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MO DAU

Phén tich 6n dinh va dong luc phi tuyén 13 mot trong nhimg van dé phuc tap
nhung cling 1a cbt 15i trong co hoc két cau, dic biét voi cac két ciu cong trinh hién
dai thuong yéu cau vé vat liéu, tinh thim m¥ va kha ning chiu tai. Vi cac tAm va vo
duoc lam tur vat liéu c¢6 kha nang chiu bién dang 16n nhu cac loai composite tién tién,
viéc nghién ctru 6n dinh va dong luc phi tuyén khong chi 1a cin c chinh trong qua
trinh thiét ké két cdu ma con gitip du doan trang thai 1am viéc va c6 thém cac hiéu
biét vé img x1r phi tuyén phirc tap cua két cau.

Su ra do1 mang tinh budc ngodt cia cac loai vat liéu nanocomposite tién tién
v6i cac déc tinh co, nhi¢t dién la thuong cod thé mé ra mot ky nguyén mai trong linh
vuc k¥ thuat cong trinh. Trong khi cac tiéu chuan thiét ké két ciu cong trinh hién nay
chi dya trén cac phan tich tuyén tinh hinh hoc voi vat liéu déng hudng, cac phan tich
nay chi pht hop cho trang thai 1am viéc trong mién d6 vong nho véi cac loai vat lidu
co ban. Viéc mo rng pham vi lam viéc cua két cAu & mién do vong 16n va rat 1on
cho vit liéu nanocomposite kém theo dic tinh di hudng phic tap, c6 thé dan téi mot
cudc cach mang vé quan diém va triét 1y thiét ké két cAu cong trinh. Vi thé viéc nghién
ctru tinh toan két cdu 1am viéc trong mién do vong lon voi tinh di hudng manh, nham
tirng bude mo rong, thay doi triét 1y thiét ké va xay dung céc tiéu chuan thiét ké trong
thoi dai méi ngay cang céap thiét.

Céc loai Nanocomposite tién tién phd bién bao gdm: a) composite co tinh bién
thién gia cudng dng nano carbon (FG-CNTRC), b) composite co tinh bién thién gia
cuong graphene sheet (FG-GRC), ¢) composite co tinh bién thién gia cudng graphene
platelet (FG-GPLRC) di va dang dugc nhiéu nha khoa hoc quan tim véi muc tiéu ap
dung trong céc két cAu ky thuat, dac biét 1a trong két cAu cong trinh.

Dé tang kha ning chiu tai cac két cdu tAm va vo 1am tir cac loai Nanocomposite
tién tién nay, viéc sir dung gan ting cting 1a mot giai phap mang lai hiéu qua cao. Vi
vay, cac bai toan vé 6n dinh phi tuyén va dong luc ctia tAm va vo Nanocomposite co
gan tang cing 13 can thiét, tir d6 khong chi tng xtr ciia két cAu duoc hiéu rd hon ma
con dé dong gop vao viée xay dung cac tiéu chuan thiét ké méi, dap ing yéu cau ngay

cang cao cua nganh cong trinh trong ky nguyén méi.



Xudt phat tir nhitng van dé cip thiét trén, muyc tiéu chinh ctia luan an 14 tap trung
nghién ctru v& “Phdn tich phi tuyén vé én dinh va déng luc cia cdu kién tam - vo
Nanocomposite c6 gan tang cimg trong két cau céng trinh”.

Muc tiéu cua ludn dn

1. Dé xuit céac thiét ké ting cting bang gan mang nhén cho tim tron va chom
cau thoai FG-GPLRC va FG-GPLRC 15i rong trong két ciu cong trinh. Dé xuit quy
luat phan bd graphene trong gan va xay dung 10i giai giai tich va ban giai tich cho bai
toan 6n dinh va dong luc phi tuyén ctia két ciu chiu céc dang tai trong khac nhau.

2. Pé xuit cac thiét ké ting cng bang hé gan truc giao cho panel c6 do cong
phtre tap, 1am bang FG-CNTRC va FG-GRC. Xay dung 101 giai giai tich va ban giai
tich cho bai todn on dinh va dong luc phi tuyén cta két cau chiu tai trong co trong méi
truong nhiét c6 xét téi anh hudng cua 16p ap dién va nén dan hoi phi tuyén.

3. Bé xuit cac thiét ké ting climg bang hé gan truc giao va gin xodn 6¢ cho két
ciu vo tru FG-GPLRC rdng va FG-GPLRC. Cai tién k¥ thuat san tac dung cho gan
xodn dc¢, xay dung 101 giai giai tich va ban giai tich cho bai toan 6n dinh tinh phi tuyén
ctia két cau.

4. Dya trén cac 101 giai méi xay dung dugc, luan an thuc hién khao sat s6 dyua
trén co s& cc b s liéu cu the vé vat lidu, kich thude hinh hoc cua két cau. Tir d6 co
thé minh hoa cac ung xir 6n dinh va dong luc phi tuyén cua két cau thong qua cac
bang s6 liéu hodc d6 thi minh hoa truc quan, thao luan chi tiét cac két qua nhan duoc;
dua ra cac nhan xét dang luu y dé c6 thé sir dung cho viéce tinh toan thiét ké cac két
cAu cong trinh va nhirng luu ¥ quan trong ban dau dé thiét 1ap cac tiéu chuan thiét ké
chuyén nganh ctia cac két cAu nanocomposite.

Luén 4n tiép tuc mé rong va phat trién cac nghién ciru cta cac luan an gan day
vé (g xr ciia két ciu tAm vo nanocomposite khi xem xét ca bai toan on dinh va dong
luc cho céc két cdu co gan, mot s6 loai gan dac biét duoc xem xét nhu gan mang
nhén, gan xodn dc, voi cac két cAu co hinh dang phirc tap nhu cac panel hinh sin,
panel parabol. Ngoai ra, khac véi mot sb ludn an c6 lién quan gan ddy thudng sir dung
phuong phap Galerkin, luan an xay dung cac 101 gidi cho céc bai toan dya trén phuong
phap ning luong voi mot s uu diém nhét dinh va pht hgp hon véi cac két cau lam

bang céc loai vat li¢u composite bat doi xing.



Déi twong va pham vi nghién ciru

Dbi twong: Cac két cAu tAm va vo phd bién trong két cau cong trinh nhu: Panel,
vo cau thoai, tAm tron va vo tru.

Pham vi nghién ctru: Bai toan phi tuyén vé 6n dinh va dong luc.
Phwong phap nghién ciru

Luan an str dung phurong phép nghién ciru 1y thuyét. Trong do, tap trung vao ap
dung céc ly thuyét, thuét toan co hoc va toan hoc dé cai tién cac ky thuat hién co6 va
xay dung cac 101 giai cho céac bai todn mdi.

luan 4n sir dung phwong phap nang luong, 1y thuyét vé Donnell, bién dang truot
bac cao. Dong thoi, hai phuong an tiép cin theo ham tmg suit hoic theo chuyén vi
duoc sir dung phu hop voi tung bai toan.
Y nghia khoa hoc va thuc tién ciia ludn dn

Y nghia khoa hoc:

+ Pé xuét cac loai gan ting cing phu hop cho cac tim va vo Nanocomposite
trong két cau cong trinh trong ting truong hop va quy luat phan b vt lidu phu hop.

+ Xay dung cac k¥ thuat san tac dung gan méi pht hop vé6i loai gan dé xuét va
phu hop véi Iy thuyét st dung.

+ Xay dung cac 101 giai méi cho céc két cAu va vat liéu cu thé dugc xem xét
trong luan an.

Y nghia thye tién:

+) Panel, vo cau thoai, tAm tron va vo tru duoc luin 4n xem xét, déu 1a céc loai
cAu kién thong dung trong cong trinh va c¢6 tinh tng dung cao. Céc két cdu nay dugc
cai thién déng ké vé kha ning chiu tai nho cac gan ting cing, trong khi lwong vt lidu
gan thém vao 1a khong dang ké, day ciing 1a phuwong 4n phd bién da va dang duoc
ung dung trong cong trinh.

+) Céc loai Nanocomposite nhu FG-GPLRC, FG-GPLRC rdong, FG-CNTRC,
va FG-GRC, véi cac dic trung co nhiét dang kinh ngac, c6 nhirng loi thé vuot troi
khi so sanh vé6i cac vat liéu truyén théng va chung cé tiém ning Gmg dung rong rai
trong cong trinh trong tuong lai. Hién tai, khi gi4 thanh con dat do, chung c6 thé 1a

lya chon uu tién trong nhiing chi tiét, cu kién cong trinh dac biét.



+) Cac 101 giai thu dugce déu dudi dang giai tich va ban giai tich, c6 thé sir dung
ngay va dé dang vao tinh toan thiét ké cong trinh trong thuyc té .

+) Két qua thu duogc tir luan 4n 1 nén tang phat trién tiéu chudn thiét ké méi
danh cho cac loai két cAu nay trong tuong lai.

N6i chung, luan 4n cung cap nhitng 1i giai va nhan xét quan trong, dé dang g
dung, mang lai hiéu qua cao trong viéc thiét ké cac két cdu Nanocomposite trong linh
vuc xay dung hién dai.

Bé cuc ciia lugn dn

B6 cuc chinh cta luan 4n gdm chuong téng quan va ba chuong chinh, mdi
chuong xem xét mot trudng hop két cdu cu thé va xay dung cac 10i giai, k§ thuat
riéng biét cho ting truong hop.

- Chuong 1: Téng quan vé cac loai nanocomposite co tinh bién thién, véi cac
dic trung co nhiét va tiém ning Gng dung trong cong trinh x4y dung, cac nghién ciru
lién quan trong va ngoai nudc, tr d6 xac dinh cac ndi dung nghién ctru cho luén an.

- Chuong 2: On dinh va dong lyc phi tuyén cta tdm tron va chom cau thoai FG-
GPLRC c6 gan mang nhén.

- Chuong 3: On dinh va dong lyc phi tuyén ciia panel FG-CNTRC va FG-GRC
c6 do cong phurc tap va gan tang clirng truc giao

- Chuong 4: On dinh dan hdi phi tuyén tinh cta vo tru FG-GPLRC va FG-

GPLRC rong c6 gan tang clrng truc giao va xoan 0c



CHUONG 1. TONG QUAN VAN PE NGHIEN CUU

1.1. Cac loai vt liéu co tinh bién thién
1.1.1. Vit li¢u co tinh bién thién truyén thong

Vit liéu co tinh bién thién (FGM) truyén thdng 1a loai vat liéu tién tién véi dic
tinh thay doi dan dan vé thanh phan vat liéu theo mot hudng cu thé [2, 4, 5, 73]. Day
1a su két hop cua hai hodc nhiéu vat liéu, thong thuong la ceramic va kim loai, nham
tan dung uu diém cua tung thanh phén. FGM chiu duogc nhiét do cao, chéng mai mon
tdt va van dam bao do déo dai, khic phuc cac han ché nhu tinh gion hay nit vo cla
ceramic. Sy thay doi tron va lién tuc vé ti 1é thanh phan giup giam Gng suit tip trung
trong vat li¢u va cai thién do bén cua két cau. Vat liéu nay dugc tng dung rong rai
trong hang khong vii try, co khi, cong ngh¢ y sinh va dac biét 1a trong cong trinh xay
dung. Su da dang va tiém ning tng dung cia FGM khién né tré thanh mot trong
nhirng vat liéu quan trong duogc tap trung nghién ctru trong khoa hoc vat li¢u.

Ty phan thé tich cta cac thanh phan ceramic va kim loai thuong duoc thiét ké

theo quy luét Iy thira theo phuong z trén bé day két cau h, nhu sau [2, 4, 5]:

(1.1)

v6i N 1a chi sd dic trung ty phan thé tich, cac chi s dudi ¢ va m tuong tng chi
thanh phan ceramic va kim loai .

Bang cach ap dung quy tic hon hop, tinh chét hiéu dung Pr nhu mé dun dan
hdi E , mat do khdi luong p, hé sé Poisson v, hé sd gidn nd nhiét o,... cia FGM
duoc ude luong bang biéu thic [2, 4, 5]:

Pr(z)=PrV (z)+Pr,V, (2). (1.2)
1.1.2. Composite co tinh bién thién gia cwong Carbon nanotube

Carbon nanotube (CNT) 1a vat liéu nano ciu thanh tir cac nguyén tir carbon lién
két bang lién két cong hoa trj manh, sip xép trong mot mang ludi luc gidc [3, 6]. Cau
trac co ban cia CNT c6 thé hinh dung nhu mot tim graphene duoc cudn lai thanh hinh

ong voi1 duong kinh tir vai nanomet dén vai chuc nanomet, chiéu dai c6 thé 1én dén



hang trim micromet. Véi cdu trac hinh éng bao gdm cac nguyén tir carbon sip xép
theo mang luc giac, CNT duoc chia thanh hai loai chinh 1a CNT don vach (SWCNT)
va CNT da vach (MWCNT). CNT duoc biét dén véi do bén kéo rit cao, c6 thé dat dén
63 GPa, gip 100 1an thép nhung chi nhe bang 1/6 lan thép. Diéu nay khién CNT tr&
thanh Iya chon hang dau véi cac cong trinh doi hoi vat ligu bén va nhe. Kha nang chiu
tai trong dong luc hoc cling vuot trdi, nhd d6 CNT co thé chiu duoc cac diéu kién khic
nghiét. CNT c6 tinh dan dién vuot tréi nhd ciu trac d6i ximg va cac electron trong lién
két m ctia carbon c6 kha ning di chuyén tu do. Kha ning ndy tuwong tu nhu cac vat lidu
dan dién tot nhat, chéng han déng, nhung CNT lai c6 trong lugng nhe hon dang ké.
CNT c6 kha ning dan nhiét rat cao, 0 dan nhiét doc theo truc 6ng 1én dén 3500
W/m-K. Chinh vi vdy ma CNT tr¢ thanh loai vat li¢u 1y tuong dé tan nhiét trong cac
két cAu. CNT c6 kha ning chéng oxy hoa va in mon tot. O nhiét d6 phong, CNT bén
virng vo1 moi truong hda hoc khic nghiét. Nhiét do chiu nhiét t6i da ctia CNT c6 thé
dat trén 2800 K trong diéu kién chan khong. Hién nay, cac nghién ciru dang tap trung
vao viéc tdi wu hoa quy trinh tong hop CNT dé phat trién cac tinh chat va giam gia
thanh, tir d6 thic day viéc ing dung CNT rdng rai trong thuc té. C6 thé thdy rang CNT
khong chi tao co hoi ddi méi cong nghé ma con dit nén tang cho cac hudng phat trién
vat li€u nano trong tuong lai.

Vit lidu composite co tinh bién thién gia cudng bang éng nano carbon (FG-
CNTRC) duogc dé xuit bai Shen [126] 1 su két hop giita vat liéu nén ding huéng voi
CNT duogc phan b theo quy luat thay dbi lién tuc trong két cAu. Trong d6, CNT s&
duoc phan b theo céac hudng va ty 1¢ khac nhau nham t6i vu hoa cc dic tinh co, nhiét,
va kha nang chiu tdi. Khi nghién ctru tam hodc vo FG-CNTRC dugc ché tao tir
SWCNT va vat liéu nén drfmg huong, mdt nhiém vy quan trong l1a xac dinh cac dac
tinh co nhiét hi€u dung cua vat licu. bay la yéu td then chdt dé phan tich va thiét ké
két cau chiu tai. Dé giai quyét van dé nay, hai mé hinh co hoc vi mé pho bién thudng
duoc ap dung 1a mé hinh Mori-Tanaka va quy tic hdn hop. M6 hinh Mori-Tanaka
phan tich tmg xir ctia cac pha vat liéu khi c6 phan bd khong dong nhéat. Piém manh
cua mo hinh nay la kha nang du dodn chinh xac cac dac tinh co hoc hiéu dung trong
céc truong hop vt liéu gia cuong co su phan bd khac nhau trong nén. Pic biét, mo

hinh nay c6 thé mé phong anh huéng cua hinh dang, kich thuée, va hudéng caa CNT



trong FG-CNTRC, gitip danh gia chi tiét hon vé tuong tac giita cac pha vat liéu. Mo
hinh nay thuong dugc st dung khi phan bé CNT theo bé day khong déu hoic khi cac
dic tinh cua ting thanh phan c6 sy chénh 1éch dang ké. Trong khi d6, quy tic hdn
hop 1a mot phuong phap don gian va tryc quan, mo hinh nay sir dung cong thire binh
quan gia quyén dé udc luong cac dic tinh co nhiét hiéu dung. Phuong phap nay gia
dinh rang mbi thanh phan cua vat liéu dong gop vao tinh chat tong thé theo ty 16 thé
tich ctia no trong toan bd két cau. Quy tic hdn hop thich hop cho céc trudng hop phan
bb déu va don gian hoa viée tinh toan cac dai lwong nhu mé dun Young (E), mé dun
truot (G), va hé s6 Poisson (v). Véi nhiéu dic tinh wu viét chéng han nhu: d6 bén co
hoc cao, tinh dan nhiét tdt, kha ning chdng nut giy, va kha ning chiu dugc bién dang
16n, vat liéu FG-CNTRC phu hop cho céc két cAu chiu nhiét do cao hodc lam viéc
trong moi truong khac nghiét. Cac nghién ciru da tap trung vao phan tich tmg xir cua
dam, tim, va vo composite FG-CNTRC dé t6i wu hoa thiét ké két cAdu. FG-CNTRC
hién duogc xem la vat liéu tiém nang trong cac linh vuc nhu hang khong vii try, cong
trinh xay dung, cong trinh bién va cac cong trinh dic biét khac.

Theo quy tic hdn hop mé rong, cac md dun dan hdi va mé dun truot hidu dung
E,,E,, va G, cla vat lidu c6 thé dugc biéu dién dua trén cic ty phan thé tich

Venr va Vi, (Vonr +V,, =1) va tinh chét cia cdc thanh phan, nhu sau [3, 6, 126]:

E, = 111VCNTElClNT +V,E™,

T]z — VCNT Vm (1'3)
E22 EZCQNT Em ’

s _ Venr n Vin

G12 G]%NT Gm

trong do cac tham s6 hiéu dung cua CNT n; (i = 1,2,3) xac dinh bﬁng cach so sanh
mo dun dan hdi va truot cia FG-CNTRC nhén duoc tir két qua cta quy tic hdn hop
v6i két qua mo phong dong luc phan tir.
Ty phan thé tich CNT Vy, clia tim vé FG-CNTRC duoc thiét ké bién doi
lién tuc theo bé day, biéu dién boi :
Venr =Venr f(2), (14)

trong d6 f(z) dugc chon 1a mot ham lién tuc theo bé day va:



Vi = Yar , (1.5)
Wenr +(Pen —PenTWent )/Pm
trong d6 poyp VA Py, 12 mat do ciia CNT va vat ligu nén dang hudng, weyy 14 ty
phan khéi lwong cua CNT. Bang cach sir dung phuong trinh (1.4), cac quy luat phan
b CNT s& c6 cung ty phan khéi luong ciia CNT.

Theo huéng CNT va hudng truc giao, hé sb gian nd nhi¢t tryc hudng duogc uwde
luong dua trén quy luat hdn hop [126] dya trén cac hé ) gian nd nhiét cia CNT va

cta nén dang huéng oM oSN va o™, nhu sau:

_ CNT m
oy =Venroyp - +V0o0,

_ CNT CNT m m

(1.6)

Hé sb Poisson ctia két cdu FG-CNTRC ciing c6 thé du doan bang cach twong tir
[126], nhan dugc:

Vi, =Venrvarll 4 v v, (1.7)
Dé don gidn, gia thiét ring: 1, =1, vd G, =G; =G, .
1.1.3. Composite co tinh bién thién gia cwdng Graphene

Graphene, mot dang thu hinh cua carbon, véi ciu tric hai chidu gém céc
nguyén tur carbon lién két sp2 tao thanh mang luc giac, 1a loai vat liéu nhe nhét va
manh nhat ma con ngudi timg phat hién [23]. V&i d6 day chi bang mot 10p nguyén
tu, graphene s& hitu nhitng tinh chét co, nhiét va dién vuot troi, vuot xa cac vat lidu
truyén thong. Dién trd suat ctia graphene dat 10° Q-cm, nho hon dong t6i 35%, trong
khi d6 dan nhiét 1én dén 5300 W/m'K, gép 10 lan déng. Vé co hoc, d bén cua
graphene gip khoang 100 lan thép, véi ti trong chi 0.77 mg/m?, va d6 trong sudt dat
mirc hap thu anh séng chi 2.3%.

Nhitng tinh chat doc ddo nay khién graphene tré thanh tng vién 1y tuong trong
vi€c gia cuong vat li¢u nén nhu polymer hodc kim loai, tao ra cac nanocomposite c6
hiéu suit co, nhiét va dién vuot trdi. Viec bd sung graphene, ngay cd voi ham lugng
nhd, giup cai thi¢n 1o rét cac dac tinh co hoc va giam trong luong két cAu. Nho dién
tich bé mat 16n va cdu trac hai chiéu, graphene hinh thanh lién két tot hon véi vat liéu

nén so vadi cac vat li€u nano khac nhu CNT.



Graphene platelet (GPL) va graphene sheet 1a cac dang cia graphene, trong 6
Graphene platelet 13 cac manh nho ctia graphene c6 d6 day tir vai 16p dén hang chuc
16p nguyén ttr carbon, voi kich thude ngang nhé hon va dién tich bé mat han ché, dé
dang hon cho cac ing dung nhu gia cudng trong vat li¢u composite. Trong khi do,
graphene sheet 1a mot 16p graphene don, c6 dién tich 16n hon va tinh chat 2D ndi bat,
dan t6i lién két tot hon vé6i vat lidu nén va mang lai hiéu qua gia cuong 16n hon so
v6i graphene platelet va CNT.

Ung dung ctia graphene trong cac loai composite gia cuong dang dugc nghién
clru rong rdi trong cac linh vyc nhu cong trinh bién, dan dung va giao thong. Nhing
vat liéu nay khong chi gitip ting cudng do bén va kha niang chiu lyc ma con cai thién
kha ning din nhiét, giam trong lwong va tdi wu hoa hiéu suat. Dac biét, phuong an
thiét ké co tinh bién thién cho phép diéu chinh sy phan bd graphene trong vt liéu
nén, gop phan tdi vu hoa cac dic tinh co hoc ciia nanocomposite trong cac diéu kién
khac nhau [62].

Céc loai composite co tinh bién thién gia cuong Graphene 1a Composite co tinh
bién thién gia cudng graphene platelet (FG-GPLRC), Composite co tinh bién thién
gia cudng graphene sheet v6i nén polymer (FG-GRC) va Composite co tinh bién
thién gia cudng graphene sheet v6i nén kim loai (FG-GRMMC) dugc quan tAm hang
dau trong khoang tim nam gan day [26, 51, 132, 133]. Co tinh bién thién trong truong
hop nay dugc thé hién theo hai cach, theo nghia chinh xac, 1 su thay dbi tron va lién
tuc cua ty phan thé tich graphene theo bé day két cau, hodc theo nghia gin dung, 13
su bién ddi ting phan cta ty phan thé tich Graphene theo tirng 16p. Tir d6 hinh thanh
mot sd quy luat phan b UD, FG-A, FG-V, FG-0, FG-X, v6i quy luat bién d6i timg
phan thi trong mdi 16p co6 ty phan thé tich Graphene 14 hing sé nhung bién dbi dan
qua nhiéu 16p vat liéu khac nhau theo bé day két cau.

Bang cach gia cuong Graphene platelet trong nén polymer/kim loai dang huéng
va voi ty phan khéi lwong cuia GPL duoc bién ddi tron/tirng phan theo bé day thanh
két cdu tao thanh vat liéu bat dang huéng FG-GPLRC. Phirc tap hon so voi FG-
GPLRC 1a FG-GRC hay FG-GRMMC. Vi cac xip xép “Graphene sheet” trong nén
polymer/kim loai dang huéng theo phwong aimchair hoic zigzag, mot 16p composite

truc hudng duoc tao thanh. Khi thay ddi ty phan thé tich graphene trong céc 16p theo



bé day két ciu, vat liéu tao thanh s& co ca tinh chit cia FGM va composite 16p truyén
thong. Ngoai ra, do twong tac nano gitra graphene va nén, FG-GRC/FG-GRMMC con
mang cac hiéu ing nano dic biét, dan téi cac tng xir co hoc khac thuong cia két cau.
Ciing do su phirc tap cua cac phuong trinh co hoc, dan t6i cac bai toan phan tich tim
v6 phan 16p FG-GRC/FG-GRMMC c¢6 thé gap nhiéu thach thic vé toan hoc.
1.1.3.1. Composite co tinh bién thién gia cwong Graphene platelet (FG-GPLRC)

Mo hinh Halpin -Tsai dugc sir dung dé xac dinh mé dun dan hoi cia FG-GPLRC
nhu sau [26, 51]:

Egy =— + (1.8)
sh™g 1-m, Vg 1-n,Vh ’ '
VG UvALe!
trong do:
7 —Em +EG _ —Em +EG
1= ’ -
mlEm + EG szm + EG (1 9)
Tl_'ll = 2Ctl—G, 77—12 = 2?_(;7
G G

v6i cdc mo dun dan héi clia pha nén va GPL dugc ky hi¢u 1a E, va Eg, ag, bg,
tg 1an luot 1a cac ky hiéu vé chiéu dai, chiéu rong va do day cia GPL va Véh la ty

phan thé tich cuia GPL (Vnih + VS = 1) , duoc dinh nghia la:

h
—sh PmAL
Ve = — G e (1.10)
PmAG +PG —PGAG

v6i p,. va pg lan lugt 1a mat o ciia nén va GPL, AP 1a ty phan khéi lugng cua

GPL bién ddi theo bé day két ciu v6i cac ham sau:
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A “he2<™)  upcrrre,
¢ 2 2
4@1\ igzgﬁ X-GPLRC,
¢ 2 2
2 _
A (z)= 2[ —%}\G (Tthsgj O-GPLRC, (1.11)
(1-%)ae [(F=ash)  veorire,
h 2 2
(1 + 2—Zj Ag (i <z< EJ A-GPLRC,
h 2 2

trong d6 A la ky hiéu ty phan khdi lugng trung binh ctia GPL.
Hé sb gian nd nhiét, hé sb6 Poisson va mat do c6 thé uéc lugong béng quy luat
hon hop bai:
o (2)=0,, (1 —vsh ) +a gV,
Vo (2) =V (1-V) +v6 VS, (1.12)
Pm (1 - VGSh ) + PGVcs;h'

1.1.3.2. Composite co tinh bién thién gia cwong Graphene sheet (FG-GRC)

Psn (2)

Hai hudng cua graphene sheet dugc xac dinh 1a hudéng zigzag va huong
aimchair. Hudng zigzag cua graphene sheet 1a theo hudng doc cia vé va dugce xéc
dinh boi (16p 0) trong khi hudng chu vi dugc xac dinh bdi (16p 90). Lop vo va cac
gan duogc cau tao tir nhiéu 16p GRC va ba cach két hop cac huéng duoc xem xét 1a
(0)10, (0/90/0/90/0)s, va (0/90)st . Ngoai ra, nim quy luat phan bd graphene duoc
nghién cuu 1a FG-O, FG-X, UD, FG-V, va FG-A (xem Hinh 1.1).

Ty phan thé tich graphene duoc ting dan tir 16p GRC bén duéi dén 16p GRC
bén trén d6i véi FG-A va nguoc lai d6i v6i FG-V. Ty phan thé tich graphene vé6i hai
loai phan bd graphene sheet theo muoi 16p d6i voi FG-V duoc ky hiéu la
[(0.11)2/(0.09)2/(0.07)2/(0.05)2/(0.03)2] va [(0.03)2/(0.05)2/(0.07)2/(0.09)2/(0.11)2] dbi
v6i FG-A. Ty phan thé tich graphene thay d6i d6i xtng tir mit phang giita cta vo,
[0,11/0,09/0,07/0,05/0.03]s dbi voi FG-O va [0.03/0.05/0.07/0.09/0.11]s v6i FG-X.
Vi phan bd UD, ty phan thé tich graphene khong doi (V5 =0.07) cho tat ca cac 16p.
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M6 dun dan hdi truc huong va mo dun trugt cac 16p FG-GRC duogc udc luong

bang cach sir dung mo hinh Halpin —Tsai, duoc tinh nhu sau:

1+2(aG/h )YMVG E™

E,=n
1- Y11VG
1+2(b; / h V.
» =" (be/ )YZZGE’“ (1.13)
1= Y22VG
1
Gp=ny——(G".
—112Ve
voi:
¢_  Ef/E"-I o__ EG/E"-1 ¢ GE/G"-1 .,
m=—_g m 12 =G m 12 G m ’(' )
Ej/E™ +2a5 [ hg ES /E™+2b; [ hg G%/G

trongdo V, va V, 1an luot 13 ty phan thé tich ctia graphene va nén dang hudng, trong
d6 V;+V, =1. a; va bg lan lugt la chiéu dai va chiéu rong cua graphene, h, 1a
d6 day hiéu dung cua graphene. E"'va G™ 1a m6 dun dan hdi va mé dun truogt cla
nén dang hudng. Graphene sheet 1a mot vat liéu truc huéng véi cac mo dun dan hoi
truc huéng va mé dun truot 1an luot duoc ky hiéu 1a E1 1> EZG2 va GlG2 . Trong phuong
trinh (1.13), cac thong s6 hiéu dung cua graphene dugc ky hiéu boi n j ( j=1, 2, 3)
duoc xac dinh nhu trong bdo cdo cua Shen va céac cong su [132, 133]).

Hé s gidn no nhiét cta cac 16p GRC theo hai hudng cia két cau c6 thé duoc
xéc dinh bang [132, 133]:

VoESal +V_E™a™

>

VGE( +V,E™ (1.15)

Oy =

G G m m

trong d6 o, a$va v tuong ung 1a hé s gidn nd nhiét va hé sé Poisson cua

graphene sheet. a™va v 1an luot 1a hé sb gian nd nhiét va hé s6 Poisson cua nén
dang hudng.
Trong luin an ndy, PMMA dugc ap dung cho nén ding hudng véi
™ =45(1+0.0005AT )x 107 /K va E™ =(~0.0034T +3.52) GPa, v™ =0.34, vdi
nhiét d§ moi truong T =T, + AT va T, =300 K (nhiét do phong).
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a) UD

d) FG-V ¢) FG-A

Hinh 1.1. Quy lut phan bd ty phan thé tich graphene sheet
Haé sd Poisson cua cac 16p GRC duoc tinh bang cach st dung cong thirc:
Vi, = Vv +V v™, (1.16)
Hé s Poisson, hé sd gian nd nhiét, cdc mé dun dan hdi truc hudong, mé dun

trugt cuia graphene sheet dugc xac dinh:

ve =0.177,
o [-3.83788+Tx1.416x107 P
0(.11: ><10 /K,
~T?%16.3355x107° + T> x0.633589x107°
—3.73997+ T x1.296x1072
ol = it x10°/K,
~T?%13.5033x107% + T> x0.460392x107°
o [2.16637-Tx1.93x107 (1.17)
EfS = TPa,
+T?%2937.01x107° = T3 x0.151775x1078
o [2.16868-Tx1.93x107
ES = , - . |TPa,
+T%%2859.54x107° —T>x0.145145%x10~
o [0.53514+T x82.4436x107°
—T*“%x1293.2x107 +T°x0.578507x10"
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1.2. Cac nghién ctru lién quan trong va ngoai nwéc
1.2.1. Cdc nghién civu vé két ciu tim vé FGM

Trong khoang hai thap ky gan day, nghién ciru vé& tmg xtr co hoc cua cac két
cdu dam, tim, vo FGM [73, 86] 1a mQt hudng nghién ctiru dugc quan tam dac biét.
Nhiéu nha khoa hoc d3 tap trung phan tich tng xir 6n dinh va dong luc cia cac két
cdu FGM bang cac tiép can sb hodc giai tich khac nhau.

Nhoém nghién ciru ciia Shen [124, 129, 130] chu yéu p dung 1y thuyét bién dang
truot voi cac thanh phan phi tuyén hinh hoc cta von Karman va st dung phuong phap
nhiéu dé phan tich ing xu 6n dinh tinh va dao dong cua céc két cau panel va vo tru
FGM chiu tai co va nhiét. Trong d6 Shen [124] da sir dung HSDT dé phén tich 6n
dinh phi tuyén ciia v6 tru FGM chiu nén doc truc véi tinh chat vat liéu phu thude
nhiét do, ky thudt nhiéu don va mé hinh nén hai hé s Pasternak ciing dugc st dung.
Ciing sir dung k¥ thuat nhiéu don va HSDT, Shen [129] di phan tich bai toan phi
tuyén vé 6n dinh panel tru FGM véi cac tinh chit hiéu dung cia FGM dugc udc lugng
dua trén mo hinh co hoc vi mo ctia Mori-Tanaka. Trong khi d6, Shen [130] da phan
tich dao dong phi tuyén cua panel try FGM duya trén ky thuat nhiéu hai budc va cac
tinh chat hiéu dung cua FGM dugc xem xét theo ca hai mo hinh co hoc vi mo cua
Voigt va Mori-Tanaka. St dung phuong phap Galerkin, Sofiyev va cac cong su [143-
145] tap trung vao ung xur on dinh tinh va dong ciia vo tru FGM nhiéu 16p chiu cac
diéu kién tai trong khac nhau. Dao dong va on dinh cta vo tru FGM sandwich chiu
ap luc thiy tinh phan b déu dugc phan tich bai Sofiyev [143] dua theo FSDT khi
xét t61 dang nghiém hién cua tan sé dao dong tu do tuyén tinh va ap luc thuy tinh téi
han dugc xac dinh. Sofiyev va cac cong su [144] da phan tich 4n dinh nén doc truc
va tan s6 dao dong tuyén tinh ctia vo tru sandwich 16i FGM c6 xét toi hiéu tmg quan
tinh quay va trng suat truot ngang cua vo. Sofiyev va Kuruoglu [145] d3 nghién ctru
bai toan on dinh dong cua vo tru FGM ba 16p chiu nén doc truc dinh ky theo 1y thuyét
vo Donnell cai tién. Hong [60] d3 sir dung phwong phap vi phan toan phuong tong
quat ( GDQ) dé phan tich anh huéng cua HSDT dén dao dong nhiét cia tim va vo
truy FGM day. Anh hudng ctia hé s6 hiéu chinh cét phi tuyén, chi s6 dic trung ty phan
thé tich FGM va nhiét d6 moi trudng t6i Gng sut nhiét va chuyén vi trung tim cia

két cau di duoc khao sat va thao luan chi tiét. Pap tng dong luc phi tuyén va cong
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huéng ciia vo tru sandwich FGM trong méi truong phire tap, chuyén dong doc truc,
d3 dugc nghién ctru boi Liu va cac cong sy [78] bang phuong phap tiép dién chiéu
dai cung gia (pseudo-arc length continuation method) va phuong phap Runge-Kutta
bac bon. Elmhaia va céc cong sy [48] tap trung vao ing xu 6n dinh cua vo tru FGM
chiu nén doc truc. Sir dung phuong phap s6 tiém can (ANM), 1ap trinh trén Matlab
va két hop v6i phan mém Abaqus dé danh gia anh huéng cua cac yéu tb phi tuyén
ctia két cdu FGM tir d6 tién hanh so sanh cac truong hop phan b vat liéu khac nhau.
Bai toan diéu khién chu dong vé méat on dinh dong dot ngdt cua vo cau thoai FGM
v6i 16p cam bién ap dién va bo truyén dong ap dién dugce nghién ctru boi Javani va
cac cong su [64] st dung FSDT, nguyén ly Hanilton, phuong phdp GDQ va phuong
phap Newton-Raphson. He va céac cong su [55] da khdo sat dao dong tu do va cudng
blic ctia vo try/ndn/cau va khuyén kép FGM véi cac diéu kién bién va lién két khac
nhau st dung k¥ thuat 16 xo 4o nhan tao va phuong phép Rayleigh-Ritz.

Nhiéu nhém nghién ctru ctia Viét Nam ciing dong gdp nhiéu cong bd vé két cau
tém, vo FGM trong nhitng nam vira qua [2, 4, 5, 13-20, 32, 33, 38-40, 44-47, 88-91,
93, 108, 111]. Cac cong bd nay phan tich img xr cia tim va vo v6i hinh dang kha da
dang nhu tAm, panel try, vo thoai hai d6 cong, vo try, vo cau thoai. .. sir dung Iy thuyét
tdm, vo khac nhau va chu yéu dung phuong phap Galerkin dé giai. Tang kha ning
chiu Iyc bang gan tang cing 1a mot giai phap duge sir dung phd bién trong nhiéu két
ciu k¥ thut. Cach 1am nay c6 wu diém I3 ting kha ning chiu luc cua két cdu mot
cach rd rét ma chi can bo sung luong gan khong dang ké.

Nghién ctru vé tng xir cua cac két ciu tAim vo FGM c6 gén ting cing ciing duoc
nhiéu tac gia trong nudc va ngoai nudc quan tim dic biét trong khoang mot thap ky
vira qua [2, 4, 5, 20, 32, 38, 41, 44-47, 88-90, 93]. Bé dam bao diéu kién vé tinh lién
tuc cua vat liéu gitta tAm/vo va gan ting ctng, phuong an dau tién 13 gin ting climg
lam béng vat liéu déng hudng [4,5, 17-20, 45], néu gan dat & mat Ceramic thi duoc
lam hoan toan béng Ceramic va néu dat & mat kim loai thi dugc 1am hoan toan bé'mg
kim loai. K¥ thuat san tic dung gan ctia Lekhnitskii duoc ap dung dé tinh toi anh
hudng cua gin ting cing. Phuong an thir hai dugc dé xuit 1a gan 1am bang vt liéu
FGM [2, 32, 44, 46, 47, 93], trong d6 quy ludt phan b vat lidu can dam bao cung vat

li¢u tai mat tiép xac gitra tam/vé va gan. Phuong an nay doi hoéi can cai tién ki thuat
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san tac dung gan cua Lekhnitskii danh cho gan FGM. Sau do, k¥ thuat san tac dung
gan tiép tuc duoc cai tién bﬁng cach két hop voi ki thuat chuyén ddi hé truc toa dd
dé mo phong anh hudng cua gan xién/xodn bc¢ t6i 6n dinh phi tuyén cia tim/vo FGM
[2, 33, 88-91]. Két qua cho thiy thiét ké gan xién/xodn dc thu duoc hiéu qua dang ké
s0 vGi gan truc giao néu ciing mot lugng gan va thong sé mat cit gan ciing nhu khoang
cach gitra cac gan.

1.2.2. Cdc nghién civu vé tim vé FG-CNTRC

Ciing v6i ¥ tuong twong tu vat lidu FGM, nguoi ta c¢6 thé bd tri CNT mot cach
ddng phuong vai ty phan thé tich bién thién trong khong gian dé dat duoc kha ning
chiu tai tot hon, tao thanh mot vat liéu composite mdi co tén quéc té 1a Functionally
Graded Carbon Nanotube Reinforced Composite (FG-CNTRC). Phan tich ung xur co
hoc cua cac két ciu tim vo FG-CNTRC cling 1a mét van dé duoc nhiéu tac gia trén
thé gidi quan tAm trong khoang gan 1 thip ky vira qua.

Pau tién, Shen va cic cong su [126-128, 131] da phén tich Gng xir 6n dinh va
dao dong phi tuyén cua cac két ciu tAm, panel tru va vo tru FG-CNTRC bang phuong
phap nhiéu va HSDT. On dinh phi tuyén cua tim FG-CNTRC chiu tai nhiét véi tinh
chét vat liéu phu thudc nhiét do dua trén HSDT da duoc khao sat voi Shen va Zhang
[126] c6 xét dén d6 vong khong hoan hao ban dau. Shen va Xiang [131] di nghién
ctru bai toan dao dong phi tuyén ciia panel tru FG-CNTRC c6 xét dén tuong tac vo
va nén dan hdi Pasternak va nhiét d6 moi truong. On dinh phi tuyén cua vo tru FG-
CNTRC chiu ap lyc ngoai va nén doc truc da dugc khao sat boi Shen [127, 128] su
dung k¥ thuat nhiéu don va xét toi anh hudng cua nhiét do dén tinh chét vat liéu.

Kiani [66, 67] nghién ctru (mg xir 6n dinh va dao dong tuyén tinh cua tim FG-
CNTRC c6 va khong c6 16p vat liéu ap dién. On dinh truot ctia tim FG-CNTRC theo
FSDT, dung cong thirc Ritz hai chiéu va da thirc co ban Chebyshev di dugc trinh bay
boi Kiani [66]. Ciing st dung phuong phép va 1y thuyét trong ty cing voi phuong
trinh Maxwell, Kiani [67] d3 khéo sat dao dong tir do ctia tAim FG-CNTRC tich hop
véi cac 16p ap dién. Alibeigloo va Liew [7] d3 sir dung 1y thuyét dan hoi ba chiéu,
chudi Fourier va k¥ thuat khong gian trang thai dé tim nghiém chinh x4c cta bai toan
udn co nhiét tuyén tinh cta panel tru FG-CNTRC. Dao dong tu do va on dinh tuyén

tinh ctia tAm tr gidc va tim nghiéng FG-CNTRC duoc nghién ctru bdi Lei va cac
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cong su [77] bang cach dung phuwong phap Ritz cai tién v6i binh phuong nhé nhét di
dong (improved moving least-squares Ritz) va FSDT. Phuong phap phan tir tw nhién
hai chiéu va phuong phéap 1ip Newton-Raphson duoc ap dung dé phén tich dbi véi
bai toan udn phi tuyén ciia tim FG-CNTRC bai Cho [28] ¢6 xét dén anh hudng cia
nén dan hdi. Kumar va Jana [75] d4 phan tich dao dong cta tim FG-CNTRC dit trén
nén dan hoi khong ddng nhit dya trén FSDT, nguyén Iy Hamilton, va phan tir tim
loai Lévy. Zeighami va Jafari [170] d3 str dung phuong phap bién phirc phat trién dé
giai bai toan Ung suat nhiét trong cac tim composite FG-CNTRC khéng ddi ximg véi
16 dudi dong nhiét déu. Dao dong tu do cua cic tAm sandwich gap nép co 16i rong va
16p phu FG-CNTRC d3 duoc nghién ctru boi Salehipour va cac cong su [54] bang
cach ap dung FSDT dé tim ra cic phwong trinh chuyén dong, sau dé cac tac gia sir
dung phuong phap GDQ hai chiéu dé roi rac hoa ching.

Trong nhirng nim gan day, bang cac phuong phap va Iy thuyét khac nhau, nhiéu
nghién ciru d tap trung phén tich cac panel FG-CNTRC, don cir nhu 6n dinh co nhiét
ctia panel sandwich FG-CNTRC 15i nhe [24], 6n dinh tuyén tinh cta panel tru FG-
CNTRC c¢6 16 vudng chiu nén doc truc [10], 6n dinh nhiét tuyén tinh cua panel FG-
CNTRC v6i mo hinh chuyén vi da thirc bac cao [82].

Nghién ctru vé dao dong phi tuyén d6i xtng va bat dbi ximg truc cua vo tru
sandwich FG-CNTRC voi 161 ludi auxetic dugce thuc hién boi Yadav [164] dua trén
FSDT va phuong phap do dai cung gid. Khayat va cac cong su [72] da su dung mo
hinh Chebyshev két hop véi cac dudng cong dong dé danh gid xac suat 6n dinh dong
ctia cac vo tru FG-CNTRC véi 16p ap dién, dua trén 1y thuyét phi tuyén Sanders va
HSDT, cung v6i phuong phap vi phan cau phuong Fourier.

Nhiéu nha khoa hoc ciing d3 quan tdm nghién ctru mét s loai vo phire tap khac.
Raissi [119] d4 st dung 1y thuyét timg 16p két hop véi HSDT dé phén tich phan b
g suat theo thoi gian ctia vo cau sandwich ba 16p 16i FG-CNTRC va mit ngoai ap
dién, dudi tac dong cua ap luc nd.

Ung xir dao dong va 6n dinh r& nhanh ctia vo nén FG-CNTRC di duogc phan
tich boi Mehri va cac cong su [83] st dung 1y thuyét dong hoc phi tuyén Green—
Lagrange, va Iy thuyét vo phi tuyén Novozhilov dua trén phép khai trién luong giac

theo phuong chu vi va phuwong phap vi phan cau phuong diéu hoa (HDQ). St dung
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Iy thuyét vo Donnell cai tién, FSDT va phuong phap Galerkin, Sofiyev va cac cong
su [146] da thiét 1ap mot 1oi giai giai tich cho bai toan 6n dinh tuyén tinh vo nén FG-
CNTRC chiu é&p luc ngoai.

Vi vo ghép, 6n dinh nhiét tuyén tinh ctia vé ghép noén — nén duoc phan tich boi
Zhao va cic cong su [171] bang cach dung phuong phap GDQ, 1y thuyét bién dang
treot bac nhat va tiéu chuin can b'fmg lan can. Sobhani va Safaei [142] da khao sat
tan s6 dao dong cua vo ghép ban cau — try FG-CNTRC véi 16 réng trén nén dan hoi
bang cach sir dung FSDT va phuong phap GDQ.

Céc tac gia trong nude ciing c6 nhiéu cac nghién ctru dang quan tam vé vt lidu
nay [3, 6, 34-36, 41-43, 56-58, 84, 92, 94, 150-154], trong d6 tap trung nghién ciu
rmg xtr 6n dinh va dao dong phi tuyén cta két cAu. Bang cach sir dung cac 1y thuyét
khac nhau va phuong phap Galerkin, cic bai toan phi tuyén vé on dinh co nhiét, dap
mg dong luc va dao dong két cdu vo thoai hai do cong va vo nén FG-CNTRC da
duoc phan tich boi nhom tac gia Nguyén DPinh Ptic va cic cong sy [41-43]. Bing
phuong phap tuong tu, cac két cAu tim, panel tru, vo thoai hai d6 cong, va vé tru FG-
CNTRC da dugc xem xét boi nhom tac gia Hoang Van Tung va cac cong su [3, 56-
58, 151-154, 157] trong cac bai toan 6n dinh co va nhiét phi tuyén, trong d6 nhin
manh vao anh hudng cua diéu kién bién dan hi téi tng xur ctia két cAu. Nhom tac gia
Vii Hoai Nam va cac cong su [92, 94] di dé xuat phuong an gia cudng CNT theo hai
phuong tryc giao dé khic phuc nhuoc diém vé mé dun dan hoi rit nho theo phuwong
truc giao véi CNT, va tién hanh khao sat 6n dinh phi tuyén cua vo tru FG-CNTRC
truc giao chiu nén doc truc va tai X04n tuong Ung.

Véi két cau tdm va vo FG-CNTRC c6 gin tang cing, do dic diém di hudng
manh va dic diém lién tuc cta céc dic trung co tinh cua FG-CNTRC, nhom tac gia
ctia truong Pai hoc Cong nghé Giao thong van tai di dé xuit phuong an ting clng
cho két ciu tim va vo FG-CNTRC bang cac gan ting cling ciing 1am bang FG-
CNTRC [6, 34-36, 84, 150]. Bang cach két hop k¥ thuit san tac dung gan cd dién va
ly thuyét dim di hudng, d6 cing ctiia gin FG-CNTRC duoc mo phong bang mot ky
thuat cai tién, duoc goi 13 k¥ thuit san tac dung gan cai tién, trong dé cac gin duoc
dit theo cac phuong truc giao cua két ciu (phuong ngang va doc voi tim, va phuong

doc va vong voi1 vo try).
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1.2.3. Cdc nghién civu vé tim vé FG-GPLRC

Nghién ctru vé ing xtr co nhiét ciia két cdu tim vo FG-GPLRC ciing duroc nhiéu
tac gia tham gia.

Gholami va Ansari [51] dd nghién ctru dao dong cudng birc didu hoa cta tim
FG-GPLRC bang cach sir dung HSDT, phuong phap Galerkin, va phuong phap tiép
can chiéu dai cung gia (Pseudo arc-length continuation), c6 xét dén tinh phi tuyén
hinh hoc va quén tinh quay ctia tim. Cac nghién ciru khac vé img xir tinh va dong cua
tam FG-GPLRC ciing di dugc nghién ctru boi Yang va cac cong su [166] voi 161 ludi
chop, Chen va céc cong su [26] v6i chat 1ong tinh, Song va cac cong su [147] voi bai
todn dao dong co nhiét khi dong flutter, va Namazinia va cac cong sy [105] vdi moi
treong nhiét Am.

St dung FSDT va phuong phéap phan tir hitu han ding tham s6 chin nat voi nim
bac tr do mdi nut, Bidzard va cac cong su [21] dd nghién ciru vé panel trong FG-
GPLRC vdi cac canh rang budc xoay dan hdi. Phan tich hdn loan (Chaos) va r& nhanh
ctia panel cdu FG-GPLRC di dugc phan tich bai Chen va Li [25] stir dung HSDT va
nguyén ly Hamilton. Barati va Zenkour [11] da phéan tich dao dong tu do cua vé tru
FG-GPLRC sir dung FSDT va phuong phap Galerkin véi cac 16 rong duoc phan bd
dbi xtng va bat ddi xtirmg qua mit trung binh ctia vé. On dinh nén doc truc va xodn
ctia vo try FG-GPLRC c¢6 va khong c6 16 cat di duoc nghién ciru boi Wang va cac
cong su [158, 159] bang cach sir dung phuong phap phan tir hitu han. Hu va cac cong
su [61] dd khao sat dong luc hinh hoc phd cta vo tru FG-GPLRC véi bd hap thu dao
dong theo chu ky sir dung FSDT va phuong phap phé hinh hoc. Véi két ciu vo non,
Yang va cac cong su [165], Saboori va Ghadiri [121], va Gao va cac cong su [50] da
phan tich tng xt ndi cong hudng [165], ndi va ngoai cong hudng [121], va phd hinh
hoc ciia dao dong ngau nhién [50] cia vé non FG-GPLRC. Yang va cac cong su [167]
d4 khao sat dao dong tu do va cudng burc ddi xtng / bat dbi xtng ctia tim hinh khuyén
FG-GPLRC quay chiu tai khi dong hoc.

Dua trén 1y thuyét Lord-Shulman va phuong phap vi phan timg 16p (Layerwise
Differential Quadrature Method), Yasin va cac cong su [168] da phan tich ung xur co
nhiét ctia vo cdu FG-GPLRC véi so dd tich phan theo budc thoi gian méi duge dé

xuét. Nguyén Thi Phuong va cac cong su [114], Lé Ngoc Ly va cac cong su [81], Vil
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Hoai Nam va céac cong sy [100], va Bui Tién TG va cac cong su [155] da st dung
HSDT va phuong phap ning luong dé phén tich 6n dinh tinh va dong, va dao dong
co nhiét phi tuyén ctia tAm tron va vo cau thoai FG-GPLRC va sandwich FG-GPLRC
v6i 161 rng, va FG-GPLRC rdng, ¢6 nén dan hoi tuyén tinh hodc phi tuyén. Tiép tuc
phat trién 1én cho két cau vo chom thoai co ¢ cong phtic tap, Vit Hoai Nam va cac
cong sy [100] va Bui Tién TG va céc cong sy [155] da phan tich 6n dinh co nhiét cta
v6 chom parabol, hinh sin va hinh elip bang cach thuc hién cac tinh phan sb cho cac
tich phan phat sinh do phwong trinh d6 cong phtc tap mang lai. Ung xir dong luc co
nhiét dién phi tuyén ctia panel c6 do cong phirc tap FG-GPLRC véi 15 auxetic ciing
duogc nghién ctru béi Vii Hoai Nam va cac cong sy [102] theo HSDT.

Phén tich cac két ciu tim vo FG-GPLRC khong phuc tap nhu tim vé FG-
CNTRC vé mit toan hoc, nén nghién ctru vé cac két cau nay thu hat dugc nhiéu nha
khoa hoc trong nudc cling nhu ngoai nudc tham gia nghién ctru, tuy vay do day la vat
liéu méi nén cac cong bd chua nhiéu.

1.2.4. Cdc nghién civu vé tim vé FG-GRC va FG-GRMMC

Ung xtr co hoc ctia tim, vo FG-GRC phan 16p di va dang duoc nhiéu nhom tac
gia quan tAm trén thé gii. Trong d6 hai nhom ndi bat 1a Shen va cac cong sy [132-
135, 137, 138] va Kiani va cac cong su [68-71] dd cong b mot s nghién ctru vé Gmg
XUt tinh va dong ctia két cau tim, vo FG-GRC phén 16p. Cac két cau tim va vo 1am
bang FG-GRMMC phan 16p ciing dugc nghién ciru chi tiét, trong d6 tap trung khao
sat cac hiéu ung cua hé s6 Poisson 4m ti ung xu 6n dinh va dao dong [27, 49, 139-
141].

Nhom tac gia dén tir truong Pai hoc Cong nghé GTVT ciing dong gop nhiéu
nghién ctru vé bai toan phi tuyén 6n dinh cta tim va vé FG-GRC phan 16p [1, 29, 30,
87, 95-98, 109, 110, 113, 115-117]. C6 thé thy ring ca FG-GRC/FG-GRMMC va
FG-GPLRC déu duoc dé xuat dya trén y tudng tuong ty voi FGM, vi vy viéc ting
ctmg cho két cau lam bang cac vat liéu nay ciing can dam béao diéu kién lién tuc vé
vat li¢u gitra vd va gan. Mot cach dinh tinh, néu tang ciing két cu béng chinh vat liéu
nén (polymer/kim loai) thi dé dat duoc mot hiéu qua nhét dinh cin mét luong gan rat
16n, do md dun dan hoi cta vat liéu nén 1a rat nho so véi FG-GRC/FG-GRMMC va
FG-GPLRC tuong ung. Vi vay, nhom tac gia nay [29, 30, 96-98, 109, 110, 113, 117]
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d3 dua ra bién phap ting cimg cho vo tru FG-GRC bang hé thdng gan ciing dugc ché
tao tir FG-GRC véi quy lut phan b ciia Graphene mot cach phu hop véi quy luat
phan bd cua graphene trong vo véi muc tiéu la ddm bao diéu kién lién tuc vé vat liéu
gifta vO va gan. Ngoai ra, c6 thé nhan thy rang ky thuit san tac dung gin 4p dung
cho cac loai vat liéu déng hudng va vat liéu FGM, khong thé ap dung dugc cho FG-
GRC. Vi véy trong cic nghién ctru nay [101-109] ciing di cai tién k¥ thuét san tac
dung gan cho gan FG-GRC truc giao trong d6 sir dung HSDT va ly thuyét vo co dién.
Gan day, Vil Hoai Nam va cac cong sy [99] d3 phan tich 6n dinh phi tuyén panel tru,
parabol va hinh sin khong hoan hao.

1.3. Tiém ning @wng dung Nanocomposite va két cdu tAm vé Nanocomposite
trong ky thuat xay dung cong trinh

1.3.1. Tiém niing tng dung Nanocomposite

Viéc ap dung va phat trién cac loai vat liéu tién tién vao nganh k¥ thuat xay
dung da va dang la mot xu hudng quan trong véi muc ti€u cai thién chét lugong, do
bén va hiéu qua cho cac cong trinh. Cac vat liéu composite nhu FG-CNTRC, FG-
GRC va FG-GPLRC dang dugc quan tam dac bi¢t do nhiing dac tinh wu viét vé co
hoc, dién hoc va nhiét hoc, diéu do cling mo ra cac co hdi trong vi¢c ap dung nhiing
loai vat liéu ndy vao nganh k¥ thuat xay dung cong trinh, ching han nhu sau:

FG-CNTRC, FG-GRC va FG-GPLRC c6 kha ning ting do cting va do bén
kéo cua cac cdu tric xay dung nhd vao cac vat lidu gia cudng nano. Sy phan bd co
tinh bién thién cta chung gitip tdi wu héa cac tinh chét co hoc, tir d6 ting kha ning
chiu tai va tinh bén vitng cua cac cong trinh xdy dung nhu nha cao tdng va cac két
ciu chiu lyc. Viéc dua CNT vao cac két cau xay dung gitp gidm trong luong tong
thé cua cong trinh, nhd vy ma chi phi lip dit va van chuyén giam xudng dang ké,
g6p phan str dung ning luong tiét kiém va hiéu qua hon.

CNT va Graphene c6 kha nang chiu nhi¢t cao, gitip cdi thi¢n tinh chiu lra ctia
cac vat liéu xdy dung. Diéu nay dic biét quan trong ddi voi cac cong trinh yéu cau
tiéu chudn an toan chdy nd cao, nhu nha cao ting va cong trinh coéng cong.
Nanocomposite v6i dic tinh chéng an mon va mai mon tét, tir 46 gitp ting tudi tho

ctia két cAu va ha thip chi phi bao tri. Ngoai ra, mot sd nghién ciru cho thay vat lidu
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nanocomposite c6 kha ning ty lam lanh khi c6 vét nirt nho, nhd vy ma tudi tho cia
cong trinh tang, chi phi stra chira va bao tri giam.

Khac véi cac loai composite truyén théng, nhin chung cac loai nanocomposite
thudng c6 moé dun dan hoi (d6 cimg) rat cao. Tuy thudc vao vat liéu nén, ty phan thé
tich va quy luat phan b6 cua vt liéu nano gia cuong, mo dun dan hoi (d0 cting) cua
chung c6 thé twong dwong hodc 16n hon thép. Piéu nay ciing khic phuc nhuoc diém
16n ctia composite truyén thong, cho phép ing dung nanocomposite vao hau hét cac
cAu kién cong trinh.

Nhu vay, nho c6 nhiing dac tinh uvu viét, cac vat liéu FG-CNTRC, FG-GRC
va FG-GPLRC dang mé ra nhiéu tiém ning trong k¥ thuat xdy dung cong trinh. Cac
vat liéu nay khong chi 1am ting kha ning chiu tai va kéo dai tudi tho ma con giam
trong lugng, cai thién tinh nang chiu lra, cling nhu kha nang ty lam lanh cua cong
trinh. Nho d6 ma trong tuong lai, nganh xay dung s& c6 dugc nhiéu loi ich kinh té va
than thién v&i moi truong hon. FG-CNTRC, FG-GRC va FG-GPLRC van lién tuc
duoc nghién ctru va phat trién dé c6 thé khai thac nhiéu nhét co thé tiém ning cta cac
vat liéu nay ciing nhu t6i wu hoa viéc sir dung chiing trong cac cong trinh xay dung,
nhat 13 cac cong trinh dic biét. Cong nghé va khoa hoc vat liéu dang ngay cang phat
trién manh mé, do vay xu hudng tit yéu trong twong lai s& 1a tng dung cac vat liéu
nay vao linh vuc xay dung, tir d6 gitp cho cac cong trinh ngdy cang an toan va bén
viing hon, vat li¢u dugc st dung tiét kiém va hiéu qua hon.

1.3.2. Tiém niing tng dung ciia tim va vé Nanocomposite

Véi nhitng dic trung co nhiét dang kinh ngac, cic két ciu tAm vo composite
n6i chung va nanocomposite noi riéng déu cé thé duge dung trong rat nhidu cac chi
tiét ctia két cau cong trinh khac nhau [6, 62, 85, 118] (Hinh 1.2).

a) Ung dung trong cdc ciu kién cong trinh

So véi vat liéu truyén théng, tAm san va tdm trin lam béng vat liéu
nanocomposite bén hon va chiu dugc tai 16n hon. Chi phi lip dit, van chuyén ciing
dug giam dang ké nho tinh ning nhe va bén, cac tim nay gitp giam trong lugng tong
thé cua cong trinh. Tudi tho cua cac tAm san va tran ciing duogc ting 1én do dic tinh

chong &n mon va mai mon ciia nanocomposite.
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V6 mai cong trinh 1am bang vat liéu nanocomposite ¢6 thé chéng chiu tai trong
dong cao cling nhu thoi tiét khic nghiét. Vi ¢ bén va do clmg cao, cic vo nay giup
tang d6 bén va kha ning chong chiu trude cc tac dong bén ngoai ctia cong trinh. Kha
ning chdng an mon cua vat liéu nanocomposite ciing lam giam chi phi stra chita va
bdo tri trong thoi gian dai.

b) Ung dung trong cdc cong trinh cu thé
Vi nha cao tang, viéc sir dung tim va vo nanocomposite gitip giam trong

lwong tong thé va ting cuong do bén cia cong trinh.

Hinh 1.2. Kha ning Gng dung tdm vo composite tién tién vao két cdu cong trinh

[31,74, 103, 163]

Trong cac cong trinh giao thong, cac vo nanocomposite lam ting kha nang
chiu tai va 6 bén ctia cong trinh. Trong lwong nhe clia nanocomposite ciing lam giam
chi phi van chuyén va lap dat, giup tiét kiém chi phi xay dung. Cac tdim va vo
nanocomposite ¢ thé duoc sir dung trong xay dung cac cong trinh cong nghiép va
ha tAng nhu nha kho, nha may va cc co sé ha ting khac. Trong cong trinh bién, két
cAu dang tAm / vo nanocomposite c6 thé ding trong cac dam chiu lyc va két cau chinh

cua gian khoan dau va khi. Cac 6ng dan va h¢ thong van chuyén dau khi lam bang
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nanocomposite ¢ thé chdng dn mon va chiu 4p luc cao, 1am giam thiéu rui ro ro ri
va hong hoc. Cac két ciu dang tAm / vo nanocomposite c6 thé duoc sir dung dé xay
dung cac bén cang va cau tau. Cac cong trinh ven bién str dung tAm chin song va ke
bién 1am bing nanocomposite c6 thé chiu duoc sirc ép tir sdng bién va gié bio, giup
giam su anh hudng cia xam thuc va hu hai nho d6 lam ting tudi tho cho cac cong
trinh va gidm chi phi bao tri.

Hién tai, cac loai nanocomposite néi chung ciing c¢6 nhitng nhugc diém 16n,
trong d6 d& thiy rang v6i cong nghé ché tao phirc tap din t6i chi phi san xuit cao,
lam cho viéc ing dung ching mét cach dai tra trong két cau cong trinh xay dung tré
nén kho khin. Tuy vay nanocomposite van 1a Iya chon tdt cho mot sb cu kién cong
trinh nhét dinh. Trong trudng hop doi hoi d6 bén ciing nhu kha ning chiu tai dic biét
16n. Sau nay, khi giam dugc chi phi san xuit, nanocomposite c6 tiém ning trd thanh
g vién hoan hao dé thay cho vat liéu truyén thong trong hau hét cac ciu kién cong
trinh, tir d6 thic day viéc sir dung hiéu qua cac ngudn tai nguyén va than thién vai
moi trudng.

1.4. Nhirng két qua nghién ciru da thwe hién trong va ngoai nuéc

Dua trén cac két qua thu duoc vé tim va vé Nanocomposite trong thdi gian qua,
c6 thé thdy két qua ma cic nha nghién ctru & Viét nam va trén thé gi6i da thyuc hién
bao gom:

1- Cac bai toan 6n dinh tuyén tinh va phi tuyén tinh cac két ciu tim va vo
FG-CNTRC, FG-GRC va FG-GPLRC chiu tai trong co-nhiét hoac co, nhiét, cd hoac
khong cé nén dan hdi da duoc nghién ctru va thdo luan tuong ddi toan dién dua trén
cac 1y thuyét tim vo khac nhau, theo cac phuong phap giai khac nhau, .

2- Cac bai toan dao ddng tuyén tinh va phi tuyén va 6n dinh dong cua két
ciu FG-CNTRC, FG-GRC va FG-GPLRC chiju cac diéu kién tai trong khac nhau,
theo cac phuong phap khac nhau, c6 va khong c6 nén dan héi, ciing di duoc phan
tich twong ddi chi tiét.

3- DU d4 phan tich kha toan dién vé cac bai toan ciia cac két cau FGM c6 gan
ting clmg trong cac trudng hop khac nhau, tuy vay tim vé FG-CNTRC, FG-GRC va
FG-GPLRC c6 gan ting ctimg van chua duoc quan tAm nhiéu. Dic biét 1a cac loai gan

nhu gan mang nhén (v4i tam tron va vo cau), gan xoan Oc voi vo tru van con chua
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duoc tap trung phan tich. Cac panel v6i1 d§ cong phirc tap nhu panel hinh sin hay
parabol nanocomposite c6 gan tang cing cling chua dugc nghién cuu.
1.5. Két luan chwong 1 va nhitng van dé cén tiép tuc nghién ciru

Chuong 1 cta ludn 4n d3 trinh bay tong quan va phan tich vé cac loai vat liéu
nanocomposite, tiém ning ing dung ctia chiing trong két cdu cong trinh, cac két qua
thu dugc tir cac nha khoa hoc trén thé gii va Viét Nam. Tt tong quan nhitng van dé
da thao luan & trén, c6 thé théy mot s bai toan cin tiép tuc nghién ctru, nhu sau:

1- Thiét 1ap cac k¥ thuat san tic dung gan cai tién cho gin FG-GPLRC véi cic
thiét ké dang mang nhén (d6i v6i tAm tron va vo cau thoai FG-GPLRC) va gin xodn
bc v6i vo tru FG-GPLRC.

2- Nghién ctru vé 6n dinh va dong luc phi tuyén cua két cu tAm tron va vo cau
thoai FG-GPLRC c¢6 gan tang cirng FG-GPLRC dang mang nhén chiu tai co va nhiét.
Trong d6 ap dung 1y thuyét vo Donnell [8], va phuong phap ning luong giai ciing
nhu khao sat cac anh hudng ctia gin mang nhén va cac thong s6 hinh hoc vat liéu téi
mg xtr 6n dinh va dong luc cua két cu. Phuong phap Runge-Kutta bac bon [4] duoc
ap dung dé nhan duoc dap tng dong luc phi tuyén ciia vo. Cudi ciing, céc tiéu chudn
6n dinh tinh phi tuyén [1, 6] va tiéu chuan 6n dinh dong phi tuyén Budiansky-Roth
[2, 4] duoc ap dung dé nhan duoc tai téi han dong phi tuyén.

3- Nghién ctru vé 6n dinh va dong luc phi tuyén cua panel try, parabol va hinh
sin FG-CNTRC va FG-GRC c¢6 gan ting cing FG-CNTRC va FG-GRC tuong tng
chiu cac dang tai trong khac nhau trong mai truong nhiét. Trong do, HSDT va phuong
phap ning luong dugc st dung dé nhan dugce phuong trinh chuyén dong, va dugc giai
bang phuong phap Runge-Kutta bac bon dé nhan dugc dap tng dong luc phi tuyén
cua vo.

4- Nghién ctru vé& 6n dinh va sau mat 6n dinh phi tuyén tinh cta két cau vo tru
FG-GPLRC va FG-GPLRC rdng c6 gan ting cing truc giao va xoan c. Ky thuat san
tac dung gan cai tién cho gin xodn ¢ FG-GPLRC, 1y thuyét vo Donnell va phuong
phap ning lugng Ritz duoc st dung dé phan tich tmg xt 6n dinh phi tuyén cua két

cau.
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CHUONG 2. ON PINH VA PONG LUC PHI TUYEN
CUA TAM TRON VA CHOM CAU THOAI FG-GPLRC
TANG CUNG BOI HE GAN MANG NHEN

Trong xay dung cong trinh, nhd tinh doc dao vé kién trac va thim mi ma cac két
cu vom thoai duoc sir dung phd bién. Chom ciu thoai 13 loai két cau thong dung nhat
nhd quy trinh tinh toan, thiét ké va ché tao twong ddi don gian; khi cho ban kinh chom
tang dén vo cung, c6 thé nhan dugc két cau tAm tron. TAm tron va chom cau thoai thuong
duoc dung dé 1am céu kién cua cac két ciu cong trinh, ddng thoi da c6 nhiéu nghién ciru
vé ung xu tinh va dong cta chung khi st dung cac loai vat liéu khéac nhau.

Tang cimg tAm va vo bang gin ting cung 13 mot phuong phap phd bién trong ki
thuat. Tuy nhién, da sb cac cong trinh trudc ddy chi cha trong nghién ciru cac két cdu
duoc ting cimg bang gan dong nhat va dang hudng. Viéc phan tich co hoc cac két cau
duoc ting cing bang gan di huéng gip nhiéu kho khin, dic biét khi két ciu gan phirc
tap. Cu thé, tim tron va chom cau thoai dugc gia cd béng hé gan mang nhé¢n, bao g6m
cac gan kinh tuyén (hudng tdm) va gan vi tuyén (gin vong). Do khoang cach giita cac
gan kinh tuyén khong cb dinh, viéc tinh toan giai tich trd nén phirc tap. Pay la thach
thirc 16n trong viéc phan tich tng xir co hoc cta loai két cau nay.

Lan dau tién, mot thuat toan giai tich dé phén tich tng x&r sau mat 6n dinh cta tim
tron va chom cau thoai c¢6 gan mang nhén dugc dé xuat. Thuat toan nady mé rong k§
thuat san déu tac dung gan ctia Lekhnitskii va str dung phuong phap ning luong. Chuong
nay s& tip trung nghién ctru mot sd diém chinh nhu thiét ké quy luat phan bd GPL trong
gan va tim tron/chom cAu, thiét ké khong gian clia gin mang nhén, khao st anh huéng
cua gan, tinh chét vat liéu, nén dan hdi phi tuyén va cac thong s6 hinh hoc dén ung X
6n dinh va dong luc phi tuyén cua két cdu chom cdu thoai, tAm tron c6 gin ting cing
mang nhén.

Céc két qua thu duoc s& gop phan 1am sang t6 cac van dé khoa hoc ciing nhu ¢
gia tri thuc tién cao d6i voi linh vuc thiét ké cac két cdu hién dai, dic biét khi sir dung
vat liéu tién tién nhu FG-GPLRC.

Noi dung chinh cta chuong nay di duoc cong bd trén 03 bai bao trén tap chi quéc

té ISI (SCIE) (Bai bao s6 1, s6 8, va s 9, trong danh muc cac cong trinh di cong bd cia
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tac gia lién quan dén luan 4n), va 02 bai bao da duogc giri dang trén cac tap chi qudc té
ISI (SCIE).
2.1. M6 hinh két cAu va vat liéu
2.1.1. Mé hinh két ciu

Chém ciu thoai c6 d6 day h, ban kinh R, va ban kinh ddy a,, dit trén nén dan
hdi phi tuyén duge mé ta nhu trong Hinh 2.1. Chom cau duogc ting ctng boi cac gin
phan bd déu theo hudng vi tuyén (huéng vong) hodc cac gan phan bd déu hudng kinh
tuyén (hudng tim), hodc gin mang nhén (1a sy két hop cia cac gan kinh tuyén va céac

gan vi tuyén).

Hinh 2.1. Hé truc toa dd va md hinh chom ciu thoai va tim tron dugc tang clirng boi
gan mang nhén hai ving
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Dé giam thiéu sy khac biét vé d6 cting cua chom ciu qua 16n giira cac vang khéc
nhau, cac gan kinh tuyén b6 sung duoc thém vao cac ving gan bién. Ngoai ra, cac gin
kinh tuyén duoc hop nhit véi nhau gin dinh ctia chom cau. Ba ving khac nhau duoc
hinh thanh bao gém ving hop nhét va hai viing gan 13 ving gitta va gan bién (Hinh 2.2)

Choém cau thoai dugce coi 1a chiu bién dang doi xung truc va dugc xem xét trong
hé toa do (go, 49,Z) co géc toa dO & bé mat gilta cua vo va @,0, va z lan luot duoc dat
theo cac phuong kinh tuyén, vi tuyén va theo phuong bé day cta vo. Dbi voi truong hop
két cAu chom cau thoai, dé thuén tién tinh toan, bién r = R.sing duoc dua vao. Tur do,

cac xap xi cos@~1 va R.dp~dr dugc sir dung.

Hinh 2.2. Hé truc toa dd va md hinh chom ciu thoai va tim tron dugc tang clirng boi

gan mang nhén ba vung
Vi tam tron 1a mét két cau dac biét cua chom cau thoai nén cac lién hé va cac
phuong trinh co ban duoi day s€ dugc thiét 1ap chung cho chém cau thodi. Cac cong

thitc va phuong trinh co ban ctia tm tron nhan dugc bang cach cho R, — .
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2.1.2. M6 hinh vat liéu
2.1.2.1. Chém cdu va tam tron FG-GPLRC ting ciing bdi hé gin mang nhén FG-
GPLRC va co lop ap dién

Céc loai phan bd GPL déu hoic bién d6i tuyén tinh (Hinh 2.3) theo bé day cua
chém (-h/2+h, <z <h/2) c6 thé duge st dung cho cac ty phén thé tich GPL, nhu sau:

Ag UD-GPLRC,
[(45=2h))f(-ho +h)Jag xGrLRC,

ASh [2-(j4z—2hy|)/(-hy+h) |Ag  O-GPLRC, (2.1)
(22 +h)/(h-ho)]AG  VGPLRC,
[(-2h, +h+22)/(h-h,) A A-GPLRC.

va d6i véi gan (h/2<z<h/2+hg):

Ag UD-GPLRC,
[\(—4z +2h) /hg; + 2\] Ag X-GPLRC,

A ={[2-|(-2h+42)/hg -2 ]Ag ~ O-GPLRC, (2.2)
[(-2z+h)/hg +2]Ag V-GPLRC,
[(-h+22)/hg |Ag A-GPLRC,

trong d6 ty phan khéi lwong trung binh ctia GPL cho chom cau hodc gan duoc xac dinh
boi Ag.

Xap xi Halpin-Tsai duoc sir dung cho cac wéc tinh mé dun dan hoi hiéu dung cia
chom cau duoc viét trong phuong trinh (1.8) va twong tu véi gan nhu sau [26, 51]:
31+ Vg )Em 5(1+ rﬁzr_sz’ét)Em

= 1
Eg =§

— — , (2.3)
1-m V&t 1-m, V&

Ty phan thé tich cia GPL trong chom cau duoc viét trong phurong trinh (1.10) va

tuong tu v&i gan nhu sau [26, 51]:

_ Ast
V(s;t _ = PmAG —, (2.4)
PmAG +PG —PGAG
Theo quy tdc hon hop, hé s6 Poisson, mat do va hé sb gian nd nhiét cia chém cau

duoc xac dinh trong phuong trinh (1.12) va gin ting cing duoc biéu dién bai [26, 517
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Vst = VGV(S;t +Vy (1 —V(S;t), Pst = pGVGSt +Pm (1 —Vét), Og = ocGVét + 0y, (1 —Vét ) (2.5)
Trong ludn 4n nay, cac 16p ap dién lam tr PZT-5A , véi d, =2.54x10""m/V,

E, =63GPa, v,=0.3, p, =7600kg/m?, &, =0.9x10"°/K [123].

|'r1|'

-------------

-—— Lép ap dién
—— FG-GPLRC

h | hapLre

T -—— FG-GPLRC

PZT/UD-UD PZT/X-X

r-a-“ - | - M L — N

PZT/O-0 PZT/V-A PZT/A-V
Hinh 2.3. Céc loai phan b6 GPL ctia chém céu va gan

Céc d6 cung rat gon duogc tinh toan cho ctia chom cau:

E E,v
N =Qo =, Q= Ak (2.6)
l—Vsh l—VSh
va cho 16p ap dién:
E EV
lel = ng = —12, lez = ”_3 . (2-7)
1-v, 1-v,

2.1.2.2. Chém cdu va tdm tron FG-GPLRC 16i réng ¢é gan mang nhén FG-GPLRC
V61 mo hinh nay, vat liéu composite gia cuong GPL dugc chon lam vat li€u cho
16p v6 va gan tiang cimg. Lop mit FG-GPLRC, 16i réng va gan FG-GPLRC dugc thiét
ké thanh ndm mo hinh U/PC/U-U, X/PC/X-X, A/PC/V-A, V/PC/A-V va O/PC/O-O,
nhu trinh bay trong Hinh 2.4.
Nam quy ludt phan bd khéi lugng GPL cia 16p mit va gin ting cimg mang nhén
dugce thiét ké nhu sau:

+) Lop mat trén (—h/2 <z<-h,/2):
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Ag UD-GPLRC,
U(z’lcc +2h+ 8Z)/(_hcc + h)HAG X-GPLRC,

AG =4 2-|(2hee +2h+82) /(~hee +h)| JAg  O-GPLRC,  (2.8)
[(2hee +42)/(hee =) [Ag V-GPLRC,
[-(2h+4z)/(hee —h) |Ag A-GPLRC,

+) Lop mat duéi (hy/2<z<h/2):

UD-GPLRC,
[ 2h 82+ 2hee)/(hee —h)| |AG X-GPLRC,
Aé=1|2-|(2h- 82+2hcc )/(hee=h)||Ag  O-GPLRC,  (2.9)
[(4z-2h)/(he. —h)]Ag V-GPLRC,

[(2hee —42)/(hee —h) | AG A-GPLRC,

va cho gin tang cing (h/2£z£h/2+hst) ;

Ag UD-GPLRC,
[[(2h—4z)/hg +2]|Ag X-GPLRC,

A =412-(42-2h)/hg ~2||Ag O-GPLRC,  (2.10)
[(h-22)/hg +2]Ag V-GPLRC,
[(2z-h)/hgt |AG A-GPLRC,

Ty phan thé tich GPL cua gan duoc xac dinh trong phuong trinh (2.4), va ctia cac

16p mit trén va dudi ctia chom cau duoc tinh bang [26, 51]:

T
_ A
vl = p"; ¢, 2.11)
PG(l—AG)+PmAG

B
_ A
vE= p"}g ¢, (2.12)
PG(l_AG)+pmAG
M6 dun Young cua gan dugc xac dinh trong phuong trinh (2.3) va cac 16p mat

duoc xac dinh tuong tu theo mo hinh Halpin-Tsai cai tién nhu sau [26, 51]:
| 3(1+rﬁ1ﬁ1VGT)Em 5(1 +ﬁ12172‘7GT)Em
- — + —7 , (2.13)
8 1- nIVG 1- leVG

ET=
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3(1+ﬁzlﬁ117(1;3 )Em 5(1+ﬁ12ﬁ2V(§)Em

— 1
Ep=— _ + - , (2.14)
8 1-mVE 1-m, V2
hopere 3- FG-GPLRC
h e 1 ; A R s i i ——— Lai I‘f}ng
heprre 1L -—— FG-GPLRC
Iy — FG-GPLRC

UD/PC/UD-UD X/PC/X-X

O/PC/O-O V/PC/IA-V APCIV-A

Hinh 2.4. Thiét ké quy lut phan b ctia cac 16p mit va gan ting cliing
Hé sb Poisson v, hé sb gian nd nhi¢t oo vamatdd p cua gan ting ciing dugc ude luong
trong phuong trinh (2.5), va cua hai 16p mat GPLRC c¢6 thé uéc luong nhu sau [26, 51]:
vr =ngG +(1—Vg)vm, Vg =V£VG +(1—Vé3)vm,
o =VgaG +(1—Vg)am, ap =V£OLG +(1—V(";3)ocm, (2.15)
pr=Vare +(1—‘7(:;F)Pm, ps=Vérc +(1—V£)Pm-
Vé6i mé hinh vat liéu nay, vat liéu cta 16i rong duoc chon gidng nén dang hudng

cua FG-GPLRC. M6 dun Young hiéu dung, hé ) gian nd nhi¢t, h¢ s6 Poisson va mat

d6 duoc ude tinh bang (—h—;c <z< h—;j :

E.= {1 ~[ cos(nz/h,, )]ec} E.

Be =[1—(1—H)cos(nz/hccﬂpm, (2.16)

VC =Vm, O{C :O{m

trong do e, 1a hé s6 réng (0 < e.<1).
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Céc thanh phan d6 ctng rat gon cho cac 16p vo nhu sau:

— — C —0F°
Qll - _2 Q22’ Qll - _2 Q22’ Qll - —2 _Q22’
C

(2.17)

VoE
le— __2 J le—l__z ) Q12_1 Vé

>

2.2. Cac phuong trinh co ban va phwong phap giai
2.2.1. Cac cong thirc va phwong trinh co bdan
Do v6i chom cau thodi va tam tron thi mode ddi xtmg truc chiém wu thé, nén luan
an nay chi xem xét mode dbi ximg truc cta bién dang. Chuyén vi theo phuong vi tuyén
duoc gia thiét bang khong U(r,z)=0. Cac chuyén vi theo phuong bé day ctia chom cau
duoc dinh nghia bdi [8]:
W(r,z)=w (r)+w(r), i(r,z)=u(r), (2.18)

trong do w () va u(y) 1an Iuot 1a d6 khong hoan hao va chuyén vi theo phuong kinh tuyén.
Bién dang c6 toa d6 theo phuong bé diy z duogc biéu dién bai [13]:
€ Er —ZW 4y
r
{ }= L (2.19)
€g gy ——ZW,
r b

trong d6 cac moi lién hé phi tuyén veé bién dang va chuyén vi tai mat gitra ciia chdm cau

duoc viét nhu sau [13]:

w 1 - *
_ —R— + Ew,r + w’rw’r + u,r
{f"} _] e : (2.20)
£ u w
r R,

Dinh luat Hooke c6 xét dén cac thanh phén co nhi¢t va dién duogc ap dung cho
chom ciu, nhu sau:
= Q& +Quagg —(Q11 + Q12 )| @(2)AT + V. d, /1y, ],

2.21)
GeZlegr + Qg —(Qr2 +Qaa )| A(2)AT +V, dy /hy, |,

trong d6 AT 13 tai trong nhiét phan bd déu hoidc 1a méi trudng nhiét trong trudng hop
tai trong co hoc, V, 1a dién ap cua 16p ap dién.

K¥ thuat san tac dung gin cb dién cua Lekhnitskii [4] dua trén 1 thuyét dam cb
dién cho vat liéu dong nhat va dang hudng, thuan nhat do cing ctia gan thanh do clng
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cua vo, don gidn hoa vo c6 gan thanh vo di hudng khong gan tuong duong. Ky thuat

nay gia dinh khodng cach khong doi gitra cac gan, di€u nay han ché ung dung ctia nod

dbi v6i chom cau co gin theo phuong kinh tuyén. Trong ludn 4n nay, k¥ thuat san tac

dung gan duogc phat trién cho gin mang nhén ba ving, v6i khoang cach giira cac gan

theo kinh tuyén 12 ham cta toa do khac nhau d6i véi ba ving bao gdm ving hop nhit va

hai viing gan la vung gitra va gan bién. Cac biéu thirc luc gian va mé men dugc suy ra

bang cach tich phan phuong trinh (2.21) va két hop k¥ thuat san tac dung cai tién véi

chom cau ¢6 gan mang nhén, nhan dugc nhu sau:

N,=%.J F i+ 80 0 — L F o~V oV, — ATGT.
r= & Wb+ eedin === Fp - b1 — AT O3,

M. =%.F P8 Fy— TPV oY — ATGL
r= ek Wby el == o - eb2r — AT Gy,

Ny =g.J Foo 4 80J0y — L Fyy —V 00 — ATGT
0= &rJ12 ~Wrrkip + 89 pp === F - ed1o —AT g,

M, =%.F P+ 80 Fyy T PV ¥ — ATGT
6 = &rbip —WrrFo 8% —— =Py - 020 —AT 029,

trong d6 ddi v6i vung hop nhét r e[O,ain) :

(2.22)

hy,—h/2 h/2 hy+h/2
(Pll ,Fll ,J ) _J/z (zz,z,l)leleJrh _J;l/z(z W/ I)Q dz+ h.!; (zz,z,l)leltdz
 hyhp 2 h/2 hg+h/2 : t
(Pzz,Flg,Jég)z _i~!/2 (z ,Z,I)ngdz+h Jh/z(z ,Z I)Q dz+ Jz (z ,Z,I)ngdz
in pin 7in =hv_h/2 2 v " sh
(Plz ) ,J12) j (z ,Z,I)ledZ+ I (z z I)Ql dz,
“h/2 hy—h/2
hse+h/2 hy=h/2 h/2
o= [ (QF+Q Jagdz+ [ (Qh+Qf)audze [ (QF +Qf Jasndz
h/2 “h/2 hy—h/2
hg+h/2 h,~h/2 h/2
o= | (B0 Joszdzr [ (QB+Qf)auadze [ (QF +Qif jagadz
h/2 h)2 hy—h/2
hyh/2 hy—h/2
(I)vm _’.!‘/2 (Q12 Qll) vd (I)i)én, (I)vm _};“/2 (Q12+Q11) deZ (I)vm

34



Tin Tin ,Tin Tin
bir =di0 > 920 =920 >

Vi ving gitra 1€ (aj,, Ay ) :

(AT R )=
hy +h)2 hy—h)2 h/2
(z z I)th O g, J. (zz,z,l)leldz+ J- (zz,z,l)lelhdz,
h/2 i _h/2 hy—h/2

(P R g )
hg,+h/2 h,~h)/2 h/2

(ZZ,Z,I)Q%Zz—de+ j (zz,z,l)ngdz+ I (zz,z,l)Qggdz
h/2 2p —h/2 h,—h/2
¢Tm1
hgt+h/2 h,~h/2 h/2
| (szt+fo)ast21—mdz+ [ (eh+at)auds+ [ (o +of)asmds
h/2 m ke hy"h/2
¢Tm1
hy—h/2 h/2 hy+h/2 b,
(Q§2+Qf’2)avdz+ j (Q§g+Qf§)ashdz+ j (Q +Q12)0‘stdde
~h/2 h,~h/2 h/2 2p
¢Tm1
hgt+h/2 h,~h/2 h/2
I (Q12+ )astzl—mzdz+ J (lez+Q1”1)avzdz+ J' (lethrlelh)&shzdz,
h/2 Im _h/2 hy—h)/2
¢Tm1
hgi+h/2 b h,-h/2 h/2
(Qf§+Q§§)ast;—pzdz+ j (Q52+Q1vz)avzdz+ j (Q§Q+Qf§)ashzdz,
h/2 2p ~h/2 hy~h/2

(1312 ’FIZ ,J ) (PIZ’F12’ ) (I)vln d)vml d)vmz’(l)vml (I)vm d)vml'
va v6i viing gan bién r e (ap;, agy|:

(Pzz L 2) (Pzz LI ) (PIZ Y an) (Plz LT )

Tmi Tou ,vou vin vou ,Tmi Tou
bio =919 > O =01 =9¢ b2 =920

vou vm vou
10 > d3r =02p =029 -

i
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(AT FG I ) =

hy+h/2 hy—h/2 h/2
2(2 z I)QSt LW I (zz,z,l)leldz+ j (ZZ,Z,I)lelhdZ
h/2 dm hy~h/2
¢Tou
h/2+hg h,-h/2 h/2
J‘ Z(Q +Qp )astzl dz + I (Q}’2+lel)&vdz+ J. (leél +Q15fl)ﬁshdz,
h/2 ey hy—h/2
(I)Tou
hg+h/2 h,—h/2 h/2
(le +Qf] )ocst Zlm zdz + _[ (Q1U2 +lel)6cvzdz+ I (leé’ +lelh)&shzdz.
h/2 Im _h/2 hy—h/2

Céc biéu thire trén duogc thiét 1ap tong quat cho gan mang nhén ba ving, truong
hop gan mang nhén hai ving, cac biéu thirc nhan dugc bang cach cho cac thanh phan
d6 ctng va noi luc nhiét cua ving gan bién bang khong, dong thdi kéo dai mién tich
phan cta vang gitra thanh r e(a,, ay, |-

Nang lugng bién dang véi cac thanh ph'?m co nhiét dié€n, cong thuc hién boi ap luc

ngoai, twrong tac nén, va dong nang dugc trinh bay nhu sau:

aou
<Dint=+nj j [ 2,0, +£¢0q —(0 +04)0(2) AT - (o, + 0 )V, (dy /1y, ) |rdrdz
Fami
QAin
s [ [er0n+ 8900 ~(0r +00)ATE(2) (0 + 0 Ve (dy /1y ) Jrdrdz  (2.23)
ro
A
+TCJ- J. | ,0, +£¢0g —(0, +0¢)ATQ(2) (0, + 0 ) Ve (dy /1) |rdrdz,
[ aj,
Aoy Aoy WK 1
dbext:2nqj wrdr—nJ. w 23" —(;w,r+w,rij21+lel rdr, (2.24)
0 0
O = nj j wtp rdrdz+ﬂjj rdrdz+nj J wtp z)rdrdz, (2.25)
I'a,,; ro I a;,
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trong d6 K (N/m®) va Ky (N/m) 1a d6 ctmg nén dan hoi Winkler va Pasternak tuong
mg, va Kz, (N/m°) la d6 cing phi tuyén cta nén dan hoi, c¢6 thé mang gia tri am hodc
duong twong tng v6i nén hdéa mém va nén héa cing.
Ham Lagrange nhan duogc tur cdc phuong trinh (2.23), (2.24), va (2.25), nhu sau:
D =D +Dpyp —Djpt- (2.26)
2.2.2. Dang nghiém da thirc va gidi bai toan
biéu kién bién ngam duoc ap dung cho chém cau & canh, nhu sau:

r=0: u=0, w,r:O,

(2.27)
r=ay: w=0, W, =0, u=0,
Theo diéu kién bién (2.27), cac nghiém da thirc dugc chon nhu sau [13]:
2 2
2 .2 . 2 .2 2
w= —(aouz ) W, w' = —(a°”2 ) rh, u=" "Gl (228)
aou aou aOU
trong do A 1a c¢& cta d¢ khong hoan héo.
Thé nang can cua hé dugc xac dinh nhu sau:
aou
D=nx j wirdr (2.29)

0
trong d6 « 1a hé s6 can cua co hé.
Céc phuong trinh Euler-Lagrange nhan duoc bang cach két hop véi ham tiéu tan

Rayleigh, nhu sau:

d| o | oD o0

d[ oo | ov_

ael - |7 - ew dt| - | U
oW ) ow oU

0, (2.30)

dan toi:
M12+UI11+AT114 +VeI15 +W(2}\,h+W)Il3:0, (231)
U112+(W +kh)UIz2+(W+4h7b/3)W123+(W+ 27\,h)(W+}\,h)WI24
+W3K3n125 +(W + kh)ATI29 + W(IZS + K2IIZ7 + KIZIZ6) (232)
+ATI3 +(W + ARV, I3y +qly +VoIys =W Iy, =W kI35 =0,

trong d6 I;; duoc trinh bay trong phu luc.
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Bang cach giai phuong trinh (2.31), thu duoc biéu thirc bién d6 U, sau d6, thé biéu

thirc nhan duoc vao phuong trinh (2.32), dan téi:
2
W(KHIZ6 + K21127 —?—2+128 ]—(W+ th)WIl;ﬁ—(W-l-;\,h)W 12[2112
11 1 U

+(W+2xh)(W+xh)W(I24I“ _122113J+(W+§kthIz3+W3125K3n

I
H (2.33)

H{W 2RV, Iyydy —Ipolis +(W +0h)AT Iyoly —1xp114 +qls;
¢ Iy, I,

+AT£I3011 1111.[14112]_’_Ve[I?ﬁSIIIIIIIISIIZ J_WI?’Z —WKI33 =0,

Phuong phap Runge-Kutta duoc ap dung dé giai phuong trinh vi phan bac hai
theo thoi gian (2.33) va thu duoc cac duong cong thoi gian-bién do. Trong chuong nay,
cac ham tuyén tinh theo thoi gian g =9t va AT =nt dugc chon cho ap luc ngoai va tai
nhiét, trong d6 3 (Pa/s) va n (K/s) dugc dinh nghia la tdc d6 dat tai cla tai co va nhiét
dong twong Gmg. Tiéu chuan 6n dinh dong phi tuyén Budiansky-Roth [2, 4] ¢6 thé duoc
ap dung dé xac dinh tai t6i han dong phi tuyén cia két cau.

Bang cach bo qua cac thanh phan quan tinh va can, phuong trinh (2.33) trd thanh
phuong trinh can bang tinh va dudng cong sau mét on dinh tinh co ctia chom ciu c6 thé

thu dugc nhu sau:

I} Iyl —Ipl
W(Klll%+K21127—ﬁ+I28J+(kh+W)Ve£ 34 “I“ 22 15)

~(W+ 27J1)W—I13I12 +(rh+ W)AT(I”I“ _122114j+ K3 W315s
In ot 1 @39

- - I3,
+(W+2kh)(kh+W)W£Iz4I“I 122[13J+Ve£135111] 115[12]
11 11

+(W+§kthIz3 +AT[I3OII 11_ Ilz[l“j—(xh + W)W—IZIZIIZ
L 11 11

Tuong tu nhu vdy, bang cach bo qua cac thanh phan quan tinh va thanh phan can
trong phuong trinh (2.33), duong cong sau mat 6n dinh tinh nhiét c6 thé duoc xac dinh

nhu sau:
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11

2
W(K11126+K21127 —‘?2+128J—(}\’h+W)W122112+

+(W+2xh)(xh+W)W(124I“I_122113
11

Iy

]—(W+2kh)W

11

+Ve(135111 _115112]+(xh+w)ve(1341“ -1y

Iy

(W-F:.}\.h]WIZi;

11

j+ I31q+ K3, W>I,s

]

AT ==

Iy,

(kh+W)(I22Il4 — 1111 j+ L4y — 11 I3

I

.(2.35)

Déi voi tAm tron, hoan hao, va khong gan, bang cach bo qua cac thanh phan quan
tinh, can, khong hoan hao va phi tuyén trong biéu thirc (2.35), tai nhiét mat 6n dinh tinh
clia tAm tron va vo cau thoai nhan dugc theo tiéu chuan on dinh tinh [1, 6] bang cach
cho W—0.

Bing cach bo qua cac thanh phan phi tuyén, tai cudng btrc va d6 khong hoan hao
trong biéu thtrc (2.33), biéu thirc tin s6 dao dong ty do tuyén tinh ctia chom ciu va tim

tron ¢6 gan dugc thu dugc nhu sau:

IIIIZ8+1122

11

Kyl + Kyly, - +V (1341” ~ Il j+AT£IZ9[“_Izle4]
I,

e
11

O=1\—

(2.36)
I32

Vi bai toan dao dong, tur biéu thurc (2.33), tai trong cudng buc dugc chon dudi
dang diéu hoa g =QsinQt cho truong hop dao dong cudng birc. Bién d6 dao dong ciing
duogc gia thiét dudi dang diéu hoa W =nsin(Qt). Sau d6, phuong phap can bang diéu
hoa duoc sir dung [4], dan dén:

2ukl
3 42,

AT + k24 Q=
omnm

ks V,+4 ks

o onw

l+§k2n2 +ik1n+4 (2.37)
4 3n

onl;,
trong d6 tan sd dao dong khong thtr nguyén duoc dinh nghia 1a v=0Q/w va:

:_123111"‘[12(122"‘113) Ill(_I25K3n_I24)+Il3

k , k=
1 CO2132111 ? c02132111
k32_130111+114112 k4=—h k52_135111+115[12 _
I, I 1,1,

Bang cach sir dung quy trinh tinh toan don gian cho biéu thirc (2.37), duong cong

tan s0-bi€én d0 v—n duoc xac dinh bang:



NN \/ 1 +%k2n2+f—nkln+LVek5 +LATk3 —(—

2
133KJ +2 k,.(238)
no

onl, o’nn o’nn nl5,
2.3. Két qua s va thao luin
2.3.1. Két qud so sinh

bé xac thuc do tin cdy cua cac cong thuc thu dugce, luan an thuc hi¢n so sanh voi
nghién ctru ctia Vii Thanh Long va Hoang Van Tung [79] trong trudng hop tai nhiét tdi
han cta tim tron FGM khéng c6 gan ting cing nhu trong Bang 2.1. Trong do, E_ la
m6 dun dan hoi cia kim loai, N 14 chi s ty phan thé tich va cac phuong trinh chu dao
trong nghién ctru [79] duoc thiét 1ap dua trén phwong phap Galerkin va 1y thuyét vo
Donnell. D& ding nhan thiy rang ddi v6i tim tron khong gia cudng, tai mat on dinh t6i
han nhan duoc phu hop rét tét v6i két qua ciia Vii Thanh Long va Hoang Vin Tung [79].
Bang 2.1. So sanh tai nhiét t&i han AT, (K) cua tam tron FGM khéng c6 gin ting climg

(ay,, /h=50, K, :kllm#’ Ky =ky h3]25m )
aou ou

(ki kyy) N =5 N =1 N=05 N =0
5) Long va Tung [79]  85.27 71.67 66.86 59.42
Lun an 85.29 71.69 66.87 59.42
Long va Tung [79]  62.63 51.64 47.66 40.89
9 Luan 4n 62.64 51.66 47.68 40.89
Long va Tung [79]  45.65 36.61 33.27 26.98
(%.9) Lun an 45.66 36.64 33.29 26.98

So sanh thir hai vé g xir sau mat 6n dinh cua chom cau thoai S-FGM khong co
gan ting cimg dugc biéu dién trén Hinh 2.5. Pudng cong sau mat 6n dinh cia nghién
clru ndy dugc so v6i duong cong sau mét 6n dinh cua cac tac gia Vi Thi Thuy Anh va
Nguyén Binh Birc [9]. Trong nghién ciru [9], chém ciu duoc lam bang vat liéu FGM
v6i quy luat phan bd liy thira Sigmoid (S-FGM); chi s6 ty phan thé tich N duoc chon
la 1. Céac phuong trinh co ban trong cong trinh nghién ctru néi trén dua vao FSDT va
phuong phap Galerkin dé thiét lap. Tir két qua thu duoc trong Hinh 2.5, ¢6 thé thay cac
duong cong sau mét 6n dinh thu duoc dua trén nghién ctru ctia ludn 4n phu hop tot véi
duong cong sau mat 6n dinh thu dugc boi Vit Thi Thiy Anh va Nguyén Pinh Dtc [9].
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=== Wi Thi Thity Anh vt Neayén Dinh Dire [9)

—— Ludin an

a =20, a0, /R, =02, 4=, AT=0K #
one b Ky=UNDE Ky =0 Nm, Ky, =0 N/m?*

Chom ciu 3-FGM khéng gin

0 1.5 1.5 2 .5 3
]

Hinh 2.5. So sanh dudng cong sau mat 6n dinh cia chom cau thoai S-FGM khong c6
gan tang clirng

Bang 2.2. So sanh hé sd tan s6 dao dong tu do tuyén tinh khong thtr nguyén

(T):o/( h f’" ] ctia chom clu dang huéng (H,/h=5, H,=a>,/2R,).

Aoy \ AouPm
o
Bucco va Mazumdar [22] 13.266
Haboussi va cac cong su [53] 13.37
Kalnins va Naghdi [65] 13.14
Luan an 13.80

So sanh cac hé so tan s6 dao dong tu do tuyén tinh khong thir nguyén duge trinh
bay trong Bang 2.2. C6 thé nhan thiy rang, hé sb tan sd dao dong tu do tuyén tinh thu
duoc cua ludn 4n cho thdy sy phu hop tot voi cac cong trinh trude day ctua Bucco va
Mazumdar [22], Habaoussi va cac cong su [53], va Kalnins va Naghdi [65].

2.3.2. Bai todn 1: On dinh co nhiét phi tuyén tinh ciia chém cdu va tim tron FG-
GPLRC co gidn mang nhén 2 vang

Trong phén nay, cac tinh chit vat liéu ctia FG-GPLRC va vét liéu nén duoc chon
nhu trong nghién ctru cia Wang va cac cong su. [160]. TAm tron va chom cau thoai
duoc dat trén nén dan hoi phi tuyén va khong co 16p ap dién. Cac théng sb hinh hoc, vt
lidu ctia két cAu dugc trinh bay chi tiét trong cac khao sat dudi ddy. Co thé tham khao
cac tiéu chuan 6n dinh tinh phi tuyén va tng xir sau mat 6n dinh phi tuyén duoc trinh

bay chi tiét trong cac ludn an tién si cia Cao Vian Poan [1] va Nguyén Van Tién [6].
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Hinh 2.6a, b, ¢ va d khao sat &nh hudng cua gan tang cing va loai gan tang clirng
1én tmg x0r sau mat 6n dinh cta cac chom cau thoai va cac tam tron FG-GPLRC dudi
tac dung cta tai ap luc ngoai (Hinh 2.6a, b) hodc tai nhiét (Hinh 2.6¢, d). Bén truong
hop cu thé duoc xem xét 1an luot 13: chom cau/tAm tron khong c6 gan ting cimg (1);
chom ciu/tdm tron duoc gia cudng boi 20 gan ting ctng theo hudng vi tuyén (hudng
vong) (2); chom cau/tAm tron duogc gia cudng boi 20 gan ting cing kinh tuyén (hudng
tam) (3); va chom cau/tdm tron duoc gia cudng bang 20 gan vi tuyén va 20 gan kinh

tuyén (gan mang nhén) (4).

I . — |: Khing gan 2 — | Khing gin
— 2 (Giiin vi tu}'n,:'n —— 2 Giiin VT tuyén :
—3: (Gin kinh tuyén ===3: (Gin Kinh tuyen kT
1 | | = Gin mang nhin B 3 i bt 4: Gén mang nhen ‘:,{ |
A 4 a,, B 100, AT=0K, b h=3, b =1, 4 =01 g
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I 1 1 i i IF
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Wih . ' i 4 5
(a) (b)
2K o o : — 1; Khdng giin [ ——1: Khing gin
\ Soq Fhdmein, XX 2: Giin kinh tuyén 2: Gén VI tuyén
1 Y = =3 Cidin v tuyin 80 — 3 Gian kinh tuyén
150 R N o -===-4: (3iin mang nhén = = =4 (;an mang nhén
i A=1%, h=001m I
2 i :
Zz G | a, k=80, 2=0,g=0MPa |
L) . P i, =3, B, =1
< Ay =1%, F=0.01m <40
B/h=3,b. /M =1,4 =0.] \
s0 b |
=80, a,/R=0.15 g=0MPa 2 “\\_\____
* i L] # — | dea
Ry Kol Nem, Kpr=0 N Ky =0MNm, Ky=0Nm K, =0 Nim?
0+ L L L N 0 . n ¥
-3 =2 -2 =], - -0, 2 =| | | 2
? FJ'?;J ! s o Ff’l:ﬂ.l
() (d)

Hinh 2.6. Anh huong cta gan ting cing va loai gin ting ctng 1én Gmg x{r sau mét 6n
dinh ctia chom cau thoai/tAm tron FG-GPLRC
Trong Hinh 2.7a, b va cac Hinh 2.8-2.10, véi truong hop chom cau/tim tron c6
gan mang nhén, cac két qua bang sd duoc nghién ciru d6i véi chom cau thoai duoc ting
clmg bang 20 gan vi tuyén va 20 gan kinh tuyén. D& dang quan sat thiy anh huéng tich
cuc clia cic gan tang cing 1én Gng xir sau mét 6n dinh ctia chom cau/tam tron (Hinh
2.6a, b, ¢, d). Cac gan ting cung lam ting dang ké kha ning chiu tai co va nhiét cta tim

tron/chom cau. Trong do, kha nang chiu tai cta cac két cau dugc tdng cting bang hé gan
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ting cing mang nhén 1a tot nhat (Hinh 2.6a, b, ¢, d). Xu hudng twong tu cling nhan duoc
dbi v6i tmg xr sau mat on dinh cta tim tron. Mot sb hiéu ung dic biét duoc quan sat
thdy trong Hinh 2.6d vé6i cac dudng cong sau mét 6n dinh ctia tim tron cd gin ting clng
chiu tai trong nhiét nhu: hién tuong mét 6n dinh r& nhanh chi duoc quan sat ddi véi thm
tron hoan hao khong c6 gan tang cung, chi chiu tac dung cia nhiét do; nguoc lai, diéu
nay khong xay ra ddi v6i cac tAm tron c6 gan ting ctng. Co thé giai thich ring, khi tAm
duoc gia cudng boi gan vi tuyén hodc boi gan kinh tuyén, trang thai mang khong ton tai
va do vong xuat hién ngay khi tAm bét dau chiu tai trong tic dung. Hon nita, di voi tAm
tron c6 hozc khong c6 gan ting ctg, mién bién dang cia tim c6 thé quan sat thay trong
mién bién dang duong. Nguoc lai, ddi v6i chom cau thoai, mién bién dang cua vo chi

quan sat dugc ¢ mién bién dang am.

L [f— I; Khong gin 10— -=--1: Khing gin
— 2: Griin magng nhén I =2 Cainy miing nhén
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0 2 4 ] B o 1 2 3 4 5 &
Wil W
(c) (d)

Hinh 2.7. Anh hudng cta nhiét d6 va sb luong gan ting ctng 18én cac dudng cong sau
mét On dinh co hoc cua chém ciu thoai/tdm tron FG-GPLRC

Anh huong dang ké cua nhiét d6 1én cac duodng cong sau mét 6n dinh co hoc cla

chém cdu thoai va tAm tron FG-GPLRC duoc thé hién trong Hinh 2.7a,b. C6 thé théy,

doi véi chom cau thodi c6 hay khong c6 gan tang ctiing, khi chiu tac dung cua ap luc
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ngoai va nhiét, hi€én tuwgng snap-through tang khi nhi¢t do tang (Hinh 2.7a). Tuy nhién,
dbi véi chom cau c6 gan ting cing, hién twong snap-through xay ra nhe hon, dong thoi
khi nhiét d6 ting, cudng do snap-through ciing ko ting manh nhu ddi voi trudng hop vo
khong gan. Piéu nay cho thay viéc ting cimg cho chdm ciu bing gan mang nhén giup
v6 tang kha nang chiu lyc trong moi truong nhiét o cao, dong thoi giam thiéu duoc
hién tuong snap-through, 1a mgt hién tuong bat loi dbi voi két cdu chom cau khi chiu
tac dung ctia ap luc ngoai va nhiét. Hinh 2.7b cho thay rang, ddi v6i mot tim tron chiu
tai trong co va nhiét két hop, d6 vong trude do nhiét do xuét hién trude khi tim chiu anh
huong cuia tai ap luc ngoai. Khi nhiét ¢ tang, d§ vong trudc do nhiét cling tang 1én.
Trong khi d6, véi cac tAm tron ¢6 gin mang nhén, d6 vong trude do nhiét giam mot cach
dang ké. Ngoai ra, d6i v6i cac tAm tron hodc chom cau thoai duogc ting cimg bang hé
gan mang nhén, khi sé lugng gan ting 1én thi kha niang chiu tai cta két cau ting Ién,
cudng d6 snap-through cua chom cau giam rd rét (Hinh 2.7¢), dd vong trude do nhiét

clia tAm tron ciing giam (trong Hinh 2.7d).

¢ {==LAWV — 4 == AV
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Hinh 2.8. Duong cong sau mat 6n dinh phi tuyén ctia chém cau/tim tron FG-GPLRC

¢ gin ting cung vai cac quy lut phan bd vat liéu khac nhau
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Céac dudng cong sau mat 6n dinh cta chom cau va tim tron c6 gin ting cing véi
nam truong hop phan bd vat liéu duoc xem xét trén Hinh 2.8a,b,c,d . Ddi véi cac hinh
minh hoa, kha nang chiu tai co va nhiét tdt nhat duoc ghi nhan ddi v&i chom céu thoai
va tim tron c6 kiéu phan bé FG-V/FG-A, tiép theo 1an luot 1a FG-X/FG-X, UD/UD va
FG- O véi cac dudng cong sau mat on dinh cua két cdu twong dbi gan nhau. Trong khi
do, kha nang chiu tai ctia chom cau thoai hodc tAm tron véi quy luat phan bd vat liéu
FG-A/FG-V la thap nhat. Py 1a mot nhan xét dang chii y cho cho cac nha thiét ké két
cAu khi thiét ké chom cau thoai/tAm tron lam tir vat liéu FG-GPLRC c6 gin ting cing.

Hinh 2.9a, b, ¢ va d md ta anh huong cta ty phan khdi lugng GPL 1én tmg xtr sau
mat 6n dinh phi tuyén cta cac chom cau va tim tron FG-GPLRC. Kha ning chiu tai co
va nhiét clia cac két ciu c6 va khong cé gan ting cting déu ting lén khi A ting. Tuy
nhién, nhitng anh huong nay ddi véi chom cau/ tAm tron c6 gan ting ctng la dang ké

hon so vo1 cac chom cau/ tam tron khong c6 gan tang cung.
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Hinh 2.9. Anh hudng cua ty phan khéi luong A cua GPL 1én ing xUr sau mat 6n

dinh phi tuyén cua cac chom cau/tAim tron FG-GPLRC c6 gan ting ctng
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J4

Ung x{r sau mat 6n dinh phi tuyén ciia chom cau thodi/tim tron FG-GPLRC ¢6

4
A

gan ting ctng v4i do ctng nén phi tuyén K;,, khac nhau va céc gia tri cua cac thong so
hinh hoc a,, /R, va a,,/h khac nhau dugc nghién ctru trong cac Hinh 2.10a, b, ¢, d, e
va f. D& dang nhan thiy cac théng s nay c6 anh hudng rat 16n dén kha ning chiu tai

3

ciia chdm cau va tam tron c6 gan tang cing.
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Hinh 2.10. Anh hudng cua cac do cimg nén phi tuyén va théng sd hinh hoc 1én tng xtr

sau mat 6n dinh ctia chom cau/tam tron FG-GPLRC c6 géan tang clng
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Dic biét, Hinh 2.10a, b cho thiy cac duong cong sau mét 6n dinh phi tuyén cua
két cau cao hon khi do cimg ctia nén dan hoi phi tuyén ting d6i v6i cac gia tri duong
K

, vaxu hudng di 1én cuia cac duong cong sau mat 6n dinh ciia chdm cau va tam tron

c6 gan ting clng cling dwoc ghi nhan. Nguoc lai, ddi v6i cc gia tri am cia K, , xu
huéng di xudng cia cac dudng cong niy thu duoc trong do vong 16n. Hinh 2.10¢, d mé
ta anh huéng cua ty s a,, /R. dén trang thai sau mat 6n dinh phi tuyén cua cac chom
cau thoai/tim tron cé gan chiu tdc dung cua tai trong co hodc nhiét. Két qua thu duoc
cho thiy cac dudng cong ndy cao hon khi ty 1 a,, / R, ting, twong tng v6i do thoai
clia chom ciu giam. Ngoai ra, xu hudng ciia cac dudng cong sau mat on dinh cua céac
tAm tron va chém cau thoai 1a rat khac nhau, dic biét ddi véi cac duodng cong sau mat
6n dinh nhiét (Hinh 2.10d). Cu thé, d6i v6i cac tAm tron hoan hao khéng co gan ting
cung chiu tac dung cua tai nhiét, hién tuong mét 6n dinh kiéu r& nhanh duogc quan sat rd
rang (Hinh 2.6d, Hinh 2.10d, f). Nhung d6i véi cac tAm tron c6 gan ting climg va cac
chom cau thoai c6/ khong c6 gan ting cung, hién twong nay khong xay ra. Hon nira,
mién bién dang 4m c6 thé dugc quan sat d6i voi chom cau thoai ¢/ khong co gan ting
clmg thay vi mién bién dang duong ddi voi cac tAm tron c6/ khéng co gan ting cimg.
Anh huéng cua ty sb a,, / h -ty sb dai dién cho do day cua vo dén Gmg xir sau mat on
dinh cta chom cau va tAm tron duoc phan anh rat o rang trén Hinh 2.10e, f. MOt lan
nita c6 thé thdy rang anh hudng cia ty sb a,, / h 1én cac dudong cong sau mat 6n dinh
co, nhiét ciia chom cau/tdm tron c¢6 gan 1 16 rang hon so v6i anh hudng cua chom
cAu/tAm tron khong gan. Hinh 2.10e ciing cho thiy hé gan ting cimg mang nhén lam
giam dang ké cuong do snap-through ctia chom cau, dic biét dbi voi cac vo mong hon.
2.3.3. Bai todn 2: On dinh co nhiét phi tuyén tinh va dpng ciia chém cau va tém tron
FG-GPLRC co gidn mang nhén ba vung

Trong bai todn nay, chom cau va tAm tron FG-GPLRC dugc xem xét c6 gin mang
nhén ba ving, dit trén nén dan hoi phi tuyén véi 16p ap dién. Tinh chét vat liéu cia FG-
GPLRC dugc chon tuong tu bai toan 1. V&i bai toan 6n dinh dong, tiéu chuan 6n dinh
Budiansky-Roth ¢6 thé duoc tham khao trong lun an tién si ctia Diang Thuy Pong [2]
va Vi Hoai Nam [4].
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Hinh 2.11. Budng cong sau mat 6n dinh tinh cua tam tron va chdm cau c6 gan mang

c6 gan mang nhén ba ving dudi 4nh hudng cua cac yéu té khac nhau. Hinh 2.11a minh
hoa tac dong cua céac loai gin khac nhau 1én chom cau, bao gdm trudng hop khong gan,
gan vi tuyén, gan kinh tuyén va gan mang nhén. Két qua cho thay sy on dinh cta két cdu
duoc cai thién khi h¢ gan dugc thém vao, nhu dugc chiing minh bé‘mg duong cong sau

mat 6n dinh 4p lyc ngoai cao hon. Qua vi du nay c6 thé thiy rd tinh wu viét ctia gan kinh

®

nhén ba vung chiu ap luc ngoai

Hinh 2.11 trinh bay Gmg x{r sau mat 6n dinh tinh ctia tim tron va chom cau thoai
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tuyén so v6i gan vi tuyén. Trong Hinh 2.11b, cac anh hudng cia cic quy ludt phan bd
GPL 1én chom cau c6 gan mang nhén va 16p ap dién duoc nghién ciru. Két qua cho thiy
su khac biét trong cac quy luat phan bé GPL dan dén nhitng thay doi dang cht y trong
duong cong sau mat 6n dinh. C6 thé thiy xu hudng nguoc lai trong cac ving do vong
nho va 16n, trong khi kha nang chiu tai cia vo PZT/A-V dugc thé hién trong vung do
vong nho, thi trong ving d6 vong 16n, loi thé nay thude vé vo PZT/V-A. Tac dong cua
nhiét do ting déu 1én ing xir sau mét on dinh ctia chom cu voi gan mang nhén trong ca
truong hop hoan hao va khong hoan hao duoc thé hién trong Hinh 2.11c. Khi nhiét d6
tang, kha ning chiu tai sau mat on dinh cua vo ciing ting 1én. Nhiét do ting trudc khi
gia tai ap lyc ngoai tao ra d6 vdng am trude, din dén d6 cao dang ké cua dudng cong
sau mat 6n dinh cua vo & vung c6 d6 vong nhé. Dic biét, cac duong cong sau mat 6n
dinh & cac nhiét d6 khac nhau dudong nhu hdi tu tai mot diém va thu ty d6 cao cua chung
ddo nguoc sau diém hoi tu. Véi cac gia tri nhi¢t o nho, khong quan sat dugc hién tuong
snap-through, nguoc lai co thé dugc quan sat 10 rét voi cac gia tri nhiét do 1on . Hinh
2.11d phan tich cac dudng cong sau mét 6n dinh dudi tac dong cua dién ap cua 16p ap
dién. Cac truong hop dién ap am, duong va bang khong dugc ap dung, tir d6 thiy rang
dién ap cao hon c6 xu hudng 1am ting kha ning chiu tai sau mat 6n dinh dbi véi 6 vong
nho, cac dudng cong sau mat 6n dinh tién sat lai gan nhau khi d6 vong 16n. Hinh 2.11e
ching minh tac dong ctia ban kinh chinh ddi véi ung xu sau mét 6n dinh, trong do vi¢c
tang ban kinh chinh 1am giam kha ning chiu tai sau mét 6n dinh cta két ciu khi d6 vong
nho, c6 thé thdy anh hudng 16n cia cac thong sd hinh hoc trong viéc xac dinh su 6n dinh
ctia két cdu va xu hudng nay trd nén phuc tap va kho du doan khi d6 vong 16n. Hinh
2.11fkhao sat anh hudng ctia do cimg nén phi tuyén téi tng xtr sau mat 6n dinh ciia vo.
Két qua cho thiy do cimg nén phi tuyén 1am ting kha ning chiu tai sau mat 6n dinh, xu
huéng di 1én va di xudng cua duong cong twong tng voi do cimg phi tuyén ctia nén dan
ho6i mang gié tri dwong va am.

Hinh 2.12 minh hoa Ung xur sau mét 6n dinh tinh cua tAm tron va chom cau co
gan ba vung chiu tai nhiét, lam ndi bat anh huong cua gan mang nhén, ap luc ngoai trude
va cac thong sd hinh hoc t6i tmg xtr 6n dinh cta két cau. Hinh 2.12a trinh bay anh hudng
clia cac loai gan khac nhau bao gém trudng hop khong gan, gan kinh tuyén, gan vi tuyén

va gan mang nhén té1 dudng cong sau mat 6n dinh cua vo, c6 thé thdy rang gan tang
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cung lam tang dang ké kha nang chiu tai sau mét 6n dinh nhiét cia két cu. Pic biét,
gan mang nhén 1am ting d6 cimg 16n nhat, giam do vong va ting kha ning chiu tai sau

mét 6n dinh nhiét.
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(c) (d)
Hinh 2.12. Pudng cong sau mat 6n dinh tinh cta tdm tron va chom cau ¢ gan ba
vung chiu tai nhiét
Trong Hinh 2.12b, cac xu hudng phirc tap ciia dudng cong sau mat 6n dinh dugc
quan sat voi tAm tron, trong d6 gan mang nhén mot 1an nita thé hién anh huong vuot trdi
& mién do vong 16n. O mién do vong nho, do vong am hodc duong thu dugc cho cac

truong hop khac nhau va hién twong r& nhanh chi dugc thay déi v6i tAm tron khong gan.

14
A

Hinh 2.12c¢ khao st chi tiét hon tac dong cua sé lwong gan, cho thiy ring viéc ting s6
lwong gan 1am ting d6 ctng tong thé cua két cau, ddn dén kha nang chiu tai sau mat 6n
dinh nhiét cua vo cao hon. Anh huong cua ap luc ngoai trudc dugc thé hién trong Hinh
2.12d, trong d6 ap luc ngoai trudc cao hon dan dén kha ning chiu tai sau mat 6n dinh
nhiét 16n hon. Gia tai ap luc ngoai trude cho két cau tao ra truong (mg suat nén chdng
lai sy gian nd nhiét, do d6 lam tang kha nang chiu tai sau mét 6n dinh nhiét, tuy nhién,

anh huong nay giam khi d§ vong tang.
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Hinh 2.13 trinh bay dap tng mit 6n dinh dong cta tAm tron va chom cau c6 gan
ba ving chiu ap lyc ngoai vé6i cac loai gan, ban kinh chinh, ty phan khdi lugng GPL,
ban kinh co s& va d6 ctrng nén phi tuyén khac nhau. Trong Hinh 2.13a va b, anh hudng
clia cac loai gan ting ctng khac nhau, bao gdm trudng hop vo khong gan, gan kinh
tuyén, gan vi tuyén va gin mang nhén, cho thay gan lam ting ddng ké kha nang chiu tai
dong cua két cAu, dic biétl1a ¢ trang thai sau mét 6n dinh. Hinh 2.13¢ khao sat anh huong
ctia ban kinh chinh 1én chom cau, chi ra rang cac vo thoai hon dé bi mat 6n dinh hon
duéi ap luc bén ngoai. Trong Hinh 2.13d, anh hudng cua ty phan khéi luong GPL duoc
khao sat, v6i ty phan khéi luong GPL cao hon dan dén d6 ctmg két cu 16n hon va kha
ning chiu tai sau mat 6n dinh dong duogc ting cuong. Pidu nay 1a do ty 16 mo dun dan
hdi trén khéi lwong cao cua GPL, gop phan 1am ting d6 cimg ma khong 1am ting dang

ke tong khoi lugng cua ket cau.
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(c) (d)
Hinh 2.13. Pap tng dong mat 6n dinh cua tim tron va chom cau c6 gan ba ving chiu
ap luc ngoai
Hinh 2.14 khao sat dap tng mat 6n dinh dong cta tim tron va chém ciu c6 gin

ba vung chiu tai nhiét. Cac hinh 2.14a, b, ¢, d phan tich nhiéu thong sb khac nhau, chéng
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han nhu loai gan, sé luong gan va do cung nén phi tuyén, dé danh gia tac dong cua
chung dén sy 6n dinh cta két ciu dudi tai trong nhiét. Hinh 2.14a cho thiy tic dong cia
cac loai gan khac nhau (gan kinh tuyén, vi tuyén va mang nhén) dén dap tng mét on
dinh dong cta chom cau. Két qua cho thiy sy hién dién ctia gan lam ting kha ning chiu
tai ciia chom cau, gin mang nhén cung cip kha ning chiu tai nhiét cao nhat. Trong Hinh
2.14b, mot so sanh tuong tu duoc thuc hién ddi véi tAm tron. Hién tuong snap-through
(mat 6n dinh d6t ngot) chi xuat hién v6i tim tron khong gan, trong khi dudng cong dap
g dong trong cac trudng hop con lai ting dan va ving mat 6n dinh khong dugc thé

hién ro rang.
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(c) (d)
Hinh 2.14. Pap tng dong mat 6n dinh cua tim tron va chom cau c6 gan ba ving chiu
tai nhiét
Hinh 2.14c khao sat anh huong cua sb lwong gan dén dap ung dong cua Chom
cau. Két qua cho thiy viéc ting sé lwong gan cai thién kha ning chiu tai nhiét dong rd
rét. V6 ¢6 nhiéu gan hon duy tri dugc su on dinh vé mat két cu trong pham vi thay doi
nhiét d6 rong hon, cho thiy sb luong gin cao hon cung cdp kha ning hd tro tot hon

chbng lai Gmg suat do nhiét gy ra. Hinh 2.14d nghién ctru tac dong ctia do cimg nén phi
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tuyén toi dép tmg mat 6n dinh nhiét. Khi d6 ctrng nén phi tuyén ting 1én, kha ning chiu
tai nhi¢t dong duogc tang 1én ro rét.

2.3.4. Bai todn 3: On dinh co nhiét phi tuyén tinh va dpng ciia chém cau va tém tron
FG-GPLRC [6i réng c6 gin mang nhén ba viing

Trong bai toan ndy, chém cau va tim tron FG-GPLRC 15i rong dugc xem xét ¢6
gan mang nhén ba ving, dit trén nén dan hoi phi tuyén va khéng c6 16p ap dién. Tinh
chat vat liéu cua FG-GPLRC duoc chon tuong tu cac bai toan trudc.

Bang 2.3 trinh bay tai trong mét 6n dinh nhiét téi han dong cta tAm tron khong
gan theo cac quy luat phan bé GPL khac nhau. Phan tich bao gom ca tai ti han tinh va
dong, véi truong hop tai nhi¢t dong dugce phan tich & hai tdc d6 dat tai nhiét khac nhau
12 100 K/s va 200 K/s. Trong trudng hop tai nhiét tinh, nhiét do toi han twong ddi gan
nhau véi tit ca cac quy luat phan bé GPL, trong khoang tir 95,53 K (U/PC/U) dén 97,05
K (V/PC/A), cho thay nhirng thay d6i nhé do cac quy luat phan bd khac nhau.

Bang 2.3. Tai t6i han nhiét dong AT, (K) cua tAm tron khong gan FG-GPLRC (h
=0.02m, a,, =100h, h,.=0.5h, 1=0, €,=0.3,Agp;=0.5%, q=0 N/m?, K; = 10

MN/m?, K5;=0.1 MN/m, x =0 kN.s/m?)

) Dong Tinh
Quy luat phan bo GPL
n=200 (K/s)  n=100 (K/s)

X/PC/X 126.60 114.70 96.80
O/PC/O 126.40 114.40 96.75
U/PC/U 125.80 113.90 95.53
A/PC/V 125.56 113.70 96.49
V/PC/A 128.20 116.10 97.05

Déi véi trudng tai hop tai nhiét dong, nhiét d6 t6i han dong ting khi toc do dat
tai tang, thé hién tac dong cua tdc do dat tai nhiét dén ung X mat 6n dinh. Hién tuong
nay cho thdy phan bé GPL va téc do dit tai nhiét tac dong dang ké dén tai mét 6n dinh
nhiét t6i han. Ngoai ra, tai trong mét 6n dinh nhiét toi han téi thiéu da duoc quan sat
thay trong céac truong hop tinh va dong véi cac quy ludt phan bé GPL khac nhau, U/PC/U
voi truong hop tinh va A/PC/V trong trudong hop dong.
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Hinh 2.15. Pudng cong sau mét 6n dinh tinh cia tim tron va chom ciu FG-GPLRC
16i rong c6 gan mang nhén ba ving chiu tai trong co
Hinh 2.15 khéo sat irng xur co hoc tinh sau mét 6n dinh cua chém ciu / tim tron
FG-GPLRC 15i rdng c6 gan mang nhén ba ving trong cac diéu kién khac nhau. Trong
Hinh 2.15a, anh hudng cua cac loai gan khac nhau (khong gin, gin vi tuyén, gan kinh
tuyén va gin mang nhén) ddi voi dap ing sau mat 6n dinh duoc trinh bay. Cac gan mang
nhén cho théy kha nang chiu tai sau mét On dinh cao nhét, trong khi cac chom ciu khong

gan cho thay kha ning chiu tai sau mat 6n dinh thip nhat. Néi cach khac, cac gin dong
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vai tro quan trong trong viéc cai thién sy 6n dinh ctia két ciu. Cac gan kinh tuyén ciing
cho thiy cac anh huong c6 loi vuot trdi so voi cac gan vi tuyén. Hinh 2.15b nghién ciru
anh huong cua sb luong cac gan. Co thé thiy ring viée ting sé luong cac gan 1am ting
kha ning chiju tai sau mat 6n dinh, dwgc ching minh bang cac duong cong sau mat 6n
dinh cao hon ddi véi cac chom cau c6 nhiéu gan hon. Trong khi d6, cudng do snap-
through thay ddi khong dang ké khi sb lwong gan ting 1én. Trong Hinh 2.15c¢, anh huéng
clia cic quy luat phan bd GPL dugc nghién ctru. Cac quy luat phan bd khac nhau tac
dong dén do cung va ing xtr sau mat 6n dinh. Cac duong cong chi ra ring mot sé quy
luat phan bd GPL (dic biét 1a A/PC/V-A) cho hiéu qua gia cudng vuot trdi so voi cac
quy ludt phan bd khac, tir d6 cho thiy viéc Iya chon quy luat phan b vat liéu trong két
cAu 1a rit quan trong dé c6 hiéu suat co hoc t6t hon. Cac anh hudng cta cac ty phan khoi
lugng GPL khac nhau ddi voi ung xu sau mét 6n dinh duoc thé hién trong Hinh 2.15d.
Nhu mong doi, viée ting ty phan khéi luong GPL s& dan dén cac dudng cong sau mat
6n dinh cao hon. Tac dong cta hé sé rdng cua 161 rong toi dap tng sau mat 6n dinh cia
chém cau dugc kiém tra trong Hinh 2.15¢. Hé s6 rong cao hon, biéu thi nhiéu 15 rdng
hon trong vat liéu, dan dén giam cuong do sau mét 6n dinh. Tuy nhién, hé sb rong ting
1am giam cuong do snap-through ctia chém cau. Hinh 2.15f khao sat tac dong cta ban
kinh cong t&i ing xtr sau mat 6n dinh cta chom cau. RS rang 1a ban kinh nhé hon (tirc
12 d6 cong 16n hon) 1am ting d6 cimg va ting kha ning chiu tai sau mat 6n dinh, trong
khi chém cau thoai hon hon (ban kinh 16n hon) thé hién kha ning chiju tai sau mat 6n
dinh yéu hon. Tl d6 thdy dugc vai trd quan trong cta cac thong sb hinh hoc trong viéc
xéac dinh tng xtr co hoc ctia chom cau. Ung xtr phi tuyén phirc tap cling quan sat thdy
tai ving d6 vong 16n, kha nang chiu tai sau mat on dinh ciia tAim vugt qua chom cau.
Hinh 2.16 nghién ctru tng x& sau mat 6n dinh nhiét tinh cta chém cau / tim tron
FG-GPLRC 16i réng c6 gan mang nhén ba ving, lam ndi bat tic dong ciia nhiéu thong
s6 khac nhau nhu loai gan, hé sb rong, ap luc ngoai trudc, chiéu cao gan va dg cung nén
phi tuyén. Hinh 2.16a ching minh rang, trong s6 cac mé hinh gan khac nhau (khong
gan, gan kinh tuyén, gan vi tuyén va gin mang nhén), hé gan mang nhén thé hién kha
ning chiu tai sau mat 6n dinh nhiét tot nhat, twong tmg duong cong sau mat én dinh
nhiét cao nhat. Tir Hinh 2.16b c6 thé thiy cic xu huéng hoan toan khac nhau cua céc

duong cong sau mat 6n dinh dugc ghi nhan véi cac trudng hop tAim khong gin, gan kinh
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tuyén, gan vi tuyén va gan mang nhén. Hién tuong mat 6n dinh r&€ nhanh chi xuat hién
trong truong hop tam khong gan. Hon nita, 1¢i thé ciia tdm cé gan dugc thé hién rd rang

o vung do vong 16n.

400 = ~ — |; Khing gin 20K e — — |: Khing gin
Chom i —— 2 Gin kinh wyén Ky =10 MINGme, — % Giin i buydn
3 Gt ik Ky = 0.1 MN/m, el ;
- 3 Grilim v Luycn il 10 GN/m? — X: Gitn kinh tuytn
4; Giin mang nhén 150 - a : — < Giln mang nhén

4

200
-
8 K= 10 MN/m?,
& Ko =01 MN/m, Z
=200 [ K= 10 GN/m? 100 FUDPC/UD-UD,
- - i =0.02m, L= 1},
f, =170, @, = 1004,
o | UDPCIDAUD, A = 0,02m, g Lh,=1.5he =03,
B =0Th =001, a,, =80, k=30, g g=0Pa A;=05%,
R.= /0.2, 4 =1.5%, by, = by, — b, by, = b, = h, o
Ay, =20, 1, =12, g=0Pa, e, =03 Moy =2 Ay = 12 Tim trin
0 - Rl h s {l = : -
- -3 =3 -1 ] -3 -2 -1 L 1 2 3
Wil Wik
(a) (b)
BN s = —Tie =0 G { IHoan hio
\ XPO-X b= 0.02m, ki = 0.7k, — e, =03 | ----- Khing hodn hao (= 0.3)
\ 3 L=01,a,= 1000 B, =a 02, — 3 =6
[ 1, = L5k, A =0.5%, = K= 10 MN/m?,
2 By, = b = Bty = 20,0y, = 12, g = 0 P, g =0 MPu Ky = 0.1 MN/m,
40 ' 400 F2:.9=1MPs Ky, = 10 G
Z z Jg=2MPa
B Pt Ve :
< Chiom ehu - Cidn myng nhgn yi
M b il myang nhén Ml F
, : OPCO-0, b= 0.02m, &= 0.Th
=10 ] 5 4 A
?;"' = 11 ;ﬂ:f:l' g, = 0.3, a, = 100k, R, = a,/0.2, h,= LSk,
K o 100 GNIm® A= D5%, b= by = gy = 2= 12,
== T . ] : :
% = = -0 — -2 ]
3 2 Wik [ o Wik
() (d)

1200 —— Hudin hiio 400 —_— |1 K, = =20 GN/m
AL v'.’*" h=001m, | ____. K hdng hoin hio (A =0.1) \ — 2K, =-10 ON/m’
h=0Th e =03, CPCK-X 5 R ;
g, = 100V, i, = 1.5h, % ) "
o= 0.5%, By, = by = H 300 A= 001m, :

80 | E gt b= 0.7h, 4 =
Mo 20, 0. = 12, 9=0Fa, 0 -
& Tam tron & ”"L__ h ; 3 Chom ciu
= = 200 A, =1 on A =01, ? Gifin mgng nhén
- - R. = r.J"__"H.l 4
W0t Itk = b Wopy = 0.5%, my, <20, ©
e hl 2 b.m b=, !

Srip 0 Fe o —10
Ich,=3h fI:lIP'u-

; g g

K= 0N, K= 0 Nim, £, =0 Nim®, / K= 10 MN/m?,

0 ) ; 4 ) Ky = 0.1 MMN/m.

i | F 3 4 o a
Wik - ' Wik : v

(e) ()
Hinh 2.16. Dudng cong sau mat 6n dinh tinh cta tdm tron va chém cau FG-GPLRC
161 rong c6 gan mang nhén ba ving chiu tai trong nhiét
Hinh 2.16¢ khao sat tac dong cta hé sb rong 1én chom cau, cho thay do rong ting
dan dén kha nang chiu tai nhiét tdng, lam cho dudng cong nhiét sau mét 6n dinh cao

hon. Mac du chom cau tré nén rong hon, dan dén do cirng gidm. Tuy nhién, hé s6 gian
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nd nhiét cling giam. Trong truong hop nay, anh huéng chu dao cta hé sb gidn nd nhiét
duge néu bat. Anh huong cua ap lyc ngoai trudc duge mo ta trong Hinh 2.16d, ro rang
rang khi ap luc ngoai ting, kha ning chiu tai sau mat 6n dinh nhiét ting dang ké. Diéu
nay cho thdy, ap lyc ngoai 1am ting ng suit nén ciia chom cau, qua d6 chéng lai sy
gidn nd nhiét mot cach rd rang. Hinh 2.16e nghién ctiru anh hudng ciia chiéu cao gan 1én
tam tron, cho thiy gan cao hon lam ting kha ning chiu tai sau mat 6n dinh nhiét cua két
cAu. Hinh 2.16f kiém tra tac dong cta do ctng nén phi tuyén 1én kha ning chiu tai sau
mat on dinh cua chom ciu. Két qua cho thiy rang viéc ting do clirng nén phi tuyén s&

cai thién kha nang chiu tai sau mat on dinh nhiét cia nén hoa cung ( K5, duong), va cho

thay kha nang chong chiu 16n hon so v4i nén hoa mém ( K5, am).
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Hinh 2.17. Pap tng mit 6n dinh dong cua tm tron va chom cau FG-GPLRC 15i rdng
c6 gan ba vung chiu tai co

Tac dong cua céc diéu kién khac nhau cta céc loai gan, h¢ ) rong va do cing
ctia nén phi tuyén dén dap tng mat 6n dinh dong cia chom cau va tim tron FG-GPLRC
161 rong c6 gan mang nhén ba ving chiu tai co dugc trinh bay trong Hinh 2.17. Trong
Hinh 2.17a, tac dong cta cac loai gan khac nhau 1én chom ciu dugc phan tich. Khao sat
cho théy gan mang nh¢n cho hiéu qua vuot trdi khi chiu tai dong, dugc chi ra boi duong
cong dap tng tai trong-dd vong thap hon & trang thai sau mat 6n dinh. Su khac biét nho
giita cac dudong cong dap ung dong dbi véi truong hop chom cau khong gan va gan vi
tuyén, va cia chom cdu gan kinh tuyén va gin mang nhén cho thiy tac dong cua gan vi
tuyén 1a twong ddi nho. Hinh 2.17b tip trung vao tac dong cua hé sb rong dén dap tng
6n dinh dong ctia chom cau. Co thé thay d6 rong cao hon 1am giam kha ning chiu tai

sau mat on dinh dong, vi cac gia tri cao hon twong g vdi dd vong tang khi ap luc ngoai
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16n. RO rang, vat liéu rong, mac du ¢6 loi cho viéc giam trong luong, nhung lai lam giam

kha nang chiu tai 4p luc ngoai cua két cau.
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Hinh 2.18. Pap tng mit 6n dinh dong cua tm tron va chom cau FG-GPLRC 15i rdng
c6 gan ba vung chiu tai nhiét

Hinh 2.18 minh hoa d4p Gng dong ctia chom cau va tim tron FG-GPLRC 15 rong
chiu tai nhiét véi cac gdn mang nhén trong nhiéu diéu kién khéc nhau, bao gém cac loai
gan, hé s6 rong va do cting nén phi tuyén. Trong Hinh 2.18a, tic dong clia cac loai gin
khéc nhau 1én chém cau chju tai trong nhi¢t dugc kiém tra. Cac gan mang nhén cho thfiy
loi thé rd rang so véi cac gan kinh tuyén va vi tuyén, vi ching duy tri 6 vong thip hon
khi nhiét d6 ting. DSi v6i tAm tron trong Hinh 2.18b, xu huéng cia cac dudng cong
nhiét dong trd nén phirc tap hon déng ké, trong khi sy khac biét dac biét 1on trong cac
truong hop khong gan, gan kinh tuyén, gan vi tuyén va gan mang nhén. C6 thé quan sat
thiy do vong dwong va 4m trong cac truong hop duge xem xét. Anh hudng cua hé sb
rong dén dap tmg dong ctia chom ciu c6 gin mang nhén chiu tai nhiét c6 thé thdy nhu
trong Hinh 2.18c. Tuong ty tai trong nhiét tinh, khi d6 rong ting, kha nang chiu tai giam,

dan dén do6 vong cao hon v6i cung gia tri tai nhiét. Hinh 2.18d kiém tra tac dong cua do
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cimg phi tuyén cia nén dén dap tmg nhiét dong cta chom ciu. Khi do cimg nén phi
tuyén tang, kha nang chiu tai nhié¢t dong duoc cai thién.
2.3.5. Bai todn 4: Dao dpng phi tuyén ciia chém cdu va tém tron FG-GPLRC ¢é gin
mang nhén ba vang

Céc dac trung hinh hoc va vat li¢u cua tAm tron va chom cau thoai cta bai toan
nay dugc chon tuong tu vadi bai toan 2.
Bang 2.4. Tan s dao dong ty nhién (rad/s) cta tAm tron va chom ciu véi cac quy luat

phan b va ty phan khi lugng GPL khac nhau (hyp=0.2h, h=0.0lm, R.= (A, /0.02,
aou :SOh , lep :20, nlm :10, hSt :2h, 7\,20, bzp :blm :h, AT ZOK, AGZOS%, Kll

=0 N/m*, K5;=0N/m, V,=500V)

PZT/X-X PZT/UD-UD PZT/O-O PZT/A-V PZT/V-A
Gan mang nhén  389.51 385.41 380.15  368.53  400.34
Chom  Gankinh tuyén  363.53 359.52 35442 34795  369.21
cau Gan vi tuyén 339.52 335.37 330.19  321.98  347.03
Khong gan 241.17 23628  230.59 23777  232.65
Ganmangnhén 38227  378.06 37272  359.86  394.23
Gankinh tuyén ~ 327.15 32256 31699  310.09  333.12
Gan vi tuyén 33834  334.16 32898  319.03  347.44
Khong gin 188.55 182.07 174.81 18395  177.75

Tam

tron

Anh huodng cia cac loai gin va quy luat phan bd GPL t6i tin s6 dao dong tu nhién
ctia chom cauw/tAm tron FG-GPLRC khéng gan, c6 gan mang nhén ba ving véi cac 16p
ap dién duoc nghién ciru trong Bang 2.4. Nhu c6 thé thdy, chi vdi d6 cong thodi, tin s6
dao dong ty nhién cua chom cau 16n hon dang ké so voi tn sd cua tAm tron tuong Gmg.
Trong ca hai truong hop clia tAm tron va chom cau khong gan, c6 thé quan sat thay tan
s6 dao dong tu nhién 16n nhat véi quy luat phan bé PZT/X-X. Tuy nhién, d6i v6i cac
tam va vo co gan, quy luat phan bd GPL trong chom cau/tdm tron va gin anh huong
manh dén tn sé dao ddng ty nhién, c6 thé quan sat thiy mot loi thé rd rang cta quy luat
phan bd PZT/V-A. Mic du viéc bo sung gan 1am ting dang ké mat do, nhung su gia
tang do cung téng thé co vu thé vuot troi so voi su gia tdng mat do cua két cAu dan dén

tan s6 dao dong ty nhién ting 1én.
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Hinh 2.19. Pudng cong dap tng bién d6 tan sb cta dao dong tir do va cudng birc ddi
v6i tAm tron va chém cau FG-GPLRC c6 gan mang nhén ba ving

Hinh 2.19 minh hoa cac dudng cong dap tng bién do-tan sb phi tuyén cua tim
tron va chom cau FG-GPLRC c6 gan mang nhén ba ving, trong truong hop dao dong
tu do va cudng burc. Ttr hinh nay, rd rang 1a gan mang nhén gitp cai thién dd do cung
ctia két cdu, lam cho cac dudng cong bién do-tan sd cao hon so véi cac két cau khong
gan. Trong cé truong hop tAm tron (Hinh 2.19b va 2.19¢) va chém cau (Hinh 2.19a va
2.19d), cac két cAu c6 gan biéu hién it nhay cam hon vdi tai trong kich thich va duy tri
tan s6 dao dong on dinh hon khi bién d¢ tang. Cac duong cong dao dong tu do cho thay
tac dong 16n cua gin mang nhén dic biét & ving tan sb cao. Ddi voi dao dong cudng
bire, cac két cu co gan tiép tuc thé hién wu thé rd rét, véi cung bién d0 dao dong va tan
s6 dao ddng cua cac két cdu c6 gan nho hon dang ké so vai cac két cdu khong gan. Ngoai
ra, cac duong cong trong Hinh 2.19¢ va 2.19d, véi céc tai trong kich thich khac nhau,
cho thay rd tac dong cuia bién do tai cudng buc tdi ing xtr dao dong phi tuyén, voi cac
truong hop bién do tai cudng burc cao hon thé hién su thay ddi bién do-tan sb 1 rét hon

so voi treong hop dao dong tu do.
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Hinh 2.20 trinh bay cac duong cong mit phang pha bién do-vén tdc cua tAm tron
va chom cdu FG-GPLRC c6 gan mang nhén ba ving trong cac diéu kién dao dong cu
thé. Hinh 2.20a va 2.20b khao s4t tdm tron, trong khi Hinh 2.20c va 2.20d khao sat chom
ciu, c6 gan mang nhén ba ving. Co thé quan sat thiy cac quy dao dao dong c6 dang
tuong ty trong ca hai trudng hop tim va vé duge nghién ciru. C6 thé thay, khi tan s6
cudng birc ting 18n, kich thudc ctia mit phiang pha ting 1én dang ké, mit phang pha co

xu hudng tach thanh hai vung riéng biét va quy dao dao dong tré nén phirc tap hon dang

ke.
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(c) (d)
Hinh 2.20. Dudng cong mit phang pha bién do-vén tc clia tAm tron va chom cau FG-
GPLRC c¢6 gan mang nhén ba vung
Hinh 2.21 minh hoa cac dudng cong bién do thoi gian cta tAm tron va chom cau
FG-GPLRC c6 gin mang nhén ba ving voi nhiéu loai gan va thong s vat liéu khéc
nhau. Trong Hinh 2.21a va 2.21b, cac loai gan khac nhau cho chém cau va tim tron, bao
gdm gan mang nhén, gan vi tuyén va kinh tuyén, dugc so sanh. Ca hai hinh déu cho thay
gan mang nhén c6 bién do dao dong nhé nhit so véi cac loai gan khac, cho thiy d6 cing

két ciu dugc cai thién dang ké. Dbi voi tim tron trong Hinh 2.21b, cac tim khong gan
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c6 bién d6 16n nhit, cho thay vai trd quan trong ctia gan trong viéc giam do vong. Hinh
2.2¢ khao sat tac dong ciia cac quy ludt phan bd GPL khac nhau dén tng xt dao dong
ctia chom cau c6 gan mang nhén. RS rang 1a quy ludt phan bdé GPL anh hudng nhe dén
dap tmg dao dong. Quy luat phan bd PZT/V-A cho thiy loi thé trong viéc giam bién d6
dao dong, tuy nhién chi co thé quan sat thdy mot loi thé nhé trong truong hop nay. Cudi
cung, Hinh 2.21d khéo sat tic dong cua cac ty phan khoi luong GPL khéac nhau 1én tng
xtr dao dong clia tim tron c6 gan mang nhén. Khi ty phan khdi luong GPL ting tir 0%
dén 1%, bién d6 dao dong giam rd rét, cho thay ty phan khdi lugng GPL cao hon gop

phan 1am ting d6 ctng va giam d6 vong.

— = K i —T =
" PRIV, A00m, 0 h 0. | e B 18 [PZT-VIA, = 0.01m, h=0.2%, i‘j:‘;ﬁﬁf’l’me“
a,,= B0k Ro=a, 01, A= 0.5%, e D kb b =01, = 80K, W,=1.5%, h.=2h, Pl
12 F £ =20 b=y = \ ‘_-J-LI I.I ; u'|La~ ﬂ_'ﬁ Fobo=bo s =30, A [T LTI
2 .I'.::'.-'.‘.'.:I 1o, =30, =10, ::!:U. iiin 'I'I'Idl]h?r:T'L?‘:ll g .1.1..-1-'?'“ IH}. ATAIE. A — (ain rn:_m.p; |1‘h|,ln
AL A=K, i l-'| Chom ciu oy V=300V, fig FJ "y
— V=500V, A = A=kNs/m, b
E A E ?
£ =0kN.s/m, E,
=y =
6 F RS T trim ; o
K,=20 MM/m?, OF K,=20 MN/m?, ¥V 4
4 K002 MINAm, K =0TN/m?, =4 = 10%in{ S00N/m* s Ky =0.2 MN/m, K =0TNme, =2 10Psin 500N me,
0 0.1 rs 02 0.3 0 0.l e 02 0.3
(a) (b)
2 — PATW-A ¥ - = - ey A =110
=001, b =02%, a,=80k R=a,/0.1, e PETIRK PATX-X, h=0.01m, =028, a =800, y e o :..,
15 b AG0.5%, A=t 1, ,=2h, By, <b,, b, — - PFTADUD h, ﬂj by, = b, Ty 20, ny,,= 10, ===t T “
1 1y, =20, 1, =10, AT=0K, — PETIOD PR =1, AT=0K, - .“'I'é-.j'-. —_— A= 1
m } V=SD0V, ke=DkN.4m’. — - PETAN ORIV Fesooy, iy i
s =l kN.smt, v
=3 o r_i: 3 E ; :
£ SEany T | En
E_ i L o o - ol
S |;(.~"\L,I. / Chism ein = P Tim tnim : J
%l \ ﬁl "/ G sisog it : ’ i;a;-;fm mang shén * - 7-;
Wb K =20MNm, K =20MNmY. B
K. =0.2MN/m, K, =0TNm?, g=4x 10%sin{ 200/)Nfm?. K-=0.2MN/m, K, =0TN/m®. g=3x10%in( 50N m?
=15 i i i i 18 2 Ny ;
0 [EXL)] 002 i) 03 .04 003 1] 1 1 (%) 0.2 03

(c) (d)
Hinh 2.21. Pudng cong bién d¢ - thoi gian cua tim tron va chom cau FG-GPLRC véi
cac loai gan va thong s vat liéu khac nhau
Hinh 2.22 trinh bay cac duong cong bién do - thoi gian cia tAm tron va chom ciu
FG-CPLRC c6 gin mang nhén ba ving, vé6i cac thong sé hinh hoc khac nhau. Hinh nay
khao sat anh hudng cta chidu cao gan (Hinh 2.22a), s6 luong gan (Hinh 2.22b), chiéu
rong gan (Hinh 2.22¢) va ban kinh cta chém cau (Hinh 2.22f). RS rang 14 gin mang

nhén c6 tac dong dang ké dén tmg xir dao dong, véi cac thong sd hinh hoc khac nhau.
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Vi du, viéc tang sb luong gin (Hinh 2.22b) hoidc ting chiéu rong gan (Hinh 2.22¢) dan
dén giam bién d6 dao dong, trong khi thay d6i chiéu cao gan (Hinh 2.22a) hodc thay doi
ban kinh cong ctia chém cdu anh hudéng dén ca bién do dao dong va hinh dang cia cac
duong cong dap tng bién do - thoi gian. Ngudi ta ciing c6 thé thiy trong Hinh 2.22d
rang trong khi duong cong bién do - thoi gian dao dong quanh vi tri can bang dbi véi

tam tron, thi n6 chu yéu dao dong trong vung d¢ vong am doi védi chdm cau.
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(c) (d)
Hinh 2.22. Pudng cong bién d6 - thoi gian clia tim tron va chom cau FG-GPLRC c6
gan mang nhén ba ving voi cac thong sd hinh hoc khac nhau

Hinh 2.23 trinh bay cac dudong cong bién d¢ - thoi gian ctia tm tron va chom cau
FG-GPLRC c6 gan mang nhén ba viing véi cac hé sb can, nhiét do, dién ap cua 16p ap
dién va cac d6 cung nén phi tuyén khac nhau. Trong Hinh 2.23a, cic hé sé can khac
nhau (0, 5 va 10 kN-s/m?) dugc ap dung cho tAm tron. Khi hé sb can ting, bién d6 dao
dong giam, cho thiy vai tro quan trong ctia hé sb trong ng xtr dao dong cua két ciu.
Hinh 2.23b kiém tra tac dong cua cac nhi¢t do khac nhau téi chém clu co gan mang
nhén. Khi nhiét dJ tang tor OK dén 200K, bién d6 dao dong tang, cho théy sy gian nd

nhiét 1am ting dap Gmg dong ciia cac két cau. Trong Hinh 2.23c, tac dong cla cac dién
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ap khac nhau trong 16p ap dién duoc khao sat. Dién ap duong va am lam thay d6i ung
xir dao dong ctia tAm tron, voi dd vong 16n hon quan sat dugc trong cac trudng hop dién
ap duong. Hinh 2.23d thé hién tic dong cua cac do cling nén phi tuyén khac nhau 1én
g xtr dao dong ctia chom cau. D6 ctng nén phi tuyén duong 1am giam d6 véng, trong

khi gia tri Am cua do cung phi tuyén dan dén bién d6 dao dong 16n hon.
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(c) (d)

Hinh 2.23. Pudng cong bién d¢ - thoi gian cua tAm tron va chéom cau FG-GPLRC c6
gan mang nhén vdi cac hé sb can, nhiét do, dién ap va do cung nén khac nhau
2.3.6. Bai todn 5: Dao déng phi tuyén ciia tim tron va chém cau FG-GPLRC 16i rong

co gdn mang nhén ba vung

Cac dac trung hinh hoc va vét liéu cua tam tron va chom cau thoai cia bai toan
nay duoc chon tuong ty voi bai toan 3.

Hinh 2.24 trinh bay cac duong cong tan s6-bién do cho cic chom cau va cac tAm
tron FG-GPLRC 15i rong c6 gan mang nhén trong cac diéu kién khac nhau. Hinh 2.24a
cho thdy ng xr ctia cac chom cau khong gan va ¢ gan mang nhén dudi cac dao dong
tur do va cudng birc. Cac gan mang nhén c6 tic dong dang ké dén dap tng dao dong, dic

biét 14 tac dung lam tang do ctmg, duoc phan anh boi tan sé thap hon véi cling bién do
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dao dong so voi két ciu khong gan. Hinh 2.24b so sanh tng xtr dao dong cua cac tAim
tron, mot 1an nita chimg minh anh hudng dang ké cua hé gan mang nhén. Hinh 2.24¢ va
2.24d tiép tuc nghién ctru cac tic dong cta hé sd réng va bién do tai cudng birc. Trong
Hinh 2.24c, tic dong cua cac hé s6 rdng e, khac nhau (tir 0 dén 0.6) 1én duong cong tin
s6-bién do duogc khao sat va cho thay rang véi do rdng cao hon 1am giam d6 cing cia
két cAu, dugc phan anh qua xu thé ting cta tan sé khi hé sb rdng ting mic du cung bién
d6 dao dong. Trong Hinh 2.24d, c4c bién d¢ tai cudng buc khac nhau (dao dong tur 1
dén 4 kPa) duoc 4p dung, cho thiy ring bién do tai cudng birc cao hon gy ra su khéc

biét rd rét hon gitra dao dong tu do va cudng buec.
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(c) (d)
Hinh 2.24. Budng cong tan sd-bién d6 cuia tAim tron va chom cau FG-GPLRC 16i rong
c6 gan mang nhén
Hinh 2.25 trinh bay dap tng dao dong bién d6 - thoi gian cua tm tron va chom
cau FG-GPLRC 15i réng c6 gan mang nhén, véi céc loai, sb lugng va do cao cua gan
khac nhau chiu tai cudng btc diéu hoa. Trong Hinh 2.25a, tic dong cua cac loai gin
khac nhau 1én dap tmg dao dong cua tm tron duge thé hién. Giéng nhu trong cac két
qua trudc , gin mang nhén hoat dong tét hon céac loai khac (gan kinh tuyén va vi tuyén)
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thong qua viéc giam bién do dao dong hiéu qua hon. Két ciu khong gan c6 bién d6 16n
nhat, ching minh rang viéc thém gan lam ting dang ké d6 cung cua két cau, v4i gan
mang nhén mang lai hiéu qua 16n nhit. Hinh 2.25b trinh bay dap tung dao dong ctia chom
cau dbi véi cac loai gan khac nhau. Twong ti nhu cac tm tron, gin mang nhén cung
cip kha niang giam bién d6 dao dong vuot trdi so voi gan kinh tuyén va vi tuyén, va céc
chém cau khong gin c6 bién d6 cao nhat. Xu hudng nay phu hop véi tng xtr duoc thdy

O cac tam tron, cung cO thém hi€u qua ctia gdn mang nhén.
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() (d)
Hinh 2.25. Pap tng dao dong thoi gian-bién d6 cua cac tAm tron va chom cau FG-
GPLRC 13i réng c6 gan mang nhén
Hinh 2.25¢ nghién ctru tic dong cua sb lwong gan khac nhau dén tng xt dao
dong cua chom cau. RS rang 1a viée ting sb luong gan (n,, tr20 dén 36 va n,,, tir 12
dén 28) dan dén giam bién do dao dong rd rét. V6i n,, =36 va n,, = 28 cho thay bién
d6 dao dong thap nhat, cho thiy rang s6 lugng gan ting din dén ting do cing va giam
bién d6 dao dong. Hinh 2.25d khao sat tic dong cua cac chiéu cao gan khac nhau dén

dap ung dao ddng cua cac tam tron. Két qua chi ra rang viéc tang chi€u cao gan tang
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cimng (h, = h t6i 3h) lam giam bién d6 dao dong tuwong déi rd rét. Truong hop chidu
cao gan cao nhét (hy, = 3h) 1am giam bién d6 dao dong tt nhat, cho thdy ring cac gan

cao hon lam két cau ctimg hon déng ké.
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Hinh 2.26. Anh huong cua 16 réng 1én dép tng dao dong thoi gian-bién do cua tAim
tron va chom cau FG-GPLRC 16i rdng c6 gan mang nhén

Hinh 2.26 mé ta dap tng dao dong bién do - thoi gian cuia chom cau va tim tron
FG-GPLRC 16i rdng c6 gan mang nhén, xét dén cac gia tri khac nhau vé ca hé s6 rong
va do day 161 réng. Trong Hinh 2.26a, tac dong cua cac hé sd rong khac nhau cua 15i
rong (e,= 0.1, 0.2, 0.3) t6i dap tng dao dong ctia chém cau dugc phan tich, khi hé s6
rong ting, bién do dao dong ciing ting manh. Cu thé, trudng hop e=03 thé hién bién
d6 cao nhat, trong khi trudng hop e,= 0.1 thé hién d4p ung dao dong giam nhiéu nhat.
Ung XU nay cho théiy dd rong cao hon dan dén do cung giam, do do tao ra bién do dao
dong cao hon trong diéu kién tai trong dong. Trong Hinh 2.26b, anh hudng cua bé day
16i réng khac nhau (h,. =0.5h,0.6h, 0.7 h ) dugc nghién ctru. RS rang 12 16i rong day
hon (h,, =0.7h) din dén bién d6 dao dong thap hon, so véi trudng hop 16i mong hon.

Hinh 2.27 khao sat tac dong cua nhiéu thong s6 hinh hoc va vat liéu khac nhau
1én dap tng dao dong thoi gian-bién d6 cua cac chom cdu FG-GPLRC c6 gin mang
nhén va cac tim tron c6 16i rong. Trong Hinh 2.27a, anh hudng cua cac quy ludt phan
b GPL khac nhau 1én dap tng dao dong duoc trinh bay. C6 thé thiy ring duong cong
dap ung dong cua két cau thay doi rat nho khi thay d6i quy luat phan bd GPL. Hinh
2.27b nghién ciru tac dong cua cac ty phan khdi luong GPL khac nhau 1én dép tng dao

dong ctia tAm tron. Sy so sanh gitta cac ty phan khéi luong 0%, 0.5% va 1% chirng minh
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rang viéc ting ham lugng GPL din dén giam bién d6 dao dong. Hién tuong nay 1a do
v6i ty 1€ GPL cao hon 1am tang d§ cling cua vat li€u, lam giam bién dang cua két cau.
Trong Hinh 2.27c¢, khi ban kinh co s& (a,,) ctia cic chom cau thay d6i, lam cho tng xir
dao dong cua két cAu thay ddi. Cu thé, khi ban kinh co s tang tir 60 h dén 100 , bién
d6 dao dong giam, tic 14 cac chom cau 16n hon thi cimg hon va chéng bién dang tot
hon. Hinh 2.27d kiém tra anh huéng ctia ban kinh cong ciia chom cau (R, ). Két qua chi

ra rang ban kinh cong 16n hon dan t&i bién do dao dong nhoé hon.

1 P TA M 3 assaai ="
. = 02m, &y =07h, @, =100k, e =03, | _ :j:,:;;_:'} 36 O/PCI0-0, J=0.02m, b =07k, ¢~0.3, Ay ﬂ.-..
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(c) (d)
Hinh 2.27. Anh huong cua cac thong sd vat liéu va hinh hoc dén dép ung dao dong
bién d6 - thoi gian clia tAm tron va chom cau FG-GPLRC 151 rdng c¢6 gin mang nhén
Hinh 2.28 trinh bay cac dap tng dao dong bién do - thoi gian ciia chom ciu va
tam tron FG-GPLRC 15i rdng c6 gan mang nhén trong cac diéu kién khac nhau, tip trung
vao xem xét cac thong s6 nén phi tuyén, hé sb can, hién twong phach va tac dong cia
nhiét d6. Trong Hinh 2.28a, cic tic dong ctia cac dd cimg nén phi tuyén khac nhau ( K;,,

) t&1 dap ing dao dong duoc trinh bay. Ba gia tri d0 ciing khac nhau (100 GN/m?3, 0

68



GN/m? va 50 GN/m?) duogc so sanh. RS rang 1a khi do cimg nén ting, bién d6 dao dong

giam, thé hi¢n vai tro quan trong cua do cting nén trong vi¢c giam dao dong cua két cau.
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(c) (d)
Hinh 2.28. Dap tng dao dong thoi gian-bién do clia cac tim tron va chom cau FG-
GPLRC 15i rong c6 gan mang nhén

Hinh 2.28b khao sat anh hudng ciia cac hé sb can () khac nhau véi dap tmg dao
dong cua cac tAm tron. Céc gia tri ciia hé s6 can nim trong khoang tir 0 MNs/m? dén 0.5
MNs/m?. Khi hé sb can tang 1én, bién d6 dao dong giam dang ké. Hinh 2.28c thé hién
hién twong phach, két qua cta viéc cho tan sb cudng birc (Q = 528 rad/s va Q = 540
rad/s) tién st t6i tin sé dao dong tu nhién (@=540.82 rad/s). Piéu nay dan dén céac
bién d6 dao dong cao va thfip xen k& theo thoi gian, dac trung ctua hién tugng phach
trong cac hé dong. Hinh 2.28d nghién ctru anh hudng cta su thay d6i nhiét d6 dén cac
g xtr dao dong. Cac dap ung duogc thé hién cho ba mdc nhiét do khac nhau (AT = 0K,
100K va 200K). Khi nhiét d0 tang Ién, bién d0 dao dong tang 1én, cho théy nhiét do cao
gdy ra thém tng suit va bién dang trong két cAu. Diéu nay cho thiy rang nhirng thay doi
vé nhiét d6 c6 anh hudng dang ké toi tng xtr dao dong, doi hoi phai xem xét khi thiét
ké cac két cAu chiu nhiét d6 cao.
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2.4. Két luan Chwong 2
Chuong 2 da nghién ciru cac ing xtr co nhiét phi tuyén on dinh va dong luc cia

chém cdu va tim tron FG-GPLRC va FG-GPLRC 15i rong dugc gia cudng boi hé gan
FG-GPLRC va FG-GPLRC 13i rdng twong tng véi cac quy luat phan bd vat lidu két hop
ctia chom cAu/tdm tron va gan ting cung, c6 va khong cé 16p ap dién. Hai truong hop
tai trong co va nhiét dugc xem xét trong ca hai truong hop tinh va dong. Lan du tién,
k¥ thuat san déu tac dung gan cua Lekhnitskii duoc phat trién thanh cong cho hé gan
ting cirng mang nhén hai ving va ba ving cta chom cau/tim tron. Cac phuong trinh co
ban ctia bai toan di duoc thiét lap dua trén 1y thuyét vo co dién Donnell véi tinh phi
tuyén hinh hoc cta von Karman. Bing cach ap dung phuong trinh Euler—Lagrange va
két hop v6i ham tiéu tan Rayleigh dé mé ta hiéu ing can cua co hé, 3 nhan duoc phuong
trinh chuyén dong phi tuyén ctia két cau. Lién hé giira tai trong - d6 vong tinh va tan sd
dao dong tu do tuyén tinh nhan duoc dudi dang hién, trong khi d6 dap ung dong luc cua
két cau thu duoc bang phuong phap Runge-Kutta bac bon.

Tur cac vi du s6, d3 nhan dugc mot sb nhan xét dang chu y :

- Hién tuong mat on dinh ré nhanh chi duogc quan sat ddi véi cac tim tron FG-
GPLRC khong gia cuong dudi tac dung cua tai trong nhiét, con hién tugng nay
khong xay ra ddi véi cac tAm tron cd gan ting cing va cac chom cau thoai cd va
khong c6 gan tang cliing.

- Hé gan ting cung 1am kha ning chiu tai ctia chom ciu thoai va tdm tron FG-
GPLRC ting dang ké, dong thoi giam hién tuong snap-through ctia chém cau thoai.

- Anh huéng cua cac loai gin mang nhén dén tng xir sau mét 6n dinh duoc quan sat
16 rang nhat trong truong hop dudng cong sau mét on dinh nhiét ciia tim tron.

- Gan mang nhén cling thé hién wu diém vuot troi trong viéc cai thién tan sé dao
dong tu do tuyén tinh, giam bién do dao dong va ting 6n dinh dong cho két cau.
Trong d6 gan kinh tuyén thé hién hiéu qua vuot troi so véi gan vi tuyén trong cac
bai toan dugc xem xé&t.

- Téac dong clia cac thong s6 hinh hoc, vat liéu, nén dan héi téi tmg xir 6n dinh va

dong luc cua két cau la rod rét trong cac vi du so.
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~ CHUONG 3. ON PINH VA PONG LUC PHI TUYEN
CUA PANEL FG-CNTRC VA FG-GRC CO PQ CONG PHUC TAP
VA GAN TANG CUNG TRUC GIAO

Trong cong trinh xay dung, két ciu panel dugc sir dung pho bién. Do d6, bai toan
6n dinh va dong luc cta dang két cau nay lam tir vat liéu composite truyén thong va tién
tién duoc nhiéu nha khoa hoc tip trung nghién ciru. Po cong cua panel duoc thiét ké
theo cac ham do cong phirc tap khac nhau nham dap tmg cac doi hoi ngdy cang cao vé
kha ning chiu tai cling nhu tinh thim my trong thiét ké kién trac. Ngoai ra, viéc sir dung
gan ting cing dé cai thién kha ning chiu tai cia panel 1a mot giai phap hiéu qua can
duoc tinh dén.

Tuy nhién, nghién ctru va phan tich vé ung xu tinh va dong ciia cac panel
composite c6 dd cong phtrc tap c6 gin ting clng trong cac cong trinh di duoc cong bd
con rat han ché. Chuong ndy cua luan 4n trinh bay vé ng xir dong va dao dong phi
tuyén cua panel tru, parabol, hinh sin va duoc lam tir FG-CNTRC va FG-GRC duoc
tang cing bang gan FG-CNTRC va gan FG-GRC tuong tmg c6 xét dén su thay doi nhiét
d6 déu va cac 16p ap dién. Ngoai ra, anh huéng ctia nén dan hoi phi tuyén t6i tng xir 6n
dinh va dong luc ctia panel cling dugc xem xét mot cach chi tiét.

KV thuat san tac dung gan FG-CNTRC va FG-GRC [1, 6], va phuong phap
Galerkin dugc 4p dung dé wéc tinh ham ung suit cho cac panel cong phirc tap. Céc
phuong trinh chii dao duoc xay dung bang cach sir dung HSDT, cac phuong trinh Euler-
Lagrange, va ham tiéu tan cia Rayleigh, tir d6 nhan dugc cac biéu thirc cho phuong
trinh chuyén dong cta cac panel. Phuong phap Runge-Kutta va tiéu chuin Budiansky-
Roth duoc str dung dé phan tich dap ung dong phi tuyén va do vong dong téi han cua
cac panel. Tac dong cta do nang cua cac panel, cac thong sb hinh hoc, phan b ty phan
thé tich cuia CNT va Graphene, 16p 4p dién va su thay ddi nhiét 6 déu tGi tan s6 co ban
va tng xir d6ng phi tuyén cua cac panel dugc nghién ctru va thao luan.

Noi dung chinh ctia chuong nay da duoc cong bd trén 02 bai bio trén céc tap chi
quéc t& ISI (SCIE), 01 bai bao ding trén Tuyén tap cong trinh hoi nghi co hoc toan quéc
va 01 bai dang trén tap chi Vietnam Journal of Mechanics (Bai bao 6 2, 3, 6, va 7 trong

danh muc cac cong trinh da cong bo cua tac gia lién quan dén luan én)
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3.1. Thiét ké hinh dang va théng sb vit liéu ciia panel cé6 dd cong phirc tap FG-
CNTRC va FG-GRC

Xét cac panel try, parabol va hinh sin ¢6 gan nam trén nén dan hoi, chiu tai trong
nén doc truc va ap luc ngoai. Cac thong s6 hinh hoc cua panel duogc biéu thi bé'mg do
day h, chiéu dai canh doc a va canh cong b cia panel. Thiét ké gin bao gdm hudng
gan, cic thong sd hinh hoc va vt liéu cia gin duoc trinh bay trong Hinh 3.1. Gia sir
rr;“mg cac panel thoai theo hudng chu vi, do do, hé toa do Pé cac Oxyz duoc su dung
nhu trong Hinh 3.1.

Hinh dang mit trung binh theo huéng cong cua panel parabol va hinh sin c6 thé
biéu dién theo cac phwong trinh twong tng nhu sau [1]:

Zpps =%6(%2—y} Zspq :—SSin%. (3.1)
Bén kinh hinh hoc cta panel parabol va hinh sin theo huéng cong dugc xac dinh

tir biéu thire (3.1), nhu sau [1]:

3/2
[1682(b—2y)2 +b4T/2 [nz&z coszT;;ijbz}

8b46 ’ RSPs = (32)

o = w*bdsin ™Y
b
3.1.1. M6 hinh panel FG-CNTRC cé gdn ting cung FG-CNTRC va co lop dap dién

Céc panel tru, parabol va hinh sin ting cting bang cac gn hudng x - hodc Y -
v6i 16p ap dién trong mdi trudng nhiét chiu ap suat bén ngoai va tai nén doc truc dugc
xem xét. Cac panel va gan lam bang FG-CNTRC, trong d6 nén Poly Methyl
Methacrylate (PMMA) dang hudng dugc gia cudng bang CNT. Lép ap dién duoc phu
trén bé mit trén cung cua panel.

Niam t6 hop phan bd CNT cua vo va gan bao gdm PZT/UD-UD, PZT/X-X,
PZT/O-0, PZT/V-A va PZT/A-V, cac thong s hinh hoc ciia gan duoc mé ta trong Hinh
3.1. Hé truc toa do Oxyz co thé duoc ap dung dua trén gia dinh d6 cong thoai cua cac
panel.

Trong chuong ndy, CNT duoc sip xép theo hudng X cua cac panel tru (XC),
parabol (XP) va hinh sin (XS) hodc theo huéong y cua cac panel tru (YC), parabol (YP)

va hinh sin (YS). Ddi véi cac gan, CNT ludn dugce sip xép theo cing hudng véi cac gan,
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bao gém cac gan theo hudng x (XS) hodc cac gin theo hudng y (YS), hé panel-gan
thu duoc nhu sau

- P6i voi panel try: panel XC-XS, YC-XS, XC-YS va YC-YS.

- Pdi véi panel parabol: panel XP-XS, YP-XS, XP-YS va YP-YS.

- D6i v6i Panel hinh sin: Panel XS-X8, YS-XS, XS-YS va YS-YS.

0 e, —— Lop ap dién
=— FG-CNTRC
h L e & .
..... e Py
e sy .. | FG-CNTRC

B e ! e e,
L] H

----------
-------------

PZT/O-O PZTIV-A PZT/A-V

Gan theo huomg v (YD)

Hinh 3.1. Mo hinh thiét ké va m6 hinh phan b ctia CNT cho cac panel c6 gan va 1op

ap dién
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Cac quy luat phan bd ty phan thé tich cia CNT theo bé day cua panel

(=h/2+h, <z<h/2) dugc thé hién thong qua cac ham dong nhét hodc tuyén tinh, nhu

Sau:

VCNT =

*

Venr
4z-h,/2| v
h_hv CNT

5 4z-h,/2| v
- h—hv CNT

h-2z *
h_h jVCNT

va cho cac gan(h/2<z<h/2+hy):

Szl |y
h—h, ] CNT
Venr
2h—4Z+2VgNT
st
) 4z—2h_2JVC*NT
st
2+h_2ZjVC*NT
hSl’
2Z—h *
h VCNT

st

UD-CNTRC

X-CNTRC

O-CNTRC

V-CNTRC

A-CNTRC

UD-CNTRC

X-CNTRC

O-CNTRC

V-CNTRC

A-CNTRC

(3.3)

(3.4)

Quy tac hon hop mo rong dugc chon dé dyu doan céc h'flng s6 dan hoi hiéu dung.

Céc cong thic cua md dun Young, mo dun trugt va hé so Poisson dugc xac dinh nhu

trong biéu thtrc (1.3) va (1.7). Tuong tu, hé sb gidn nd nhiét theo huéng X va y cho

panel va gan dugc xac dinh nhu trong biéu thic (1.6).

3.1.2. M6 hinh panel FG-GRC ¢6 gén ting ciing trén nén dan hoi Pasternak

Panel tru, parabol, va hinh sin ciing v&i gan ting cimg duoc ché tao tir nhiéu 16p

GRC, vé6i nam loai phan bd graphene bao gdm UD, FG-X, FG-V, FG-A va FG-O, dong

thoi c6 ba cach sap xép graphene bao gdm (0)107, (0/90)st va (0/90/0/90/0)s.



Thiét ké phan bd graphene sheet ciia cac gan ting cing dugc thé hién trong Hinh
3.2. Xét panel va gan ting ctimg UD, ty 1¢ thé tich cua graphene sheet 1a khong doi (
V; =0.07) cho tat ca mudi 16p. Dbi véi panel/gan ting cimg FG-A, ty phan thé tich cua
graphene sheet dugc ting tir 16p trén xudng 16p dudi va nguoc lai dbi véi panel/gan ting
cing FG-V. Ty 1é thé tich cta graphene sheet gom 10 16p dugc ky hiéu Ia
[(0.11)2/(0.09)2/(0.07)2/(0.05)2/(0.03)2] va [(0.03)2/(0.05)2/(0.07)2/(0.09)2/(0.11)2] twong
g cho panel/gan ting cing FG-V va FG-A. Ty 18 thé tich ctia graphene sheet thay doi
dbi xung tir bé mit gitra cia panel/gan ting cung, [0.11/0.09/0.07/0.05/0.03]s va
[0.03/0.05/0.07/0.09/0.11]s duogc ky hiéu cho panel va gan tang cing FG-O va FG-X

tuong ng.

Panel UD va gin UD
(UD-UD)

—

[
Panel FG-X va gan FG-X
(X-X)

Panel FG-O va gin FG-O
(0-0)

= —

Panel FG-V va gin FG-A Panel FG-A va gin FG-V
(V-A) (A-V)

Hinh 3.2. M6 hinh vat li¢u va hinh hoc panel try, parabol va hinh sin c6 gan tang ciing
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Theo trinh bay trong chuong 1, mé dun Young cua cac 16p GRC dugc du doan
bang cach st dung mo hinh Hapin-Tsai m& rong va hé sb gidn né nhiét dugc xac dinh
bang quy luat hdn hop mé rong, nhu trong cac biéu thire (1.13), (1.15) va (1.16).

Trong chuong nay, cac tinh chét vat liéu cia FG-CNTRC, FG-GRC va 16p ap dién
déu duoc xem xét 1a phu thudc nhiét do.

3.2. Co s6 1y thuyét va k¥ thuat san tic dung gan cai tién
Lién h¢ tng suét — bién dang theo dinh luat Hooke c6 xét toi ung suét nhiét va dién

duoc viét cho 16p vo FG-CNTRC va FG-GRC nhu sau:

GE ok Q5 0 0 0|6 —ofAT]

o), Qy @, 0 0 0 [g,-abAT

Gﬁ_y =0 0 é‘6 0 0 Yy ) 3.5)
GI;Z 0 0 0 z]f4 0 Yz

ok, | L0 0 0 0 S e

va cho 16p ap dién nhu sau:

[P Al €. — OLiJIAT+%

Ox Q11 Q12 0 0 0 hv

o, v QL 0 0 0

i’ Qx ; g, — (oﬁz’zAT n d;,V, ]

o= 0 0 Q) 0 0 h, )|, (3.6)
G;c)z 0 0 0 QL 0 ny

GZZ | 0 0 0 0 Q;’S_ Yz

L Vyz |

trong d6 chi sé trén k c6 thé 1a CNTRC hodc GRC dé chi 16p FG-CNTRC hoic GRC
twong tng, sy thay doi nhiét do tir moc nhiét do phong duoc ky hiéu 1a AT, va Q; 1a

cac do cung rat gon, dugc tinh toan theo cac biéu thirc:

k k k ok
Qk ___E; Qk __Ey Qk _ VB
11_1 k. k> 22_1 k _ k° 12_1 k k>
V2V ~ V2V — V2V
k _ ~k k _ ~k k _ ~k
Qi =G5, Q55=Gy3, Q=G
E’ EY vP E?
v o_ 11 vo_ 2 v _ Vol
Qi=—"7,0p=""">=5,0,=

1—(\/}’2)2 , 1—(\/}’2)2’

Q11J4 = Qg)s = Qgé = lez-

1—(\/}’2 )2 ’
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Trong chuong nay, PZT-5A cling dugc lya chon cho 16p ap dién, nhung khac
chuong 2, cac tinh chat vat litu duge xem xét phu thudc vao nhi¢t do, nhu sau
E},=E},, =63 GPa, G}, =242 GPa, v},=0.3, af},=03,,=0.9x10"° /K, p,=7600
kg/m?, E}, = E},, =-0.0005, G}, =-0.0002, o, =a%, =0.0005, d;, =d;, =2.54x107"
m/V va:

Ef, = B}y (1+ E AT ), B3 = B3y (1+ ESAT),
G, =Gl (1+GRAT), (3.7)
oy =0 (1 + af“AT), oyy = 0lhyg (1 + oclz’zlAT).

Theo HSDT, lién hé gitta bién dang va chuyén vi cua panel try, parabol va hinh
sin, c6 tinh dén do vong khong hoan hao va thanh phan phi tuyén theo do vdng, ¢ thé

duoc biéu dién nhu sau:

8X SX (I)x,x O w,xx + (I)x,x
€ €,
y Yy (I)y,y 4 0 4 Wy + (I)y,y
= 2 3
Vg = Vo (T2 ¢y,x + ¢x,y —Z h_z 0 —Z 342 ¢y,x + 2w,xy + ¢x,y ’ (3-8)
yxz sz 0 w,x + (I)X 0
yyz 7yz 0 w,y + q)y 0
trong do:
2
w, "
_ U, +——+w, W,
€, 2
— 2
&y wy * w
— Uyt TWL W, -
Yoy [ = 2 R(y) : (3.9)
Y v, tu, tw W, W W W, W,
Yyz w, + o,
wy, td,

Cac thanh phﬁn lyc gian, mOomen, va momen bac cao cua cac thanh phén noi luc
co, nhiét va dién cua panel try, parabol va hinh sin c6 thé thu duge béng cach tich phan
cac phuong trinh dinh luat Hooke (3.5), (3.6), va két hop voi ki thuat san tac dung gan
di huéng danh cho gan lam bang FG-CNTRC va FG-GRC [1, 6] trong khuén kh cua
HSDT, nhan dugc nhu sau:
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i B 1 - .
N _A11 A, 0 B, B, 0 D, D, 0 | Ex Dy
N Y ()

v A, Ay, 0 B, B,, 0 D, D,, 0 Y ly
Nyl |0 0 A, 0 0 B, 0 0 D ¢"y 0
M, B, B, 0 C,C, 0 F, F, 0 ¢x’x 0,,
M, = B, B, 0 C,Cy, 0 K, FE, 0 v —| Py |
My| | 0 0 By 0 0 Cg 0 0 Fy byt dry 0
T, D, D, 0 F, F, 0 L, L, 0 _}“(wym+¢x,X) D,
|l nr s e |2

L 66 66 66 | 0
Ty (Bt 2Wg 0y )| E -
(3.10)

trong d6 A = 4/ 3h2 ,cac thanh phan A;,B;;,Cy, Dy, Fyva L la cac do cung cua panel
try, panel parabol va panel hinh sin c¢6 gan, dugc xac dinh bang cach tinh tong d6 ctng
cua cac vo panel va gan tang cting, nhu sau:

(AysByCyps Dy, Fy Ly ) = (A BS.C3 D B L3 )+ (A7 By LG5 DY B L ), (B.11)

vOi:

(4Bt Dy By L ) = jQﬁh(l,z,z2,z3,z4,z6)dz, (1,7 =1,2,6).

st ~st pyst ppst pst -2 X 7, .
D0 cing cua gan tang cing A, B’ ,C, D FS, L duge biéu dién dudi dang:

Ay By Dy {111 1?11 1?11 {112 0 1?12 0 1_212 0
Bff Clslt F181t = 1311 €11 1_;11 - 1312 0 (512 0 1_712 0
D FES L} (TS P b 0 K, 0 L, 0
- _ _ . _ _ -
A, _0 B), _0 D, _0 A, B, D, (3.12)
0o A, 0 B, 0 D.,||0 0o o '
» B,, _0 Cyn _0 F, _O B, C, F, ’
o B, 0 C, 0 F.l|lo0o o o
D,, _0 F, _0 2 _O D, F, L,
0 D, 0 Fy, 0 Lg|/ |0 o0 o]
VOI:
b h/2+hg,
(Ay,Bﬁ,Cg,Dﬁ,E],Ly):d—s’; j ;-t(l,z,zz,z z'z )dz (1,7 =1,2,6).
St p)2
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Tuong tu, ndi lyc nhiét va dién cta panel c6 gan c6 thé dugc tinh nhu sau:

(@ Dy, Dy, ) =( O, DT, O ) +( 011, D, L),

(3.13)
h xsh gsh
(@1 D5, s, ) = (@0, D52, 05 ) +(DF, 31,05, ),
trong do:
~h/2+h, (Qf’ld31 +Qpd;, )Ve
sh 4 sh sh\ _ 3
(q)lx’®2x’q)4x)_jh/2 hv (LZ,Z )dZ
h/2
+aT [ (ol +Qibash)(1,7,7')dz,
—h/2
~h/2+hy, (Q1U2d31 +Q5ds, )Ve
sh & sh sh\ _ 3
(CDIy,CD2y,(D4y)—J.h/2 n (l,z,z )dz
v
h/2
+AT j (@0t + Qhash)(1,2,2° ) dz,
~h/2
va:
b h/2+hyxp
(00808 )= B2 aT [ Qe + QP as™ (12,7 )dz,
stXD h/2
b h/2+hgy,
(03,0503 )= 22AT [ (QPail™ + Q5P (12,2’ )da.
stYD h/2
Luc cét va luc cét bac cao Q,,Q,va S,,S, dugce trinh bay nhu sau:
Q.| [H, 0 I, 0 Vs
Q| | 0 Hy 0 Ig| g (3.14)
S, Iy 0 Jy 0w, +¢, , .
_Sy_ 0 I, 0 J (W, +0, |
trong do:
h psh psh ..
(Hys Ly ) =(H IS T30 )+ (Hy LI T3, (1,=4,9)
VOI1:
h/2 p M2
sh 7sh sh sh 2 _4 st st st s st 2 _4
~h/2 St _h/2

Phuong trinh tuong thich thu dugc tir phuong trinh (3.9), nhu sau:
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w

—_— —_— —_— _ _ x)c _ _ * * _ *
8x,yy + 8y,xx - yxy,xy - w XY R(y) w w yy w,xxw,yy + 2w,xyw,xy w,xxw,yy' (3-15)

Ham tng suat ¢(x,y) c6 thé duoc dua ra dap ng cac dicu kién sau:

N, = C,yy’ ny = _C,xy? Ny = Q,xx- (3.16)
Két hop cac biéu thuc luc, mémen (3.10) va diéu kién (3.16), bién d6i phuwong
trinh twong thich bién dang (3.15) va viét lai dudi dang:

0= Azzg,xxxx +(A;6 + 2A1*2 )C,xxyy + AnC YLy (B; _7‘021 )¢x,xxx
+(}\’C26_7‘C1*1+Bl*l _326)(1) +(7“C66_7‘C;2 +B;2_B;6)¢

X,XyY Y,xxy

* * * * * * 3'17
+(812 _}\‘CIZ)(I)y,yyy —ACW sy _k(Cu +C,y, _2C66)w,xxyy ( )

w
* XX 2 R * * _
_ anw,yyyy + —R (y) Wy + W W, +W W, 2w,xyw,xy +W, W, = 0.

trong do:
=44, _A1227A1*1 = Azz/r,Al*z = —Au/F,A;z = AII/F’A;6 = 1/A66 )
B =A\B,+A,B,,B,=A B, +A,B,,B, = A,,B, + A,B,,
By, = Ay,By, + ApByy, By = A By, D) = A\ Dy, + A, D),
Dy, = A\\Dy, + A,Dy,, D, = A\ Dy, + Ay Dy, Dy, = Ay D,y + Ay Dy, Deg = Age Dy
3.3. DPiéu kién bién, xdp xi ham ng suit va phuwong trinh Euler-Lagrange
Xét cac diéu kién bién sau:
Diéu kién bién 1: panel try, parabol va hinh sin dugc gia dinh dat trén cac géi di

dong & bdn canh va c6 thé di chuyén tu do theo hudng x va y (FFFF), nhu sau:

w)_, =0, Ny =0M] =0T _ =0, N, =N, =-hP,,
x=U,a x=0,a x=0,a x=0,a (318)
w], 0, =0 Ng|  =0.M,| =0, Ty\yzo =0, 9, |y 0p =0 Ny = Ny, =0.

Diéu kién bién 2: panel try, parabol va hinh sin dugc gia dinh dat trén géi & bon
canh, c6 thé di chuyén ty do ¢ hai canh x =0, x =a (gbi di dong) va khong thé di chuyén
& hai canh y =0, y =b(gdi cb dinh) (FIFI), nhu sau:

w|x=0,a =0, ny x=0,a =0, M |

w|y:0,b =0, v=0, M ‘

-0, N,=N,, =—hP

xX?

=0, T,|

X1x=0,a x=0,a x=0,a

(3.19)
=0, (I)x|y:0,b 0, Ny =N,

1|
y=0 b ’ y y=0,b
Dé thoa man di€u kién bién goi tai 4 canh, cidc dang nghiém cua dd vong, goc

quay va do vong khong hoan hao cua panel dugc chon la:
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w =W sinaxsinpy, w™ =Ehsinoxsinfy (3.20)

¢, =@, cosaxsinBy, ¢, =P, sinoaxcosPy,

trong d6 & la do khong hoan hao ctia panel, o.=mmn/a, p=nn/b; m va n lan luot 1a sb
ntra séng theo hudng doc va cong. Do két cau gip bat loi nhét trong truong hop dang
ctia 46 vong khong hoan hao gidng véi dang cia d6 vong, nén chuwong nay chon dang
ctia do vong khong hoan hao giong voi dang cia do vong. Ciing luu ¥ rang dang nghiém
(3.20) khong thoa min mot cach chinh xac cac diéu kién bién, tuy vay nhiéu nghién ciru
chi ra ring sai s6 nho nay khong 1am anh huéng dang ké dén két qua cua bai toan.

Do d6 cong phirc tap trong phuong trinh twong thich (3.17) nén khong thé tim
duoc chinh xac dang ham Gng suét cua panel hinh sin va panel parabol. Trong chuong
nay, dang ham tng suit cua panel hinh sin va panel parabol ciing dugc chon giéng dang

chinh x4c ctia panel tru bao gdm céc thanh phan tuyén tinh va phi tuyén:
£ =¢, cos2ax +§, cos2By + &, sinaxsin By +%N0yx2 +%N0xy2. (3.21)

Mot k¥ thuat gan diing dé xac dinh dang ham ng suit cho panel parabol va panel
hinh sin c¢6 thé dugc thuc hién bing cach thé cac phuong trinh (3.20), (3.21) vao (3.17)
r0i 4p dung phuong phap Galerkin, dan t6i:

ba ba b a
!!@cosZocx dxdy =0, II@COSZBy dxdy =0, _”@smocxsm[}y dxdy =0. (3.22)

00 00

dan dén:
L =V, W(W+2Eh)+V,W,
Gy = VW (W +28h) +V,, W, (3.23)
G =V, +V3,0, + V3, W,

trong do:

2 2
Vi = 3252,4;*2 S 32ng{] ’

Sm=(-1)"=1,8,=(-1)"-1
_ 86’21 |:R2(C,p,s) - RS(c,p,s) :| 6%1 - 12[38m 6n Rl(c,p,s) abo. — 9R2(c,p,s) (12b20L2B2
72a’a’b’B*A,, —128aa.*bA4,, 8. 5,
2 2
V. = _88n [Rz(C,p,S) - RS(c,p,s) J 8m - 12B6m Sn R1(c,p,s)ab0€ - 9R3(
22 72a3a2b3B6A1*1 _ 128abB4Al*l 637.[8721

Viz

212 202
cyp,s)abocB
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a{[(D;S _Dl*l)k'i_Bl*l _B26:|B2 "‘0‘2(_7”1);1 +B;1 )} —a’abd

Vi =— - — - , = ,
. 0L4A22+B2(2A12 +A66)0c2 +B4A11 ! 52+2(b/2)2
. B[ (Dia— Dl )1+ B~ B | + (2D}, + By )| e,
2= * * * * y e =83 = ’
atAgy + (24, + Agg o + B4 ‘ 3| 37 +(5/2)’ |
L hDl (D], Dy 2D Jol + 191D,
33 = " " ” -
ot Ay + 37 (24 + A Ja” +B*A],
OLB<36R1(c,p,s)abOCB + 24[R2(c,p,s) + R3(c,p,s):|8m 8n }
|t A, B (24], + Agg o + B4}, |(9a°0B 168757, )
b b b
1 sin’ 1 sin sinycos?2
Ry ==y e’a| Ty, Ry ==2as, [T dy, R, =a,, [SRUC gy,
2 R 3 R R
G 0 "(ps) o Rips)

véi ¢, p,s 1a ky hi€u cho panel try, parabol va hinh sin twong ing.
Ham tmg sudt c6 thé thu duoc chinh xac véi biéu thire (3.22) trong trudng hop panel tru.
Déi véi diu kién bién tht hai (FIFI), diéu kién c¢b dinh & hai canh y=0,y=b

duoc biéu dién dudi dang trung binh, nhu sau:

S e

a
J.v,ydxdy =Y WH+Y,®, + Y@, + Y ,W(28h+W)—-PhY 5+ Y, Ny, + Y, =0,
0

(3.24)

trong do:

(VssazAzz +V33B* A, +a”AD,, +B*AD;, )8m 5, |
Y11 == OLB + R4(c,p,s)’ Y‘14 = _gaB b’

0‘2V31A;2 +(7‘D§1 —B;)oc+[32V31A1*2 0,0, . .

Y,=—= ap - , Yi5= baAlZ’ Y= baAzz,

_V32B2A1*2 +(7¥D;2 _Bzz)BJFVnazA;z_SméSn . .
Yi3=—= B ) Y17:ab(Al2NTx+A22NTy)’

af

R, - 269,,9,, __mJ' nByd

[52 +(b/2)2:|(1 p, a 0 ,s
Nang lugng bién dang cua panel, cong do ngoai luc thyc hién c6 xét dén tuong
tac giita panel va nén dan nhét duoc tinh nhu sau:
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]’.T c, [ax —a, AT ——d3hlve J+ o, (ey — 0, AT - d;jve j
v v ) |dxdydz, (3.25)
00

+0,, (ny — OLIZAT) +0,,Yxz T Oy, Yys

D, = b'j'qwdxdy —jljﬂ{%w[Klw -K, (w,xx +w,, )}}dxdy
0 00

(3.26)

2

ba
w .
+ NOXII(EX - w,xw’x]dxdy,
00

2

Gia sir rang cac thanh phan dong ning theo hudng x va y 1a rat nhé so véi thanh
phan dong ning theo hudng z, dan toi:

h/2 ba
®, =% [ [[pwidxdydz. (3.27)

~h/20 0
Ham Lagrange duoc biéu dién dudi dang:

D=0, -, +D,,,. (3.28)
Thé ning can cta két cau sir dung ham tiéu tan Rayleigh dugc biéu dién dudi

dang:
1 ba
_1 2
D=2 ! ! i’ dxdy. (3.29)

trong d6 « 1a hé so can cua co hé.

Co thé ap dung cac phuong trinh Euler-Lagrange két hop véi ham tiéu tan

Rayleigh nhu sau:
d(od) o0 oD _
dt\ow ) ow ow
(3.30)
i@CI)_aCD_O iad)_ad)_o
dt\od_ ) oo, dt( od, | o0,
dan dén:

YW+ W ,+D, ¥+ ch\PlS(hg+W)+q>x\Pl4(hg+W)+\P16Wth+Wj

+W,, W(hE+W)(2ZhE+ W )+ ¥ s N + ¥ o Ny (RE+ W)+ ¥, Ny, (3.31)
~W,q— Wy + WV, W+, kW =0,

Y ,W+Ly,®, + L@, +L,,W(2hE+W )+ Lys Ny, + LNy, — Ly, =0, (3.32)
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YW+ Ly @+ Y5, + Yo, W(2hE+ W)+ Y, Ny + Y, Ny, — Yo, =0,

trong do:
(3245 V3 + A V3 4070 oo +| (L + Loy + 4L )07 + V5 (247 + Agg ) [o B
, (90,17 =61k + Hyy )a” + (324, V5 + AL V3 +0°L, B +
a
P =) (9002 — 6Lk + Hy )p2 + K, + K, (o +7) -
32 [V12A;2 a’+ BzAfz(Vn +Vy )az +BV, AL ] 6,0, V33
3 abBa
2Vy Visot' Ay + 7‘(27¥L%161 -F,-F) ) o’ +p’ (4A1*2 +2A )V33 Vy o
, +[(L}“2 + Ly, + 4Ly )B2 —(Fy + 2B+ Fry +2Fy) Bﬂa
a
P2 =7 12V VB AL + (18220, ~ 1210+ 2H,, ) )
32 (VIZ Apa +B7(Viy +Vy )AL 07 + V5B Ay )V316n16n
3 abpa
8 (Vlla4A22 +a'B? (Vi + Vi) Ap +B4V21A11)8m6n Vi
lPM = 3 ’
Ba
8 (Vll oAy +a’B (V + V5 ) A, +BV A )Smgn Vi
¥is=- Ba J
2Vy3 A\ BV, + X(2XL22 ~Fy—Fy )B3 +0°2V32(4A1*2 +2Ag )V33 B?
+[(L}“2 + Ly, +4L Ja?22 - (E, +2Fy + Fy + 2F6’;)a2x} B
ab
Fi3=7014245, Vy Vet + (182205 120055 + 2Hg ) )
32 (Vl2 oAy + ALP (Vi + Vi ) + Vyu BYA), )Snam Vi
3 abpa

Fie = 24ab(V11V12 oAy +V, Vy B4A1*1)
4(V1 (ot Ay, +a’p’ (Vi +Vy )Al*z +BV,, 4, )6m8n Vi

K

Bou
§ § Mo’D;, +B°D;, )5 &
Yy, = 16ba(Vlle‘4A22 +V21ZB4A11)7 W= ( - 12) v » Vo =lazab,
Bo 4
Vala’A, +B*A, )8 6
- 33( 2 12) m n’\P22:5n5m’\P24:lplab’ ‘stzlab,
Bo Bou 4 4

(3.33)




[(Dl*lq)lx + D;I(I)ly _CD4x)O(’2 + B2 (Dl*zq)lx + D;zq)ly - CD4y )j|7\‘8n Sm

Vo=~ Ba )
h/2 b h/2+hg,
Pl = [ (Vepo +Vipu )z + 25 [ (Voo + Vo Mz,
~h/2 St p)2
~h/2+h, h/2 b h/2+h
IOICNT = j pvdZ + j (VCNTIOCNT +Vmpm )dZ +d_5t j (VCNTpCNT + Vmpm )dZ,
-h/2 ~h/2+h, st pja

ab [A;2a4 +B4Af1+0‘252(2A1*2 +A26):|V312 +[7‘2L71 _(Fﬁ +Fi*1)7\’+cl*l:|a2

4 +[x21j;6 -(F, +Fg;)x+c§6} B2+9J,02 —6I, A+ H,,

b 2[A§2a4 +(24), + Ay )a?p? +Af1B4]V32V31 +ap(Cy+Cpy +2C)
Ly=— e _ >
8 +aﬁ[(L]‘2 + Loy + 2L )32 =2( By + Fy +2Fg + Fy + ) + 2F66)x}

4 (‘/110‘4A;2+ aB? (Vi + Vo) A +B'V, 4 )V318n O

Lo == 3 Bo ’
(Bl*l _CI*I}L)Sn 6m (OLZ A;2 +B2A1*2)Vv316n 8m
Ly = yLog =— >
B Ba
|:(CD4X _Cl*lq)lx _C;1®1y)X+B;1(D1y +Bl*1q)1x _®2x:|8m6n
Ly = B ’
ab [A;20L4 +BrA+ 0‘2[32(2141*2 + Agg )}Vszz +[7‘2L;2 _(Fz*z JFﬁ‘z*z)k + C;}Bz +
BT, o v = ) ) ’
+] 07L ~(Fyg + Fog )1+ o o 495537 6T+ H
Y. - 4 (Vllaz‘A;zJFO‘sz(Vu +%1)A:2+B4V21Af1 )V328nSm B (C1*2>\‘_B1*2)8m8n
24=73 Bol » Lys = o )
‘/'32((1214;2 +BZA1*2)6m8n
Y26 == af ’
v - [(_CI*ZCDIX _C;2q)1y + q)4y)>\‘ + B§z®1y + BI*ZCDIX _®2yi|8m6n
27 — )

o
Ci=-B,B,, - B;,B,,+C,,, C;, ==B,,B);, - B, By, + C,,C¢c = BBy + Co,
C21 = _BIZBll —Bzszl + Clz’ C22 = _BIZBIZ _BZZBZZ + C22’
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Fli = _BllDl*l - BlzD; +F, Fl; = _B11D1*2 - B12D;2 + Ez’Fgé = _B66D;6 + Fy,
Fz*l = _BIZDI*I - BzzD; +Fy, Fz*z = _B12D1*2 - BzzDzz +Fy,,

F1*1 = _DllBl*l _DIZB;I +Hy, FI*Z = _DllBl*2 _DIZB; + EZ’F6*6 = _D66Bg6 + Fss
Fz*l = _DIZBI*I _DzzB; +F,, Fz*z = _D12Bl*2 _Dzszz +Fy,

Ly, =-DyD,,—D\,D,, + Ly, L, =—Dy Dy, = D, D,, + Ly, Lgg = =Dy Dgs + Lis5

*

L, = _DIZDFI - DzzD; +1L,, LZz = _D12D1*2 - DzzDzz +Loy.

Doi véi céc truong hop panel FFFF, céc diéu kién Ny, =0va N, =-Phduoc
ap dung vao cic phuong trinh (3.31-3.33). Ngoai ra, ddi véi cac truong hop panel FIFI,
céc rang budc bién dugc ap dung bang cach két hop phuong trinh (3.24) voi (3.31-3.33),
phuong trinh (3.31-3.33) ¢6 thé duoc viét lai thanh:

{‘P“ _Slean jW+(T12 _S\PZOYIZ }Dx +(‘P13 _9 WyYis j(D
Y Y Y Y

16 16 16

P, (S + W)= 92T (2hE+ W) + ¥, (HE-+ V)

16

(3.34)
+‘P16W(W+4T}kt°j—th[\P18 —S\IijYlS j—‘l’zzq—‘l’23
16
TR ST. Y i
+W¥, W (2hE+ W )(hE+ W )— ¥ ,P.h(hE+ W) -9 =-V,,W-Y¥,xW,
16
[‘Plz _8%}/‘“—[[02 -9 L2Y6,Y12 }Dx +(L23 -9 L2Y6Y13 J(I)y
16 16 16
(3.35)
+(L24 -9 L26Y14 jw(zha+ W)_th[LZS -9 L26Y15 ]_ 9 L26Y17 —L27 — 0,
Ty Y6 Y6
‘{’13 _SM W + L23 _9Y26Y12 CDx+ Y23 _8Y26Y13 ®
Y16 Y16 Y16 Y
(3.36)
+(Y24 BERETLIE jW(zthr w)- th(st EELETLIE J— PRETLI Y,, =0,
16 Y6 Y6

trong 46 9=0 ddi v6i panel FFFF va 9 =1 v&i panel FIFL.
Bing céach giai @,,®, tir (3.35) va (3.36), sau d6 thé ching vao (3.34), phuong

trinh chuyén dong ctia panel nhan dugc:
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(B + 95 A )W +(Z), + 95 19A 3, J(hE+W ) +(E 5 + 98, Ay )W (RE+ W)

4
+‘P16W(W + ghaj +(E5 + 98,5 W (2RE+ W )(hE+ W )= P.h(Z, + 95 5A43)

(3.37)
—Ph(E,;+9E,0A5; )(hE+ W)+ (B, + 95,5A,, )W (2hE+ W)
+ 8y + 9F Ay + Vo W+ W, kW =W,,,q,

trong do:
E=VYpA + YA+, Epp = Wiuhs + W 500,
By =YA+ Y50, By =YA + V540,
Eis = VA + ¥ 50, +),, B = VA + ¥ 305+,
B =Y+ A5+, Eig = VA + W30, +¥y,
Elg =V A+ ¥ 54, By =VpAs + 30,5 -y
A, = Y3 Loy =Yy 5‘23 , A= Y3 Lo + Y262Lz3 . Ap=— Vo3 Lys + Y252L23 ,

Y53 Ly, + Ly Y3 Ly, + Ly Yy Ly, + Ly
Ay =- W+ lI11321123 A = — Vo3 Ly + Y2721123 Ay =— — VgL + L232Lz4

YL, + L Yy Ly, + L YLy, + Ly

Ay = YLy, — Ly, 12‘26 , Ay = Yos Ly, — Ly 12‘25 , "= —¥ip Ly +\P132L22

Yy Ly, + Ly, Yy Ly + L, Yy Ly + Ly,

b= YLy, +L232L27 , N _ T A+ YA+ Y, ,
Yy Ly, + Ly YA+ YA+ T

h= VoA + Y13 A0 + Y Ay = YA+ YA+ Y Ay, = Yo A+ Y3 A5+ 15 _
YA+ Y 3A + Y YA+ Y50, + Y YA+ Y50, + Y

B0 qua cac thanh phan phi tuyén, thanh phan can, tai cudng bic va do khong
hoan hao trong biéu thuc (3.37), thu dwgc phuong trinh dao dong tu do tuyén tinh. Tiép
theo, tan sé dao dong tu do tuyén tinh ctia panel hoan hao tim dugc nhu sau:

\/511 tEp Tt 8(‘:‘18A32 + :19/\34)
¥y

. (3.38)

O =

Dé phén tich dao dong cudng birc, tai diéu hoa dugc xem xét dudi dang ham sin
theo thoi gian g =QsinQt .

Thé dang nghiém diéu hoa W =nsin(Qt) vao phuong trinh (3.37), dua vao tham
s6 tan s6 khong th nguyén v=C/®,,, va ap dung phuong phap can bang diéu hoa, mbi
quan hé bién do-tan sé cua dao dong cudng buc phi tuyén thu duoc sau mot sé phép

bién doi toan hoc don gian, nhu sau:
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) 3(E,5 4 ST A ) . 8[Zy3+E1y + 9(EigAp, +E5Ay )+ Wi N

AY ., o> 3V, o>
U=i+ 24%mn 242 mn (339)
VoultOmn | 4(25+95,4A5,)  W,,Q _( SN j
¥y, wim Vo, nwim Wy o,

Phuong trinh (3.39) 12 méi quan hé bién do-tan s6 & dang tudng minh, vi vay, co
thé str dung phuong trinh ndy dé xac dinh cac duong cong bién d6-tan sb tw do va cudng
budc cua panel.

Lién hé tai trong-dd vong sau mét 6n dinh tinh c6 thé nhan duogc béng cach bo
qua cac thanh phan can va quan tinh trong biéu thtc (3.37).

Pbi voi panel FFFF, hoan hao, khong gin va d6i xtng, bang cach bo qua cac
thanh phan quan tinh, can, d6 khong hoan hao va cac thanh phan phi tuyén trong biéu
thire (3.37), tai mat 6n dinh tinh cua panel nhan duoc bang cach cho W — 0, nhu sau:

—
—
—_—

p _EutEn (3.40)

Xxupper ~— h.:.
=17

Phuong trinh (3.37) 1a phuong trinh vi phan phi tuyén bac hai theo thoi gian,
duoc giai biang cach sir dung phuong phap Runge-Kutta bac bén dé thu duoc dap tng
dong cua panel.

DPéi voi phan tich mét 6n dinh dong, tai nén doc truc dugc xem xét nhu mot ham
tuyén tinh theo thoi gian P, =ct, voi toe do tai 1on ¢(Pa/s).

Thoi diém t6i han tj,%’" duoc xac dinh bang cach ap dung tiéu chuan Budiansky-
Roth, tai diém uén trong ving mét 6n dinh cta dudng cong dap tmg dong, tirc 13

d’w

2
dt t=tdym

= 0. (3.41)

Tai t6i han dong dugc xac dinh boi PY" = gt&".
3.4. Két qua s6 va thao luin
3.4.1. Két qua so sanh

Pé kiém nghiém lai cac két qua da thu dugc & trén, cac so sanh tan sd khong thu
nguyén cua cac panel XC FG-CNTRC khong gan voi nghién ctru ciia Shen and Xiang
[131] duoc trinh bay trong Bang 3.1. Cac két qua phu hop voi su khac biét nho giira két

qua cua luan an va cua tac gia khac.
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Bang 3.1. So sanh tan s6 khong thir nguyén =0, (az/h) py/Ey d6ivéi panel XC

FG-CNTRC khong gén (FFFF, h=1mm, b/h=20, a/R=0.5,a/b=1, AT=0K ,

m=n=1).

Vear Ngudn UD FG-X  FG-V  FG-A

o1 Shen and Xiang [131]  16.5485  20.4249 14.8046 15.0880
Luan an 165749  18.7735 14.8249 14.6058

017 Shen and Xiang [131]  20.4005  25.1015 182180 18.4493
Luan an 204326  23.1967 182509 17.9783

02 Shen and Xiang [131]  23.9878  30.0123 21.4053 22.2429
Luan an 24.0243 269747 214730 21.3058

Bang 3.2. Cac thong s6 tin s co ban & =w, (az/h),/po/E0 cua panel tru FG-GRC

khong gan ((0/90/0/90/0)s, FFFF, a/b=1, h=2mm, a/R=0.5, b/h=20, m=n=1)

T (K) Phén bd Shen va cac cong su [136] Luan an
UD 38.0071 38.0804

FG-X 39.5231 39.6005

300 FG-V 34.6249 34.6964
FG-A 36.2314 36.3017

FG-O 33.8763 33.9400

UD 35.3452 35.4113

FG-X 36.4831 36.5527

400 FG-V 32.7796 32.8433
FG-A 33.3561 33.1578

FG-O 31.4769 31.5344

Trong Bang 3.2, két qua cta luan an vé tan s6 co ban khong thir nguyén dugc so
sanh v6i két qua caa Shen va cac cong su [136] cua panel tru FG-GRC (0/90/0/90/0)s
trong moi trudng nhiét. Tiép theo, dap tng dao dong phi tuyén cua panel tru FGM
sandwich duoc so sanh véi két qua ciia Pang Thuy Pong va Pao Van Diing [32] trong
Hinh 3.3. C6 thé thay rang, cac két qua nhan duoc déu cho thiy véi nhitng khac biét rat

nho gitra két qua cua luan an va két qua trude do.
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= 0%

FFFF,
a=h=1m,
/ h=al20, Ay b, = 0.006m, ;
b rd \oh,=003m, [ - '

sw=eeee Lufin 4n

Pang Thiy Bdng va Pao Van Diing |32]

A £ g=10%sin(2001) YA Pa)
FGM-Kim logi-FGM, K= 50 MN/m'. K5 = 0.2 MN/m

i (.02 0.04 0.06 (.08 0.1

r(s)
Hinh 3.3. So sanh dap tmg dao dong phi tuyén cua panel tru FGM sandwich véi Ping
Thuy Pong va Pao Van Diing [32]

3.4.2. Bdi todn 1: On dinh va dgng lwc phi tuyén ciia panel FG-CNTRC c6 gin ting
cung va lop ap dién

O bai toan nay, cac vi du sd duoc nghién ctru v6i vat liéu nén Poly(methyl
methacrylate) (PMMA) duoc gia cuong bang CNT va PZT-5A dugc chon cho céc 16p
ap dién. Cac tinh chat vat liéu cta nén, CNT va PZT-5A dugc chon theo cac cong trinh
trude diy (Wang va Shen [161, 162]; Shen [123]). M6 hinh két cau va vat liéu duoc
chon nhu trong muc 3.1.1.

Hinh 3.4 thé hién tac dong ctiia huéng dit gan, quy luat phan bd va ty phan thé tich
CNT, d6 ning, nhiét d6 méi trudng va khoang cach gan téi duong cong sau mat 6n dinh
tinh cua panel chiu 4p luc ngoai. Trong Hinh 3.4a c6 thé thiy anh huong cua gan FG-
CNTRC va huéng cta gan , 16 rang rang kha niang chiu tai cta panel c¢6 gan vuot trdi so
v6i panel khong gan ca & mién do vong 16n va mién d6 véng nho, trong ca trudng hop
panel hoan hao va khong hoan hao. Tac dong cla cac quy luat phan bé CNT dugc thé
hién trong Hinh 3.4b. Panel c6 quy luat phan bd loai 4 thé hién vuot troi khi xét téi kha
nang chiu tai so voi cac quy luat phan bd khac khi phan 16n CNT tap trung & bé mat trén
cung cua panel va mit dudi cung cua gan, su phan bd CNT nay cai thién vuot troi do
cung cua hé panel va gan.

Nguoc lai voi quy luat phan bd loai 5, khi phan 16n CNT tép trung & ving giita hé
panel va gan, kha ning chiju tai cua hé giam rat manh. Hinh 3.4¢ khéo sat anh hudng cua
dd nang tdi kha nang chiu tai ctia panel chiu ap luc ngoai. Nhu quan sat dugc trén hinh,

khi d§ nang tang, duong cong sau mat 6n dinh dugc nang cao rd rang trong ca trudng
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hop vo c6 gan va khong gan. Ciing c6 thé thiy ring anh hudng cua d6 nang rd rang hon
dang ké trong trudng hop panel khong gan. Ty phan thé tich cia CNT ciing anh huéng
rat manh t6i tng xir sau mat 6n dinh cua panel chiu ap liwc ngoai nhu thé hién trong Hinh
3.4d. Khi ty phan thé tich CNT ting 18n thi kha ning chiu tai cta panel ting vuot troi,

dac biét & vung do vong 16n.

® ez, Hoin hao 5 IPCXD, FIFL, = 2.5mm,
Panel XP, FFFF, = = = Khing hoan Hao (A =0.1) f, = 05mm, g = b= 200, 6= 154,
F] ™ 2
25 g ¥ 002 8 =101, fmegn) = (1,10,
r }: —h--:"'_‘:‘:jj ,h.ir' = ?:‘:“T =500V, A / A 'I..c- :l SO0V, frpn= 124,
Vo= 0012, ) = 41,10, r 4 A0 B =0, gy = alk, AT= 0K,
= AT=0K, P, =0 Pa 7 | P =0Pa
£ : | ; &
= 20 Fhuan ™ fopn= L2, ,:, =
e B =hon =M Py =
= i) L] v 3 = T
Ay = = a8, a0 b FFZTV-A
w4t 3 2 PLTIN-X
b, I Khing gin — 3 PLT/UD-UD
2: Gin YD —_— !’..f.:].-i{]l-{i
3 Gilin X1 — 5 PAT/A-V
{l ; 4 1] i i
i (.5 I 1.5 2 ] 1.5 | 1.5 2
Wik Wik
(a) (b)
40 1 a: Panel XC-X1D ] Hodn hao
Ijl-'rt'f =, EFFE, |"'" b Pangl XC PZT I_J,““' = == Khimg hodn hao (4 = (1.05)
= 2.5mm, &k, = 05mm, A={01, Panel X5=Y D, -
a =h=20h, V=012, (ma)=(1,1), FFFF. & = 2.5mm, &, = (.5mm,
30 r = 0OV, B = 120 B =, G0 5= 1.5k, (ma)={1,1),
—  |dn=0l8, AT=0K, P,=0Fa, V= S00V, b= 120, by, =,
£ I i don=a8, AT = 0K, £.=0 Pa
=20 - : 5 =40 F o
= l;d=h o =
i db ab T4 /
i b 3d=3h BE ol e o 20 t It oy =012
,-""‘:.-—‘:.:*:“. 2= Fh =017
AP e 3 Fhe=0.28
] EEERESST . 0 . . :
(1] 0.5 1.5 1] 0.z | I3 2
Wik Wik

(c) (d)

Hinh 3.4. Anh huéng cta hudng cua gan, quy luat phan bd va ty phan thé tich CNT,
dd nang, nhiét do moi truong, va khoang cach gan téi duong cong sau mét 6n dinh tinh
cua panel chiu 4p luc ngoai

Anh huéng cua loai panel, hudng cua gan, quy ludt phin bd va ty phan thé tich
CNT, d¢ nang va nhiét do moi trudong téi dudng cong sau mat on dinh tinh cta panel
chiu nén doc truc duogc khao sat trong Hinh 3.5. Anh huong rat nho cua loai panel téi
g x1r sau mét 6n dinh ctia panel chiu tai nén doc truc c6 thé thay nhu trong trong hinh
3.5a. Tuy nhién, duong cong sau mat 6n dinh cta panel hinh sin vin hon mét chit so
v6i hai loai panel con lai.

Cac xu hudng trai nguoc ciia dudng cong sau mat 6n dinh cua panel khong gan,

c6 gan theo phuong x va phuong y véi hai hudng dat CNT c6 thé quan sat duoc trong
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hinh 3.5b, trong khao sat nay, dudng cong sau mat 6n dinh cua panel c6 thé xac dinh &
mién do vong am va dwong. Hinh 3.5¢ va 3.5d khao sat anh hudng cta quy ludt phan bd
va ty phan thé tich ciia CNT t6i tng xtr sau mat 6n dinh cua panel chiu nén doc tryc.
Anh huéng rd rét va thir tw ciia kha ning chiu tai sau mat 6n dinh cta panel c6 thé quan

sat dugc tuong ung voi truong hop panel chiu &p luc ngoai.

3 = T 5 = — u: Pancl X5
PZTUD-UD, FITT, PZT/X-X, FFFF, f = 2.5mm. o ,““.i i
h=2.3am, h, = 0.5mm, A, = 0Amm, a = b =200, §= 1.5k, ===0 Pl %5
T« h_ri:?lllﬂ'?—l-;a? 4R Venp=012, k=10,

] "ta\..' _-_1—-I"" - : (o) =0, 1) F, = 30V,

_ b= (2, 14, _ A -"-'.;u.u =ty = L2, f'm_-.u =B =M,
= SE3F O Ndun=dan=a8 AT=0K,g=0Pn,
D4t @ e
= p— e B R =% 1: Khong gin
af | s T e Pancl XP-XD | &°2 F "8 e 2: Gian XD
=- =  Pmnegl X5-XTD . X 'iIl! 3: Gidn YD
7 L i 4
2 L ih
¥, = SO0V, b,y = 120, B =, | L
Aun=o/8, AT=0K, g=0Pa o

0 . . . 0 .

1] 0.5 1 1.5 2 - -2 (i ks 4
Wih Wik

(a) (b)

e

XC-XD FIFL =25 PZTUD-UD, XS-X0, FIFI, |~ Heanhio
b i .//;ﬁ b= 5mm, 1, 05w, === Kbtng hoin o 0.
Vovg =002, 5 =01, (m,my=(1, 1), ! //_;/ @ = b=200,&=1.5h, (m,n}=1{1, 1),
1, = SO0V, b= 126, S Fe=3500V, ftp= L2, by = h,
A2 b= b dy = alt, AT= 10K, / Y by =al8 AT=0K, g =0 Fa
& g =0Pa 5 2
& — 1 PZIIV-A &
e b ‘_ e PETNX |
— 3 PATUD-UD
‘— 4 PZTI0-0
— & PETIAV
i ! : L :
i 0.3 1 1.5 3 0 I | 1.5 2
Wik Wik

(c) (d)

Hinh 3.5. Anh hudng cua loai panel, hudng cua gin, quy ludt phan bd va ty phan thé
tich CNT, d6 nang va nhiét do méi trudng toi dudng cong sau mat on dinh tinh cia
panel chiu nén doc truc

Bang 3.3 cho thiy tai trong mat 6n dinh toi han tinh va dong cta cac panel XC,
XP va XS hoan hao khong gan theo cac quy luat phan b FG-X, UD va FG-O. Tai trong
nén doc truc dugc xem xét & bai toan ndy c6 dang ham tuyén tinh theo thoi gian. RS
rang, tai trong mat 6n dinh t&i han tinh nho hon tai trong mat 6n dinh t6i han dong va
khi tdc d6 tai ting, tai trong mat 6n dinh t6i han dong ciing ting. Nhu c6 thé thiy, phan
bb FG-X hiéu qua hon céc loai phan bd FG-O va UD khi xem xét tai trong mat 6n dinh
to1 han dong. Ngoai ra, tai trong mat 6n dinh t&i han dong cua cac panel XS khong gan

16n hon mét chut so véi cac panel XC va XP khong gan.
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Bang 3.3. Tai trong toi han mat 6n dinh dong (MPa) cta cac panel FG-CNTRC khéng
gan va khong c6 16p ap dién (FFFF, o =0, 6 =1.5h, h =2mm, a=b=20h, Vi, =0.12,
AT =200K, m=n=1).

i Dong
Kicu T GPaJs) <=2 (GPals) <=3 (GPals)

Pancl XS 167579 171.700 174.120 176310

UD Panel XP 159.818  163.900 166.600 168.540
Panel XC 159723 163.800 166.420 168.810

Pancl XS 209174 213.300 216.000 218.280

FG-X Panel XP 201410 205.500 208.200 210.300
Panel XC 201315 205.400 208.000 210.690

Panel XS 112.104  116.200 118.660 120.810

FG-O Panel XP 104340 108.400 111.140 113.280
Panel XC 104245 108.300 110.980 113.010

Dap ing mat 6n dinh dong cia cac panel XC, XP va XS hoan hdo khong gan
duéi tai trong nén doc truc duoc xem xét trong Hinh 3.6a. C6 thé thiy cac ving mat én
dinh dong cua cac panel va bién do cuc dai cia vung mét 6n dinh cua panel XS khong
gan nho hon dang ké so véi cac panel XC va XP khong gan. Cac tic dong cla su gia
tang mat phang gitra 1én dap (mg mat on dinh dong cua cac panel XS khong gan dugc
thé hién trong Hinh 3.6b. RS rang, tai trong mét 6n dinh t6i han dong cla cac panel ting
lén dang ké va do vong cuc dai ciia ving mat on dinh giam khi sy gia ting mat phang
giita ting 1én. Hinh 3.6¢ va 3.6d thé hién dap ung mat on dinh dong cua cac panel XS
c6 gan va khong gan . Trong khi cac ving mat 6n dinh dong cta cac panel khong gan
duoc thé hién 1a kha rd rang (c6 16p ap dién) va rat rd rang (khong co 16p 4p dién), thi
vung mét 6n dinh dong duong nhu khéng thé quan sat dugc dbi voi cac panel ¢ gan.

Hinh 3.7a va 3.7b cho thiy tic dong cta cac quy luat phan bd CNT lén dap tmg
mat On dinh dong cta cic panel XS hoan hao khong gan c6 va khong co 16p ap dién.
Ving mét on dinh khéng xuat hién trong trudng hop cia cac panel FG-V va FG-A trong
ca hai truong hop dugc xem xét. Ngoai ra, trong truong hop cua cac panel co6 1op ap
dién, ving mit 6n dinh khong duoc hién thi rd rang va nguoc lai trong truong hop cua
cac panel khong ¢ 16p ap dién. Tac dong cia mo hinh phan bd CNT 1én dap ing mat
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on dinh dong cua cac panel co6 gan thé hién & Hinh 3.7c. Mot loi thé ndi bat trong viéc
giam bién do dap ung mat 6n dinh dong cé thé dugc thdy dbi voi cac panel PZT/V-A va

nguoc lai véi panel PZT/A-V .

a4

m— 0.1% ==
Fii-X, FFFF, Khing giin, i = 2mm, JI:"'T'“: :::’ FG-X. FFFF, i ) .I':I
a=h=20h, =15k, 13“"“| A ey 24 ':.J
03 bVor=012,4=0, i a=h=20k, 3id = 3h
o= 2GPa's, | U U 012 =017
AT=200K, - a
E - = i ﬁ T
=02 rlmoa={L10), iz | | 5 c {,]‘“
I\ | | AT= 200K, 3
by o 0060 | fm, mh = (121
BT / FA ‘.’ 1‘1‘.11' 1 Panel X5
Khing co ! “‘ L Khing co
i hp dip dién -14" : ¥ ; Npdp ditn ,
200 205 214 215 220 240 300 3601 4240 480
P, (MPa) P, (MPa)
(a) (b)

J Fi 4 — —1- Panel X5
. ey —1: Panel X5 I: Panel X5
S R SR —2: Panel X§-XD —2: Panel XS-XD
= AL 3‘”’;/’ —3: Panel XS-YD) —3: Panel XS-Y D) l

5= LR, ¥y = 0:12, | 02 b
| be= 106G, / ///A/h____._._—-—r—"
7= 0K, 2 )
= iy 4 =
= (m, mp={1;1) =0 —3
Y 3 PATIOC), FEFF, b= 2mm, o= b = 204, ‘\
I D2 P e S, Py 012,30 0, ¢ = 2GPis, AT = 0K,
Khang ¢o ldp ap dién, F, = 500V, lmi, ) = (121, Khong oo 1op dp dign,
i B = Mrn= L2 By = By = sy = Ay = . 44 oy = P = L2 By = Bupp = I = dyyg = ar'8,
] 0 4K} Rl Ry 0 b 120 130 240
P, E\IPH} P (MPa)
(©) (d)

Hinh 3.6. Anh huong cua loai panel, 6 ndng mit phang giita va hudng cua gan dén
dap Gmg mat 6n dinh dong cua panel c6 va khong gan

Tac dong cua phan bd CNT, CNT va huéng cua gan cta cac panel C, P va S ¢6
va khong gan 1én tan s co ban duoc chi ra & Bang 3.4. V6i panel khong gan, tan sb co
ban cta panel XC va panel YC 1a nhu nhau, trong khi tan s co ban cta panel XS va
panel XP 16n hon mot chat so voi tin sb co ban cta panel YS va panel YP. Tir d6 cho
thdy tac dong ctia hudng CNT khong 16n ti tan sb co ban d6i voi cac panel khong gan.
Tan s6 co ban ciia panel c6 gan cao hon nhiéu so vdi cac panel khong gan.

Ngoai ra, tin sb co ban ciia cac panel c6 cung hudng ciia CNT va gan (panel X
c6 gan XD va panel Y ¢6 gan YD) 16n hon tan sd cta cac panel ¢ hudng vudng goc
cua CNT va gan (panel X c6 gan YD va panel Y c6 gan XD). Trong ba loai panel (panel
C, P va S), tan s6 16n nhét co thé thdy duoc v6i panel S ca khi c6 va khong gan. Nam t6
hop phan bd CNT ciing duoc tinh dén trong bang nay, tin s co ban 16n nhat thu duoc
v6i phan bd PZT/X-X cho cac panel khong gan. Nguoc lai, do cac phan bd CNT duoc
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xem xét cho panel va gan, doi voi cac panel co gan, tan sO co ban 16n nhat khi phan bo

PZT/V-A.

FFFF, = 2.5mm, h, = 0.5mm = :'_ll'j'x
a=H0=2h Jd= 1.5k, — -{I FG-O)
— 4 FiG-V
— 5. FG-A

075 b V.= S00V.

Panel X5

k13 I Ca lémp ap dién 4
V=012, k=0, \

¢ = WGPars, AT = [}K. {mon)=(1:0% |

| MMl
L} 2K P, (MPa) 400 il ]
(a)

06 ———— = _ I e f— T PZTOn-Un
FFFF, & = Xmim. /p,hmlg ciov lerp FFFF, Panel XS5-XID), & = 2.5mm, —_— 1 PETIXX
a=f=200, : dp dign B =0.3mm, a = b= 20k, 6= 150, — 1 PFATIO-0

a3 pA=13m ] / 1.5 L ¥ =500V, o= 124, — 4 PETIV-A

% i Z IR e e
3 ] | bon=M dan = o/8, 3: PATIAN
AN 1
E 1] 51 i 5 ' 4
— I: FG-X

0.3 Panel X5 — 2 UD 05 b
Viw ) 0. .|3. " 0, ) 4 : i :.ir::j Frm=012,4=0,
o= 20, AT = 0K, e = NPl AT = =il

— R EA o= 1GPafs, AT=0K, (s, mk={1;1)
nik fone, ey = (1210 ) ) ] ] L ! -
= 1. 0 300 a0 90K 2010
L] |11 P, (MPa) 201 00 P, (MPa)
(b) (c)

Hinh 3.7. Anh huéng cta quy luat phan bé CNT va mé hinh phan b cua CNT dén
dap (mg mat 6n dinh dong cia cac panel c¢6 va khong gan.

Ung xtr dong cua cac panel FG-CNTRC c6 gin duoc dé cap trong Hinh 3.8a. V&i
cung mot d§ nang mat phéng gitta §, c6 thé théy duoc su khac biét nhé vé bién do dao
dong cho ba loai panel va bién d¢ cua panel c6 gan XS-XD nhé hon mdt chut so véi hai
panel con lai. C6 thé thiy duoc tac dong cua gan 1én bién d6 dao dong cua panel XP
trong Hinh 3.8b, bién do dao dong cua panel XP giam dang ké khi c6 gan va gan XD
hiéu qua hon gan YD.

Tac dong cua ty 1& thé tich CNT 1én tng xtr dao dong cua panel c6 gan YC-YD
duoc nghién ctru trong Hinh 3.8c. RS rang, bién d§ dao ddng cua cac panel giam manh
khi ty 1& thé tich CNT ting. Tac dong cua cac to hop phan bd khac nhau duge xem xét
1én mg xtr dao dong cua panel c6 gan XS-XD duoc trinh bay trong Hinh 3.8d. C6 thé
thy, bién do dao dong cua panel c6 gan PZT/V-A 1a nhé nhét, nguoc lai, panel c6 gan

PZT/A-V 14 16n nhit.
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Bang 3.4. Anh hudng ciia mo hinh phan b6 CNT va huéng cia gin 1én tin sb co ban

®,,, (rad/s) cua panel (FFFF, » =0, §=1.5h, h =2.5mm, h, =0.5mm, a=b=20h,

Vv =0.12, AT =200K, V, =500V, m=n=1, Ry

dstXD = dstYD =a/8),

~hyyp =120, by =byyp =,

Si

PZT/UD-UD PZT/X-X PZT/O-O PZT/V-A PZT/A-V

Panel XS 20518.06 22003,98 18844.92 18913.48 20322.61

Panel XP 20160.00 21669.89 18455.02 18517.40 19967.99

Khong Panel XC 20148.96 21659.56  18443.02 18504.69 19957.54
gan Panel YS 20328.33 21827.41 18637.92 18710.39 20128.16
Panel YP 20161.50 21671.31 18456.64 18519.30 19969.25

Panel YC 20148.96 21659.56  18443.02 18504.69 19957.54

Panel XS 36889.80 37583.02 36068.64 40820.22 30860.34

Panel XP 36677.15 37373.89 35851.44 4062638 30606.85

Gan  Panel XC 36672.84 37369.61 35847.05 40622.31 30601.77
XD Panel YS 33755.70 3472493 32518.80 33957.58 31569.59
Panel YP 33632.28 34602.33  32393.12 33834.99 31436.52

Panel YC 33632.22 34602.01 32393.30 3383494 31436,35

Panel XS 33554.26 34431.90 32402.35 33660.64 31497.84

Panel XP 33473.60 3435033  32321.54 33579.71 31411.26

Gan  Panel XC 33473.88 34350.32  32322.11 33579.94 31411.50
YD Panel YS 37023.70 37812.54 36098.01 41250.74 30734.74
Panel YP 36964.40 37753.93 36037.57 41195.28 30664.56

Panel YC 36960.33 37749.89 36033.43 41191.40 30659.78

Hi¢u ung gay ra cua dién ap cua lop ap dién va d¢ day cua 16p ap dién 1€n Grng
xtr dao dong cua panel co thé thidy duoc & Hinh 3.9a va 3.9b. Su khac biét nho trong
bién d§ dao dong cuia cac panel dugc thé hién khi ap dung céc gia tri di¢n ap khac nhau,
trong khi d6, c6 thé quan sat thiy sy thay d6i 1on trong bién d6 dao dong cia cac panel
khi d6 day cua 16p ap dién thay d6i. Hién tugng phach c6 thé duoc quan sét thay trong
Hinh 3.9¢ khi tan sb cudng birc tiép can tan sb co ban cua cac panel c6 gan YP-YD trong

ca hai truong hop khi tan sé cudng birc 16n hon va nho hon tan sd co ban. Viée ting
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chiu dai cac canh cta panel cling lam tang dang ké bién do dao dong cua panel c6 gan

XP-XD nhu thé hién ¢ Hinh 3.9d, bién d6 dao dong ting dang ké khi chiéu dai cta cac

canh doc va canh vong tang.

20

=12

PLTUD-LID, FFEE, & = 2.5mm, &, = 0.5mm, a= &= 20k,
d=3 Vi, =012,
=00V, L=10.1,
AT=200K,

{m, wy= (11

R = 1.2R,

b= &, - = = amel }i:['-.\li
o Pranel XP-XD

b = %, Panel XS-XD
o = 107 sind 100:(Pa) R

i} 1023 .05 0075 1
fis)
(a)
— T ]
PET/A-V, FFFF, Panel YC-YD, o [-C-" 2 :: }-.
f=28mm_ b, =035mm, a=h= M, I:'“ |:]. jé
¥, = 500% i .

#=T1.5h,
TOOK.

TERAN AT

b= = a8, b= 120, g = 10 sind 5000 Pa).

(]

] 0.001 002 0.003

f{s)

(c)

PETX-X, FFFF, = 2.5mim, &, = 0.53mm, ¢ = b= 204,

&= L5h,
¥, =300V

(me, ) ={1:1h,
o Vo =0.28;
F wmy A=,
] L1 !

3
E
Ed . ]
x e Pamel XP
-4 —Pane] XP-XD
1Y = —=Panel XP-Y}
b5 =
-h | “
b = b=, Ao = oy = a8,
g N = M= 120, g= 107 sin 10 IE].'JLi’ﬂlll.
{1 IR (s} (x| ils
d — — PZTUOD-UD
FFFF, Panel X5-X0, ) =10.1, — — PETINX
h=25mm, b, =05mm, a=5h=20, | PZTA0
A B=LSh, Vi =028 #T 1—-- PZTIV-A
- ] TN — - PETIAY
o AN i W\
E 1 - CE—
g Ar'=0K,
e ¥, =500V Y : Ro 4
o | mmy =120 _ -, Ve "_’.
) o T
Mo = 120 by =,
oy = a8, P,{=H Pa, g = 3= 1Peing L00r) Pa
= | L L
1 X} 1.0 1A 012
( 03 frl[*:lif {01 |

(d)

Hinh 3.8. Anh huéng cua loai panel, gan, ty 1& thé tich CNT va m6 hinh phan b CNT

dén dap ung dao dong cua panel.

DPuong cong d6 vong-van tde ciia panel ¢ gan YS-YD duoc xem xét trong Hinh

3.10a — 3.10d. Tan s6 cudng birc tiép can tan s6 co ban clia panel va ving hap dan cia

mit phing pha duoc thé hién rd rang véi bién do tai trong cudng birc nhoé trong Hinh

3.10a. Ngoai ra, ving hip dan chia thanh hai khi bién d6 tai trong cudng birc ting 1én

nhu Hinh 3.10b. Khi tdn s6 cudng birc cach xa tin s6 co ban cta panel nhu thé hién

trong Hinh 3.10¢ va 3.10d, ving hip din khong dugc rd rang va cac dang khac nhau cta

duong cong do vong-van toc véi cac tan so cudng birc khac nhau da dugc ghi nhan.
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Hinh 3.9. Anh hudng cua 16p &p di¢n va tan
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2
E
E
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E
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= e
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(a)
16
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8t 1'1 R
£
E: I
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=
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(c)

2.5mum, h,

= 2.35mm, fr,

(1. 5mm
= L.25mm

METIV-A, FIFL L=10,
=3, T3mm,

AT=0K, Lo h = 2mm, h,= mm
{m, )= [1;1), =0V,
J"r".\.' D17, & o = b= 50,

Panel YC-YI

M = 1% sin{ ||H.Ilflfll[|’uJV

= 2.5mm, d 5, = 0.23mm
i L

Jtypyy = I, h;n’:'l'

L 0.003 (LO06 0009 0.012
ris)
T v LI K] ST [ a = h =10k
PETN-X, FIFl,Lh = mim, fr, = 0.5mm, e 200

S=1.5h, F o, =017,0=0,

(o, 1 =1{1:1),
AT =200K,
F_ = 500V,

Panel XP-XD
Boxn = B o

= at/B, 120, g = 107 ging 50000 (Pa),

Vel -

0 0 (.002

fis)

(d)

s6 cudng btrc dén dap tmg dao dong

0.0613

PEZT/X-X, FIFL, i = 2.5mm, &, = 0.5mm, o = b= 20k,
d=15h f, wr = 0T A= 0.0, F, =300V, (m )= (1,1}, 47" =
(49

Panel YS-YDU b = L2080 = b,

=8, g = I| ﬂ‘.lﬂni-ih?[]l'llr'ﬂ_l-"ui, W™ 46?32?.53 {rad’s)

.2 «14 : F
3 ' W (Hlm} H A
PEZTX-X, FIFL, fr=2.5mm, &, =0.5mm, o= h=20h,
=01, 4= 1.5, f','\,. = E] l"' i' = 51]9‘4" (e, b= (1,1}

Panel ¥Y8-Y D, A1 = U[u .l’.',,,., [ a’r ."J arn =M
dapn =aff, g = |ﬂ‘\m{i0".’5[|"q] iy, = 46728, I” {radisk
by -,3 (.3 6

W (thm)

(d)

Hinh 3.10. Puong cong d6 vdng-van tdc ctia cac panel c6 gin YS-YD
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3.4.3. Bai todn 2: Panel FG-GRC c6 gin ting cieng trén nén dan hoi

Mo hinh vat liéu va hinh hoc ctia panel FG-GRC c6 gan ting cimg trén nén dan
hdi Pasternak cta bai toan nay dugc chon nhu trong muc 3.1.2.
Bang 3.5. Tan s6 co ban (rad/s) cia (0)1or panel tru, parabol va hinh sin ¢ gan va khong

gan (FFFF, h =0,002m, a=b=20h, §=2h, A =0, AT =100K, m=n=1, h,=2h,

b,=h, d,=a/4= K,=10 MN/m?, K,=0.1 MN/m)

Khong gan Gan x Gany Ganxvay

Panel hinh sin 83806.13 108887.78 108581.22  132787.50

UD-UD  Panel parabol 83470.90 108642.34 108330.80  132604.56
Panel tru 83458.89 108634.54 108321.98  132599.03

Panel hinh sin 84913.92 10874291 107992.01  131078.44

X-X Panel parabol 84598.88 108509.79 107752.47  130903.04
Panel tru 84587.49 108502.28 107743.94  130897.65

Panel hinh sin 79476.65 109680.63 108732.40  137252.32

V-A Panel parabol 79141.97 109457.17 108503.33  137098.93
Panel truy 79129.88 109450.06 108495.25  137094.41

Panel hinh sin 80162.03 9725790  96694.17 113898.69

A-V Panel parabol 79826.27 96988.88  96417.01 113680.54
Panel tru 79814.11 96980.11  96407.06 113673.62

Panel hinh sin 77780.42 100846.02 10010291  122707.17

0-0 Panel parabol 77436.37 100594.87  99844.74 122520.36
Panel tru 77423.93 100586.78  99835.55 122514.63

Bang 3.5 khao sat cac tan sb co ban ctia panel try, panel hinh sin va panel parabol
FG-GRC c6 gin va khong gan. Mode dao dong tu do va tuyén tinh cta cac panel nhan
dugc & cac mode co ban (m =n =1) d6i véi moi truong hop khao sat. C6 thé thay rang
tan sd co ban cua panel co gan 10n hon dang ké so véi tan s6 co ban ciia panel khong
gan. Ngoai ra, khac biét nho giita tAn s6 co ban cta panel c6 gin x va panel c6 gan vy,
hay tac dong 16n nhat 1én tan sd co ban nhan dugc trong trudng hop panel duoc ting
cling bang ca gan x va gan y c6 thé dé dang quan sat trong bang nay. Di voi cac panel

khong gan, tAn s6 co ban 16n nhat nhan dugc voi cac panel FG-X. C6 thé giai thich hién
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tuong nay nhu sau: voi panel FG-X, ty phan thé tich 16n cua graphene sheet duogc thiét
ké nhiéu hon & cac vi tri cach xa mat trung binh cua panel gay ra do léch tam 16n hon,
1am cho d6 ctmg cua panel FG-X 16n hon so v6i cac loai panel khac. Déi voi cac panel
c6 gan, do thiét ké vé phan bd graphene trong gin va trong panel, mit trung binh cta

panel dich chuyén vé phia cac gin ting cing, tan sb co ban 16n nhat dat dugc véi panel

3 - 6
AV, FEET, h = 0.002m, § = 2h, ' - V-A, FIFL, & = 0.002m, Vs /
a=b=20h1 =0 4T = 0K, e S=2h2=0,c=200Nsm'. 3
k=200 Nsan', b, = 24, s AT = 0K, {m, n)= (1,1}, l
3 bbb, =hd, =ad, . - 4 F =310 Nm, e b=10k
z G ) =101 1), [aa '-"-’"l_-‘ ity do z hy = 2h b=, g = o=
] K= 10 MN/m?, — = = 10"Nm * g |d,~a4d, Fia=k=30h
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0 € = 5 10 *W/m 2 2 LK =10MNmM, ¢ Panel P
f
o =T 10N ? ¢ —— Do dong tr do
e i - = = Do ddng cudmng birc
- a3 -
B et b o L TR g™ o o
I 'ﬂ:—‘-"'ﬁ——"_/ s P — 0 e e il o e e e e
.9 095 1 1.05 1.1 085 | & 1.15 1.3

p
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. ; i cptia ; 3 ,.r‘"'
a = b= 20k, 4 =0, / A =0,k = 200N sim?, AT = 0K, (mn)={1.1), 3 "
. |x = 200N.5m?, 47 = 0K, 1 0= 100N/m?, b, = 20, by = b, o= aid, _a% o Al
Tl =q0, 0, 4 1K= 10 MN/m?, Koy = 0.1 MNim, _#Z2%
- (= 5= 10F Nim?, l 'l; {:h = I: Khing gdn
= - 4 = . e o
Z5 =20 b, =, 1§ = B % (:.f]; Jlt:} s OGO DS
= d =ald, (0/90/90/0), o 3: Gaiim XD va Panel €
Ky = 100MNm Panel 8 1 | N L T
L LA :
| Ky = IMNm. ; oy ; AR,
. d —— o ding ty do AT == =an dijng cuimg bic
“ ¥ i g - |
o = = =[hie ddng cudmg b r,..r" .-":." -
i I i e ] b e S==ZZZSaszszcosz==
95 | 105 |1 {[A) | 1.1 1.2

W
(c) (d)

Hinh 3.11. Pudng cong bién dd-tan sb ciia dao dong ty do va cudng birc ciia panel tru,
panel parabol va panel hinh sin ¢6 va khong gan

Cac hinh 3.11a, b, ¢ va d trinh bay cac dudng cong bién do-tan sb cia panel tru,

panel hinh sin va panel parabol FG-GRC cé gan va khong gan cua dao dong tu do va

cudng buc phi tuyén. Co thé thiy cac dudng cong bién do-tan sd cia dao dong cudng

btrc va dao dong tu do tién sat lai nhau khi bién d6 du 1on (Hinh 3.11a). Bién d6 cua tai

cudng buc cang 1on thi duong cong cua dao dong cudng burc cang cach xa duong cong

ctia dao dong tu do. Anh hudng cuia do day panel dén duong cong bién do-tan sb cia

panel parabol c6 gin duoc nghién ciru trong Hinh 3.11b. Két qua cho thdy cac duong

cong bién dd-tan so s€ cao hon néu do day cua panel giam. Hinh 3.11c nghién ctru anh
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huong ctia d§ nang 1én dudng cong bién do-tan so cua panel hinh sin. C6 thé quan sat

thdy xu hudng ting déu sang phai ciia duong cong bién do-tan sb ctia dao dong tu do c6

~

d

I4
A

A

0 na

J4

SO CO

ng nho & mit trung binh. Thém vao d6, khi d6 nang ting, dudng cong bién do-tin

xu hudng di 1én vé bén phai trude khi di 1én vé bén trai. Anh huéng cua gan t6i

cac duong cong bién do-tan sb ciia panel tru dugc dé cap trong Hinh 3.11d. Xu huéng

khac nhau cua cac duodng cong c6 thé dugc quan sat ¢ bién do nho va 1on cia panel truy.

=)

UD-UD, FFTT, & - 0.002m, a — & — 200, ::“"“J' ‘P
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Hinh 3.12. Dao dong phi tuyén ctia panel try, panel hinh sin va panel parabol c6 va

khong gan
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bép ting dong cua panel hinh sin, panel parabol va panel tru FG-GRC c6 gan c6
thé thay dugc ¢ Hinh 3.12a. V&i ciing mot d6 nang & mit phang gitra, ngudi ta quan sat
thiy nhitng khac biét nho vé bién d6 dao dong ctia panel hinh sin, panel parabol va panel
tru. Bién d0 dao dong cua panel tru 16n hon mdt chit so vdi panel parabol va panel hinh
sin. Tac dong cua gan tang cung trong viéc giam bién d6 dao dong cua panel parabol
duoc thay rd & Hinh 3.12b. Do cling cta panel c6 gan bao gdbm d6 cimg cua 16p vo panel
va do clg ctia gan tang ctmg, ddn dén do ctng tong thé cta panel c6 gan phu thudc vao
phan bd graphene cua ca 16p vo va gan ting cimg. Hinh 3.12¢ cho thiy tac dong cua
viéc phan bd graphene dén dap img dong cua panel tru FG-GRC c6 gan. Tuong tu, véi
tan s6 co ban, c6 thé thiy duoc loi thé 1 rang cua viée giam bién do dao dong cua phan
bb V-A so véi cac phan bd khac.
Bang 3.6. Tai mat 6n dinh dong t&i han (GPa) cia panel try, panel hinh sin va panel
parabol FG-GRC khong gan ((0)10, FFFF, h =0,002m, a=b=20h, §=2h, A =0, ¢ =
200, AT=100K, m=n=1, K= I0MN/m?, K,=0.IMN/m)

Dong
Loai panel Tinh

c=10°(Pa/s) ¢=2x10°(Pa/s) c¢=23x10°(Pa/s)

Hinh sin 1.5459 1.5500 1.5530 1.5552

UD Parabol 1.5336 1.5382 1.5412 1.5438
Try 1.5332 1.5380 1.5402 1.5426

Hinh sin 1.5871 1.5920 1.5944 1.5963

FG-X Parabol 1.5753 1.5802 1.5830 1.5864
Tru 1.5749 1.5800 1.5820 1.5852

Hinh sin 1.3316 1.3360 1.3384 1.3407

FG-O Parabol 1.3199 1.3242 1.3270 1.3302
Try 1.3195 1.3240 1.3266 1.3290

Do climg ciia nén dan hdi ting 16n ciing 1am giam bién d6 dao dong cua panel
parabol c6 gan mot cach rd rét nhu trong Hinh 3.12d. Hé s6 can cua co hé 16n dén dap
ung dong cua panel parabol FG-GRC nhu trong Hinh 3.12e. Bién d0 dao dong cua panel
giam rat nhanh theo thoi gian voi hé sé can 1on. Cac phach diéu hoa c6 thé duge quan
sat trong Hinh 3.12f khi tan s6 cudng burc tién sat dén tan s6 co ban cta panel. Do dai
ctia phach ting 1én dang ké khi bién d¢ tai cudng birc giam.

102



Tai mat on dinh tinh va dong t6i han cta panel parabol, panel hinh sin va panel
try khéng gan, hoan hio va c6 phan bd UD, FG-X va FG-O c6 thé thay dugc trong Bang
3.6.0 day, tai trong nén doc truc dugc xem xét 1a mgt ham tuyén tinh theo thoi gian.
Co thé thﬁy ré'mg tai mat 6n dinh dong t61 han 16n hon tai mét 6n dinh tinh t&i han cta
cac panel va tai mat 6n dinh dong toi han ting néu téc do dit tai ting. Uu diém rd rang
ctia phan bé FG-X so véi phan bd UD va FG-O vé tai mat 6n dinh dong toi han ciing
duoc thdy 18 qua cac vi du ndy. Ngoai ra, tai mat 6n dinh dong t6i han ctia panel hinh
sin 16n hon mdt chut so véi panel parabol va panel try.

bép ung dong cua cac panel parabol, panel hinh sin va panel try khong gan va
hoan hao chiu tai nén doc truc c6 thé théy dugc ¢ Hinh 3.13a. Cac vung mét 6n dinh
duoc quan sat rd rang trong hinh ndy. Ciing c6 thé thiy ring bién d6 cyuc dai cta ving
mat 6n dinh cta panel hinh sin nho hon déng ké so v6i panel parabol va panel tru. Tac
dong cua toc do dit tai dén dap ung dong cua panel parabol FG-GRC khéng gan duoc
quan sat trong Hinh 3.13b. Khi tdc do tai tang, tai mat 6n dinh dong té1 han cia panel
ting 1én va bién do tbi da cua ving mét 6n dinh ciing ting. Tac dong cua sy phin bd
graphene dén dap (mg dong cuia panel hinh sin khong gan duoc nghién ctru trong Hinh
3.13c.

C6 thé chia thanh hai trudng hop: phin bd dbi xtmg (UD, FG-X va EG-0) va
phan b khong ddi ximg (FG-V va FG-A). Do sy phan bd khong di xtng ctia cac panel
FG-V va FG-A, duong cong dap tng dong cua cac panel FG-V va FG-A tiang déu din
ké tir thoi diém chat tai va hién twong mat 6n dinh dot ngot khong xdy ra véi panel FG-
V va FG-A nhu véi panel UD, FG-X va FG-O. Téc dong cua su thay ddi nhiét 6 dén
dap tmg mat on dinh dong cua panel tru FG-O FFFF duoc nghién ctru trong Hinh 3.13d.
Tir hinh v& thiy ring, do tinh chat vat liéu giam, tai mat 6n dinh dong t6i han cta panel
giam xudng rd rét néu nhiét do ting. Luu ¥ rang cac rang budc bién theo hudng x va y-
khong tdn tai ddi voi cac panel FFFF, do d6 hi¢n tugong mét 6n dinh nhiét khong xay ra
trong trudong hop ndy. C6 thé quan sat tic dong cla gan ting cing dén dap tng dong
cua panel hinh sin FFFF FG-O trong Hinh 3.13e. Tuong tu nhu khi nghién ctru tic dong
ctia quy ludt phan bd vat lidu khac nhau (Hinh 3.13c), cac gan ting clng tao ra do 1éch
tam 16n cho cac panel, do do, méat on dinh dong chi duogc tao ra trong truong hop céc

panel khong gan va quy ludt phan bd vat liéu ddi xing. Cac diéu kién bién ciing anh
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huong 16n dén dap ung dong cua cac panel (Hinh 3.13f). Két qua ciing cho thiy hién

tugng mat 6n dinh chi xay ra trong trudng hop diéu kién bién FFFF.

012 P =1 D09 — 1= = 10" Pas
LD, FEFF, h = 0L002m, & = 24, Pl t; —_ 3 ||p~‘L}I:1.-.i
= b= 2,4 =0, 47 = 100K, — —Pancl | B 2l
{m, my=(1, 1), &= 200N,.5'm*, §l. == Pangl 5 el :
¢ =3=10"Pals, FG-X, FFFF, fr = 0.002m,
008 FK = 1OMN/m®, i LTS C = b= 30k, 6= 3 L= 0.
< Ky = (L IMN/m. ol = | AT 100K, (=11, 1),
& {0y Khing gin L | = =200 N s/m’,
'
sy Ky = 1OMN/m’,
oM L | ! '|1 003 F&y=0IMN/m,
' | P Y
; ‘Irr (0}, Khbng gin E _J'Ir
) Panel P
f .-'f “‘ > L J "
] el =
5 . 5 1.57 1.575 [ 1.585 1,59
153 154 p (Gpay 15 1.56 pitpa)
(a) (b)

(L3 012 — A=
FFFF, - 0.002m, & - 20, FGO.FEFF, |, 4F =10k
a=5b=20041=0, e = 0.002m, _E: '.”,. WK
AT = 0K, (m, my=11, 1}, a=h =20k, e

DS o = 200 Nsim?, 6= 4 =0,
¢=3x10° Pals. . 3 { 0oz (i, b =11, 1),

) f & — 200N sim?,
g i ’ = ¢ = 3=10"Pass
\ —lka h K= 10MN/m?,
i Koy= 0 IMN/m,
= i —2 D no4 |
AL S |!F‘Ithf;-1|:|'i!1]}- ¥ —3 FGO
2= 0.1 MN/m. o (9009070
(00900} Khéng gén 4 PGV i
Panel § 3. FG-A I I Panel €
1.3 : ! 0 . i L
i 0.3 1.5 2 3 . 7
P,((I;PH] i1 13 pcra) 'S 1.7
(©) (d)
{3 0.3
K,= oMy, FG-X, h = 0.002m, @ = b = 20k,
Ky=(LIMNim. #° # =2 = 0,47 - 0K,
4 {m, n)= (1, 1}, & = 200 M.s'm-,
0.15 | 015 o ) 100 Pass
ettt K= 10 MN/m?, K= 0.1 MN/m,
Panel S = -
=
=0 =0
3
—1: Khiéing gdn 2 e
A0S | 00, FFFE, & - 0.002m, —2: Gin XD DA5 o ==L FETE
a=6b=20h4d=2h4=0, —3: G0 ¥D ( EEJ-[L‘HﬁF'UJs —=2:FIF]
1T = 0K, (m, md=¢1, 1), __1:“:“1 o :Eh-.u;gpgun

oy LE 200 Ns'm?, ¢ - 3P Pads - < T 03 ol .q ) | i

- il L5 | 1.5 2 .5 ]
! VO pGRay 17 - P, (MPa)

(e)

()

Hinh 3.13. Mt 6n dinh dong ctia panel tru, panel hinh sin va panel parabol ¢ va

khong gan
3.5. Két luan Chwong 3
Chuong 3 da nghién cuu vé 6n dinh va dong lyc cua panel try, panel hinh sin va
panel parabol FG-CNTRC va FG-GRC c6 gan ting cing FG-CNTRC va FG-GRC,

tuong ng, ¢6 va khong co 16p ap dién. St dung k¥ thuat san tac dung gin cai tién, ddi
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v6i gan ting cung di hudng bién dang truot bic cao, phuong trinh Euler-Lagrange va
hiéu ng can cta co hé duge xem xét bang cach sir dung ham tiéu tan Rayleigh. Cac vi
du sb vé tng xtr 6n dinh va dong luc phi tuyén dugc nghién ctru bang cac lién hé hién
v6i truong hop tinh, bang phuong phap Runge-Kutta trong trudng hop dong va tai mat
on dinh dong to1 han dugce xac dinh b?mg tiéu chuan Budiansky-Roth. Tac dong cua gan
dén ung Xu 6n dinh va dong luc cua panel da dugc nghién ctru chi tiét, vai mot s6 nhan
x€t quan trong, nhu sau:

- Tan sb co ban, kha ning chiu tai tinh va dong cta panel c6 gin 16n hon dang ké
so voi panel khong gan. Bién do dao dong cia cac panel ¢ gan nho hon dang ké so véi
cac panel khong gan tuong ng.

- Kha nang chiu tai tinh va dong ctia panel hinh sin 1én hon so v6i panel parabol
va panel tru tuong tmg, tuy khong déang ké. Tuong ty, panel hinh sin ciing c¢6 bién do
nho hon khong nhiéu so véi hai loai panel con lai.

- Tai mét on dinh dong t6i han va hién tuong mét on dinh dong cua panel dudi
tac dung cla tai trong nén doc truc chi c6 thé thdy rd véi panel khong gan c6 phin bd
dbi xtmg.

- Tinh chét vt liéu, hinh hoc, diéu kién bién, nhiét d6 moi trudng, nén dan hoi,
16p ap dién, tan sd va bién do tai cudng birc ciing anh huéng dang ké t6i ing xtr 6n dinh

va dong luc cua panel.
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CHUONG 4. ON PINH DAN HOI TINH PHI TUYEN
CUA VO TRU FG-GPLRC VA FG-GPLRC RONG
CO GAN TANG CUNG TRUC GIAO VA XOAN OC

V6 tru 1a mét loai vo kin, thuong dung trong trudng hop cac két ciu chiu tai trong
16n. Vo6 tru ché tao bang vat liéu composite thé hién tinh vuot tri trong coéng trinh giao
thong va xay dung. Tinh chit nhe va bén ciia composite, dic biét 1a cac loai composite
tién tién cho phép tdi wu héa trong lugng nhung khong anh hudng téi kha nang chiu Iy,
dap tmg duoc cac doi hoi cao dbi voi cac cong trinh dic biét.

Pé nang cao kha ning chiu tai cia vo try, viéc ting cing bang gan 1a mot phuong
an mang lai hiéu qua cao. Dic biét, phuong phap nay toi vu hoa sir dung vt liéu ma
khong 1am ting dang ké khdi lvgng, mang lai loi ich vuot troi trong cac két cu yéu cu
tinh nhe va bén. Tuy nhién, khao sat tir cac tai li¢u khoa hoc hién c6 cho théy, phan tich
chi tiét vé tng xir mit 6n dinh phi tuyén cua v6 tru FG-GPLRC va FG-GPLRC rdng
chiu ap lyc ngoai c6 gan chua duoc tap trung nghién ciru. Nhitng cu kién nay, véi dic
tinh gia cudng graphene va c6 d6 rong nhat dinh, 13 bai toan co hoc phurc tap, doi hoi
phai c6 cac mo hinh va phwong phap phan tich dic thi dé hiéu rd co ché lam viéc va du
doan trang thai mit 6n dinh. Luan 4n d3 ap dung 1y thuyét vé Donnell va 1y thuyét d6
vong 16n phi tuyén nham thiét 1ap cac phuong trinh co ban cho bai toan. Str dung phuong
phap ning luong Ritz dé phan tich cac duong cong sau mat 6n dinh va xac dinh tai trong
mat 6n dinh t6i han. Anh huéng ctia cac yéu t6 nhu hinh dang va kich thudc gin, phan
bb d6 réng, hé sd rong ctia vat liéu va ty phan khéi lwong graphene (GPL) dén trang thai
mat 6n dinh tuyén tinh va phi tuyén cta vo tru ciing duoc tap trung 1am rd. Viéc hiéu rd
g xir ciia vo try FG-GPLRC va FG-GPLRC rdng c6 gan gitip t6i uu hoa thiét ké, tiét
kiém vat li€u trong xay dung cong trinh.

Noi dung chinh ctia chuong nay di dugc cong bd trén 02 bai bao, bao gdm mét bai
dang trén tap chi Journal of Science and Transport Technology cua truong Pai hoc Cong
nghé Giao théng van tai va mot bai trén Tuyén tap Cong trinh hoi nghi co hoc toan quéc
(Bai bao s6 4 va sd 5 trong danh muc cic cong trinh da cong bd cia tac gia lién quan

dén luan an).

106



4.1. M6 hinh két cAu va vat liéu
4.1.1. Mé hinh 1: V6 tru FG-GPLRC réng cé gin ting cieng trwe giao

V6 tru FG-GPLRC rdng c6 gan chiu 4p luc ngoai véi ap suat phan bd déu q. Cac
thong sd hinh hoc cua vo va gan duoc quan sat trong Hinh 4.1. Ban kinh va chiéu dai

cua v6 duoc ky hiéu tuong ing 1a R va L.

PCI
|
_ by
(%] gg gg [&]
8888883,
(s & 8 | o0 o0 000 & B o R &
(o w e | O 00 00 0 000
PC2 000 coo hy; 000 coo| PC3
oQo0 000 ' 000 Q00
o 00 00 000 000
N
| |
[* d.s I

Hinh 4.1. Mo hinh va thong s hinh hoc ctia vo tru FG-GPLRC rdng ¢ gan truc giao
FG-GPLRC rong
Trong chuong ndy, kiéu phan bd cua GPL theo chiéu day két ciu duoc thiét ké
1a kiéu phan bd déu, ty phan thé tich cia GPL cua vo va gan dugc biéu thi twong tu biéu
thire (1.10) va (2.4) nhu sau:

— A
V= P26 . (4.1)
PG +pe(1-Ag)
Mo dun dan hoi theo chiéu day két cau c6 thé duge ude tinh bang mo hinh Halpin-
Tsai, trong khi d6 hé s Poisson duoc xac dinh theo quy tic hdn hop tuong tu biéu thirc

(1.8) va (2.3), dan t6i:

E 1 3(1+n_11ﬁ11_7G)E N

- — =1, 4.2)
8 1-nV, 1-n,V;
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V=V +v(1-V5), (4.3)

Chuong nay xem xét ba loai phan b6 d6 réng (PC1, PC2 va PC3) , hé s Poisson

va mo dun dan hoi cia vo duoc biéu dien nhu sau:

Ven = V15 (4.4)
E,[1-e, cos(nz/h)], PC1
Ey, =1E {1-e,[1-cos(nz/h)]|, PC2 (4.5)
Ee,, PC3
va cho céac gan:
Vst = Vi (4.6)
E,, PCI
E,=<E,(1-e,), PC2 (4.7)
E e, PC3

trong d6 e, , e,, va e, 1a cac hé sb d¢ rong.

Co6 thé thay, khi cac 156 rdng tap trung nhiéu ¢ gan bé mat giita ctia vo s& dugc
kiéu phan bd PC1, nguoc lai chiing tap trung chi yéu & hai bé mit vo c6 phan bd PC2,
ddng thoi phan bd déu trén toan b bé day vo c6 kiéu phan bd PC3. Sy phan bd d6 rdng
trong cac gan dugc thiét ké dé dam bao tinh lién tuc giita vo va cac gan.

Xét cac truong hop khéi lugng cua nén kim loai rng giéng nhau véi cac loai

phan b6 do rong khac nhau, cdc moi quan hé sau duge 4p dung nhu sau:

Ioh/z \/1 —e cos(nz/h)dz = joh/z \/1 —e,[1-cos(nz/h) |dz = joh/z Jesdz, (4.8)

trong d6 e, dugc chon lam gia tri tham chiéu e, va e, duoc tinh theo e, .

4.1.2. Mé hinh 2: V6 tru FG-GPLRC c¢é gin ting citng FG-GPLRC xoiin éc

Xét vo tru FG-GPLRC chiju ap luc ngoai phan bd déu q duoc ting ctng bang cac
gan FG-GPLRC tryc giao va xodn 6c. Cac thong sd hinh hoc cta vo duge ky hiéu nhu
trén Hinh 4.2, bao gém ban kinh cua vo R, do day h va chiéu dai L, va hé toa do
(x,y,z) nhu trén Hinh 4.2. Khoang cach cua cac gan xodn dc, gan dai va gan doc duoc
ky hidu 1an luot 13 d_;gpp,d.,cpr> VA dyspr » chidl cao va chiéu rong ciia gan 1an lugt duogc

ky hiu 18 hggpp,hgspr > Nsispr V@ Dgispr>Osispr » VA bgspr - SO luong gan xoan oc duoc

108



xac dinh bang céach t61 uwu hoa tai ap luc ngoai tdi han ctia vé voi goc tuong ing cua gan

xoan Oc bang 0= arccos(

NgsprAsispr
2nR

Ed

uD-UD

-

X

0-0 A-V V-A
Hinh 4.2. Hinh dang, hé toa d0 va phan bd vat liéu caa vo tru FG-GPLRC va gan FG-
GPLRC xoin b¢

Mo dun Young cia v6 va gan dugc xac dinh bang mé hinh Halpin-Tsai mé rong,
nhu trong biéu thirc (1.8) va (2.3).
Nim kiéu phan b ctia GPL 1a UD, FG-X, FG-0, FG-V va FG-A cho vo va cic
gan dugc viét tuong tu chuong 2 khi cho h, =0, cu thé nhu sau:
- Phan b UD-UD (v6 UD ¢6 gan UD):
A= A, @6i véi vo, (4.9)
A=A, dbi véi gan, (4.10)
- Phan b6 X-X (v6 FG-X c6 gin FG-X):
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AZ =4|z|Ag /h, d0i v6i vo, (4.11)

AF =[|(2h-42)/hy +2]|Ag, dbi v6i gan, (4.12)
- Phan b6 0-O (Vo FG-O ¢6 gan FG-0):

AZ =(1-22/h)Ag, d0i véi vo, (4.13)

Ag = 2-|(4z—2R)/h, ~2| | Ag, dbivoi gan, (4.14)
- Phan b6 V-A (Vo FG-V ¢6 gan FG-A):

AZ =(1-22/h)Ag, dbivéivo, (4.15)

Ay =[(2z-h)/hy |Ag, dbi v6i gan, (4.16)
- Phan b6 A-V (Vo FG-A ¢6 gan FG-V):

AZ =(1+22/h)Ag, dbi véi vo, (4.17)

A =[2+(h-2z)/hy |Ag, dbi véi gan, (4.18)

dugc z xac dinh trong mién —h/2 <z <h/2 v&ivo va h/2<z<h/2+h,, v6i gan.
4.2. H¢ phuong trinh chi dao

Thanh phﬁn bién dang tai mdt diém c6 toa do theo phuong bé day z duoc viét dudi
dang [8]:

€y =&y —ZW o\,

o Ko

€,=¢&, —ZW

, (4.19)

vy’
_.0
Vg =Yay ~22W .-
St dung 1y thuyét vo Donnell va tinh phi tuyén d6 véng 1én cta von Karman dé
thiét 1ap cac phuong trinh chii dao vé ing xir méat 6n dinh ciia vo tru cé gan dudi tac
dung cua ap lyc ngoai. Cac lién hé bién dang-chuyén vi dugc biéu dién dudi dang phi

tuyén, nhu sau [8]:

€

15
X —Ew,x+u’x,

1 w
82 = Ew’zy + U,y _E, (420)

Yoy =W W, +V, +U,.
St dung (4.20), phuong trinh tuong thich bién dang cua vé tru FG-GPLRC duoc

thiét 1ap nhu sau:
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w
gg,yy + Sg,xx _Y?ry,xy - w,zxy + RXX Wy W = 0. (4.21)
Dinh luat Hooke cho vé tru rong FG-GPLRC duoc ap dung cho vo:
Oy Q, Q, 0 s,
oy |=|Qn Qn 0 |lg, | (4.22)
Noi luc ctia vo ¢ dang:
— ) T
N r €
- D, D, 0 C, C, 0] g
Ny D, D, 0 C, Cp 0 |%
N, _ 0 0 Dy, O 0 Cg Y?cy ’ (4.23)
M, ¢, ¢, 0 B, B, 0 —W
M, C, C, 0 B, B, 0| _, w
_Mxyj 0 0 Ci O 0 B66J 2w,

voi D;;,Cy;,va By la cac thanh ph?m do cung duoc tinh br?mg:

(D CU’BU) _ (Dsh Cﬁh th ) n (Dgt—ort’cgt—ort’Bgt—ort ) n (Dgt—spr,cst—spr’B;t—spr ), (424)

y? y 2Ty Ty

v6i D, C B, DIt citor B, va DT C P, BT 14 do clmg ciia vo va

gan, nhu sau:

_h/2
(Dg-h,Cg-h,Bij-h)z J Q; (l,z,zz)dz, (4.25)
h/2

trong do:
Qu= Esh/(l_vgh):sz’
Q, = Eshvsh/(l ~Vah ),
Qo6 = Esh/[2(l +Van )]
Do clng cua gan truc giao c6 thé dat dugce bang cach st dung ky thuat san tac

dung gan cho gan FG-GPLRC:
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st—ort __ bstXD stXD st—-ort __ bstYD stYD st-ort __ st—ort __
Dll - El ’D22 - El ’D12 _0’D66 _0’

dstXD dstYD
b b
st—ort __ tXD stXD st—ort __ tYD stYD st—ort __ st—ort __
Cy ——ds E;7,Ch ——ds ES, CL7 =0,C " =0, (4.26)
stXD stYD

st-ort _ bstXD stXD st—ort __ bstYD stYD st—ort __ st—ort __
By, =—==E7, By, T === E5, By =0,B, =0,

d

dstXD stYD
Trong khi dé, bang cach két hop k¥ thuat chuyén ddi hé truc toa d6 véi ki thuat

san tac dung gan FG-GPLRC, cic thanh phan do ctmg cta gan xoan dc xac dinh nhu

sau:
. b . - b ~spr g
DFESPr = 9 ZSISPR SUSPT o5t @ DSLSPT — 9 ZSISPR. FSUSPT it g,
StSPR StSPR
- b _spr s - b S
Dlszt spr _ o UstSPR Elst P 5in2 @ cos? 0, Dgg SPr _ o ZstSPR. Elsf SP” sin” cos’ 0,
StSPR StSPR
B b _ _ b S
C181t spr _ o Ustspr E;t SPT 0o e,czsé spr _ 2ME2H SPr gin4 0,
stSPR stSPR (4.27)
o b o or_ b g |
Clszt spr _ ~ UstSPR E;t P 5in2 0 cos? o, ng Spr _ ZME;’-‘ SP” sin’ O cos’ O,
dgspr StSPR
- b - - b —spr s
Blslt spr _ o OstsPr E;t spr COS4 0, Bg; spr _ 2ME§t spr Sln4 0,
StSPR SSPR
or b . o b o
B}y ~P" =2 —SISPR P gin §cos” 0, By P = 2—SSER EYPT gin® @ cos® 0,
StSPR stSPR
trong do:
h/2+hst
st st Tost) _ i 2
(E*,E,EY)= j E,(1,2,2")dz. (4.28)

h/2
Ham tng suit 1 c6 thé dugc dua vao bai toan dap tmg ba diu kién sau:
Ny =N Mgy =-Nys Mo =N, (4.29)
Bang cach st dung (4.23) va (4.29), phuong trinh twong thich (4.21) duoc thiét
1ap lai dudi dang sau:

* *

* * * 2 * *
(Dll +D22 +D66)n,xxyy +D12n,yyyy _w,xy +D21n,xxxx +C21w,xxxx +C12w,yyyy

+Ew’xx + (Cll +C,, —C66)w,wy +tw,,w,, =0,
trong do:
. D,D, .~ D.,D . « .« D.D,-D> _+« DD
D12= 222 66,D11—— 12 66,D22=D11,D66= 11 2£22 12,1)21= llg2 66,
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M D, C.,-D.,C * D, C,-D,C
C, =D, 22 11Q 12 12’ C,, =D, 22 12Q 12 22’
* D .C.,-D.,C * D.C,, -D,C
C21:D66 11 12Q 12 11, C22=D66 11 22Q 12 12,

. D, .D,, — D?
C66:2C66 H 25 12’ Q:D11D22D66_D122D66'

4.3. Piéu ki¢n bién va ham ing suat
Trong chuong nay s& xem xét vo tru FG-GPLRC dit trén gdi & hai canh va chiu

ap luc ngoai. Céc diéu kién bién & hai canh c6 thé duoc biéu dién béi:

|x=0;x=L - Mx|x=0;x=L - Nx|x=0;x:L - ny =0. (43 1)

x=0;x=L N
Dang d6 vong phé bién ctia vo tru chiu ap luc ngoai dugc chon x?ip X1 béng [4]:

mmnx
L

w(x,y)=f, + fisin sinnfy+f2 sin2anx, (4.32)

trong d6 f,, f, va f, labién do do vong, m va n la mode mét 6n dinh cua vo.
Thé (4.32) vao (4.30), ham tng suét co thé dat dugc, dan dén:

. ny 2mnx
Slnﬁ + N, COS

. 2 2
n=1,sin mnx ny ny hx

. 3dmnx .
+ 1, Sin sin—=+ 1, COS -0 , (4.33
N3 R Ny R 0y, ( )

V01 o, la ang suat theo hudng vong va:
K K K
| 2 _ ™
n=—/rs+—=ff m=—"fif
K3 K3 Ks

1C,
n, == 2*1
2D21

2 2.2 2 252
fz_l 2Lz *f2+1 2LG2 *flz’m:Lmzan*
8 Rm*n°D,, "% 32 m*n*R’D), 32 2n°D),

e

8 8 8 662
KT DZICZI_FDIZCIZ_ 'R [(CII_C66+C22)D21+(D11+D66+D22)C21:|_
m’n'n?

"'W[(D;z + Dy, +D§6)(C§z +C, _C;6)+C;ID1*2 +D;1C1*2}+
4_4_2 6.6 2 2 4 6 2 24 4_4. 2

+( 'R | 'R jD”J{ I*R° +aR6jD12+[ a’R' | I'R j(D11+D22+D66)
2_2_6

~pe L(Cn=Cla+ Co) Do (Dl + Dy + D)1 |

12

2
4.4 4 2.2.2
T™m * n B mmTn * % %
Ky = Dy +—Dp+—— (D11+D22+D66) )
R LR
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66,2 2.2.6 4 44
K4 :81W 1 +WD12 +9W(Dll +D22 +D66)’
6.2 6 4_4_4 2 2.6
mnr * mmTn * * * mmTn
Ky =— IR’ D,, - 'R (D11+D22+D66)_W 12
2
4 2 2.2
{81 o D21+FD12+9W(DU+D22+D66)} .

4.4. Phwong phap nang lwgng Ritz
Dbi véi vo tru phai thoa méan diéu kién chu vi kin, biéu dién dudi dang:

2R I 2R L
jjv,ydxdy= jj[ngr%—%wijd,vdy:O. (4.34)
0 0 0 0

Phuong trinh (4.34) duoc viét lai bang cach str dung (4.20) va (4.33), nhu sau:

Sy = 1[ fo e Z;hfz} (433)

Thé néng toan phan cta vé cé the xac dinh boi:

h
L2nR 1 2 2nRL
cp:—j j quidxdy + j j j 6,0, +6,0, + 7.y ) dxdydz. (4.36)
0 0 00

SR~

Téng thé nang dugc thiét 1ap lai theo hai ham 4n 1a ham do vdng w va ham tng
suat n. Thé ham tng suit va dang d6 vong trong cac phuong trinh (4.33) va (4.32), ta

nhan duoc dang tong thé ning méi, cudi cing, 4p dung phuong phap Ritz, nhu sau:

oD ob oD
A (4.37)
Két hop phuong trinh (4.37) véi diéu kién chu vi kin (4.35), dan dén:
AMofo + Ao fit 0 Sy —29,=0, (4.38)
Aoy o+ 0 f17+ Ay oo+ Ry f5 + A =0, (4.39)
Mgy Sfo + A fi2+ g [ s ¥ Ay fo —q =0, (4.40)
trong do:
hyy = 22 b= ’;2
R’D;, 4R’D;,
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1 h(D1*1 +D;2)
21 21

hoyy =285, Ayy =25, Ayy =25, ,
~hm® n’h D;,
2 + 2 * 9

> R D

Myy =285, hys=25¢ -
7\‘26 :284’7”31 :T4’ 7“32 :Tz’ 7‘33 :Tn

w*hm? " T th*1
L2 s N6 5 Ep)

1( n*m* 3n*
S] =_= 4 ~* + 4 * >
32 L D12 R D21

2 2
S, =2 5 |R, + 1 2 |R,
AR AR

7“34=T3, 7‘35=_

21

K K, 1k,(Rs +Ry) 1n2m2n2(J11+C;1) 3 n?
S;=—7"R+ + 57 B
K, 2« 4  I’R’D,, 8 R°D,,
g | K, R 1(Rs+R) 1n°Gy, 17°m’n*(2G,+G, +Gy,) 1 n*'m*G,,
s=5 T Nt T 5 p4 272 Y 4
2 «, 2« 2 R* 2 R’L 2 L
1 1hn2(Df1—D§z)
5= T T T3 % 6= * ’
2R’D,, 4  R°D,,
h(D,,- D,
T - 9K4R leRp T, - 1*,7,5:(11*22),
2120 2%, R’D,, 2RD;,
T - 1K1K2R le(R5+R8)+lnzmznz(JnJrC;l)_3 n’
P2 4 i 8  RMI'D, 16 R°D,,’

3:

3 o'm’ C;+J11+4n4m4 JnCy G
4R’D,, I*)R D, b, "

2 2.2 4 4.4
nmTm * * * n * T m *
Rl :—L2R2 (D11+D22 +D66)+FD12 +TD21,
C,,+C,-C,
mznznz[ 11 22 66 J
R. = _JZI_J12_2J66
5T R2L2 )
2 2.2 4 4.4
nmTm * * * n * T m *
Ry=— (D“+D22+D66)+—FD12+9TD21,
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n*(C,-J m*n*(Cy, - J
R, - (1;4 22)+ R(le 11),

Jy :C11D1*1 +C12D;1’ Jy, =C D, +C, Dy,
Jy :C21D1*1 +C22D;17 Jy :C21D1*2 +C22D;2’
J66 :_C66D26’ Gn :CIICII +C12C21 _Bn,
Gy, =C,,C, +C,Cy, - By,

G, =C,C+C, Gy =By,

Gy =C,,C, +Cy,Cp — By,

G66 =C66 C;} _2B66'

Bang céach cong ba bién dd do vong, d6 vong cuc dai dugc tinh toan va duoc viét

qua bién do f,, nhu sau:

}‘127‘23 f22 + 7‘127¥24 — 7‘137‘22 f2
}‘117‘22_7‘127‘21 7‘117‘22 _7‘127‘21
27‘22 }‘12}\‘26 A

+ q+ _,{_ 7‘237”11 f22_7"117"24_7‘13 21 f2 (4_41)
7‘11}”22 - 7L127‘21 7‘117‘22 - 7‘127‘21 }‘117‘22 - 7‘127‘21 7‘11}‘22 - 7‘127‘21

Wmax:f0+f1+f2:

1
2 A A 2
_ 21 q- 11v26 } "‘fz-
}\‘11}\‘22 _7"127‘21 7‘117"22 _}‘12}\‘21

Bién do f, va f, dat dugc tir cac phuong trinh (4.38) va (4.40), sau do thé cic
bién d6 nay vao biéu thirc (4.39), ta c6 thé thu duoc nhu sau:

:_811f23 +81, 57 + 8135 + 84 ,
S5.f2+9

(4.42)

trong do:
810 = 1/(7‘227*11 _7‘217%2)’ 811 = _k337*23k11610’
O, = [7%3(7%37“21 = A kg )+ (Ag by = Ay, )7%3]810’

813 = [(7‘217‘32 _7“22 7”31)7‘13 +(7“24 7‘31 _7‘217“34)}‘12 +(7‘22 }‘34 _K24 7‘32 _}\’26 7‘33)}‘11]810’
O5 = 23305180,

5,4 = [(7“147‘33 _}\’12}\‘35)7\‘21 +(7”227“35 —k25k33)k11]810,
Oy = [(7‘217“32 _K227V31)7‘14 +(7¥257¥31 _7017‘36)7‘12 +(7‘22 s _K257L32)7“11]510,

dy7 = [(7‘12 _27‘32)7‘21 _7‘22(7‘11 _27‘31)]510’
818 = 7”26(7”12}\‘31 _K117V32)510-
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Puong cong sau mét 6n dinh W_ .. - q duoc xéc dinh bﬁng cach két hop cac quan hé
W - o vaqg- f,. Béng cach cho f, = 0 trong phuong trinh (4.42), ap luc ngoai mat 6n
dinh cén trén cta vd c6 gan dat duoc theo tiéu chuén 6n dinh r& nhanh [1, 6] nhu sau:

618 .

upper_
7 =75
17

(4.43)

Ap luc ngoai mét 6n dinh t6i han ¢ 1a gia tri tdi thiéu cta ap luc ngoai mat 6n
dinh can trén véi tat ca cac mode mat 6n dinh m va n.
4.5. Két qua s6 va thao luin
4.5.1. Két qud so sdnh

Luan an da so sanh 4p luc ngoai mét 6n dinh t&i han véi cong trinh cuia Shen va
cong su [125]. Viéc xac nhan tai &p luc ngoai mét on dinh téi han cta vo tru FGM véi
cac chi s6 ty phan thé tich khac nhau ctia FGM duogc thé hién ¢ Bang 4.1.
Bang 4.1. So sanh tai ap luc ngoai mét 6n dinh téi han g =q“h (kPa.m) cta vo tru

FGM véi cac chi sb dic trung ty phan thé tich khac nhau ( R/h =400, h=Imm,

L =~/500Rh )

N 0.2 1 2 5
Shen va cong su [125] 81.325(1,11)" 71.151(1,11) 67.389(1,11) 63.756(1,11)
Luén 4n 89.217(1,11)  75.506(1,11) 70.491(1,11) 65.817(1,11)

*Mode mat on dinh (m,n)

Bang 4.2. So sanh ap luc ngoai mat 6n dinh toi han ¢ (Ib/in?) dbi v6i vo tru ¢ gan va

khong gin dang hudng.
Khong gan Gan doc Gan dai Gan tryc giao
Baruch va Singer [12] 102 103 370 377
Reddy va Starnes [120] 93.5 94.7 357.5 365
Shen [122] 100.7(1,4)  102.2(1,4)  368.3(1,3) 374.1(1,3)
Luan an 103.3(1,4) 104.5(1,4)  379.7(1,3) 387.2(1,3)

Tiép theo, so sanh ap luc ngoai mat 6n dinh t&i han cua vo tru dang hudng véi
cac gan dai va’/hodc gan doc vdi cong trinh cua Baruch va Singer [12], Reddy va Starnes

[120], va Shen [122] trong Bang 4.2.
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Nhu c6 thé quan sat duoc trong hai bang ndy, cac két qua cua luan an phu hop
t6t voi cac két qua trude day.
4.5.2. Cdc vi du sé
4.5.2.1. Bai todn 1: Vo tru FG-GPLRC rdng cé gdn tang cing truc giao

Pé lam sang td két qua ly thuyét cua thuat toan nay, vo tru c6 gan duogc ché tao
tir FG-GPLRC rdng v6i nén dong (Cu). Cac thong sd cua vat liéu co thé duoc lya chon
bai Wang va cac cong su [160]. Do su chiém uu thé ciia cac mode mét on dinh toi han,
tai 4p lyc ngoai mat 6n dinh t6i han va dudng cong sau mét 6n dinh duéi day déu duoc
khao sat & cac mode td1 han.
Bang 4.3. Tai mat 6n dinh t6i han cta vo tru ¢6 gan FG-GPLRC rdng c6 phan bd do
rong va hé s6 d6 rong khac nhau (MPa, L/R =1.5, h=0.04m, R/h =100, Wgp, =0.6% ,

hstXD = hstYD =1.5h, bstXD = bstYD =h, dstXD = dstYD =5h )

e 0 0.1 0.2 0.3 0.5
PC1  1.178(1,7) 1.129(1,7) 1.080(1,7) 1.030(1,7) 0.932(1,7)

Khong
PC2  1.178(1,7) 1.059(1,7) 0.942(1,7) 0.828(1,7) 0.613(1,7)
tang cuong
PC3  1.178(1,7) 1.103(1,7) 1.027(1,7) 0.950(1,7) 0.793(1,7)
PC1  3.779(1,6) 3.687(1,6) 3.592(1,6) 3.477(1,5) 3.174(1,5)
Gan truc
. PC2  3.779(1,6) 3.275(1,6) 2.769(1,6) 2.262(1,6) 1.251(1,6)
giao

PC3  3.779(1,6) 3.538(1,6) 3.294(1,6) 3.048(1,6) 2.544(1,6)
Bang 4.3 khao sat tai mét on dinh téi han cua vé FG-GPLRC rdng khong gan va

c6 gan voi sy phan bd d6 rong va hé s6 do rong khac nhau. Do su phan bd d6 rong chi
yéu ¢ viing gin mit trung binh ctia vo nén do cimg cta vo PC1 13 16n nhét va tai mat on
dinh t6i han c6 thé thu duoc trong két qua khao sat. Tac dung rat 16n ctia gan ciing duoc
kiém tra trong bang nay. Nhu duoc quan sat trong phuong trinh (4.6), mé dun dan hoi
ctia cac vo PC1 co gn tang ctng 1 16n nhat dan dén tai mat 6n dinh t6i han cua vo cing
PC1 vuot trgi hon so véi hai phan bd con lai. Ngoai ra, tai mét on dinh t&i han cia vo
giam khi hé sb rdng ting, giam nhe d6i voi phan bd PC1 va ting ddi voi phan b PC2
va PC3. Két qua ciing cho thiy ap luc ngoai mat 6n dinh t&i han ctia vo PC1 13 16n nhat

con PC2 13 nhé nhit.
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PCL k= 0.04m. = 1: Cidn trye giao (1,5)
Rib= 100, LiR = 1.5, T KhOmg gin (1.7}
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=1 Ciin doe (1,7)
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i 7 : ! ) .
] 2 gl “’nnu‘fk 4] B 1 ] 2 "’.—im 6 %
() d)
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(e) &y
Hinh 4.3. Anh huéng cua gin FG-GPLRC rdng dén dap Gmg sau mét 6n dinh cua vo

try FG-GPLRC rong
Hinh 4.3 trinh bay anh huéng cua gan dén dap ung sau mat 6n dinh cua vo tru
FG-GPLRC rdng voi gan. Sy khac biét giita ciac duong cong sau mat 6n dinh cia vo ¢6
gan tryc giao va vé khong gan dugc trinh bay trén Hinh 4.3a, gitra cdc dudng cong sau
mét 6n dinh ctia vé co gan tryc giao va vé cé gan doc duoc thé hién trén Hinh 4.3b, gitta
cac dudng cong sau mat 6n dinh cia vo ¢o gan truc giao va vo co gan dai duoc trinh bay

trong Hinh 4.3¢c. Do cic dic tinh phi tuyén va cac mode mat 6n dinh téi han khac nhau,
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cac dudng cong sau mét on dinh phi tuyén c6 xu thé twong dbi phirc tap nhu c6 thé thiy
trong hinh.

Hinh 4.3a va 4.3b cho thdy kha ning chiu tai ctia vo c6 gan truc giao va gan doc
trong ng vuot troi hon so véi vo khong gan trong mién do vong nhd nhung trong
truong hop d6 vong du 16n thi co thé quan sat thdy xu huéng nguoc lai. Co thé thiy
duoc su khac biét 16n giita cac dudng cong sau mat on dinh gitta truong hop vé co gan
truc giao va khong gan, gitta vo c6 gan tryc giao va vo ¢6 gan doc, khéc biét nho dugc
ghi nhan gitta vo c6 gan truc giao va vo c6 gan dai. Trong truong hop vé cd gan truc
giao va vo c¢d gin dai, v c6 gin doc va khong gin co thé thdy rd hién tuong snap-
through. Ngoai ra, anh hudng ciia khoang cach giita cac gan, chiéu rong gin va chiéu
cao gan duoc nghién ciru trong Hinh 4.3d, e va f twong tmg. C6 thé thiy, anh huéng 16n

nhat thu duoc khi thay d6i chiéu cao gan.

“* R 3 e h=00dm, Rh= 100 ey
N = 4 h = -y B = AN i = y
P2, b= 04m, B = 104, 2 L= 15161 I I 2 e =0.1
3

_ .- IR = 1.5, A= 0006, (nrm) = {1,6), s :

1= 0006, &, = 0.3, e 3 LR=2016) : _l: R _I; l,,_ 5 ];3 Lm_rllrl I!_ ‘II — e =02
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‘I h i i i I 3 i A Il
0 F 4 W,/ b 8 10 ] 3 ”,,:: Jh f b
(a) (b)
4 — P15 4 — 5 =001 (1.6} —2: 4., = 0003 (1.5)
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Hinh 4.4. Anh hudng cua cac théng sd hinh hoc va vat liéu dén dap ng sau mat 6n
dinh ctia v6 tru FG-GPLRC rdng c6 gan
Hinh 4.4 thé hién anh hudng cta cac dac tinh hinh hoc va vat li¢u dén dap tng

sau mat 6n dinh cta vo tru FG-GPLRC rong c6 gan. Hinh 4.4a khao st tic dong cia
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chiéu dai vo 1én dudng cong sau mét on dinh ctia vo c6 gan. RS rang, tai mt on dinh t6i
han giam manh khi chiéu dai vo ting lén. Hinh 4.4b, ¢ va d cho thdy anh hudng 16n cua
hé sé do réng, phan bd d6 rong va ty phan khdi luong GPL 1én dudng cong sau mit on
dinh cta v6 . Trong khi xu huéng ting/giam déu din cua cac duong cong sau mat on
dinh véi cac mode mat 6n dinh gidng nhau (m,n) :(1,6) duoc quan sat thiy khi hé sd
d6 rong thay doi (Hinh 4.4b), xu hudng phirc tap thu duoc khi thay d6i phan bd do rong
va ty phan khéi lugng GPL (Hinh 4.4c, d) v6i hai mode (m,n) khac nhau.

4.5.2.2. Bai todn 2: V6 tru FG-GPLRC ¢6 gan tang cirng FG-GPLRC xodn éc

Trong ph?m nay, déng (Cu) dugc chon lam vat liéu nén va céac dic tinh vat liéu
cling nhu thong s6 hiéu dung ctia GPL va nén dugc tham khdo trong cong trinh cua
Wang va cong su [160].

Trur khi c6 cac ghi chu khac, cac thong s6 hinh hoc cua vo duge chon nhu sau
h=0.02m, R/h=80, L=1.5R, va cua gan dugc chon h,;, =hyp =hspr =0.04 m,
bexn = beryp = basspr = 0-02 M, dyyp = oy, = dyygpr = 0.08 m. C6 thé thiy rang cac gan
tryc giao va gan xién duoc chon c6 cling mit cit ngang gan va voi luong vat liéu gan
tryc giao va gan xién 1a bang nhau.

Bang 4.4 thé hién anh hudng cua loai gan dén ap luc ngoai mat 6n dinh t6i han
ctia vo tru FG-GPLRC. Két qua cho thay anh huong 16n cta cac gan dén ap luc ngoai
t61 han cua vo. Tai trong ap luc ngoai toi han cua cic gan ting cimg dang xodn dc 16n
hon cua céc gan tang cung truc giao c6 cung lugng vat li€u gan.

Béng 4.4. Tai mét 6n dinh t&i han ctia vo tru FG-GPLRC khong gan, gan truc giao va gin xodn d¢

Khong gan Gan truc giao Gan xoan 6c¢
UD-UD 2.0504(1,7) 11.6329(1,5) 15.6318(1,4,42,70.47)"
X-X 2.1871(1,6) 11.8650(1,5) 15.8350(1,4,42,70.47)
A-V 2.0218(1,7) 10,6680(1,5) 14.3298(1,5,42,70.47)
V-A 2.0115(1,7) 12.5163(1,5) 16.4522(1,4,42,70.47)
0-0O 1.8645(1,7) 11.3340(1,5) 15.2994(1,5,42,70.47)

" (mn,n;,0).

Cac dudng cong sau mat dn dinh cta vo try FG-GPLRC khéng gan, gin truc giao

va gan xoan oc dugc trinh bay trén Hinh 4.5a. Trong mién d¢ vong nhd, cac dudong cong
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sau mat 6n dinh ctia vo c6 gan xodn dc cao hon so véi cac dudng cong sau mét on dinh
ctia vo khong gan va gan truc giao. Nguoc lai, duong cong sau mat on dinh ciia vo ¢o
gan xo4n dc thap hon dudng cong sau mét 6n dinh cta vo c6 gan truc giao khi do vong
du 16n. Hién twong snap-through duoc quan sat rd rang hon ddi véi vo c6 do clng xodn
dc nhung it duoc quan sat rd rang hon ¢ vo khong c6 gan ting clng va vo cd gin ting

cung tryc giao.

1% — =y G xodin oo { 1:4:42:-70.47) 1
=i = = =h: Gin true glao (1,4:42)
15 r e ¢ Khimg gin (1;6)
g =B, ""\.
12 f i
£ s B
=0T R
=

X-Xodyy = 0005 L - L3R,
RS =80, & = 0.02m

0 3 6w 12 =
(a)
16 = —a: WA {1;4:25:78.52) 0 —_—r g = 000 (144071 .44)
it = = =h: X-X [1:4:25:78.52) e i bt
o —=—mehi A = 0,005 (1:4:40:71.44)
_.A meee gz UD-UD (1:4;25,78.52) _-—"““\a A ;
-l R R LA e T 0.0025 {1:4:40:71.44)
_ N — o AV (1:4:28:78.52) i G TH
£ L /,;, = -n .
St 5 =12 : =]
= b s = 3 o
5 | Pt = G = o
L s gl T e
(g JLaan xeudn Gc; Nl a L2 Wy w b o T
A= 0005, L = |58, it ""j;_."". Ciiin xoan o,
Rily = 80, b~ 0.02m, e X-X, L~ 1SR, R/ = %0,
Frygpe= 0L04m, ey = 0.02m =l ho= OLOZmm, By = 0.04m, B, — 0.02m,
q L i i L 4 i i i !
. _
: : 5 Wourn ® 2 L 0 : ® W’ . :
(b) (c)

Hinh 4.5. Anh hudng cua loai gan va cac thong sb vt liéu dén dap tng sau mat 6n
dinh cua vé tru FG-GPLRC

Céac duong cong sau mat 6n dinh cua vo tru FG-GPLRC ting cling béi gan xodn
¢ v6i cac phan bd GPL khac nhau va céc ty phan khéi luong GPL khéc nhau duoc trinh
bay trong Hinh 4.5b va 4.5¢c. Tuong tu nhu Bang 4.4, 4p luc ngoai mat on dinh tdi han
va kha ning chiju tai sau mat 6n dinh ctia vo FG-V ¢6 gan xoédn dc 1a 16n nhat (Hinh
4.5b). Mic du cac duong cong sau mat on dinh ¢6 xu hudng cao hon khi ty phan khoi
lwrong GPL ting 18n, tuy nhién xu huéng cua cac duong cong khong thay d6i dang ké

(Hinh 4.5c¢).
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Hinh 4.6a cho thy cic dudng cong sau mat 6n dinh cta v6 tru FG-GPLRC c6

gan vé6i cac ty 16 R/ h khac nhau. Kha ning chiu tai sau mat 6n dinh ctia vo ting khi ty

s6 R/h nay giam. Hinh 4.6b cho thiy cic dudng cong sau mét 6n dinh ctia vo tru FG-

GPLRC c6 gan véi cac chiéu dai vo khac nhau. Kha nang chiu tai sau mat 6n dinh cua

v6 tang khi chiéu dai giam. Anh hudng cua sd luong gan va khoang cach gan dén tng

XU sau mat 6n dinh cta vo duoc trinh bay lan luot trén Hinh 4.6¢ va 4.6d. Két qua cho

thay kha ning chiu tai sau mat 6n dinh ting khi sb luong gan ting o tat ca cac ving do

vong. Nguoc lai, khi khoang cach gin giam thi kha ning chiu tai sau mat 6n dinh ting

& ving c6 d6 vong nho. C6 thé thay duge mot sé xu hudng bat thuong & ving c6 do
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4.6. Két luan chwong 4
Chuong 4 d3 phan tich phi tuyén tinhvé 6n dinh vo tru FG-GPLRC va FG-GPLRC
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Hinh 4.6. Anh hudng cua cac thong sé hinh hoc ctia vo va gan dén dap ing sau mat 6n

dinh cua vé tru FG-GPLRC

rong chiu 4p luc ngoai c6 gan tang cing tryc giao va xoan 6¢c FG-GPLRC va FG-GPLRC

rong twong tng. Ly thuyét vo Donnell két hop véi cac thanh phan phi tuyén hinh hoc
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ctia von Karman va k¥ thuat san tac dung gan cai tién danh cho gan xodn 6c FG-GPLRC,
cac phuong trinh co ban ctua h¢ da dugc xay dung. B vong dugc lya chon voi ba $6
hang va phuong phap ning luong Ritz dugc sir dung, két hop véi diéu kién chu vi kin
dé nhan dugc hé phuong trinh on dinh phi tuyén ctia vo. Tai toi han va biéu thire tai-do
vong sau mét 6n dinh nhan duge dudi dang hién. Mot s6 nhan xét quan trong thu dugc
nhu sau:

1)  Céc gan c6 anh hudng 16n dén tai toi han va dép ing sau mat 6n dinh cua két cau
duogc xem xét. Tai td1 han va kha nang chiu tai sau mat 6n dinh cta vo tang manh
khi duge b sung gan. Hiéu qua cia gin xodn ¢ 16n hon déng ké so v6i gan truc
giao voi cung lugng gan thém vao.

2)  Cudng d6 snap-through duoc thé hién mot cach ndi bat voi truc giao va gan dai,
va kho quan sat hon trong céc truong hop vé khong gan. Pac biét 1a hi¢n tuong
snap-through thé hién rd nhit voi vo c6 gan xodn de.

3)  C6 thé quan sat dugc nhitng anh hudng 16n cua tinh chét hinh hoc, vat liéu, hé sd
d6 rdng, su phan bé 16 réng va ty phan khdi lwong GPL 1én tai mét on dinh t6i han

va duong cong sau mat 6n dinh cta vo.
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KET LUAN

Luén an da thu dugc mot s két qua moi sau day:

1. Bi dé xuat phuong an ting cing cho két cau tdm tron va chom cau thoai FG-
GPLRC va FG-GPLRC 13i rong bang hé gin mang nhén hai ving va gan mang nhén
ba viing. D3 phat trién k¥ thuat san tac dung gan cai tién cho gan mang nhén hai ving
va ba ving lam bang FG-GPLRC phu hop véi Iy thuyét vo Donnell. Da xay dung 16
giai giai tich va ban giai tich cho bai toan 6n dinh va dong luc phi tuyén cua két ciu
chiu tai co va nhiét dua trén 1y thuyét vo Donnell va phuong phép ning luong, co xét
t61 anh hudng cta 16p ap dién va nén dan hoi phi tuyén.

2. Pi dé xuat phuong an ting ctng cho két cau panel co d6 cong phirc tap, bao
g6m panel tru, panel parabol va panel hinh sin lam bang FG-CNTRC va FG-GRC bang
hé gan truc giao FG-CNTRC va FG-GRC tuong ung. Da &p dung ky thuat san tac dung
gan cai tién cho gan 1am bang FG-CNTRC va FG-GRC phu hop véi HSDT. D3 xay
dung 101 giai giai tich va ban giai tich cho bai toan 6n dinh va dong luc phi tuyén cia
két cau chiu tai trong co trong mdi truong nhiét dya trén HSDT va phuong phap ning
lwong co xét t6i anh hudng cua 16p ap dién va nén dan hoi phi tuyén.

3. Pa dé xuit phuong an ting ctng cho két cau vo tru FG-GPLRC rdng va FG-
GPLRC bang hé gan truc giao va gan xién FG-GPLRC rdng va FG-GPLRC tuong
mg. D4 cai tién k¥ thuat san tic dung gan danh cho gin xoan ¢ FG-GPLRC phu hop
v6i 1y thuyét vo Donnell. Da xay dung 101 giai giai tich va ban giai tich cho bai toan
6n dinh tinh phi tuyén ctia két ciu chiu tai trong co dua trén 1y thuyét vo Donnell va
phuong phap nang luong.

4. Pi tmg dung cac két qua tinh toan dudi dang giai tich va ban giai tich vao
phan tich chi tiét cic anh hudng cta gan trong cac bai toan twong tng, nén dan hoi
phi tuyén, sy khong hoan hao vé hinh dang cua tAm tron va vo cau thoai FG-GPLRC,
va panel c6 do cong phuc tap FG-CNTRC va FG-GRC, kich thuéc hinh hoc, cac cach
thiét ké gan, quy lut phan b vat liéu va ty phan thé tich CNT va graphene t6i ting
xtr 6n dinh tinh, dong va dao dong phi tuyén cua tim, vo. Nhitng thao luin va nhin
xét quan trong da duoc dua ra tir cac vi du khao sat s6, cho thdy (mg xir phi tuyén
phtec tap cua cac két cau va 1am co sé dé xay dung cac tiéu chuan thiét ké két cAu
cong trinh dang tAm va vo nanocomposite ¢ gan tang cimg.
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No6i dung chu yéu cta luan 4n duge cong b trong 09 cong trinh khoa hoc, trong
d6 c¢6 05 cong trinh trén cac tap chi khoa hoc quéc té ISI (SCIE), 02 bai béo trén
tuyén tap cong trinh hoi nghi khoa hoc co hoc toan qudc, va 02 bai bao ding trén tap

chi khoa hoc trong nudc.
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KIEN NGHI VE NHUNG NGHIEN CUU TIEP THEO

1. Nghién ctru 6n dinh va dong luc phi tuyén ctia chom ciu va tdm tron
nanocomposite c6 gan ting ctng theo cac 1y thuyét bién dang truot c6 xét téi tinh
chét vat liéu phu thudc nhiét do.

2. Nghién ctru 6n dinh va dong luc phi tuyén cta vo thoai nanocomposite co
gan tang ctirng c¢6 dd cong phuc tap theo hai phuong.

3. Nghién ctru 6n dinh va dong lyc phi tuyén cia vo tru va vo tréng
nanocomposite co gan ting ctmg theo cac 1y thuyét bién dang truot.

4. Nghién ctru 6n dinh va dong luc phi tuyén ctia tim va vo nanocomposite co
gan ting cig chiu céc loai tai trong phirc tap, nhu tai khi dong, tai ngau nhién.

5. Nghién ctru xay dung cac tiéu chudn thiét ké, co xét téi bai toan tdi wu két

cau dang tam vo nanocomposite c6 gan tang cing cho cac cong trinh xay dung.
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DANH MUC CONG TRINH KHOA HQC CUA TAC GIA
LIEN QUAN PEN LUAN AN

Trong thoi gian thyc hién, ludn 4n da céng bd duoc 09 cong trinh véi 05 cong
trinh trén cac tap chi khoa hoc qudc té ISI (SCIE), 02 cong trinh trén cac tap chi khoa
hoc trong nuée va 02 cong trinh trén Tuyén tip cong trinh khoa hoc qudc gia. Trong
09 cong trinh ndy, c6 02 cong trinh 1a tac gia chinh (s6 2, s6 7) va 01 cong trinh 1a tac
gia lién hé (sb 4). Cu thé cac cong trinh nhu sau:

1. Vu Hoai Nam, Tran Quang Minh, Pham Thanh Hieu, Vu Tho Hung, Bui Tien Tu,
Nguyen Thi Thanh Hoai, Dang Thuy Dong, A new analytical approach for nonlinear
thermo-mechanical postbuckling of FG-GPLRC circular plates and shallow spherical
caps stiffened by spiderweb stiffeners, Thin-Walled Structures 2023;193:111296.
(SCIE, Q1)

2. Tran Quang Minh, Vu Hoai Nam, Vu Minh Duc, Vu Tho Hung, Le Ngoc Ly,
Nguyen Thi Phuong. Nonlinear vibration and dynamic buckling responses of
stiffened functionally graded graphene-reinforced cylindrical, parabolic, and sinusoid
panels using the higher-order shear deformation theory. Journal of Applied
Mathematics and Mechanics / Zeitschrift flir Angewandte Mathematik und Mechanik
2024;104:€202300580. (SCIE, Q2)

3. Vu Minh Duc, Tran Quang Minh, Nguyen Thi Phuong, Vu Tho Hung, Vu Hoai
Nam, Nonlinear dynamic responses of CNT-reinforced panels with complex
curvature, piezoelectric layer, and CNT-reinforced stiffeners, European Journal of
Mechanics — A/Solids 2024;106:105341. (SCIE, Q1)

4. Luu Ngoc Quang, Vu Minh Duc, Tran Quang Minh. Nonlinear buckling and
postbuckling behaviors of porous FG-GPLRC cylindrical shells with stiffeners
subjected to external pressure. Journal of Science and Transport Technology
2024;4(2):24-36.

5. Vii Minh Dtrc, Tran Quang Minh, P Thi Kiéu My, Cao Vin Poan, Nguyén Vin
Tién. Nonlinear buckling analysis of spirally stiffened functionally graded graphene
platelet reinforced cylindrical shells subjected to external pressure. Tuyén tap cong
trinh hdi nghi co hoc toan quéc. Ky ni€ém 45 nam thanh 1ap Vién Co hoc, Ha Noi,

09/4/2024. 130-140.
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6. Dang Thuy Dong, Cao Van Doan, Vu Tho Hung, Tran Quang Minh. Nonlinear
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7. Tran Quang Minh, Vu Minh Duc, Dang Thuy Dong, Vu Hoai Nam. Nonlinear
buckling analysis of higher-order shear deformable FG-CNTRC plates stiffened by
oblique FG-CNTRC stiffeners. Vietnam Journal of Mechanics 2022;44(4):431-444.
8. Hoai Nam Vu, Quang Minh Tran, Van Tien Nguyen, Thanh Hieu Pham, Thi
Phuong Nguyen. Nonlinear static and dynamic buckling analysis of GPL-reinforced
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Applied Mathematical Modelling 2025;145:116123.

9. Hoai Nam Vu, Thanh Hieu Pham, Van Tien Nguyen, Quang Minh Tran, Thi
Phuong Nguyen. Nonlinear Thermomechanical Static and Dynamic Buckling
Responses of FG-GPLRC Spherical Caps and Circular Plates with Two-Step
Spiderweb Stiffeners and a Piezoelectric Layer. Journal of Engineering Mechanics —
ASCE 2025;151(7):04025028. DOI: 10.1061/JENMDT.EMENG-8363

10. Nonlinear vibration responses of GPL-reinforced circular plates and spherical
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