, +3B,,+B,, +9B;, +3B,, +3C,, +9C}, ),
Gis; ==Y, (CD; + SCD:9>’ Giss = 2Y), (Al*l + 3A1*2 + 3A;1 + 5A;2>’

10Y,Y,, (545, + A, +34,, +34,))

6

G
159 sa

A +3A +3A,, } 32K, H,

9 a®

rov? (A;;
G.. = Yy C.. +5C.,+B . +B. +5B, +5B., +C.. +5C.
1510 a 21+ 22+ 11+ 12+ 21+ 22+ 11+ 12

~22(C;,+3C}, + 3B, +B), +9B), + 3B, +3C, +9C),),

@

1511 = Y, (q):r + Sq)fe )’ Gisip =2Y), (A1*1 + 3A1*2 + 3A;1 + SA;)’
G513 =2Y, (Al*l + 3A1*2 + 3A;1 + 5A;2 )’ Gisig =Y (q):r + Sq);e )’
Y
G s=—2 (C]1 +5C,, +C,,+5C,, + B, +B,, +5B,, + SBZZ)
a

3V,

a3

*

(cl*l +3C,, +%+C; +Bl*l +%+3B; +B;2J+%,

a5

9D11 + 3D12 + 3D21 + D22 ZKSH44
1516 — a5 a4 ’

Gie: 2Y31Y51(Al*1 +2A1*2 +2A;1 +3A§2)’
G, = 2(Y31Ys3 +Y, Y )(Al*l + 2A1*2 + 2A;1 + 3A§2 )’

)

Gig = (Y31Ysz +I/33I/51)(A1*1 +2A1*2 +2A;1 +3A§2)’
Gies = 2Y5, Y5, (Al*l + 2A1*2 + 2A;1 + 3A;2 )’
Gies = 2(Y32Y52 +Y3, Y5 )(Al*l + 2A1*2 + ZA; + 3A;2)’

Y * * * * * * * *
Gigo =—4(C;, +3C,, + B, + By, + 3B, +3B,, + C}, +3C, )

a

Y * * * * * * * *

—%(Cﬂ +C,, +3B,,+B,, +3B,, + B,, +3C,, +3C12),
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Gigy =—Y5 ((Dfr + 3(1)?9)’ Gigs =215, (Al*l + 2A1*2 + 2A§1 + 3A§2 )’
16K.H,,

4 ’

Gigo =2Y35Y5, (A1*1 + 2A1*2 + 2A;1 + 3A§2 ) + a

Y * * * * * * * *
G0 = ?(C21 +3C,,+B,,+B,+3B,,+3B,, +C,, + 3C12)

~25(C5 +C3 3B, + B, +3B, + B, +3C, +3C)),

3
a

Gig11 =15, ((Djr + 3(1);6 ): G, =215, (Al*l + 2A1*2 + 2A§1 + 3A§2)7

Gig13 =2Y5 (Al*l + 2A1*2 + 2A;1 + 3A;2)’ Gig1s = Y53 ((D:r + 3(1)?9)’

Y * * * * * * * *
G =f(c11 +3C), +C;, +3C,, +B,, + By, +3B;, +3B,,

+§(_3Cn -3C,-C,, -C,, =3B, - B, =3B, _Bzz)_ @ =,
1 * x
Gigis = g(?’q)zr + q)29)7
1 * * * * * * * *
Gig17 = E(_:;Bu - B, -3C,,-3C, 3B, - B,, -C,, - sz)7
_6D1*1 _4D1*2 _4D;1 _ZD; K.H,,
Gigis = a* + @

Gy = Y'521 (Al*l +A1*2 +A;1 + Aiz)’

Gy =2Y5, Y5, (All + Al*z + A; + A;2 )) Gy =2Y5) Y, (Al*l + A1*2 + A; + A; )7
Gipy = Y523 (Al*l + A1*2 + A;I + A;), Giys = 2Y5, Y (Al*l + A1*2 + A; + A;),

Y51 * * * * * * * * * *
Gioe = 7(B11 + B, + B, + By, +C,, +C), + G, + Cy, )’ Gy =—Y5 (q)lr + CDIG)’
Gy =2V, (Al*l + AI*Z + A; + Azz )’ Gy = Y522 (Al*l + Al*z + A; + A; )>
Gigyp = 7(311 + By, + By + By, +C; +C,, + Gy, + sz)’ Gy =Yg ((Dlr + CDIO)’
Gy =2Y5 (Al*l + A1*2 + A; + Agz)’ G713 =2Y5, (Al*l + AI*Z + A; + A;2 )’
Gipy =Y, (CDlr + @y )’ G5 = 7(311 + By, + By + By, +C, +C, + Gy, + sz)’

| . D,,+D;,+D;, +D,
- — _ 1 12 12 22
Gy = _E(q)zr + q)29)7 Giyip = =Py, = P@y5 G5 = a2 ’

1 * * * * * * * *
Gy :E(Bll + By, + B, + By, +C;, +C, + G, +C22)’

G1720 :All +A12 +A21 +A22'
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Phu luc A2

T = ﬁGmaM + éGmalz + %Gmaw + éGmaS + éG151a6 + %G161a4 + %Gmaz’
T, = Lanam - LG122‘112 + Lanalo + lG142a8 + lGlsza6 + lGle2a4 + leaz,
14 12 10 8 6 4 2
T; = iGma12 + iGmalO + lG143a8 + lG153a6 + lG163a4 + leaz,
12 10 8 6 4 2

| 1 1 1 1 1 1
T,= ﬁGmaM + EG124a12 + EG134a10 + §G144a8 + gGls4a6 + ZG164a4 + EG174a2’

1 1 1 1 1 1
I, = EGlzsa12 + EGmsalo + §G145a8 + gGwsa6 + ZG165a4 + §G175a2’
T, = LGmalo + lG146a8 + lG156a6 + lG166a4 + lGl76az’

10 8 6 4 2

1 1 1 1
T7 = §G148a8 + gGlssaG + ZG168a4 + §G178a27

I; = (%Gm _%YIIAI*I(DH _gYnAl*z(Dlr _%YUA;(DM —%YHA;(I)w)ag
e, v, a0, 2v,a0, Ly, A0, 2v,AL0, |d

6 0157~ e P T e Lo AP T b An P T X
1 I e 3 3, \

+ ZG167 _ZYNAHCDlr _ZY31A12q)1r _ZY31A21(D19 _ZY31A22CD19 a

1 1 * 1 % 1 % 1 *
+ 5G177 _EYS1A11CD1r _5Y51Alzq)1r _EYﬂAzlq)le _EYﬂAzz‘Dw az’

1 1 1 1 1

T9 = EGma10 + §G149(18 + gG159a6 + ZG169a4 + 5G179a2’

T10 = iGmgalO + 1G1410a8 +1G1510a6 + lG1610a4 + leoaz’
10 8 6 4 2

1 1 1 1
Tn :§G1412a8 +gG1512a6 +ZG1612a4 +§G1712a2’

1 1 7o 4 Ly 4 Ty A
le :(gGmn _§Y12A11q)1r _§Y12A12q)1r _§leA21cD1e _§Y12A22CD19 a8

6

+ gGISII_gAHq) Yzz_gAlch Yzz_gAzlq)leYzz_gyzzAzzq)le a

1r r

(1 1 .- 5 . 1 . 5

+ §G1711_EY53A11CD _§Y53A12®1r_§Y53A21(D19_EYssAzz(Dle a,

1r

1 1 N 3 % 1 # 3 %
+ (ZGMII - ZY32A11CI)1r - ZY32A12q)lr _ZY32A21(D19 - ZY32A22®1eja4
) 2

(11*1*1*1*
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1 1 1 !
Tls = §G1413a8 + EG1515a6 + ZG1615a4 + EGmsaz’

1 1 1
T,= gG1513a6 + ZG1613a4 + 5G1713a2’

Tls = (EG1514 _gY23(D1rA11 _EY23CD1rA12 _EY23(D19A21 - ngaq)leAzzja6

1 1 3 | « 3 %

+ (ZGMM - ZY33CD1rA11 - ZY33CD1rA12 - ZY33CD19A21 - ZY33CD19A22 ja4
1 1 | | | «

+ (EGUM - EYSZ(Derll - §Y52®1rA12 - §Y52CD19A21 - Eysz(DwAzz J a2 ’

1 1 1 1 1 1
Tl6 = §G1414a8 + EG1516a6 + ZG1618a4 + §G171sa2> T17 = ZG1617a4 + §G1719a2’

4 2
_ G1616a n G1716a

T. =
8 4 2
+ an)erll —ZTC(Derlz +ZTC(DIGB21 _an)leBZZ +ZTE(D2r _chpze a,
G,.,.a’ 1 1 .1 .1 .1 .
Tl9 :%’ Tzo = (EGNU _Eq)ern _E(Derlz _ECDIGAZI _EA(DwAzz)az’
2

L, = %((Dqu); + q)leq)fe ) ’

v6i cac hé s6 G, (i=1-3), Gy, (i=155), Gy (i=158), G, (i=1—14), G,

(i=1-16), G; (i=1—18), G,,; (i = 1—-20) dugc trinh bay trong phu luc Al.
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Phu luc A3
Cachésb M . (i=1—-4) trong biéu thirc (4.27) xac dinh dugc nhu sau
31U, Us@* +(-3T,,U,U,, + 6T,,U, U +4T,0U, U, ) a®
+(-4T,,U,,U,, +8T,,U, U, +6T,,U, U, )a*
+(-6T,,U,U,, +12T,,U, U, +12T,,U,,U,, -6T,U,,U,, )a’
—12T,,U U,y + 24T,U U 4 + 121U, ~12TU U |

| 6T, Uza* +(-12T,,U,U,, + 24T, U, U, )

1
+24T16U 24 - 24TI7U 44U 46t 24T19U Z6:|

36" U U, Ty +(-3T3,U,,U 4y + 6T, U U 4 + 4T, U5 Us, )@
+(—4T,,U0,,U,, +8T,,U,U  + 6T,,U,, U, )a*
+(-6T,,U,,U,, -6T,,U,,U,, +12T,,U,,U,, +12T,,U,,U,, )a’
T UL 121U U ~121,U .U, + 24U, U, T, |
(6T, Usa' +(-12T,, U, U, + 24T, U, U )@’

) =

+24TI6U 54 —24T, 7U44U46 +24T, 9U§6:|

[4Tl UnUsy@” +(=4T,U Uy +8T,U U g + 61U U, )@
+(_6Tl4U34U44 —6T,,UUy, +12T,,U3U 6 +12T5,U3,U )az
+12T 3U§4 —12T,U U 46 —12T,U yU yy + 240U ,3U o :'
|:6T19U324a4 +(=12T,,U,U,, + 24T,U,U )@

M,=-

+24T;6U§4 - 24Tl7U44U46 + 24TI9UZ6]

[(12Tl UsUss —6T,U,U,, )a’
—12T,U,,U s + 127—18Uj4 +24T,,U 45U s — 12Ton44U46J

M,=-
) |:6Tl9U324a4 + (_12T17U34U44 + 24Tl9U34U46 )az

>

+24T16U§4 —24T,U Uy + 247119Uj6j|

v6i cac hé s6 T; (j = 1—21) dugc trinh bay cu thé trong phy lyc A2.
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Phu luc A4
Céc hé s6 C; (i=1—9) va N, (j = 1—4) trong bicu thirc (4.28) x4c dinh nhu sau

T.U? 2T
C = _19Uz“ a” +—19U12‘U21 a'’ +—1 . [9T19UH (MU, +U,,)+ 4T19U221]a8
4U;, 33U, oU;,
6Tl9 (M1U46 + U41)U11 + 4Tl9 (M1U34 + U31 )U21 _ T7U11 + TI7M1U11 6

3U 424 U44

) _
8T, (MU, +U,,)U,, +3T,, (MU, +U,,)"  4T,U, +4T,MU,, | ,
3U§4 3U44

+ > -
U 44 U44

AT, (MU, +U MT M, +T, ) (MU, +U
n 19( 1 246 41)_ ( 17771 7)( 1™~ 46 41)+4TI6M12+4T6M1+4TI,
U44 U44
1
Cz :—2{9Tl9U11U12a12 +12Tl9 (U11U22 +U12U21 )alo
24U7,

4]—19 (M1U46 + U41 )(M1U34 + U31 ) 2(7—17M1 + T7 )(M1U34 + U31 )}aZ

8
+1 8(U1 1U34M2 + U12U34M1 + Ul 1U32 + U12U31 + §U21U22 j]—i9a8

T,y (36U ,U ;s +24U,,U,, ) M, +T,, (36U, U ,x + 24U, U,, ) M,

+| +(36U,,U,, +36U,,U,, +24U,U,, +24U,,U, )T, a’

—18U,, (M\T,,U,, + M,T,,U,, + T,U,, + T,U,, )

_<36M2U324 +48U,,U 45 +36U .U, ) T M, +(48U,U o +36U5,U, ) T M,

+| +(48U,U,, +48U,,U,, +36U,,U;, )T, at
24U, (MT,,U,, + M,T,,U,, + T, U,, + T,U,,)

(144M,U U  + 72U ,U s + 72U,,U,, ) M, |
+(72U,U s + 12U,U, )M, +72U,U,, + 72U,U,, | *

36U ((2M2Tl7U34 +THU34 +7117U32)M1 J
- 44
+(T]7U31 +T7U34)]\42 JrU31Tn +U32T7

_72U§4 [(_2M2Tm _Tlo)Ml _TﬁMz _T2:|
_72U44 [(2M2Tl7U46 +THU46 + Tl7U42)M1 +(Tl7U41 + T7U46)M2 +U41Tn +U42T7]
+144(MU , + U, ) (MU 4 + U, )T, },
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1
120,
( 18U,U,, +12U,U,,) M,

Cs=

U, U, (M,T,,+T,,)

( (18M,U2, +24U, U, +18U,U, | M,

121]44 M ﬂ7U23 +M 7117[]21 +7114U21 +TU23)
( (72MU,,U,, +36U, U, +36U,,U, ) M,

+(T14U34 + 7—‘17U33 ) Ml + U317‘14 + 717U33

(2M17—17U34 + 7—17U31 + T7U34 ) M3
18U,

((2M T, - T, )M, -T;M, - T;)U,,
-36U,,| +(2MT,,U s + T,;U,, + T,U . ) M
+(T,U+T,,Us )M, +U, T, +T,U
+72(MU o+ U, (MU +U, )T,
1

C4 = W{9]—19U122a12 + 247119U12U22a10 + 167119 (%U34M2U12 + U222 +

44

__36U44U12 (Tan + Tll)

+

__48U22U44 (Tl7M2 + Tn )

+12U,,U,,M, +18U, U, +12U,U,, +12U,,U,,

+(36U,U 4 +36U,,U,, )M, +36U, U, +36U,U,,

J

((72U12U46 +48U,,U,, )M, +48U,,U,, + 72U ,,U,, )Tlg

U44 (7117M2 + Tvll)

+144(M,U,, +U32){(M2U46 +Up )T,y -

—144U44 (_TléU44 + 7117U46)M22

H44(M U, +U,) T, |,

145

2

Jr(_TloU44 + TllU46 + TI7U42 )Mz + U42Tll B T4U44

8
{6TI9U11U23a + 9(U11U34J‘4 + U11U33 +— 9 U21U23 JT
24U23U46 +18U .U, ) M, +24U,U,, +24U,,U, +18U, U,

e

a6

_<36U324M22 +(96U ,U o + 72U ,U, ) M, + 96U .U, +36U5, )T,

3

T,
J19 a4

9
ZU32U12 j a*

9



1 8
C;= W{6Tl9U12U23a10 + 9(U12U34M3 +U LU, + §U22U23 ijag
44

18U U, +12U,.U,, M, +12U,.U,, M
+ ( 12 46 22 34) } BT T19—9U12U44(TI7M3+TI4) a’
+18U U, +12U,,U., +12U,.U,,

(18M,U%, +24U,U , +18U Uy, ) My +(24U,U  +18U U, ) M, ] .
+\+24U U, +24U,,U,, +18U,U,, Y lat
-12U,,(T;,M,U,, + T, M,U,, + T, U, + T,,U,, )
((72M,U,U 4 +36U,U,, +36U,,U,, ) M, |
L (36U,,U,, +36U,U ) M, +36U,U,, + 36U42U3J Y

18U L(2M2Tl7U34 + TnU34 +Tl7U32)M3 J
44
+(T14U34 +Tl7U33)M2 +U32Tl4 + TllU33

((-2M, T T, ) M, ~T;M, - T3 )U.,
—36U,,| +(2M,T;,U s + T, U, + T,;U,, ) M,

+(T,U s +T,,U )M, +U T, +T,\U
+72(MU 4 + U, ) (MU, + U, ) T |,

1
C6 = W {3M4T19U1 1U34a8

44

| U, U
+ -3U,,(T,,M, +T,,)U,, + 6T, ([U“U46 +%)M4 +U11U45ﬂa6

i 3 3
+ _4U21 (Tl7M4 + Tzo )U44 + 8Tl9 [[ZU324M1 + U21U46 + ZU31U34JM4 + U21U45 Ha4

_((—12M1T17U34 —6T,,Us;, - 6T5U,, )M4 — 6T, (M1U34 +Uj ))U44
_+12Tl9 ((2M1U34U46 U3 Uy +UU, )M4 +Uys (M1U34 +Uj, ))
+[(24M T, +12T,) M, +12T, M, +12T, |US,

_(_24M1Tl7U46 —121,U,, —12T5U )M4

_+(_12Tl7U45 - 12T20U46)M1 —120,,U,, ~ 121U, -

+24T,, (M4U46 +Uys )(M1U46 +U, )} ’

2

+
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2T . U?.a® 1
C7 = 199U223 + 3U2 (
44 44
1 3M32TI9U324 + [(8U23U46 + 6U33U34 )Tl9 N 4U44Tl7U23 :I M3

2U34T;9U23M3 + 2]119U23U33 )a6

+—2 ) a4
Ul +(8U23U43 +3Us; )Tw —4T,U,U,,
-U,,(T.U, -2T U, )M;+2U..,|U,T, T,
+L 34( 17 44 19 46) 3 T2Uss| Ugsdyo ) a
UZ
“ +|:(2U33U46 + 2U34U43 )Tl9 Uy (TI4U34 + Tl7U33 )] M3
L] (2Tme4 —2T,,U,U 4 + 213U )M32
T2
Ui +|:4U43U46Tl9 -2U0,, (_TI3U44 + T, U +T,U )] M,
1
+U_2(2Tl9Uf3 —2T,UU, + 2T9U§4)’
44
- T19M4U34U12a8 1 _U12 (M4T17 + Tzo )U44 )
= + 2U,,U a
’ 4U;, 4U73, +2KU12U46 + %)M‘t + U12U45}T19
_Uzz (M4Tl7 + Tzo )U44
4

_|_

3 3
3U§4 +ZKZU324M2 + U22U46 + ZU32U34 j M4 + U22U45 } Tl9

L {[(IZMZT”UM —6T,U,, —6T;,Us, )M, — 6T, (M,U,, +U., )]UM}G2
12U |+12[ (2MU U, +UU e +ULU o )M, +U s (MU, + Uy, ) [T,

(2M,T,.U, ~T, U, -T,,U,, ) M,

+(=T,,U s — TyUss) M, — T, Uy, =T, U s

1

U44

1
+U_2[2Tl9(M4U46 +U45)(M2U46 +U42)]+(2M2Tl6 +T10)M4 +T18M2 +le7

44
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_ Tl9M4U34U23a6

C
. 3U%,
3U. .M, 3U
N 1 (_T17M4U23 _T20U23)U44 "'Tl9( e 233 jM4U34 a
3U;
" +Tl9Uz3 (2M4U46 + 2U45 )
{ [(_6M3Tl7U34 - 3Tl4U34 - 3T17U33 )M4 - 3Tzo (U34M3 + U33 )]U44
i +2T,, (3M U s +3U,, ) MU, a?
44
+2T, (3U3;M3 + 3[;33 J(2M4U46 +2U )
1 -
+U_2 _2Tl9 (M3U46 + U43 )(M4U46 + U45 )]
44
+L _(_2U46M3Tl7 - U46Tl4 - U43Tl7 ) M4
U44 _+(_Tl 7U45 - T20U46 )M3 - T20U43 - Tl4U45

+(2M37116 +7113)M4 +7118M3 +7;5’

2 2 2
LA VA O Vi
9 5 3 3

véi cac hé sd T; (i=1-21) dugc trinh bay cu thé trong phu luc A2 va cac hé s6 M ;

N, =-

(j = 1—4) duoc trinh bay cu thé trong phu luc A3.
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