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M, nblU
" n "nhvasau rit’ n “nh phi tuyh Ia cadai toAnquan fr ng trong phan tich
_ng X ¢ h chacéac i chlk: thud néi chung va k thud xay d ng coéng trinh
noi riéng.Bai toan Igh  "LcGuan tam chy/u v, i k/J chl c6 lQday | n va lam Rag

caicldHvdliu gi ., n nh<€e b° "tthém dbh nh ekl hdnh mrign g ¢

valamBagcacléivd i uchul ‘& bihdth g vvdngln n h O} cBli§tn
v, kim lo4 haycomposite, bai todann ‘nbhvasaum n ‘n’h | * quantrngs
LI\ 8 n h [gnit & gktficcha K cHi.

Ngay nay, vi s phat tr\ ¢ akhoa h ¢ va céng nghvd Ii' u, nhiQu loY vd
li ucomposite tiénfh L «c @kBiiva ch]ttb. S xulihi n¢ acaclélvdli u
tienthnayyinh n g @b W< ivQkh[n £ n qutfic h ¢ H sory hcéc I
vd li" u truyQh th ng, cho phép cac nganh thud cong ngh néi chung va k thud
xay d ng cong trinh ndi riéng cé thém hil achn W § mg yéu §u ngay cang
caoWQkh[n £ n qutficcha kWl chl, tiith ca cing tr3nh, iv
KiJh trac va tbgn m: ¢ a cong trinh.

Nh3 n c¢ hanvifl mcha®ic v i utiénti/h 1a cong nghch/Jttb ph ¢
td d t i gia thanh Bn pM§n cao, vivyvi ¢ ngdngmt ¢ & drdavad fu
h/} cac cong trinh xay dgcod thAe h ‘€ ac hitnh “lc € t r 0 n g gfit. Bip ey
l achn ¢ hWmgdngtrongmts ¢! ng lbbid mototrdhg mts cHi
kin Hbitg acéngtrinhxaychglamt ph<ehhftgihBn, kb« "¢
xem xéttrong Nl ¢ * n gho bi t khae hhadN h @ \ih ti/p theo d thby 1a
hfu W} cac I3 vd |i' u composite tiénkh QL'co tinh chilvd li ud h &g va ng
X chcphcth, Li,icgec m! h3nh dyvde nghiénsury
thuy/} chuyén sau chohg lod va i u  tcrkl ng d ng trong th ¢ t/]

LoY vd Ii' u composite tiénfh g | @y ng @ano cac bofCNT)c h t
bi/h "iL "E€© quank bi ©tmonglhhng nfhm Lgd yén quc U] la
Functionally graded carbon nanotulremforced compositdFG-CNTRC). Do
nhnghtoll t 2 nht ¢t cmihgico tl ‘& ng d ng nhiQu trong cac K cHl
k: thud chu ffikhd nghit . T hgcho céc B chll thin vy bag cac hs @ la
m t bi n phap ph bi/h trong & nhiQu cac K} cBll trong nhin nganh k thud khac
n h a kbpi tttong k thud xay d ng cong trinh. Ty theo cac yéfuk: thud hotb
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nlc | " m[lnhtnagutfkgh k]chl cackiMb tris™@n hsLatr cgiao,
s'@xién,s @l € é c | rcghiQrt® gl quan tam nghién . Ngoaira cac
ph€hnaqgdanng tkkth § ¢’ ¢ quamtam véing d ng trong nhi thi} kik:
thuw ctng t rAacdhsandwiccoddEn® mQ@n habr ng.

M tvbh Qtuantrngn alas thi/u h t cac tiéu ch¥ Vi t Nam \Qthist k/]
“n "nh ¢ ak}chlthiny composite &hg thanh mng. Cac tiéu ch thig kiJhi n
nay ch tdp trung cho thif k/] n "nh t ng thwuy/h tinhtbin v [am BRag v |i' u
L3 g . mg€ac cong the tinh toan ca tiéu chd hi n hanhkhéng apgdn g * ¢ €
chowd i UFG-CNTRCv, i Holtinhdh ehgphctth . Cfnn d Sagvicaa
vd i u composite tiénfh ,  db@ cdo, @t i k/J cBl co ki n £ n qu tficnbay
cfkhitlitr ng “ o giafrt ihthvaklcll L « Weangitshg thai sau r
“n'nth. CI1 Mgtdagu E&he Udng Bl n nén cac B qul ¢ a bai toan
tuy/h tinh hinh hc c6 thAkhdng con phi’hp  t r 0 mgdh p hay. &i \dy cfn ¢
cac nghién cu ly thuy} cho cac bai toaphi tuyh cho cac R chll compositdam
c h cBo vi c xay d ng cac tiewchuw{r thilp k/]k/T chll cac cong trinh xay g lién
quan.

Xudiphatt nnng | T d o Qtliluch an ndiy@ghién ai n mth L " n
hQ phi tuy cva kX & u cong trinh ing™m W FG-CNTRC c6 tinhdi cac bivh
ph8p dndng <c
MAc tiéu wa luon an

Luch8 nHuricdcm,c ti °u ch2nh sau LOy:

1.nQxukdlibi n  p h § p. ng chonky chliccong trinh ¢hg tbin va y FG-
CNTRC.Trong L - ¢ - hahngpp hifehHigtng angtttags o c
v "t inqibBpg W c thif kijcéac 16i niGeho ki clll sandwich.

2. Phat t\W cac k thud san tac dngs™@clityh cho ph€hng §&n t
b2ags “@cho K} chl phu hpv ilythuyteiny L & s d ng trongtng bai toan
I ‘& xem xét.

3. Phon tng ogx xnunbhvésauml n nhgamts ki chi
congtrinh dhgthin vay FG-CNTRC co xétticacbin p h § p ngttreng mt ¢
S baitoan xem xétyton g [n-h ‘ag@anhit B m! i ° ng, i chi vd
iuph thucnhit " t €©h@g cti Haxemix€ trong mts bai toan.

2



4. n § n h [nghi “8g€aSac thong'slfu vao, baogm k 2 ¢ dihinh h €
h c, tinh chdi va |i" u va cac thong skhacg, a cack/t chll cong trinh &ng tbin va
Vv, FGCNTRCti_ngx "n nhvasaum n nh. T - L ©€anhdhaét c §c
kilnnghc - T trong thig kd]k/} chl cho cac Bl ki ncongtrinhxayodng, c 1 n g
nh<€e | ° tkay th ngdiéu chifp thif kfjcacdhgkfclh n~"y trong t €t
nXi 1h0gvaphm vinghién ou

ni " h & d&gdantam trong W &nla mts k/jchidthgtiny L &S
d. ng ph bi/h trong cac Bl ki n cong trinm h €h dh nhd vav, tr, FG-CNTRC
coxéttimts bin ph§pn g tmhy€mgtblags gé hotb bag I6i Auxetic.

PHYm vi nghién cu ¢ a ludh an 1a bai todhn ‘nbhvasaurs’ n ‘nbl " Nni h
phi tuy/h ¢ a kit chl.
Ph _ng ph8p nghi°n <c

Luchdannaysdng ph<ehng phlgthuyndgahréntip cdegili
tich. Ly thuy/t v Donnellva ly thuy} tiin bih dh g "tbet€© c a os 4 /.
Ham ng sl ‘& s d ngWl€a p h€hng .t ¥Quii theotham ng
sudl , vdig, va goc xoay (trong ly thilybih &h g “t).Phe€hng ph&§p Gal
L &s dngWkrahph€©hngUs pHtaythéocacthanhgh bi °n L
I, véng va goc xoay (trong ly thuybipdth g " t).r €
h n g h g c va tixe 8knh cva luon an

h nghoacokhaman h

+ Ludh &nLQxudi  p h €h n g ng&mo mtt £ k}ghll €dng trinh &hg thin
v, FG-CNTRCags™@t L ngghdbba g | »i @ubicéhimauy ldl
phanb CNTchotng ph<€hng 8&n.

+ Luch &n phat thd cac k thud san tac dng s @ cli ti/h chos @ FG
CNTRC trong khudn khphu hp v i ly thuy/p v Donnellva ly thuy} tBin bih
dth g ° tbec€ao.

+Lluchangliquyf c8c b mvQtnodhrasaumstl m nhgavy
tr. FG-CNTRC c6s @& FG-CNTRC hdb c6 16i Auxetic chum ts dthg i tr ng
khac nhau. Xay chg cac'ligii v~ ° ¢ daal} dUFeQt[i mE" n "nht i hth
vakin t n gutlicsau nd’ n "nth | idd@g hid.

h n g kaotikn ovia lon an



Luch annghién c u cac bai toan, § cbll , Qu Kiin bién va cac g i tr ng
ph bi/h trong k thud o bl tla k thud xay d ng cong trinh. Cac/k qul ¢ a bai
t 08@ tHha  ddéhghW, cungép ki n £ nmgdng mtcach thdh ti n
trong cac thi} k/]k/} chli cdng trinh xay dng va co gia trtham kHo tich ¢ ¢ cho
cack: s ‘@ong qua trinh th} k/Jjcac K} chll FGCNTRC.Chity nh+€ s au

+ VQKJ] chli: Cac KT chli thin va y tr, 1a cac W} chll ph bi/h trong cac thi
k/Jk: thud cong trinh. Ngoai ra cadkchlin ~ vy ntgh @ ©g | ray bBReg@ac h
s'@hotbthif k]lIsimgndth g s anWwincggcetikfchl, nfRn t Lt fig kh
ntnotichklchimtcachnthhmEt r o n g nkw i uld $Bng la khéng
L §nW Kk

+VQud li" u: Luch &an xem xém t v i’ u composite tién fin A FGCNTRC
vinhng Sw Vi€ ivQkh[nt n gutlcsb vicac v i u truyQ th ng.
Ngodira, trongmt t ‘€hfing hlhani kgh'i chith n g h ®lg/h yvlyia
thanh vt liu ¢ &bn ,LL p h €had n &nldl vd li' u nay cho mt ho-om t
S cHli ki ntrongcoéngtrinhh® c ho ¢ § c Hobitwigh ngry@ufih Hil'
bitcaowQkh[nt ngutfic h ¢ ! n gd ng haptinh tn m va kih trdc cao
ch clng Iphennthi. §n kh

+Cackrqu's L « *dtechinvatfoluchmtcachchitf , qua L- L
gia ki n £ n qu tficgha K} chll xem xét khicacthongdfu v~ o it.h aQu all L -
cé thitung & m t b ¢ tranh’tng tWQIn h * g€ a cac théng'st i_ ngx " n
I"nh vasau Ml n "nh ¢ a cac K} cBli . ‘& xem xét

+Cackiqu g aluhancoth *~ m* o & B WAy d ng cac tiéu chn
thi/fk/jchocacktclinayt r ong t €hng | ai
BXcAc ova luon an

Luch &nbaog” m pifn m Lfu,c h ‘€h ngyquan va 8 h € tehingy phn K}
luch, danh mc céc cég trinh khoa’hc ¢ atac gl i ° n J)jgluda dn vakai li u
tham kifo. N i dung chinhcaludh  § nc trihiebayn h €: s a u

-Ch€ehng 1 ~ngghamnih Qbghién ¢ u vQcacvd i u composite
tién tUh,tiQn n Lnmgg ng ¢ acac \d li u naytrong k thud xay d ng cdng trinh,
va cac nghién a vQkJ} chli thin v 1am BRag cac 161 vd i u composite tiénfh L «
I ‘& ti/h hanht r o n gvatré@ thgi i.
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-Ch<€hng 2 ubathdn h nnb phituyh ¢ ak/} chl cdng trinh &hg
v, tr, FG-CNTRC c6s @ FG-CNTRC chu i &p | ¢ ngoai va nén a tr, ¢ trong
mt i  ngmhi@con L ibao quanhT r o n g thlid sankéc dngs @ cli
ti/h chos @ FG-C N T R C c fihé trid trong khuén Khly thuy/ v, Donnell

- C h €h mghiér8c u bai toan n "nh phi tuyh ¢ ak/} chl cdng trinh &hg
v, tr. FG-CNTRC c6s “@ FG-CNTRC hd-b c6 18i Auxetic chu i xodh.

- C h €h mghiérdc u bai todn n "nh phituyh ¢ ab[ntr ¢ mgdhgthin
FG-CNTRC c6s @ FGCNTRC t r o nrg nhit! kbtrénh ngr€ LK i phi
tuy/h. K: thud san tac dngs @ cli ti/h chos “@FG-C N T R C c {th& triM trong
khudn kh 1y thuy/} thin bih dth g ° t beb€ao.

N idunggcthWga c8c che€hngnhelioy.de



Ch€hndg NG QUAN V[N nJjg NGHIagN C U
1.1.Va li" u Nanocomposite va cacng d, ng trong xay d ng cdng trinh
1.1.1.VatliMi  C_ tnzhiéd (FGM)
Lonh kwhoa g viigh ¢ -v&tu lhi€. uong phgt tri
g F'sn quan cit8@mvdtliWn whe kim | ohldip nkgiuny ° r
thongt h €,bngs&c | o Unaykhodt i | i€u u c B W h &42 tiefgpéac h blt
ng d.rmmqpmg nh_ ng .BRdg kK&8chFhwh/Jron p t. ha

kh&§c nhau 8§dhronhmbltt 5" ntt, vdt | i u compos
c§8§c LHc t2nh ch nhi t LHc bi t v™ | " m v
cblu th”"nh trong m t s LiQu ki n | " m vi’

Nhin chung, composit h€ ng L€ ¢ cblu tY9o b" i hai
Pha tmypha gi 8mmed€ on®n ¢+ c8§c LHc tr Bagn®Qh t:
haypha | i.°Artong khi pha nQn L-ng vai tr,

c"t L-ng vai Hicr t2mfi cthhinhdn "@a8ac hlung c_ a
HFu che/gt | o4i composite LQu c¢c- kdhi"in | €

nay, composite ¢t s i th,y tinh L€ ¢ d:
trinh khac nhauTuy nhiégnc § ¢ | o Ui ¢ o mpgd &lii rh e -ht@ ucy Qni Wnh
| lacacvdt 1i u n"y d, x[y ra hi n t€ ng

H

ch u tli tr  ng khdc nghi " t v nhi 't L
Trongcac ng d ngLHb bi t ¢ acac nganftdéng nghip va xay d ng, nhiu ki

cih L, imh nglodvdliu chHotintvathanh gint h & ydfnldrn trén toan

b k/jchHitheomt  Igétl nii[84].Nhamk hdc ph, ¢ c8c nh+¥€ c

i u coemp@shvhelt |~ hi n t€ nhgchomyg nBtht
v o ntm 1984, c¢c8c nh” khoa h ¢ Nhdt B[ln
g  ivdt” 1i'u ch t2BHFBEMIMYELcEtit hFa@m)

li' u b thanhla ceramic va kim 6. Khac v i cac |4 composite ¢ L'\, FGM

I ‘& thil k/JLW  phfn thwtich ¢ a ceramic va kim 18l bi/h “illiéentc v~ tr hn
trong khong gian theo nmquy lud nhil “nit. Geramicc - Ho LV [a céh s truyQn

nhitvah s dann nhitthgh, m* L un YAmechgFGMakh[nt ngu c h
nhitt tval, ¢ ngcaoNg €I4, v i Holtinh d® daj kim lo c6 thgifm thiwg

hi n " nhg&hn tvabongtactc aFGM Do ,E G M “tnhg€ ¢l@uliapd ng
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chom ts k/jchichucacl ki nchutli ¢ h  tklicb nghihti Quylud phan
b vdli ug a FGMcé thAl & thi/l k/Jva tinh toan'ti € u_ ncghQlki h lam
vi ¢ ¢ aki}chlg thw

Trongnhngthpk gfn L ©gs dwg F Gebniingtihb L § nW K
do s phét tr\d ¢ acacnganh céong nghpva xay dng[83. hngtvGR/JcEl ¢ h
tinh bih thién khdng pfilaT  * hg@n i vi c6 nhiu vi d vQcéc K ctill FGMtrong
t nhién[19]. Céac vi d trongt nhién quan tmg nHilla cac b phdh ¢ \Bh gtéh
chihhghth n h € xn§Hawvg ¢ac métsinh b ¢ a | g vt va cay ci [134.
MHodub a FUFIGM "Bt} k/jchocacd li uchunhit , n h €nigiat, heo t
cacvdliu n” y cB « nlyEkivh soat bih dh g , m” i m, n v~ tn
n h @mgng st trungthdng qua qua trinh chlg “ il tva lidmt c trén toan
b thanhk/} cHi[105.V.i cHc tB n'h @dyFGMhin naygapl €
dngvaonhiy | gmmhgdw g nh+€ ngrigrdng tn@ K thed hang
khong, 6 td va cong nglp [49].
112 VotliMiNanoc omposyhgGCiNTcg i1 at 2anhien (BG-CNTRC)

V. i phat hin quan trng VQ ng nano cac bofCNT) ¢, alijima [58, 59], CNT
I o full ‘& LQxuli&pd, ng trong nh@ nganhkhoa h ¢ vak: thud khac nhau
CNTscothWd @ dthgCNT Lhn v8chhk( €ENCNT)a hwdE&ch ( MV
SWCNTcodhghinhtr L ‘@cunligqumthbimttih gr ap heinehgl hn v
kinhkhol[ng 1 nm va chiy daictp = Bentimet RNgl€ MWCNT co mts | p
hinhtr, " ng tdm va céch nhakholng 0.35 nm. Lu[91] I « b § 8a gc §mot rl un
Youngc aCNT xbb X 1 TPa, khéng phthu c vao Id1  v""'ng KIn& ng nano.
Hhn aoe g, Wthuy}caCNTscaokp 100fnsoyithépvabindhg L " n
hic achangco 'ttt i0.12v ikh'i ° hg@Wichch bRag 1/6 so vi thép.Do
cactinhchl L &§ng ch¥ W & yge®GNT ngd viehtuytv i
'Wgiac “ég chopha g lam Bag vd i u 3L g mgBagvic g1 rg CNTE
vaonQn polyme,céctinh ctil ¢ ' ya nhit ¢ aNanocompose c6 thA\L ‘& di
thinmt ¢ §dthi. ve€

Qianva cac cng s [107] L' &hlo sat Qvd Ii' u f ng h p CVD-MWCNT-
polystyrenes d. ng thi nghi mx § ¢nhll. bQ kéo. Khi MWCNTL ‘& phan tan
"ng ntlitrongcac@ pol ystyr enel2GhalénB2n GiPand t
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pol ystyrene ivit ThgbP ¢GRaglWkE i ~ hg€NTngd
(kho[ng 15 um) vaCNT dai khofng5 0 O m) _ ntg€ hbgkéo ¢a polyme
cl ng _tl28MPa lén 16 MPa chd[dai lol CNT. M tnghiéncu t €hng t
c 1 ngcth &hinb iSafadiva cacc ngs [114.K/fquchothBfrag m! L un
Young ¢ a polymela 153 GPat £ n g 4IGPayvi &5.%thWwichg i a ngovée
c*a g tlt n g95MMPalén 36 MPayicung fitr ng.

S d ng mang polyvinyl va sautCNT khac nhau, Cadeka cac cng s [18]
I 4i/h hanhthi nghi m | IbQv  k ® bcacdme i khac nhauKJt qul chothby s
gia ttmMmgr &89 gYolngttongymi * thg he. Ngoai ra, cac b ph
tinh thwkung quanh CNTC « ° ¢.pBat hinb g p h ® pt Thg@onchnni
t TM@hpvithjvdliuc ck8nhycfmvis t €hn g. atc& &miy Bun
vacaoc ngs [138 L « nghlii MA & utrcY@IMENTYiI = hg&kinh
t k2 c hcnarfo lmét. KT qul L « Ikginhrraag CNTs cotinhddl ¢ h
hc "wt€i h h.onc aicabon. Gojnwacacengs [47]L « nghfnin ¢
hawg cacac I8l ctnano kh&8évinchGck LIt r €nggca h t 27
Nanocomposite e epoxy.Nghiéncu ¢ | rrayrragNanocompsitel’ ‘& ttb ra
cCOthWW ‘& dithin L 8WQ@. ckng vbQu. L

Bén ¢hh céac thnghi m, ba ph€ehng ‘pch&mgwWmBhinh L« L
hoavd li' u Nanacomposite ¢, thwa (i) mdéph ngnguyén't (atomistic modeling)
(i) md phng laic h' ¢ hguyén t-lién t c (hybrid atomistiecontinuum mechanics
modeling) v~ {dmtiij ng@éha d{continuum mechanicsBag cachgia
¢ CNT vaonQ polyetylen, Liuvacacengs [88 L « miggpytrinh tach CNT
ra kh i polyetylen t®ag pfn mQn _ Bg | c phant (molecular dynamie MD). Céac
m iquan h gi achuwd v, tlivathln £t ng t r uhb ghg s truriy bihhova
cactinhchi c¢& ‘B8 cnh'Lk 2 ¢ h crguydd t. Han va Elliot[49] L «
trinh bay cac mod pmg MD ¢ L'\M ¢ a vet |i' u compositepolymer/CNT, md hinh
I ‘& xay d ng brag cachgia ¢ SWCNT (10,10)vaohaingy p o | y 'mrehink * L
khac nhauKJ1 qul ch’ rarjagmé ph ng MDlaphd h p v i quy lud h n h p. Liao
vaLi[86 L « nglhi tWcMhlbiaothoaca composite cmal ysty
¢ b3g CNTthéng qua mdé pm g ‘cctphah't. K/ qul chothby rlag. ng sl



t rt€aCNTpolystyrenekpx'1 6 0 MPa, c &oh futhfhcadp@ymer K

c omp o s ¢diagc bfds i carbon.

S dngcachtipcch La quy mMHL GapMytmitLihtt nh

t rt€hos @A CNTvd li uf ngh p polyme. Vimé hinhCNT" quy mé nguyén t

L

v " dplantictbragp h €hn g fpthtg phthgPEM), Liva ChoJ78 L « b § o

caomt m?! lqymdcg alngx néncawvdli ucomposite CNT/polyme. Seidel
va Lagouda$llg I «d phngtinnchidl  I™ihi udhngg a wd li' ucompositegia
¢ CNTbgcach'sd ngm tk: thudvich ( mi cr omec hidfhipgis
mé hinhMori-Tanaka va kthud t phu h p (selfconsistent technique)

Fidelusva cac cng s [43] L « Wktia tinh chl ¢ H ¢ & Manocompsite
gcepoxyvit I khil @g thgd (t 0.0:-05% kh'i | “@g) ¢ a SWCNT va
MWCNT gia ¢ theoh @hg ngd nhién. D a trénti/p och EshelbyMori-Tanaka

[97], Formica va Lacarbonafd4] ' « d ng mt mo6 hinh lién_tc chocomposite

t ech

gi angC®T. Hahlivacacengs [85L « nghii t8cgéh ckKhng
¢ acompositee p 0 x yc gii €bug SWCNTsdngmts mé hinhvic h v~

nhch thby rRaagk/t qul ¢ a d” hai mé hinh HalpisiTsai vaMori-T a n a@ phu fip
v. i k/JJ qul th ¢ nghi m.

T r o n"gng i pN@nocompesite truyQr th ng, tinh ctil ¢ ht ho-ve Iy
k ht ng itheokhonglgian k 2 ¢ hcvtoh @n! GN b & ghan b I ng
'Qu hay ngl nhién trondJ/} chll. XuHiphatt yt “@g ¢ aFGM, md hinh phanbc h
tinh bih thien(FG) ¢ aCNT Lfu  t i © rQKuE® i Shen[119 v i s phan b
CNT trongmtnQil3n g . g2’ &tkd] k/JLHb bi t theo cAphan b nhil “nlt theo
c § ¢, nin@ng mun WE[ithi n  tnhg ak/} chl. Saul’ - ,, t lot cac nghién
cuvQ ngx ¢ h “nchaidfm, tthvay FGCNT R C ’lct/h ham.
1.1.3. ¢ ng dAng vot liMi Nanocompositerong xay dx ng

Vdli ulaypt ¢ hink acac cong trinh xay ag. Ki/h tric va K} chl va
ki/h tric ¢ a cac cong trinka cac gia trvd chil va phid chil quan frn g WKHW
hi nm ¢ | phat trMd vQkinh ] chinh trvaxahivarng h hWwiidnic t |h
phattrMic any v £ n _ aéctti Udkhac nhau trongdh s .

Ngay nayy. i s phat trM ¢ a khoa hc va cong nghvd li u hi n YJ'cac K

chl cong trinh, nAIlAnhng ¢! ngbbktr,3 nch- LT nngtQg angbhamn, t
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kinh /] chinh tr hay quéan s, I « v ° cxBnax@ti\s Lld@g cac ¢l vd i u
compaite tietntih. S v ‘@trivQc § eb Lt r €rcganglhnhin g @Guy tt h

I” i cho va Ii" u composite nRn ttb ra cac cong trinh cé tinhXin m: xubisdb , L § p
ngmi Tngtbhehinhgacackin t r.%cThs@n vio e awthoh
i"ucomps i t e citng nma Ed n WKh[ n £ n qu tfickhdb nghi t cho
caccongtrinhquansy © ¢ § ¢ choli gkhdcyikm¢h  Ha o',n gc &

I, bQv “wt€i. L achncacldivdli ucompositetiéndn L« v~ Lang |~

xem xét chahiQu cong trinh d an khac nhag, a nhiQu qu ¢ giatrén th]gi, i [42,
69, 113, 115, 152].

Hinh1.1. ngd ng vd li u composite tién fh cho cac cong trinh xay dg [62,
94, 103, 110]

VdliuxadydngNanocomposi $mtdiccachathg k. mgLa t
c6 cho thi} k/Jk/} cBl va kih trdc hin YLy itinhchdl ¢ L§8o v~ ‘ctng
dng "“tvtei. NhiQ tac gi[ L « _ ct in nhiQ nghién cu vQvd li'u
Nanocomposite vah ra tiQn n £ mggl ngrHil n trong cac cong trinh xay dg
LlFobit tr ong 2. ®phoghndhién cu,[ct]ttb va thit kijvd i’ u tién
ti/n L ¢harthmt phfn quan trng trong chin  * kc ghat trid cdng nghip va xay
d ng ¢ a cac quc gia hin nay.S phattrMi ¢ avd li um icéthWn h * ig€n
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t it r 3 nchng tighip ¢ a mtqu c gia vi vdy nhiQu qu ¢ giall ¢Hcdng ngh
vd i u Nanocomposite vt r 2 €©u WinfRm @ ih'§ e tadllk t&]trong
caccthh tranh quc v}

V.i cHctBnht cméi siihticlacacidliu g1 ry, laan€ho
cS§eéb It 2nh détiavdh i ‘lL€ithi nm tcach rd'rt, tb thanh mt va
i ucomposité k 2 ¢ hc t ther nggnangmh@ ghtotinhv ‘@triv "™ c.Ingea t
cot rc€ L @W k hK' ircdngghvdliu Nanocomposite L« t|
quan Hbbbténltoan tAgi i. SaunhiQun £t m n ghvaphatthd , n- L « t
thanh mt trong nh ng nganh céng ngth a hG nrElhi n nay[104 39].

B° t!nglaxdli umdyrdgg truyhting, n.- g LE-naghg- p
quan tr ng cho qué trinh céng ngipi hdéa xa hivaxaydn g ‘chHtfng ¢ a nhiu
qucgiaVics dngwdliu nawhattridvdliu b° t ! ngthwhit mbing
I ‘& nhiQu quan tam trong 0 n tivdli’ u. Theo cac yéufa thip k/Jk/T cBlim i,
k8v nggami nigH,ivdliuxdaydng ng "y ¢ mmhlcaoh®hn,
kh['n £ nlg thham thanh, khang , cbh g Vv h g cco. \d i’ u nano ¢
c § ¢btitih tuyt v i co thWJT h p il hi u qu v, i bé ténglWb thanh vt i u
composite mi [50, 154. Trong k thud xay d ng, wt li' u nano khéng chco thw
g Fycac khgngting X i mEng V. ng¢abé thngtma ooh colheu L
cfithi nliéenklgiactliuvaxi mteomg tb° ng? khgnt rcg@gc h
thbin v, “bQlg a bé tong.

Céng ngh vd Ii' u Nanocomposite c¢6 W ‘& ap ¢ ng cho nh@ nganh céng
nghipvaxadydng kh8c ntha @it tireng ¥ 1] xay d ng, quan
s va cacl ¢ n kb khac [148]. Tr on gc xdyadmd cong trinh, Ip ph
Nanocomposidtng troig€&p ph cé ki n £ n gng &dhoa, cmg b c
x4  WQhbongtroccaodmts chc n tHmbgtglal p ph [26, 147,

KJI h p v icoéng ngh nano, nh@ vd li' um i L & ‘& phat tris LWpha b p
v, i cac thit k/]k/} cBll xay d ngngay nay. Vics d. ngwdtli u n aWwtheh tid
¢ c tim c6 thwhang cadkhl n £ mhgng” vang ¢abQmruk/p chl, cfithin L § n g
KW, bQh ¢ al “ang ng polymev ~ t Lithgeong trinh[21, 153. Cac nghién
cu c | ndy fulhghiérbcu ng d ng vd I u Nanocomposite va céng nghano

trong wt li" u xay d ng vach rariag vd Ii' u xay d ng Nanocompositecéch  nt n g
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t lam dthft, rdih uich cholp ph ch ng vi khi va chng nain m ¢ rongm t
S vd i udh ' Hva caccong trinh xay dng[151]].

Céac ) pph truynth ngco nhy  nd @hicipghh n h[M@ Lkagngc h
X &, Hoanthinva ki n £ n gng Bidhoa kém. Sd. ngmts LHotinhg avd
i u nanonhan dithi n Htinhc acaclpph hincat Tn@hpnayl ‘&gila
cac|pph bi/h "iL namwicachpph L&chjttbb imts quy tHs3nh L
bit, trommggabQmHL k2 c hcraroEerng@hpnayl ‘&gilalp
ph K/} cBlnano[139. Vi ¢ s d ng céaclp ph Nanocomposite c6 Y[ thi n cac
tinh ctidic a bé tbngbaogmchng £ n ‘'mgbncxd chcaohdbmts
tinh cHHl LHb bi t, gilpnang cadii u qu's d, ng ¢ akJ/} chl.

Trongnhng nfomlL®y ngdnmggmNanocomposi t éc L« v~
phat trd trén th]gi i [46].Vic L€a c8c pha ph@M%Gh8n nanc
hp | " m t MH Q¢ EAGItkhailUhb nifn v~ {tk ndgd nyh |
ti L& 400CHikholng 600°CN- ¢ 1 nWeithin teéhngvakfnt ng
chngmicgavdli u.Vdli ug mx p (g mvix p) Nanocomposite cO W ¢ va
tach khi tifi cong nghip. G mxX pcung & khin £ n gunlmtvachng £n m, n
héahcln, c 1 ng’ithhcéd vaitphiblo tri.

V.inh ngu ®hi Vt€ i , ndreg Lc &Ml b vacokhi ° hge
nhGvdliuNanocomposi/Jv &trdtrong® n & t gu ticthng khao
nghi t ma khéng c6 mt vd li” u truyQh th ng nao co thso sanh’ ‘&. Ngoai ra, cac
cong trinh c6 tinh dil Folbi t quan frng trong chin * ko g@at trid kinh 7] xa h i
haygiuc p h, n,gnh ng kickh &dng trinh phi ¢ b@Q L v 'tin cky cao
clng . ilnhhgvdliu cH t2 nht Holbit nH Vih ichung ca cac
lod k/pchlcong trinhn'y | “ikd[p k n futlic h c h *tkkido nghntj khiT
ntngngchin tcrcd@fitr ngxungkichIn,v ikhX)  taovakhi ~ hg®hG
I'm blo cho cong tach Hiva di d i trong khdng th i gian ngh nHEL Cac nghién
c u ch ra raag céc I8! vd I u Nanocomposite tién/jn = n h €€NTRG hay FG
GRC v i nQn polymer, yim t quy lud phan b vd li' u phu h p c6 thittb thanh mt
vdliu ¢ccnig  wtr® n h€n ghg®Wich ch bag khdng 1/7 so vithép
xay d ng.Ngoai ra, yi ., & rHil, n, cho phép B cklil &L \Bng =il n khi chu
ti . Khi CNT hay g Gwmsuap e kim ldd@id ng Cu) co thv
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lam cho khi ° hg@Wich ¢ achingkhdIn , n h €©nggo thAgEd nhiQu IFn so
v ithép. Vit ¢ , phét trd ¢ a khoa hc va cong nghvd |i' u tién tih hi n nay,
ching tr thanh cacd i ucé tQnn £ n g WL ‘& &p dng ph bi/h vao cac i
chll cong trinh khi gia thaniis xud ngay cang gm.
Vd i u xay d ng Nanocomposite phdi pv i x u , tg@hat tiM kinh v] blo
v mti ngva@tkim nthnnglk€th” nh ©u futiofgeacbadnng L
nhdo thit k/ki/h trachin - n a 'y Ydi'n cho tr \' ng phat tWd ¢ a nganh xay
dng trong ‘th&hea§ uxdgpdngNathio c o mp o sdaphaetrl « L €
t €h nigoatthin v "thg. @ thghfn g anétréntht T n@tvptcm r ng.
Voivic t B§pebip Ll ghat tid bQvv ngvas phattrMi gca | oox@ly v
d ng, v li' uNanocompositehds chda <€cé nh ng [ i th/]LHb bi t trong nganh xay
dng Vv~ Xt pkactrMvatihb ¢ axahi.
1.2.Vd i u FG-CNTRC, n ‘rhvasaunti’ n "rnhva cac nghién cu vQ ng
X ¢ h "hahd k] cbll FG-CNTRC
12.1 Quy lwtphaniXv =  d& ct L n gvaont liMt FGiCNTRC
XétthihFGCNT RC clangt h nh p SWCNTvawd i ungv 3Lg . mge
trong L- '~SpNENT rlh@® yc¢thedbQdayibint VEh Qthen cht
trec€ ti °nnh” cHgthlewt Il u hiud ngg aFG-CNTRC. VQmHbmd
hinhv i , ¢ BHtnh & Ii" u hi u d ng co thWC. ‘& _ &@inh Rag md hinhMori-
Tanaka[85, 116 hotb quy tb h n h p [43]. M hinhMori-Tanaka c6 théap d ng
choCNTvaquytoh nh prii L Farvatguihti n Wip d ngchovic€c " hge
cac tinh chlvd I u. Theo quydoh nhp, mit rk&n m! Lunu Young
d. ng co th\L. ‘& biwi th bRag[119]

— CNT
Ell - I‘]?\/CNT Ell Vm Em !

h2 — VCNT +Vm (11)
h3 — VCNT _LVm
Gy, ~ ~CNT 'Gm '
2
t rong  LEST vaGy' lacacm?  LYoungv ©  m! " qaCNT, coe

E™"vaG™lam®* Lun Young tgdc amh (Bhyldl) tWifethich
cho céac thuc tinh w |i u ph thu ¢ vao quy mdScale) cactham $ hi uqul CNT
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h(i 4,23 L& x'8htbagcachso sanm?  LYaungc aFG-CNTRCnhdh

L&t kifquméphngMDVvikifqus t hu ct @ytbhnhp. T phfn
thWtich ¢ a CNT va @ V. vaV,, lién quan vi nhautheo biM th ¢

Vent Ve 3 (1.2)

GilU'nht phfnthWtichc a CNT V. bi/h ~iltheo chiu dayz c, a ki} chi

nh€ sau

Venr =Venr f (2), (1.3)
trong L-
Vinr = r Wonr , (14)
Went + rc :T EgTWCNT

t r onweyllat phFnkH i ° hg€aCNT, conr gy var,, lamd | ¢.aCNT
vavd i unQiLngh &g, f (z) 1a m tham theo Rday. Theoc § ¢ h L * ng

h p CNT phan b LQu (UD), t ¢ 1a Ve =Venr VA CNTC bt Phrhién (BGH
CNTRC) s£cocung't phifn kh i hg® a CNT.

T€hn gcatchs giann nhit t h @ gHdi@ECNTvah @ng tr cgiao
cO thAL ‘& biWi th bag[119]

a;; Vent %\IT Vg, T

A2 :(1 -'%W)VCNT 5 a (1 +m)\¥mnm A1 (1.5)

tron Lagz vaa™ Ifn “kldcachs giann nhitc aCNTva@.L €u

yriag a,;, a,Cl ngchlp€ il tr hncwhe éngdi @ lah s gian
n nhitcawtli unQ. Trong khih s Poissorhi u d ng ¢ a CNTRCL ‘&€c¢
| “@g bi[119

N, ¥ewr B Vg ™ (1.6)

Trong luh @n nay & Ii' u N “Lc€a chn 1a Poly(methyl methacrylate)

(PMMA). Céc tinh ciiiph thu cnhit . ¢a P MMAcgte/plan™ 9.34,

hai

a™ =45(1 @0005TP 1¥/K, va E™=(352-0003F)GPa, trong
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T=T, + TV, i T,=300K (Nhi t , ghong). Cac tinh diiph thu cnhit , d.a
CNT °~ &nm® {d @ dthg cacham phi tuyhtheo nhit _,IL nh @295 au [

N’ =0.175

EGT =(-22724°10°T° 422867 16T? .000Z86 . 6+1838Pa,
ES)T =(-2.84868210°T® 630057 16T2 .000368 . #75338a,

CNT (4.934843 101973 - 1128 16T 2 +77845 310 + . 1 801)2repa,

2

(1.7)

CNT

ag'm =(+1.13532 10°%T3 -288155 31T 2 02289

-1.12148310°/ K,

asy)'’ :(—3.5633231012T3 813525 10T?- .995498 10
+5.438743 10 °/K .

Blng 1.1. Tinh chivd Ii' u ph thu ¢ vao nhit . ¢ a (10,10)armchairSWCNT

[119] (h =0.067 nm;R=0.68 nmL =9.26 nm;nS"" :0.175.

Nhi tL (K) ECNT E5) ' (TPa) T ag\’ asy’
(TPa) (TPa) (x109K)  (x10%K)
300 5.6466 7.0800 1.9445 3.4584 5.1682
500 5.5308 6.9348 1.9643 4.5361 5.0189
700 5.4744 6.8641 1.9644 4.6677 4.8943
Blng1.2.M! LYoumgvatham s hi uqul ¢ aFG-CNTRC[120 (T=300K)
Vi MDI[49 Quyibhnhp
E,, (GPa) E,, (GPa) Ey; (GPa) h, E,, (GPa) h,
0.12 94.6 2.9 94.78 0.137 2.9 1.022
0.17 138.9 4.9 138.68 0.142 4.9 1.626
0.28 224.2 5.5 224.50 0.141 5.5 1.585

CNT  ¢gifthif  mhtep h p cac nguyén triéng [Gtrong cac md png
MD. CHgtiohwt|i' uph thu cvaoquy mévanhi | W iv iairmchair (10,10)
SWCNTcH6tht h u chiR@s.CacKiqu LW h 3 rchi t ki teng Bng 1.2.

nWAp d ng thanh cong quy &ih nh pvao FGCNTRCthi¢h x'&8d " & €
tham § hi uqur CNT h;(i 423. Tuy nhi °n, mc in€a thice
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hin WK § enhdiatrg ah, L'iv, i CNTRC. Viwy ,, c th ¢a cac tham'shi u
qurCNT hyvah,blag c8ch so s §ntE;wasEs cmENTRGthu Yo un.
I ‘&theoquydohnhpvicicmbphng MD do Han v~ EIlIliott
Quasosanh,coMthByrag c8§c m! Lu'rt Yuyworhgyhphu L€
va md phng MD c6 thAkh p it t Wl cac tham'shi uquf CNT hyvah, L ‘&
chnphuhpnh€ t fnagngl.R .fagkhéng cdR gl MD cho m! L u
t rt@S" [49], nén co t\il Lnhrrag h, = JvaG,=G;; G,
1.2.2.1 n Mmih va sau mt Yn [mih
Cac dhg ph bi/hca “lhgcongfitr ngl, véng | n nhiic a cac K chl
tthvay L'&méf{nh€ trong h3nh 1. 2.
Treghp fL t i ©twhln&rong hinh 1.2a, khittr ng ttng t h3
v»ng cl dighlchuywigthgthdimt c¢8ch tochn v i °n t
Treghpt/p t he dohimtro6ghinh1.2b, g i ath filkhitlitr ng
t £ n g, vbrigRaglkhongkst cll lam vi ¢ trong tEhg thai mangchoti ki L
tigiatr tfitr ngtd Wh Athibdb fulxidhin & » ng,” ngcongllg c
Li I °nnghAdA®OYy dg& IWhrERLh §nh, ngv@&hmig
k/jchh b mE" n "nb kWi rEnhanh, gi ab%h fll@a °lhgzongA D, vihg
| nndl  t Bimhgnh khifitr ngcht £t n G rnvh' ‘sa Wt tlh-g  tong
| n niditheo {itr ng chdn dfn.
Treghpth ba "¢m®dfTtrong h3nh dg.hdody diar ong t
Leh FU . U »ng ngh€fan g hdp tinhthgofitr ngchoti  kthtii L
L\Wh rEnhanh A, tp  t h'engcong@tc Li | °mgtARotnBHER g t
t Tri@hp tcrDEhg M ¢ on g ngtiyy nhtng kg cll dchg v tr, va
virng.lhn®Acdie I"hgtidre . emd#en ‘nth v " ‘Afgcong L €
saund’n ‘'nth ( OABDg fd&g@ <chunggcongsalii@ n nhi
postbuckling curve)
Treyhpth t©€ Whim trong h3nhh®E&. npybdpah thaEhng t
“gi abh flLotcmé& n nlh, vBinglBag khéng khifitr ng t £ nikhicho t
LGti WhiEnh&8§nh Mg ooenggl#tix WbectMBYiti/ptc
L'i | °n ngchng BCDL @ ©y 1 rig coagslycthugd, ‘@ c t]khi t[i tr ng
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LG tigiatr tihthtd WA, KT chl €chuyd trthg thai mt - ¢ Stadptt L
LWwh A sWm oC Iwidngdakfcalh t £ hgc Btadit. L

on
g

!

Tai trong
)
Tai tro

Diém ré nhanh

A @
O : - 0O : -
Do vong 16n nhat D§ vong 16n nhat
(@) (b)
2 =
§. D §
R=! ‘= | Diém ré nhanh D
A —~ P
4 Snap-through
s
Diém r& nhanh
B\\"\
o o biém cyc tri
Do vong 16n nhit Do vong 16n nhat -
(c) (d)
%I,) A Diém r& nhanh D %D
= , = A T D
= e = biém cuc tri
= / Snap-through =
A =0 C AL Snap-through
Diélﬁ cuec tri DTZ" i
iém cyec tri
O . - () ,- : —
B0 vong lomn nhat Do vong 16n nhat
(e) (f)

Hinh1.2. Cac dhg ph bi/h¢a " lhgcag fitr ngl, véng| n nH
¢ acack/} chl thin vay
Hin "h€§ n'cgilBn "ng&napthroughhotb snapbuckling (tm
dchlahin “hgad n ‘nth, thig thorbchuydtth gt hr§it, miEs tai
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i"udchlahin "n€® fAhd@ochedngcl sEhunghoadiar n tr c
s d, ng thut ng ti/hg Anh ph bi/jh la snapthrough). Nu b qua cadn h * g€
¢ aquan tinh, fhg thdica kKl cbl €ti/Jptc Li | *ngcandi@GDo L €
Treghpthntm trong h3mht ing@fpthaleng kth€ke b i
Loy Yhthh § @ € mE#en nbh OA xién, va K cBll khdng lam vic trong tEhg
thg8i m” ninay.r ong Lo
Treyhpcii c¥%ng nh+€ t r[Pthn gh 3tnthp gl» 02¢f 3, ¢ Lknhgi
ttng  tthuelod phituyht heongi @& ong OAMti 3Mac Khi L
A, "I conggWdxtmBvatiptc t tng ngctoegdBC €
Thctv]l © Khii Whc¢c YAKJcHlSchupitth g t hngt B awg L
C v L oy nc’ingBmapthroughh i
Thitrngtdh Wi A trong c 8ccgila§imii nt ntf o tréhe
(upper buckling load) vdittr ngtd Wi i B clg€latfimid’ n nbhecch .d €
(lower buckling load)Khi d_ t[i, trthg thdica ki chl €L it “hng DCBLvéEsau
L - t'htaldygthhimt c Stadptv@QU Wheoéfitr ng t @bwig Wa B
nn t r°ng OA K n “ngdaygilahin °~ng&napback. Tuy vy luch an
ch y/uch xem xéttihi n " hgél’ n "nh khi chitli, vi vdy cac kijo séat ch
y/ tp trung vaofi mE" n "nh ah trén va hin ° ng&nagpthrough. Ti tr ng
“n ‘nb oh trén bé nlinhdh  “lc@ong Hic[ cac mode il n ‘nlh &g la tfi
mH" n "nbt i hth (Critical buckling load).
Vic L&nhindingutlcdiaklcihisaumdl’' n ‘'nhc- T nghoa q
trng troowikdhod Gacvt r 2 “mg colg e tr ngl, véng khong
knfvi ®hwWbi@nh8nh c- nguwlychdlphalhdl vakidmhgaonk
lamvi ctrongtth g t h § I nghheathi} kK Hi € ° ng&napthrough & hi n
t “@ g b bi t nguy hwh cho K} clll k hvi » rlg  ttk nog§tand t theo fi
tr n g, cii@vQl vbngnayhaycong [ n g cspthrough (snaghrough
intensity) cang. In  t h 3 i} gl by ph& hdd cang cao.
1.2.3. Cac nghién ouvZongxoc . Micha®™m va WFGM va FG-CNTRC
123.1. KA @u?mvavYFGM
Trong sutgfn haithhp kK v aqua, nfutac gt r o n gvaque vVJL «dp t
trung nghiencumt c¢c 8c h itba@dimgQ g x ¢ h " nchaicac K chl
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thin vay khac nhau, clu cac dhg fitr ng, agcaclythuyy v~ ph<€hng ph§
nhau.Cac K} chl thin, panel tr va v tho[i  h acong EGM la cac R cll  ‘lc€
nhiQi tac g quan tdm nllv i nhiQi cac nghiénaw k h § ¢ " acéngb. L €

TacgiNguyn n3 rch vik  Ho " ng728t nl «T Yonggh ifthn ¢
phi tuyh ¢ a tiin va panel fr FGM chutfi ¢ h " twd"a trénhyithuy} tbin ¢
LV v~ ph<€ehng [1fIC&phand ghh mhirtdyh mnh hc d a trén gf
thi/T ¢ a vonKarmanva cacs khoéng hoan fo vOhinh dhgg atbin ¢ 1 n gxétl €
ti.Bugtipoh t €hNggynt n3 mwaPhmH ngCongpP9 L« VWh§&t t
cho tin Sigmoid FGM trén@ L ™in, ht rlytmug} bith-dh g ° t beb€ao
(HSDT) ¢, a Reddya mé hinh @ hai h s ¢ a Pasternak ‘& ap dng. Shen va
Wang[l25 ci ng ndHSDT,a Re tMily©n t 2ngphitdyjnga L
paneltr FGMtréenh L™ ibaép p h€hn gu phha8.prrdmgnghién cu
nay hai mé hinh vind L ‘& s d, ng 1a mé hinh Voigt va MofTanaka, va cac/k
qurs chotycfhai m! HQ#co Wi nl oy§ tlngx d a ongl; a kil
chli. Nguyn Vin Lonmgs 89 d &c noy hli & g)ndd c phituyh
¢ av thai h @dng dandwich FGMchaplcn d @ | ©t8eo ly thy/} bi/h
dbh g " thecBHH(FSDT). Ph€hng ph8p -Kateak&dne© Rur
I'Wkh[o sat cadn h * tg® a cac thong'shinh hc, vd li u, khi ° hg@ vah
s cfntuyntinhti L@@ ndl cphituyhgay.Chenvacacamgs [20] L «
nghiencu' n ‘nhtuyhtinhgcatih F GM '8 ¢hu i ir ng phan b khéng
LQu, finhitvafi ‘mbRang ph<€hng phf8ipt dda hgestilk a giai p h
' 8h tcmié@ n ‘nth ° ¢n® phngb3ag cachs d, ng bai toan ng swi phing,
valythuyftiinga Mi nddsidin ¢ € h oth gau @i n lhi

K/pchhy tr, ronF GM clam gk/} chll ph bi/h trong cac K chil k:
thud , v~ ° crdhi@udac ¢ §uan tdm nghién a. Huang va Hang3-55] L «
nghiéncu n nhvasaum n "nbphituyh¢ay tr, FGM chu ap | c ngoai,
nén dc tr va i xoda theo ly thuy} v Donnell va tinh phi tugh hinh hc ¢ a von
Karman Dthg nghimbas hth g “dl@chn v~ phe€hng npRitEp ntn
L &3S dngWlg cnhdhghWicafit ihthvacacliéenhg affitrng v~ L
vong | nntHi¢ a v . Trong cac nghién @ nay, hamngsil "E€l €a ng o Vv~
st trung Dprignongcaig € hxEsd I h?! nQyki manavi L i
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kin. Sen [L1g L hantich n "'nh phituyhg¢ay tr, FGM chunéndctr cco
nQr L “iasternak bao quanh the8DTv © p h€hn gu phhasip nn@ i
'n h, ndicavy t, FGMchutlixoch t higuy/hiinhtheothi gi a'mc L« L
nghiéncu b i Sofiyevva SchnackiBl] , trong L- ph<emgaygn phgp
ly LagrangéH a mi | t o0 o aplirg. Sofgev 137 L« phOmgtndch LS§
cav tr FGMchutikéodctr c,ap] ctrong vangodheodth g Liardht or
¢ Unh.n™ 0o Huy B2 rXuanWNguyéNIgju yL & ngdy thuylv Donnell
cfi ti/n [17] tMWp h ©n t 2 rglphi thyfhog aly tr. FGM chu ap | ¢ ngoai.
Thanh pfin | Bongdoblhdthgg avy L& x/Rvahlbh€hng tg nh c G
I ‘& thi} Id theo cac thanh ph chuy v. n ‘nbvasaumi’ ' n ‘nhgay
tr ng FGMvibQddy t hia yc Il n gc nghién clii €i nhém tac df Trfn ich
Thnh va cac cng s [142] d a trén |y thuy} v Donnell di ti/h va gl thi/} ¢ a
Stein va McElman [57, 137].
1232. KX eutmWFGMcés ynt £ nogg c

Trong nhiu K} chl k: thud WCthblo KcBl ¢ ¢ ndcaovakh i ° hg€
nhGcac M chl dchgtinvay t heg * ¢ €t Lnybicacs @t L n gg Cac
k/jchittihnvay FGMt L aggbagcacs™@t t noglch t ©m @wnhig L €
tac gl quan tén nghién cu.

nWkhong lam i T payAGWMaQtimh lién fc ¢ a vd |i' u theo IQday
thanh K} cBl, ¢ hai phRksd@clork}chthny FGM L'« QL€
xull GS.TSKHn " o Huy B2 nghs [ XUl thig ks @ g
hewgvacinglBlvd i uy i bOmtbgdas™@®.Tr ong Kk hi L - Naj af i
cngs [98 thigk]s“@FGMchol}chhy FGM, t r othug sah tac k
d ngs @ c aLlekhnitskii[77] L « *~ dd&ti/h d atrén ly thuy} dfm FGM ¢ L \M.
Haiph ©€hng §n n cghiQsnhom tak dgi khdcBhau ap, dg va phat thi
chonh@u “tng Kp K} cBl FGMc - ° s ‘& L nykhacomhau.

Ap d n g QxiHvQs @l g . mg€hok/} cbl FGM [11] nhiQu nghién cu
I « ph@mnnth?2 en| cl anhiQuk/3 chll thin, v FGM khac nhau, bad en
thin, panel tr, v tholi h @angvay tr, tron [4-6,11, 12, 14, 15, 35]. Cac nghién
¢ u QUs d nglythuy}v Donnell v itinh phituyh hinh hc ¢ a vonKarman
s dnghamngsid v~ ph<€ehng Wif Bpod@ahl 3enr kci hnu nlg  p h €
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§n n"y Walad tgg kci]tth v ichiphitigh. Tuywy n - ‘- Vi h €

Anps™@ mb cer amiélamialgs cle® a midd ugidh@yd nlt ”
d@tfitr ngln. Tr onfus’k@h mtultimloUnthis @l ‘& lam Rag kim
lod, v im? LYoumgt €hnigh ,l | hgkhit Ehg€@lWd "¢ @t
hi u qu nhil "nkL

Y

Trong khi L JjkpsheaghGN c8inn g bci -€un'tw "Wihin h €

rieng, nd giiquyf ‘E€end @higca ph€hnjgk]sS@l3 dimg@o
s*@ceramiccotiM b n tkhichutfi ¢ h tv.”  di§h®h € Whigano
| © kh- Kk h}ikp chitib démtgi cht phikay d ngcao. NhQu nhém tac di
cl ngapiing phe€hng §n" ngh pkhac hhau [2165827, 33, 34,85,
37]. K: thud san tac dngs™@ F GM ¢ | n ‘gc phaxtidl & h o " mg& @
s @ theoFSDT([2, 16], theoHSDT[27, 36, 37], va c6 b sung cac thanh ph nhi t
trongs @ [2, 15, 27, 36, 37).

r e

Nhémtacgica PGS. TS. VI HoWk thddasemtdcdngp h §'t

s @ chos @ xién c6 bao'gm cac thanh gin nhit ¢ as @ (s @ xoda~ ¢ trong
t Tm@hpvy tr)trong khuén kh ¢ a ly thuy} v Donnell[99, 101, 106, FSDT
[100 vaHSDT[102. Cac nghién cu Qlch ra rag, du vi ¢ thi} k/]s " xién mang
I9nhiu kh- khitn t/kgechilbfcilg n & éequichaind mang
19 1 7 WEo§/mgy@ k c giao. Goc xién hu gu nhiig as™@cl ng & «
khlo sat chitiftrongtn g * hgrh® Hiuqu v ‘@tric as ‘@xiénsoyis @
tr cgiao cothuan satro il t r “ong g p vt tr. ‘€ u i xoda [99, 106.
1233 KA @uPmvavYFG-CNTRC

T€hngh® FGKRNTRG c Iddig llc'ehiucac nhom tac §i
khdc nhau trénffgi i q u a Rbbitt.@m HL ihi c'te¢ Hibit, v a mang
b ihgaFGMva mahb gWhi; avd li' u composite'c s i, cac phan tich
‘ngXx chchaklcthFGCNTRC ‘ltahhi@ i u n ghHobitthav.

Shenl19 L « t r &nghién duv@bai toan un phituyh ¢ a tiin FG
CNTRC c¢6 bn ¢th h Hutténg i chu ap | ¢ ngoai phanbLQu hd-b phan b hinh
sin tr omgnhimCactinthcB®dli uga C NTccdiph thu cvao
nhit ., ¥~ t'rca cdb®6 phn g, ndl ¢ h c phan't. Cac tinh chivd Ii u
¢ a FGCNTRC Tc€ &inh thdng qua mbinhvi . ¢ B§ ¢ p h €hlfibg
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d atrénHSDTvV, itinh phituyh hinhh ct h e 0 _magon Kdamaesve - @t L
[hh Mg€anhit .K:thudnhiu had ‘b€d ngWl§ocmhl c'§ig L €
cong fitf ngl, vong va mémennn-tlitr ng. Kfqul chottbfriag c'8g L €
cong fitf ngmémen Uincatincoth & t Lt ng W incacly@ney k
phan b CNT phu hp.

Shenva zhanglpd L « nuw mgx'm “whvasau i n "nhnhit
¢ atih FGCNTRC chus t h & ynhilt , ttong mtbph3ng. D a trén céach fp
cch La quy m'as Lceth cmn chdcadtin FGCNT R Cix lhg
hoan lfo va khong hoanlio v i cac gia tr khac nhau cat phfn thwtich CNT.
WangvasShen[149d L « p h ©m gt 2bd I gchadie Bi'FGCNTRC tén
ng L™in thr on'gngmhiti. tOr§@€ p h ©Min gigdat@nH8DTc huy
bao gm t ‘©h nbip-nGh. €&c hit_ng nhit ¢ | ‘rcgét tli @ cac tinh ch
vdliucaFGCNTRC ctoidaphthucvaonhit .. C§c phe€ehwig tr3
'ng ~ ¢gfibagk thud nhj u diti/n WK § cnh #n S phi tuyh ¢ a cac .
Cackpqu's chottbyfns daongd €nke i m g ~ h bFES tuy/h tinh va
phituyh t 2 nhn t k hnigphfinthintigh ONT. KFqu c 1 ng oS t h
daond ¢€nilnb nh<€h tnsttuyhtinhvaphitup. t 2nh ttng |
t Lt ng hs ynhilt  horb bRag cach gim | It ng ¢ a nh. Shen 29 va Shen
va Xiang [L26] L ghan tich ng x sau nidi" n "nb ¢ a panel {r FG-CNTRC LHy
trénrh  LTichuéipl cngodivinéndctrc tr ongngnhiti. tTr8hng t ¢
tEin-nQn va cadhanh pfin. ng siinhit ¢ 1 'cgemké® = HStioh v 1i' u
¢ aFGCNTRC ctodaph thu cvaonhit  .K: thudnhiu had ‘b€
S dngWkl§ ecnhfitr ngmAl’' n ‘'nCth v " ° ng&ngsall @i n "nh.B3ng
cack thud t €hn d a@philluyh ¢ apanelir FGCNTRC & & iy
phan tich bi Shen va Xiang127. K/} chh v tr, FGCNTRC ¢ | ‘ncg Qttp€
trong nhi{u nghién cu ¢ a Shen 121-123 128 va Shen va Xiangl24 trong cac
baitoan n ‘'nth  L'i,’m ‘mbnhit v =~  nd phbtuyl chu cac I3 tfitr ng
khac nhau. Cafn h * ig«©a CNT, cac thong'shinhhcvavdli uti ngx ¢ a
kjchh ¢ | nckh[d’s& va phan tich chifi

Baitoan n ‘nhg atin FGCNTRCchutlit rt€r on g mghhit t & €
nghién cu b i Kiani [63]. FSDTL & apgdn gWwkiydng c&8c ph€fng tr 3

22



¢ atih. Kiani[65] L « nu h i nb nhitphituyh ¢ a tiih FGCNTRC chu

thitr ngnhit t EunNguyén ly cdndo k1 h p v i biw th ¢ Ritz v i cAc ham

dth g "¢cBnvala c hChebyshdugWihuclL€8§c phe€hng

can Bag phi tuyh. Jam va Kiani p1] va Mirzaei vaKiani5 L « p h©m ntt 2 ¢ h

L " Nivd n “nh nhittuy/h tinh ¢ay nén FGCNTRC chu &p | ¢ ngoai. Cac

ph€hng t 7§ qey tclow c th&trénFSDT. Dthg t ng quéat ca cac

ph€hng t2agvathh g h, €b8 cukin b i ° ncdtartrén ndugdn

ly conglo. Tt ihthg ay L ‘& . &&inh d a trén phan tich mang tgytinh. Cac

ph€hngntnbgaht h u cthed tiéu ch¥ can Raglan oh. Kiani [64]

vaKianivacacongs [67] L « nuw hd g@hgt dogacackhvay tr xién

FG-CNTRC. CacbBMth ¢ ‘lcghattridt h ta  Des cardcawsw Lile

thanhhta Xi °Wh al m«n Qdignc blii°n. Phehhmdghs&p R

I’ ‘& phét triM theo quy trinh Grai® ¢ h mi d t c@hebyshew €Hmg ," c L €

trivd  k RA\&&y d iig bai toan gia trriéng ¢ a K} chli. Mirzaei va Kiani[96] va

Kiani[66) L« phonngt doovh  draBgp ndll cc a cacpanel tr FG-

CNTRCchutfitr n g  dgbayFSDT. Wi/} I bai toargiatr riénggah,

ph€hngntprhBeRitey i L & Cheltyshev va quy trinh Gragthmidt

t €ehmg | ° m ~H @i khai.Bai toangiatrr i ° nggliLV@ h ucl €

tfns daolL,ng Fnlgabcling nh€ c&c mode |i°n quan
Leivacaccngs [74 valiewvacacengs [87] L« p mOnhtuy]? c h

tinhvaphituypcatth FGCNTRC ichsitr ng c¢chng ph€hng ph

phint t do kpRitz (elementfree kpRitz method)FSDTL *& &p d ng va cac ham

h% n hon | k(heshirge kérn€l particle functiond) ‘& s d n g Wibh ¢n

I Yan g ‘cn§ chuy v K& chiu. Bagtipah t €©hleiya daccngs [75]

L« phomnth2ndghapanelir FGCNTRC t rcacmigh mil-n nh

c h 2 n b phn€ch théng quadi X Lfu tién ¢ a Bolotin.Lei va cac cng s [76]

va Zhang vacacags [156 L « n g luin® nh ¢atbin xién FG-CNTRCva

d a ong atiin day FGCNTRC.FSDTL ‘&s d n gWwelydng h m ngkng | -

c- t/habi/hdig " tngaBg vaquantinhquay. 8 ngxpx b3 nh ph€hng

nh nhil dch chuww di ti/h (Improved moving least squasBdLS) vac c tiw

h” m nltngthong B h €hn gRitpmE p p h Sihmig tr témg v i r&
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ca b i t oBnraBBagcdcEsdngFSDTv” ph€ehng ph&p G
Sofiyevvacacongs [133135 L« ph©m A cw” hogicamdy ndn
G t FGCNTRC co va khdong con L™ iohulfi 4p | c ngodi va néd c tr c.

NhiQi nhémtac diVit Nam c | n giba wéanmphan telmgx c h
nhi t ¢ a cac K} chl FGCNTRC. Nhom tac iNguy n n 3 rclva cac eng s
[25, 30, 31,109 L « . cthihn nhiQu nghién cuvQl' § m g, nd.¢ a cac K} chli thin,
panel tr vay tholi h @ang AGC N T R C i ce@H t[i tr ng khac nhau, trong
c § ¢ nghrp@dvakhongco@m L™in W tlr o n gig mhit. iCacinghién
cus dngFSDTvaHSDT, ph€ehng ph8p Gal er kKutia, Vv~
I'Wkh[o s §.tn gln@bc ¢ a k] chl.

NhémtacgiHo " ng VL ncact ¥onsg[3, 8,92, 51, 52, 143 144 L «
tdp trung phan ticin h “Mg€a Q@kin bi °nit il hgx “h "nh tuyh
tinh va phi tuyh ¢ a cac K} chl thin, panel tr, v tr. vay tr ng FGCNTRC chu
caclditlitr ng c'h  wHh i téhh m Trang khi cac B chll thih va panel jr
FG-CNT RC c ihén tich theESDTvaHSDT[90, 143 thi cac K} clli v tr, va
v, tr ng s d ngly thuy}v. Donnell gil thi/T ¢ a Stein va McEIman [57, 137] i
dthg nghim ba s hthg mé phngth g t h@&rd n nke sau il n "'nh
tuy/h tinh va i tuy/h  t ©hgribd, 52, 144].

Nhémtac gfcaGSTfn Mi nh T% c 1 hgngliénocgwldl- p m
chl thih va y FGCNTRC.Da o nglt dog ati vay tho[i  h acong EG
CNTRC phan_lp s d ng mt ly thuyg tinh chnh b n bih (Fourvariable refined
plate theorym i L'«thlcBnbiTfnH uQucvacacengs [10d8 v~ VI
ViEnXavhcacengs [140141] . Trong L - nguyhtdNadiet Ha mi
I « °d$€] n g .HhgXuadn Hiongvacacogs [56] L&ng p hpip pbg
Ri tWoh®n t 2ngh dodga tiin FGCNTRC theoFSDT. Cac K} qu L ‘&
sosanhvaxaceh , tincd/bagcackigu's ¢ apfnmdn t h €HANSYSN
1.2.3.4. K& & u Auxetic

n€cbif /hlaldvdli unGvacokifn £ ngthhxunglc t &gt L
ttdocohs Poissonanvdliu Auxet i ¢ ° oguantamaghiégo vl €
_ng d ng trong nh@ nganh cong nghp . "iwik/clichutfitr ng tdlnwm, v
Auxet chiphkn@al pldinhGl ~ m It £cehedm ¢ a haitbin chu | c. Do
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L -"ngtclnggcak}chl ‘lc€et tng W°is gi@&ndg tlhg WR! ng

kh'i *hg®Fchl. no©y adifmppapktcho oéc K chl chu titr ng khac
nhau. Vivdy, ngx ¢ h chak}chlitthy Auxet i © Qid trohg@hQu
congtrinhtrongnm g nfomL®vy .

Zhuvacacengs [15§ L« nuwims ¥h o fEmg d a6 atin
sandwich 16i Auxetic da trénHSDT, tinh phi tuyh hinh h ¢ ¢ a vonKarmanva
nguy°n | T HamiltonW  dgfa tip htehm gl @ragé n b
do,d a gngtadbdfnva |l c trong mbphg ¢ a tiin - L'c&em xét.B3ag cach's
d ng mtk: thud thufn niihéa, b i A u X e thuFnenhiilv@n t 16i d h ehg
t €hng Qlehglgyk thud thun nidinay,Nguy n  VQuy va cac cng
s [109,L « ph©n ndg cuy® dcaapandl fr FG-CNTRC v i16i Auxetic.
Phtm Hoang Anhvacacags [ 9] [« s B hngd amwgaly thoi hai
cong FGM c6 16i Auxetic Bag cach'sd ngp h €h n gNayeh. 88iNg ¢ Ly va
cacc ngs [92] ¢ 1 dggksthud nWphantich n ‘'nhvasau il n "nh
phituyh ¢ av tr, FG-CNTRC cé I6iAuxetic.

Lanvacacengs [71] L « s d&dapsn§gnri ¢ @ panel {r sandwich co
I6i nhdom 1 ng, 16i t ong | c giac va I6i Auxetic't ong. LGi Auxetict ong cong
I ‘& thif k/jvacac md hinhgimt h uhth ‘lc¥y d ng bRag cach's d, ngphfn
mQn ABAQUSI Explicit. Cac mé hinh'sl. « “ulchin h * &s€d n g Whid ph ng
I & ; g, nd.¢ a cac panel trchu tfi tr ng n ngoai. K} qul” cho thyy rag cac
panel tr 16i Auxetic co hiuqult't h h nil8isnedmyng va 16it ong | c giac

khichutlin .NgoairacacRqu's c | ngracils gi a tdargg, lday L

calpmykh[nt n gnga It acac panel cé 16i Auxetic ong, 16it ong | c
giacvaldirng t £ n gt Fobirtla cas binrco 16i Auxetic't ong.Ti/p theo,
Lanvacacengs [72] L « nuwthifkfthi c€u _pldi Auxdtic chap kép
( DAA) . "ndapthifk]ei €u’ dxemxBteit t n@h pLfutiéntd

L

ch

trung vao vic glm _ Wwéngvakhi “~hg@akpchl, t r onngh \Haiith t r €

trungvaovicgiimLl v»ng Vv [nttinmpghhkthn gngtré@mt L'hn
kh'i ° hg&iufangvacacengs [ 1 5 0] [o $atfn &« dh a ong Ftiéng ca thin

sandwich I6i Auxetic theo HSDEipakchi va NasrekandD] L « t r 8thudh b~

t o 8WhghiBncu d angg dy tr, composite chu ap sitichuy | . V' bao
gmbalptrong p- tcdagl vib nhgahi WRg Lig@
25
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| p 16i Auxetict ongcéh s Poi sson ©m. C§dM pigtchingl €r 3 n
d atrénly thuyf v Donnell vanguyénl Ha mi \\gh@mcu  rihdy ¢ a cac

tham § hinh hcvatinhchiivd i’ u “ilv. itfn s d a ongt nhién,vhfct i

hth v " nly8nd, cac kifo sat s I « ° dtigr hanhLiva cac cngs [79-82]

L« nghinmgr uo,’ n nth, w&mlyg v ngmhiduylt ¢ a
sandwichvi | »i  A®D Bl tsi Poissobnéiud ngvafns ¢ hinhawt

i'u Auxeit i bclph@etich va xac minh?bg cacthinghm t onh v~ d
I, ng bRag cachs d ng cac i ‘lc€]ttb brag may in 3D. Cac qul's cho

thby raag, 16i Auxetic co thtMamgiim L §Wgv kng t.oagh w1 n[y nh €
ntnoutficshumd’ n ‘nhg ak}chlisovi "thhgh®h s Poi sson d€hng
1.3.TiQn n t ngg ng ¢ acac K} chli dbhg tbin vy FG-CNTRC trong cac kit

chli cong trinh

V.i nh_ ng LHc Li-G\WiTRGE g0 tw_ii ao§cma Wt |
composite truyQn th ng, ch%ng clng c- t
ki n ctng tr3nh hv L HchBbti It° kch8ic nchi_ nngg tyr°3un
vQ khl ntng ch u I ¢, L, bQn v~ L, tin

t2ch CNT nhblt -CINTRIC, ckJJtt hddbluc -FGnt  Lun Yo
khing b tn m,n nh€ kbmnbo#HBehkh!pgctngh
t4i mHt | i°n kJt gi_a ¢t v™ nQn nh+¥€ cor

Mt s° _~ng d,ng tiQm nt-@dTREBockI/Jt hwhblo
thbly nh€© nh_ng L€ ng "ng vdn chuyWn n+¥€
cblu krngntrdd4 "ng trong c8c c¢c'ng tr3nh bi
khg8cé (H3nh 1.3) nhi m" <€u LiWm vQ L, c.
c_.a-CNGRC thwW hi " n v€ t tr_ i so v.,i c8§c
composite .truyQn th’  ng

C8§c kJJt cblu ph%CNTRCLMMhis chi¥mg &I u t
ph ¢ t4Yp, tu i th’ t2nh to&n | . n hoHc t
bi Wn, c¢ctng tr®nh dfu kh?2 hay c¢c*ng tr3nh

Blntrc .mgethgtth FGCNTRC “m- t d@go ttW ng d ng cho
mts k/pcBl n fin@tuiofu nhGsanchul ¢, maichevacackhkin kh §c é
(Hinh 1.9.
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Hinh1.3. ngdngg av, tr, composite trong R chll cdng trinh [23, 73, 113]

Hinh1.4. TiQn n £ mgg ng ¢ a ttih FGCNTRC trong K} chll congtrinh
[24, 60, 70, 93]
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https://leecomposites.com/
https://compositeslab.com/composite-piping-key-to-success-of-new-california-desalination-plant/index.html
https://www.reinforcedplastics.com/content/features/large-diameter-composite-pipe-lasting-function-in-a-world-of-growth/
https://www.reinforcedplastics.com/content/features/large-diameter-composite-pipe-lasting-function-in-a-world-of-growth/
https://frp-bridgedeck.com/planks/500-40/
https://www.compositesworld.com/articles/tooling
https://www.makmax.com.au/project/sydney-football-stadium-roof/
https://en.interglasssolutions.com/panneaux-composite-en-aluminium?lightbox=dataItem-jgs4whjk

1.4Nh ngkFqull « &L °lc€t r g ovgiquc®]vanh ngveh QEfn ti/p
t. cnghiéncu
141. Nhung k&g L «ut LIl tr covi gl A
D a tr°n c8c nglFGENTRG rw nwgQ nthbinm gv 'n tvm v _
t htVd Bl . kGt mgeagnhk h o at ho mgv 'n@ WUt pbagg” m:
1-Cacbaitodn n L nh tonh tuyd]lna trdritht dgini vp'hi
V.FGCNTRCch u t[T[i twvackhmdhich, kdhi ht p,nQn- ho
L"n ta’etd Jnnphhhn ¢ tue€hmgdg L §i¢ htaodkay® i * n
t h uwap b €h n gkhas hhgup
22n« khF&€hsgtl i to”"n di ndabo il tnogg nt uyn
t2nh v cpha ttey/]dUmF@CNTEBGe hv 'u vc,8c Li Qu ki
kh8c nhau, theo c8c hehngkhphge &h8mrQmhl
3D% L« ph©n t2ch ¢€bhpg tognto a dgcnk
s€thng ¢c._ng trong c8c tr€ ng h-CNTRCh&§c nl
c6s €tmngvXnng . n rblt hdn chl.
4-C8c nghi°n ¢ u ACQNTRTt cc bll »ti GIBR ed F G ¢
LQ cdpiQtfong c8c nghi°n c. u.
14.2. Nnung wn Zg ntifp tAc nghién ou
T tng quan L &énftac gtudh arbnfdythby co mts veh QtFn
I ‘& nghiéncu, L - | 7" :
1- T€hnqhte F Gihil W]s“@choklcel FGCNTRC L, i h
nh ngyéu §u Hibit . T r oWkigdbngllam,nid thh lién fc ¢ a v
li" u, gifi phaps “@c | n g 2wgvhi UFGCNTRC hdbs @ lam clng
vd i uv ivdli unQco thM ‘& xem xét. Tuy &y, cfnl €uad mor
L uYoungg a FGCNTRC | n h h htr o8y i m?* Yolingma vd
iundy tr ong ik hhig@Wtich ¢kt I u Ny vd FGCNTRC
khéng chénh'lc h I ®Wigdy kem xét ti tinh hi u qu vQkh i~ hg€
trénliich mang¥l, s"@lambagFGCNTRC | °~ ph<€h@g §n
mHuk: thud.Kh -k ht n p h §:tthudsamtdc dig$ @ cho &c  k
i'u }Lg . mg®aVdliu FGMctE®y khpngyviFGL% h
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CNTRC, vi Wy m t k: thud san tac dng s @ cli ti/h chos @ FG-
CNTRC ¢n ‘Lcghét trid.

Phan tichn "nh va sau " n "nh phituyh ¢ a K} cbli thiihn FGCNTRC
cos@t £t ngg F6GCNTRCt r ong ~ ngtnhit. t rT@ oHSHPT L -
Leapdng, s dnghamngsiti v ph€ehng Wii§ e IGal er
n h €lokahcadn h * mg€as @& FG-CNTRC va cac thdong shinh h ¢
vdliuti ngx “n ‘nhgatin.

Phan tich n "nb va sau il n "nh phi tuyh ¢ a K} ckl v tr, FG
CNTRC cos™@t £ n gg chu cac dhg i tr ng khac nhaurong moi

t Tn@nhit. Tr o n gthglhghindba s hth g * ¢ ©x e mwmno @htng L
cactth g t hdSmdl nt ‘'nh€sau e’ n "nb tuy tinh va phitujh ¢ a

v, .

Phan tich n "'nb va sau idl" n "nb phituyh ¢a K} chh v tr FG
CNTRCcOI6iAux et i ¢. Qua ulgu ¢ &I& Auketict i kB[ h i
ntnoutlic htcva®umi' n nhgavy .
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Ch€hng N.n. NH PHI TK&ENCICUACDN®{TNRGC NH
V TR, -CNHRBCTI NG C NG SBhdNN&-CNTRCCH, U
CP L-C NG@OBEN D" C TR, C TRONG MDI TR
NHI = T

Trong ¢ h-©thnag xem xé B chll cong trinh c6 ehg v tr, FG-
CNTRCclLe€etmytfagh s @FGCNTRC t medchdb€ t heg@ h€
vong ¢ a \ . Cac K} chill dthg nayco thM ‘& $ d ng nhiQu trong cac cdng trinh
n h&x habtr dthg” ng chocfu hdb cho cacdng trinh dan chg va cdng nghp,

c § c nd ®@chul cva cac &l ki n khac.

B"i to&phintliwfAWGCNTRCcI g« nhdn L€ ¢ s,
taml Hic chia tnhi Qu nthrromg hn€©nc cywiu tlr«® nc -t hnihi
nghi°n c¢c.u t€hng L i to"n di n bTwng c8c
nhi°n, cph@mltt 2chvd8'¢ rk hiT onts 8¢ hAFGCNTIRZ/Jn c .
c6s €tmng.chegl« phoO©n t2ch ° s E€étocad ot%i€e c,
vdt | i u ch t2nh Dbi/Jn thi°n n-i chung cf
t2nh li°n t_c c_,a vdt 1i wu.

Vi ¢ tsh@FBCNRRC |~ m t T t€ ng t t vQ |
|l “"m nlfy sinh m t vbin LQ® kiR- bKhEONFR&hn FGQ
|l m t vdt i u d h€e ng msE€hntmomg kij
yJJu tdp trumsdgElxRGyy dhesgEge@idocHicng | © m, t Vv c
t€hng t  L3Ing h€ ng. V3s@dlyi mpost GEGchhud
CNTRC cfn L€ rcompch8lt- traowng” m ¢ c8c th'n
s€, ntre,. ¢ khi thiJt I dp c8c h ph<€ehng t
tuyJ/]n c_, a v,

Ch€hng n"y LQ xublts@l i mphb®mg goNFRC It ih'i gt
cho k/Jt cBINTRC,tw_ i F6. ng quy | udt phon I
v.i quy ludt ph®&n HbH'hu@NT st §let idhnn gd ™ n 't
s€FBCNTRC L€ ¢ phg&8t triwn d a tr°n 1T t
t € ng dsasmgEci®cli Wn c_ a tLeck8hcrhi stkiiflip. cMin gi |
c_.u “n L nh phi FGANYRTrc6scE van ic Scc§ cv L dbtnrh r BB in°®
g i déh'Luntgli hSplcl na®rnrgodricg tmd iclte € g 3mth
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by m ttc§eCh8cechpihdindgleiaos nthi Jtl TI dphudy JJa t
Donnell trong L- ch3nkhWhL En tth2eroh vamgi®io at w\o
h3nh nQn L n h”i .HAim h'ngs sudlta LRast er n a
ph€hng tr3nh h'lmjiphEhagv®@retmhnik Yo h" " m ri°
ph€hng tr3nh c¢c©n b3ng v° m t hpiK®hhgmtF 3
L' v»ng v° h" m _ng sublt. DYng nghi m L,
s hUng m?! ph, ng bha mHtYngn tth 8ih cv "a sgauug n
Ph€hng ph8&8p §alde rnkgi nhW @ Hoehing danrmgs nke, ¢ ©m Y
L4i s psauddiey ini °ur h™ phi  tcuy/fnh VW in had nt [1
sau m t s’ btJnLL t&t@&PiaWhctimgo it vio n®]
hdn CcEGELNRRCcés €cn t hW.Cha KMef'ac UsStc ti Jjn h
L§nh gi 8§ c8cs € ract henwgdts clia’ u nwQn hlB'nrh Hth |
Pasternak v’ nhit [Tt I kihfhidgt e® rug tlIJjn sau
c. a W¥GCNTRCcos €FAGCNTRCD a tr °n c §dact iifpans §t
v’ nhedn K®ighoa L€ ¢ th ¢ hi n m t c8ch

N i dung ch2nh c¢c,a ch€ehng n"y L« L€ ¢
ch2 qu(sCt E)I'$8B"i b8o s~ 1 v 2 trong d
c.a t8c gill Ii°n quan LJjn I udn 8n)

21. V. tr, FG-CNTRC c6s &t £ n @agFG-CNTRCvacacp h<€hng tr 3 nh
L%

V. tr, FG-CNTRCtrongluh  § n “rhghiénlc®eco h t a | Oxyz LH
" mHugi agavy nht®ngHinh21l, tr ocdx U he ongl & trc Oy
t heongWwvatrcOzt h e ong bRdAy ¢ avy . BQday, chQu dai va ban kinh
trung bhvdi all'@ kythiulfn “kl&h, L vaR.V, chutlidp| c
ngoai g phan b LQu trén WQmruy, hotb tfinén dc tr ¢ p phan b LQu trén hai
cchh V ¢batig@anh'inQy L™ i Rastlrnak hai hs .

Ngoai ra,v, tr, FG-CNTRCL ‘& t dnyb2ng cacs ‘@ FG-CNTRCtheo
h g vonghotb theoh ehgd ¢* mhbtrongcay .S~ | €€ndgheo h€ ng
vongv ©  h @ lang "k LEe ky hiula nS, vanl. . Cacs @l ‘& gi thifp

lanh v © ° dbétri mau, phthp v i cac gl thi/} ¢ a k thud san tac dngs @
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¢ a Lekhnitskii.Luch &n chx e m X ®g h ptsr@ElHb  t h, e vory Bbb
hewgdcy m™~ c¢h€a . ke nghgddialtbtheo ¢ h a i, ngwéhg va
dc.

Th°m v CNltrdhgy cOthM ‘& HL t h egvonh(€y hi uy C)
hoto mgdcKyhiuy L) . "N€ivlis@t £ ngg GNTIudbnl &
b tricungchQuyv is™@t £ ngg telas @vong(s @ C)hdbs @d c(s e
L). Cacthifkjnaytbrabn ‘tngkKpg av, cos™@: V. Lcos @l (kyhiu
lay LL),v, Lcos™@C (kyhiulay LC),v Ccos™@L (kyhiulay CL),v,
C cos @ C (ky hiulay CC) (Hinh 22)

N —

| L] e x
stif

Hinh2.1. Cac thong'shinnhcvah it a , € ay tr FGCNTRC
L& t tnybrags ‘@ FG-CNTRCc6 v L ™i bao uanh
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Nt muyludphanb g a C N°Tcxdmeéta FGX, FG-O, FGV, FG-A va
UD. S bongtachl, pgi av, vas @ co th\l ‘& gifm thiw n/lu tinh lién tc ¢ a
vdliucak}chis™@v L ‘& [niblo. Trong luh an nay, ba thf k/jv, i s @
L& QuHlay FGX, FGO v~ ‘WwviHps is @ FGX, FGO vaUD
t ©h mg(Hinh 23). Tuy nhién, vy FGV Tc® t n ggbugs @ FGA vay
FGACNT ° ¢t€ n ggbiags @ FG-V (Hinh 23). n\hgda g n, quy lud phan
b CNTgay vas @l & vi}theo quy ldt phan b CNT ¢ ay trong cac ni
dung ti'p theo

Hinh22.C§ ¢’ ngh pahifk/jh ehgga CNTtrongy v ~ ° s €

Co6 thwhhdh thby riag, BRag cach thif k/Jn h @y, tv phfn thwtich CNT & cac
Vtritpxacgiay v " rsla@iéntcviclnt m qduphdn b GN T ° ¢xém
X ®t knhg dhisCNT ®dngyv ~ t r ola g ngni@&u, tclaviv LL
vay CC. Trong thc t]k: thud, co thAkhdng nidithi/T [miblo Qiki' n nay trong
mts t rn@h pntE "nt, vi vy luch &n xem xét thémlch a i’ nd rp&® LC
vay CL khi "€MNI tlhe ongkhacinhabht®ngw =~ ° s €

Céacquy lud phan b ¢ at phfn thwWtich CNTcay L ‘& xem xét h e o
quy lud tuyh tinhph bi/jh nh€ sau
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€ - h o 1

%VCNT, 5 e 4 ( ub

T, 4 h

Now 5@ 4 (Fe)
. a_ 4z 6 h h

Vent :{VCNng % 6 5 2¢5¢ ( FG-0 (2.1)

| -

', a2z ,5 h __h

i . -

fyr &2z 8 h h ]

TVCNTgeh—+1 6 5 B P ( FG-A

nWphu A p v i quy lud phan b CNT ¢ avy ,t phfn thwtich CNT ¢ as @
I ‘& gi[ thi/] tudntheo cac hamtupn t 2 nsay n h €

Ty,* h h

IVCNT’ §¢Z ¢§ Ry ( Up

|

T, |-4z #2h 2Zh

3 Ngis 2 2

1 o ~

oo & |4z-2h 2| O h
\Y/ =i Vent 2 — 2% —G+h FG- 2.2
CNT % CNT(? e ‘ g 5 o st ( 9 (22

T o N

T, @-2z 4 0 h h

%VCNTW"'Z 8 §¢Z ¢§+hstff ( FGY

i . 3

s« 82z-h O h h

{VCNTgh— 8 §¢Z ¢§+hstff ( FG-A

I ¢ stf +

Luch &nxem xét baitoana i ulamvic t r ond ¢ 7Tiaii dat tbanh
phfn bih dh g ° d¢gfthi/tlanh d¥tiliénh gi a ngstivabihdh g “ ¢ €
gil thiJ} 1a tuy tinh pha hp v i gilthi/ ¢ a “nhb lud Hooke. Ngoai r&cac thanh
phFnphituyh hinhhcga v on Kgcx @Enphilh v igilthi/f | bng
[ n.

X®t nglipe CNTc Mt h epdch €, L) , nhlud Hooke ng
sudkbi/h dthg choFG-CNTRCL ‘& s d ng” dth g  Ba[%3-55]
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o

D fQu Qo 0 g Ao
€Sy L:Fngz Qp O & gl T E (2.3)
é Uz e  Z s
S, 060 0 Qe@Eg & U ¢
trong L-
E E n,.E

Q11:¢’ Qa2 =2, Qi =21 Qes_ Giz (24)

1- A 1 B N1 ;00N

vaDT lamc t £ntg it b i ng so®itrthg thai tham ch. Céc Ifag $
" i Bp,EpyGys Ny, B;VAK S gi@inn nhitay,, a,L & x Bicthedi cac
b th ¢ (1.1)(1.7).

L€eu Throngglip €CNTc M€t h egpvong &y (v C) 'nh L
lud Hooke cho FEBCNTRC nith  “Lc8Rag cach thay cac ¢s d @ ¢ a cac thanh
phfnhrags L " hidfL 10 th nhcH&~XZda& " fage® th nh fA1l
biwi th ¢ (2.4,

Vo FG-X va Vo UD va
suwon FG-X suon UD

EANG a)V §

ccccccc

..........
ooooooo

Vo FG-O va Vo FG-V va Vo FG-A va
suon FG-O suon FG-A suon FG-V

Hinh2.3.Cacfh pgi ayv v ° ° rsv@cac phan b CNT khac nhau

Ly thuy} v, Donnellva tinh phi tuyh hinh hc ¢ avon Karman:’ ‘& s d, ng
IWVkdydng c8c p kheBmv@ ngx 3nnrbvasau i n “nhphituyh
¢ ay FGCNTRCchuéapl cngoaihotbnéndctrct r ong ~ mginhit Ly r €
thuyF v, Donnelllamtlythuy v k i n\M, pliihpv icac Klchly ¢ -, diy
nh . Cl ngxed ®étyé\n c - dAynh néncacthanhghbihdhg "t r €
nganggilthgtlanh v~ ° dke&yuatrong caiénh ¢ hin.b
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Céc thanh pfn cruyWwi v u,v va w céch nrbgi am tkhon g Zzc vig€

nh€ sau

(2.5)

B P
1=
é‘D
N
E

c
(¢
&
P g g et g | p— p—_ e~

t r o nac thanh pfn chuyd v t4 mHugi atheocach €ng x,y,va z L ‘& ky
hi ulauv vaw t €©h mg

C&c bi BngvhYpg§chgimmat kholng z L€ c b

sau
e 2w ‘
éeg 'Zu—2 L
€e gé 28 L
e’ ':'eo HzW :
e, ve,ez=— I (2.9
gg ue Ky L
xy € 2, \
&f, 2z
e X W@ o|

Cacthanh pfnbip dhggay * mhugi a e}, Bvady L& x@kcla L

[17]
e 13 2 !
-+ 5
éeo géHX 2(} K =+ \
e U8y 1aw Bw |
SRV Lol g, (2.7)
Eeg oGy 28w 2R
o o w v
o oyH X W

The o' nfcaleékhnitskii,lth &n c1 ng s>@damvic®tn hc€8 a § ¢
dfm chu u n phg, v cos @l ‘& thyn nilivQy, khongs™@d hehg t €hng
L ©h Rag c&ch cngt ngcacthanhgin . E ngcas™@( s a u ~ k dam theb €
hehglamvic ¢ as™@)vao cacthanhgim  Enggcav t €h mgK: thud
santdcdn g " rsc@ L e k h n i thi§ ki dia tr&n@y thuy} dfm ¢ L\ (b
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qua cac thanh gh bih dh g ° t) va®m Rag vd |i' u thdn ntEl ;3 ¢ . g€
Trong luch &n nays @ L ‘& lam bag vd I’ u FGCNTRC, vi \Wy cac thanh pfn

I cnggas @l &

thanh pln

khi san tac dngs “@va ¢ ng d n vao cac thah pfn

thuyF dfmd h € g
s @ c6 chiu cao nh,

nhe

i bi/pdhggalythuyfdfmd h € g

tng

X "@icthed Iy thuyt dfim d h &hg(Cac bWith ¢ ¢ a cac
_BEngcadmdh € g ° ¢tkam kifo trong cdng trintil30]) t r c€

t @bgagy .nW
phi A p v i ly thuy/t v Donnellva tinh phi tugh hinh hc ¢ a von Karmanly

c | qug cabthanh gh bih dth g " tphi&hp v i cac
t r on glthi}dién b Sughtigh gi a, ng sudva bih
dthg, hay lién h phi tuyh gi a bih dhg vachuy v ¢ T n gc ch @
| Jfv It &\ ng.Khacvilythuy/fdfm ¥ g . fg@ién h ng sul
t €W nygthuylv teh nog.

t €hng

Biw th ¢ | c gian N,,N,,N, vamé menM, M M cav tr FG

CNTRCcOs @ co thM h u ¢ iR¥g cach tinhtn g, clng g ay vas @, dthg

fng quéwidiadhg
gN X g eA, A, 0 By By, O
> S é
gN y 3 M2 A 0 B By O
éN Yoy g O 0 Ag O 0 Bg
gM X 3 éBll B, 0 Dy Dy, O
éMy ¢ 2512 B, 0 Dy, Dy O
e Ugo 0 By O O D
My, € 66 66

€ o
e39 u
é T
o  ufb
Dy Ueg J
e Ug ~
g Pw uUg0
2] 2 U4
" ST
¢ M uds
@ p'w UérT
a 2 Ug 2y
a v Uéo
¢ 2y U
&2 u
e XMWy

(2.9)

t ronfd, £ 3, % lacacthanhpfnn il cnhitgay cos"@val ¢ ng

gian ,

Cacthanhpfm L Engcav c -

(A11,B11,D1y) :(Aiq’Biq’Dsth) '(Asltq_ “,B°f .0 L_)’

(A22’A12’A66’822812B 66D 22D 1p Ga

— sh sh sh sh sh sh sh sh S
_(AZZ’Alz’A66’BZZ’Blz’B 66D 22D 12D 6;)5’
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dngkith pv *, clhglng ay cés@kyhiulaA;,B ,0 t €h ng
‘md@nhth ‘lc€nh€ sau

(2.9)

(2.10

t



vav i g h@s @vong nhch ‘lce
(Azszzz’Dzz):(AszthsgzDszhg '(Asg_ciBStzﬁzc’DStgze), (211

(Ail’ A12’A66’BllBlZB 66D 1ZLD ]é:) Ga

— sh sh sh sh sh sh sh sh S
_( 1’A12’A66’Bll’Blz’B66D11D 12D g}’

(2.12

trong" B0l " clhgcay khéngs “@, tinh bRag

(A"8"07)= R (1z2)dz  (iid29 @19

P
V. i PlamiQhchiudaycavy .
n cngcacacs@dc AT - BT E DT L-vaca ¢ §ovomge
stff -C pstif € Rystif G » ¢ . A
A 7.B3, T,D%, T L&tinhtoamm h€ s au
A S -L stff £ AR =
A Bl © BeR, B O

e gé. Z
<pstff -L stff E s L 2
6B, D11 Y] @gll D1E1 ¥

g < 1. g
hn 0 BR 0 ZeR, BEs (o4
\ = - - = ‘e u
_gﬁfz o BE o€0 Ky o0 Bf ldéo 0y
- : v 66 pEU
§|§1L2 o D 0§85, o D5 O UéglLZ DlEZu
e L E Ug ‘
60 B 0 Df €0 0q
eASt-C pstf € HaRC BE g
éitzﬁ-c itsz c gégél élu
€B.> D22 ueb: DR o
e = 1 9
27?2 0 B% 0 ﬁecz BlEZ (2.1H
\ = - - a e u
¢k, o BE 0€0 K 0 BR Ug0 0y
- s e & e o Udze gl
gk, 0 DE ogx, 0 DS 0 g8, DBy
é = E Ug 7
éo s O D& €0 0l
trong L
S bt
L LE_ Ostif ~ 2 n
(& BF i%_dT fq (12.7)dz (ij 229 (210)
stff W,
S b<
C _ Ostft 2 N
( 7 BF, j%"dcﬁ nq (]“Z’Z)dz’ (ilj 229 (2.17
st We



h

v, i W la miQr tich phan theo cQil caoc, a cacs @dc ¢z ¢§ HsLtﬁ , va

B

W lamiQn tich phéan theo c@i caog a c § rcvong % ¢z tl% If;ﬁ
¢

Thanh pfnn il cnhitgakjchly cos™@LcOth ‘& x B b Babh €
=3 5y (2.18)
vay ¢ -  mCahh ‘lce
foo =3 of 5= 13, (2.19)
trong L. foBhctgan T @h xp8ichRad cach tinh'ting
fix :ﬁQll a Qi aTdD g (@ 2 Q% J+ Tdz (220

P

“iLis@cvas@LIlfn "t €L tenhbay bi

bL
f3 dsLtﬁ fi(Qu @ Qi JaTdD bStﬁ = (A1 1 Q8 H Tdzi(22)
stff W Stf'f W

Ph€hng tr 3 nhhdhg@tonyt htuhetici/ph iph€hng tr 3 n
27, nh+€e sau
WCEWE o1 pw  fw R
w2 x? Xy R xAg xw M xuy?p
H ph€hng tJagthedly thwy@n, Donnell phi tuyh cé th\L ‘& &p
dng sao[&

(2.22)

Wy N g My Ny
Ky X XH Yy H
2
WM,y My My Ny (223
O U " TS &
a ¢
N, ”W 2N, ﬂ Nyi; G K K iﬁg
i’ Y p 3 SXA  ys
tronk,(Nm3)vakK,( N/ m) |~ L, C. ngPasternak. nQn L™ n

Ham ngsHic cOthM & L €a v~ o, QtkrncathM iEthab a L |

mann h€ s au
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Csz’ ig g\ly’ :

HX W

N/ut 3 mcHa@ ng sl QiuHitha m«n ba p(R2@thinhgi
ph€hngfuttiénta hp K €©h 2R3 £ BIhmh m«ny nHl

Ph€hng bacian tp hteh 223 ¢onthngs v/t IY bag cach th

c8c pherR®ya@29d2 nvho o phe€hmg/Ht r3nh n"vy,

g

- (2.24)

g[S
N
=

4

*l_lW * VM.
Di,, 4DF
[0z D 6)n Zyh - 2y
4
R TAR . ‘N oc o LT ucp
B M C (B, B, 2B B, (2.25
21u><4 (B B2 28 Kyh o Ty oyir? o
2 2 0 ~
e W uxu Xy MR XA Exiu oy’

Vifldph€hng tr 3 nh/hod@®HaRs baghcéckkdf h v i cac
ph€ehngl9vaadhdnti

4

4
C * C .« «C A\N %
A:LlIJ (Aae 2A12) 2IJ A2z 4“8"'21—4 gi"z_a, g
px* K* yf yi o Txtp Tyt
T (2.26)
* * 5 w a 0]
w*p? Fxu 2 xfi yuR x?p

trong L-

. N A N A * 1
AllzﬂvAzz ﬂ’Alz =L Age ——, DA, A212
D D D Ag
6

Bll:AZZBll -Alﬁ 128 22 Al@ 22 A- E 1B 12A:§ 12A %2 '
Bo1=A1B1, -A1B1Bgs B eéA 66
DI1:D11 _Blﬁ*ll 15 22]. 22 D:22 B ﬁ lZB % £
D12:D12 -Blﬁ 12 15 22D 21 D:12 B ﬁ 1lB % 2.
D;6:D66 B 6(5*66 D*14 315 11 B'ﬁf 21
D;42812At|.1 B 116‘*12D* 15 B 15 22 B- 2§ 1p ZSB %2 llB 42'

~ngx n ‘nbvasaumdl n “nb phituyh ¢ av, tr FGCNTRCchuaplc
ngo " thato@nhbnQ L™igaPRasternak r o n g nghhitl {Qrpan

tichbagcachkkhp c8§8c ph€ehng tr 3225226, t h2 ch
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22. kinbiéenvaph<€hng pPh8p gi
Trongluch &an nayv, tr, FGGCNTRCcés @& FG-CNTRCchunéndctr ¢
vaaplcngoaiyi QUki nbiéngi dng chicédhh "¢ ©xem x®t nh+e€ s
T4 x=0L: w €M, 6N, paN, Q (2.27)
n, vdnggay th a m«@ki tihién(227) t h e ofn n § Woocgh iy €
“ dthg ba s hthgn h © [58,54]

w=k +an TP gingMm P (2.29)
L R L

t r ong lals -n a songtheoh ehgd cvant €h mglas séngtheoh @ng
chu vi; kg, kyvak, Ifn "t €1 ° b ivehggal gitai tctmé@ n "nb,
bi ° i vingga g iYadaunion nhtuy tinh va phitufht €©h mgy
Ly do s d ng dhg nghim (2.29 °I& ghan tich chi ff trong cong trinh.ca
I sdz &dtc [ 145] .
Th/biwWith c(228) v = o p h@E28ndihg ham3ngsdl " €x'8hc L

b i
c :Qlcoszmpx @, cos%
? on (2.29)
mpx dn p_. ny SgX" phy
- sm—sm— sin sin = :
Qusin = R L R 2 2

trongy l&ngs trung brgvohgcah,ed he

Q = n?L2 L?/R- 4B,m? § ‘
1= * * 21
32A, m?p°R? 8A M ? 3
Q:mzszz £ o mh?d 2 |§kB_-|i Q%mﬁz_lbz
2 32A,0%% 7 AR?2 PP oA ER> 7
2.2 2 4
o mn%pi1? . nt
A=Am* (‘Aaa 2A12)R— A R*
2.2 2 4 2 2
\ . \m%piL?  nt* m?g
B=B,m* P (‘811 Bt, 2By R? B, R R
222 2 4
s . ~\mn%pi? . nt
E=81A,m" § 9(A66 2A12) R? A% R4
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Do Hol ihig ay tron kin, nén khi v ch u tfi nén hdb &p | ¢ ngoai € xuH
hinmt ngsiHl t h egvony €y, ngswnay ph thu cvaota | ,ltuy

vdy WL h n[n, duth an gi thi/f ngsil n * gvi/lL €t he o
khong ph thu cvaota ,,In6 £t nénlc gi « n, ng voregdl

nghoa

y h-&sh.

Vic Lsgavaoham ngsi(2.29 £tha m«n ph€hhmigaf224 nh

ThijcachiWi th c (2.28) va 229) v~ o ph @89 g
phapG a | e r kcidmgd nd cBo bahanh pfnl, v » n g ,saun h €

S gpthneih n g

2pR L 2RL 2 FL
~ m .. Nn .2Mm
A Ofidy 0 @prRsinTady & siTROfy 0 (230
0O 00 00
Ba
Soyh Ki(k, 2 ff
= , 231
r 5 (2.31)
& B2 0 am%* ni% & aL 518 1
t— s g kmh* 6@ Ia K
é@ A QLJ(%GAZ 16A R & FHOp2E 10
©2Bm2n2p3 2 ”ZLZ(Lz/R'AfB;fnzF?) & sohn’L?
¥ L *2 o kX = (232)
¢ AR 4A R uul R
2 %Ln 26 2 g
-m? fLhp kLK, ; kK4 1289?&" 6 m )+uop
N ¢!
e ,amp 5 1 map’ B n?? B m gAn 5fa &
164Bye— § = & o % 3u%k 5
76 cL TR & @pAmMPR? 2A L CR ST
om0 § 2 mipt o m £ @R azim? g f
JTapr 8mp 6 & map” 3 m P°/R- 4B,m* § #
TUEL QA @ B B QA mp? § 2
¢ e ¢ u v v (233
o 2’\40 ~
1 - 5 .apmn @l 1
P @ £ B
SoyN amp a3 5 mp& . 6
"'?:Z 'qphae_pt_')szl"'a-Zko "'K&z#p%()’ij
g L - g = L (; =
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n@kinchuvikinLe th°m v drtulmgo bRifhthqmad€ sau
[53-55]

2pR L

~ s _
i xdy =0. (2.34)
0 om

KIEH pL@kinchuvikin(23%,i c§c ph®&hRE, @2y h (
(2.28), sau khith c hi nm ts phép toan ¥ Jji

* * k '|2 é_n 26 * *
-2A[; g,h 2A ph (JR_OB SR gi ;1;(A12T§t AtﬂTﬁ) Q (235

2.2.1. Phan tichYn mih phi tuyMm cva W trA FG-CNTRC c6s yn FG-CNTRC
chru ap Ixc ngoai (p =0)
Thi]s,, trongb i Wu 281 & " o c 8rmh (h3R),&73IY ya(2.39),

vachop=0d4Yng ph€hng tr3nh ¢c©n b3ung m i thu

ko =222 % L, e Jag (2.36)
23y T 2% 2y 2y

Jutdnlk F3ikd g, KisJ & O (2.37)

k2 = sk (238)

D

w
D‘)x-

3

N

To
I PR o L o )

] _n’LK; 2Bm°n?piL? ¢ R
“2R AR? 4A;R?

o 4~ o
_amnpL 0 1la
JlS‘ée—R 0

(; —_—

m p & nip’
' EAi*lm(._?szz’




¢
g, e 0 L map® BR-amm? B K m B
6 CL =R & F 4AMPp? 4 L ¢
] _18mnp s 14 1
2 28R 2AFE”
1 n?

Ja== A RK., Jao =,
31 R 171 1 32 4R2

*

Jia=2A1R,  Jgy = 2R, 4 f 2A;"11T>1-

Thlk,, Et ph€hng236)nvE(238 (v~ o ph@E3vnd® Hr 2 nh

N (D

0 J1dd 2d 3 5;5_14 J1p

20y 60 g(I I k) ¢ 2
Jpsk, 2J 3

133 13, k23 3. .

21t ky2J 3 16 3 1d 33

Khi k, -0, & | ¢ ngoaimHl" n "nb cch trén (upper buckling external

(2.39)

+J15 K

pressure}; av, tr, FG-CNTRC cés @& FG-CNTRCnhch L ‘&t biW th ¢ (2.39),
nh€ sau

2J..J4.-J
qupper - 2Jll‘J 31 3 12] 34. (240)
31¥16° 12J 33

Gia tt nh nhHic atfiap | ¢ ngoai nii” n "nh ah trén g, vs. (m,n)
‘& gilatliap| c ngoait i hth (Critical buckling external pressure), .
T ph€hng228)L3vinyl nnicay L& x 8cbil
Wi = k H K, (241)
Th/]jc 8 ¢ p h ‘€h2B@) vatR3s) vabbiw th ¢ (2.41), L, vongl n nral
thuche
— ‘]33 ‘]34 J 32] 24»( 2 K é‘ J 23 5 ]/g
W, . =0 -4 6. (242
205 20y 23 o+ k) 2 cd a2 X
n ©engcong sau i’ n ‘nbq- W, /h ¢ av t, FGCNTRC cés @ FG

CNTRCcO thAt h u ¢ IiR#g cach Kt h pcacp h ©h n g 2.39)v&(24B). (
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2.22. Phan tich¥n mih phi tuyMm cva W trA FG-CNTRC c6s yn FG-CNTRC
chfti nén d&c tric (q=0)

ThJ] _ ng s uHthetor hnspgernehp g g b 23Ywaotcde . ¢ (
ph€ehngl3)r(@38h v~ L ch@QuikinkRi35),ma choq=0,h" ph<€hng

tr3nh c¢c©n b33ng m i nhdn L€ ¢ nh€ sau
Ko =Ja & Y5y 1 - DER (243)
233 25 2 2) 5
Jputdpp by Iy 21 kJ i > Jklszb J & 6 (2.44)
k12 Jogkop Jos K (2.45)
Joatdonk
trong L-
amp %
17:m2 ﬁ—gni J24:hg%—L 9\]35:2A1J1.

Thi]k, va k?t cacp h €hn g2.439vER¥UBVv (0 p h €h(@4M,li€énr 3 nh
hcapvak,x8§ecnhl’¢enh€e sau

a 1 Jas J J K
- 4 J-= i 32 2K 2
P ge]u 14 K 12, 2 1223 |52_]31J K
, (246)
_ JigdokK, 0d J g Joky J1d 2K 34 3, J 8.

0.5 S W) 7
Jortd g kg 2] 31 51 F g KI 5] 52 , KT T¥a 31
Khi k, -0, tlinén dctr,cohtréncay t, FGCNTRC cos @ FG
CNTRCnhchl ‘&t biwith c(246,nh€ s au

J34

— o 2‘]13
pup - J
Jl? +J 12+~4
2.J31

Jyy-J
(2.47)

Thinénd ctrctihth p, cay t, FGCNTRCcos @l ‘& x @cla L
tlinéndctr cach trénnh nhdl p, v, im i (m;n).

Th/jc § ¢ p h €h2my) vat(24y vabbiw th c (2.41) , vdagl n nrdl
G av tr, FGCNTRCcO tiwi/ 19 thanh
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W _Jp Jok P Jos K J35p i2k334 \/ _.24@(~J 23 2 (.48)
max
20y Intdnpk 24 2 A J o3 K

n, cocacthhD,t heo nghoa V\Lr"ﬁzng‘@kbbﬁtﬁ&] c- th
ZpRL 1
D, dy =—— dy. (249)
2pRL poﬂ 2 RL o 0@ ﬁo( QX
Saumts tinhtoanl hn[n g i p h ©H249) cd thAB ‘& i/t 1Y thanh

a

1('35:':'2‘]31 Jogtdppk 2y

1 Jg, O 1g° B o ,%rmp PP Jo3 K AT
_ = g -]
2 2\]319 4c'L 928 _Lge 221"'3 2Y2 ( 2w y)

(2.50)

n"iv, itrtthgthait rec@H n nbhk, k 0,k hi L Eogachhco thv
I ‘& x 8chad

— * * aJ J 6 * *
D, =A,ph A RK,x=3p £+ 5(A,, A 251
x 0P 1R anJ_g,lp 23, 9( 22 % 12 31) (2.5])

Ph€hn g28)chobyliefh D, -p latuyhtinh’ trthg thait 1 ce@nt
“n "nh.n ©ng congsaumb’ n “nh do nénvall “éngcong co ca ¢hh sau it n
I'nhg ay c6 thAl ‘& xem xét Bag $ bRag cach K h p bW th ¢ (2.46) v, i cac
ph€ehng24)nvad@50 ,( t&hng

Cac KT quly thuy} Lanhdh 1€ ¢ d€ i dthg h, vi vdy cackhlo st $ trong
luch &n naylQu thu '€ ¢ bRag cach s d. ng cc pn mQn tinh tadnch [b Trong
- c¢c8&c frt hE nglg ap b ‘& tinh toan Bag pfn mQn Maple.Cacgia tr
I cngnays aul ®nhd v~ o WEnhdoanlcacl qul con .
2.3. Nghién ¢ u so sanh

nWkh3n g n b, tib cdy ¢ a cach tip ach ¢ a luch &n, cacs sanhfiap | ¢
ngoaitihthcav tr L% g .M Cchn b iRagvotg®b MmeEdcvy i
cack/} qu ¢ a Reddy va Starned411] (s d nglythuyiv tnglp v~ ph<€hng
phap Navier)Baruch va Singer)] (s d. ng ly thuy} v Donnell va tiéu ch¥ can
b3ag lan eh), va Shen17 (s d nglythuylv t ngl pvak thudnhiu) ~d €
trinh baytrong Blng2.1 Sai $ |. n nidlv i k/J qul ¢ aReddy va Starned 11] quan
s§tclie” +9. 49%, s i Barugh vkSingerl[(] va Skea [117] 1&
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t ©€hnigh (kho[ngt 3% tr xu ng).Sosanhfidpl cngoaitihthgavy tr,
FGCNTRC k hnwnigac§} 6 ¢ aShen[R2] (s d ng ly thuy} bi/h dthg
bt cao va k thud nhj u ) ° ditri@h baytrong B[ng2.2 Sai $ |. n nhii ¢ thaguan
s § t c ttor® so sanh nay 18.66%.

Bng 2.1. So sanhfii ap | ¢ ngoait i hth g, (Ib/in?) ¢ av, tr, L g , my€ss @

V. i kJJ qul ¢ a cac tac gikhac

Khéngs @ Send ¢ S envong

Reddy va Starned 11] 935 94.7 3575
(+9.49%) (+9.38%) (+5.85%)

Baruch vaSinger[10] 102 103 370
(+1.26%) (+1.44%) (+2.55%)
Shen[117] 1007(14)” 1022(14) 3683(13)
(+2.52%) (+2.20%) (+3.00%)
Luch an 1033(1;4) 1045(1;4) 3797(L3)

“Sais gi akllqu ¢ atac gikhacvik/rgu ¢ aludc an

"Modemt” n “nh (m;n).

Blng 2.2. So sanhfi 4p | c ngoai ti hth g, ¢ ay tr, FGCNTRC khéngs “@
v, i cAct phFn thWtich CNT va quy Idt phan b CNT khéac nhau (kPah =1mm,
R/ h=100, L?/Rh =500, T =300K )

Shen[122] Ludn 8n
uD FG-X uD FG-X

VCNT

0.12 18.48(1;7)(+0.16%) 19.91(1;7)(-0.66%) 18.51(1;7) 19.78(1;7)
0.17 30.81(1;7)(+0.13%)  34.15(1;7)(-0.62%) 30.85(1;7) 33.94(1;7)
0.28 35.56(1;7)(+0.17%)  43.24(1;7)(+0.46%) 35.62(1;7) 43.44(1;7)

Ti/p theo, hai so sanh @i K} qul ¢ a luch an v i k/} qu ¢ a Shen [12]i(s
d. ng ly thuy} bi/h dthg bt cao va kthud nhiju)gaffinéndctrctihthga
vV tr FGCNTRC k ha nig@<® n . futiénlasosanditnéndctr c
tihthgay tr FGCNTRC k hawigacy i@ac thong'shinh hcvat
phfntiWwichgca CNT k h § ctrinh bag tronglB® 2.3. So sanijitnén d ¢

trctihthgcay tr FGCNTRC k hawnigacgi&rnhit Mt i ngr €

a7



kh § ¢ n’hcarinh béy@ong Bng 2.4. Trong hailing nay, sai'sgi akqu ¢ a

luch &n va cac B qu khac nlth  °Lc@& kha nh, sai § | n nhiinhch  “lc€h

kholn g h h RO r@8ngoRag, cdc so sanh nayRhg n B, thcdyga ph€hng
phap tip cdh ¢ a lud an.

Blng2.3. So sanhfiit ihthnéndctr c p, =p,Rh (kN)c ay tr, FGCNTRC

v, i cActhong § hinh hc va phan b CNT khac nhau R/h=30,h=2mm,
Vinr =0.17, T =300K)

L?/ Rh Tailiu uD FG-X FG-V FG-A

Shen 121] 121.08(1;4) 142.81(1:4) 120.64(1:4) 105.42(1;4)
en
100 (+1.30%)  (-0.72%)  (+1.47%) (+3.02%)
Ludn 122.67(1;4) 141.79(1:4) 122.44(1:4) 108.70(1:4)
122.25(2;4) 148.06(2;4) 118.88(2;4) 104.35(2;4)
Shen [2]]
300 (+1.92%)  (-0.35%)  (+1.74%) (+3.01%)
Ludn 124.64(2;4) 147.55(2;4) 120.98(2:4) 107.59(2;4)
122.98(2;4) 142.58(2:4) 124.38(2;4) 108.76(2;4)
Shen [2]]
500 (+0.98%)  (-0.83%)  (+1.32%) (+3.06%)
Ludn 124.20(2:4) 141.40(2;4) 126.05(2;4) 112.19(2;4)
Blng 2.4. So sanhfit i hth néndc tr, ¢ p,, =p,Rh (kN) ¢ ay t, FGCNTRC

khéngs “@ v, icacgiatrt phfn thWwich ¢ aCNT khéac nhau R/h =100, h=1mm
, L?/Rh =500, T =300K )

. Shen [2]] Ludn 8n
VCNT
ubD FG-X ub FG-X
18.72(2;7) 21.37(2;7)
0.12 18.78(2;7) 21.16(2;7)
(+0.32%) (-0.99%)
30.57(2;7) 35.14(2;7)
0.17 30.66(2;7) 34.79(2;7)
(+0.29%) (-1.01%)
37.31(2;7) 45.99(2;7)
0.28 37.49(2;7) 45.91(2;7)
(+0.48%) (-0.17%)

2.4. ng d ng ki qul ly thuy/t vao phan tich’ n “rih phi tuy/h kJ cbli cong
trinh dUng v tr, FG-CNTRC c6s “&h FG-CNTRC chu ép | ¢ ngoai
48



Blng25.4n h “rdg€aldd s™@, quy lud phan b vat phfntiw 2 ¢ h JIEtNTihth g, ¢ ay (MPa, R/h=80, L=15R,

h=0.002n,hS; =hk #.003n,bS, =hk  9.002m,nS; =12,ns: =50,K, =1° N/m?3, K, =10° N /m ,DT= 300K)
) V. L VvV, C
VCNT
V., L V, LL V, LC vV, C V, CL V, CC
0.12 0.691(1;11) 0.697(1;11)  1.022(1;5)  1.095(1;4)  1.110(1;4) 1.652(1;3)
uD 0.17 0.713(1;10) 0.724(1;10)  1.180(1;5)  1.241(1;4)  1.264(1;4) 2.022(1;3)
0.28 0.723(1;10) 0.740(1;10)  1.306(1;4)  1.471(1;4)  1.503(1;4) 2.530(1;3)
0.12 0.695(1;11) 0.702(1;11)  1.091(1;5)  1.213(1;4)  1.231(1;4) 1.742(1;3)
FG-X 0.17 0.721(1;10) 0.733(1;10)  1.259(1;4)  1.415(1;4)  1.443(1;4) 2.158(1;3)
0.28 0.741(1;9) 0.761(1;10)  1.439(1;4)  1760(1;4)  1.800(1;4) 2.764(1;3)
0.12 0.692(1;11) 0.702(1;11)  1.030(1;5)  1.009(1;5)  1.014(1;5) 1.847(1;3)
FGV 0.17 0.714(1;10) 0.731(1;10)  1.193(1;4)  1.127(1;4)  1.143(1;5) 2.311(1;3)
0.28 0.725(1;9) 0.753(1;11)  1.315(1;4)  1.288(1;4)  1.311(1;4) 3.012(1;3)
0.12 0.691(1;11) 0693(1;11)  0.936(1;5)  1012(1;5)  1.017(1;5) 1.339(1;4)
FGA 0.17 0.712(1;10) 0.717(1;10)  1.045(1;5)  1.131(1;4)  1.150(1;5) 1.594(1;4)
0.28 0.722(1;9) 0.731(1;10)  1.153(1;5)  1.293(1;4)  1.327(1;4) 1.980(1;3)
0.12 0.688(1;11) 0.694(1;11)  0.954(1;5)  0.947(1;4)  0.951(1;5) 1.565(1;3)
FGO 0.17 0.707(1;10) 0.717(1;10)  1.083(1;5)  1.047(1;5)  1.053(1;5) 1.898(1;3)
0.28 0.712(1;10) 0.728(1;11)  1.192(1;5)  1.194(1;4)  1.220(1;4) 2.338(1;3)
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Trong cac nghién @i nay, cac vids L& t r 3 Wphanktichyi ag’l ¢
ngoaitihthval § mgsau nd’ n ‘nhphituyhgcav tr FGCNTRC "m- s €
FGCNTRCc - t/Almh “fg€an L7ivanmit M i  ng C&etinh
chidlvd i ug avd li u nQh polymethyl methacrylate (PMMA) VAWCNTYV. i cac
tinh ctdiph, thu ¢ vao nhit | I ‘& trinh baytrong m ¢ 1.2.1.

NW ngdin g n, trolngdr 8&n krh'[y, sguy sl"udt a
v, v s€ n L€ ¢ viJJt theo quy |l udt phon
| udt ph©n b CNT trong s€ n L€ ¢ | bly t€t
b c¢c,a v, L€ ¢ tr3nh b"y chi tiJJt trong

inh ‘mégxgacaclél * s €. ng,Guyldphanbvat I thwich ¢ a CNT
lUh ap | c ngoaitihth g ay tr. L-va GFG-CNTRCc6 thM. ‘& quan sét trong
Bng2.5 K/pqu chottyn h "M L Wnas @ FGCNTRCtitliaplc
ngoditihthgavy.T[iapl cngoamil’ n ‘nht ihthgav, ¢ - " mwC&n h hn
L § nWsokiv, ¢ - " rs €L t M@Hvn ging ntbcbngang va tinlkchiivd | u
c a  $.@rong Hic[ cackhlo sats , giatr | n nhic atli apl, ¢ ngoait i hth 4L
L& “il. iv, CCFG-V.R&rangt phfnthWich¢a CNT[n h * igen JHA
apl cngoaitihthg av . Tl apl cngoaitihth trémtighit phfn thWtich ¢ a
CNT tCHig Sulngs @Lvas@C 'Lc€h n co clng ribcdbngang vainh
chilvd Ii u. Ngoaira,’sl “@gs @Lvas @C ’Lc€h nsaochding chiudaica
s'@Lvas@Cxtp x blagnhauiin h “fg€as | “@gs @Lhéap! cngoai i
hth ¢ ay tr, FGCNTRCL ‘& nghién cu trong Bng 2.6. RG rang la khi'sl “@g
s@t genthitfiapl cngoait ihth ¢l ng tWwng L&ng K
Bing26.inh h<e€ ng e €dnfiaplicrgoamgl n nht ihthq,
¢ ay trr CGCFGCNTRC (MPa, R/h=80, DT 300K, L=1.5R, h=0.002n,

hS: =0.003n, b, =0.002m, Vi =0.12, K, =1°N/m?3, K, =10°N/m)

nC, uD FGX FGV FGA FGO
12 1.652(1;3) 1.742(1;3) 1.847(1;3) 1.339(1,4) 1.565(1;3)
18 1.808(1;3) 1.909(1;3) 2.098(1;3) 1.474(1;4) 1.710(1;3)
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1.2 Vo LC 21 E——
/ a: Vo LC Vo CC, FG-A, L - 1.5R, a: Vonr =012
I —b: VoL Rh = 80, h = 0.002m, AT = 300K, b Vs =017

—c: VoL | \ —c: v;NT =028
L | Ki= 10°Nm®, Ky = 10°N/m 12 = 10N/m?, K= 10°N/m “*—-\
_ FG-X, Vi =0.12, L = 1.5R, R/h = 80, N b = 0.003m, bGr = 0.002m, nGy = 12.

& h = 0.002m, AT = 300K, =
S09 | 1S = k= 0.003m, b5 = bLy=0.002m, St
= nSy =12, nly = 50 e

0.8 ? b
/ L5
0.7
a__‘__'______,_.—
0.6 L L L 1.3 . . .
0 1.5 3 4.5 6 2 0 2 4 [3 8 10
Wina/h Woax/h

Hinh24.in h “mg€©ap h €h,rag Hibh27.4dn h " mg€at phfn thwtich
s@Lh “lhgcongsau B’ n ‘'nb CN T/hL Ingcong samk n "nb

cav tr, L-FGCNTRC ¢ ay tr, C-FG-CNTRC
1.8 13
K, = 10N, K,— 10°N/m Vo LC, Viyy = 0.12, L = 1SR,
—_— Rk = 80, h = 0.002m, AT = 300K,
D hS: = 0.003m,
Les |FO-X, Vi = 0.12,L = 1.5K, R = 80, 2
’ h = 0.002m, AT = 300K, —a: Vo CC “ [ bag = 0.002m, a
C _ L _ C
_ | = Py = 0.003m, —bvocL| _ | M b
z b,.gf ~ by :Lu.oozm, —cvec | —a: FG-X
=15 g =12, ngr =50 =T —b:FG-V
J | / ‘ e
135 ! N | — & FG-0
/ — e FG-A
! | K, = 106N/md, K,= 105N/m }
1_2 T L L 09 1 i N
2 0 1 4 7 10 0 2 4 6 8
Wonax/h Woa/h

Hinh25.4n h "mg€ap h €h,rag HiNnh28.4n h g€ a quy lut phan
s@l/h “lhgcongsaui n ‘nb b CNTJ/hL Inhgcongsau i n nh

¢ av tr, C-FG-CNTRC cav tr, L-FG-CNTRC
2 a Vho — 1.9 )
V6 LC, FG-A, L = 1.5R, a Vonr =012 K; = 10°N/m?, K; = 10°N/m —a G-V
Rgf =80, h = 0.002m, AT = 300K, —b: Vi =0.17 a— |/ bFGX
» hzg’ 0.003m, —¢: Vinr =028 17 —c: UD
[ B = 0-002m, ' b |—&FGO
C '
_ nigg = 12 _ : — ¢ FG-A
z z —_—
s14 r c S16 : e
= b = _\ d—_
/ IVo CC, P&y = 0.12, L = 15R,
11 L a Las L ‘R = 80, h = 0.002m, AT = 300K,
/ i By = 0.003m, Gy = 0.002m, nGy = 12.
: o—
K, = 106N/m’, K= 105N/m ;
0.8 . . 1.3 - . .
0 2 4 6 8 2 0 1 4 7 10
Wan/h Waan/h

Hinh2.6.4n h “mg€at phfnthwich Hinh2.9.4n h * g€ a quylud phan
CNT/hL Ingcongsau i’ n ‘'nb b CN T/nL Ingcong sau &' n "nh
cav tr, L-FGCNTRC ¢cay tr, C-FG-CNTRC
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in h “Mg€ap h €hrmg@c | ®mgcdhgSautd n nhgay tr L-
FG-CNTRCvay tr, C-FG-CNTRCL ‘& trinh bay tréacHinh 2.4va2.5. Trong
luch &n nay, mode H" n ‘nth ° ¢ ko sat ng x sau ndl’ n "nh ¢ a K ctil
trong c Sclby théombde Hen nhtihthtrongcachhg t @bhng
Trong ¢ hai nghiéncu, ¢ $gcordg€aui n nhgavy t £ n ggbdg
s@vonglQl ncaonhiQusoyi ¢ §ngcdhgay khongs @vay L ‘&
t £ nggbuwgs™@d ctrongmhl, vdongnh . Ngodirahi n ~hgarl n "nh
L, t ng t (snapthroughhay snagbucklingi d o ¢ h ‘€d ngcti/hg Viht phu h p
n°n s adalstdyng teutihg Anhph bijhgat n”"y | “t hit Dmuah 0)
ch' xulihi n "l iv, CCG-FG-CNTRCtrong haikhl[o satnay.

Gn h “mg€at phfnthWich CNT VS Wh ‘lngcong sau i’ n "nh
q- Wp/h ¢ av, tr, LC-va CGFG-CNTRCL ‘& quan sat thy trongcacHinh
2.6va2.7. K/} qul cho thby kh['n £ n gutlicdpl, c ngoaic ay t £ n gt pkfh i
thWich Vr t £ n g Tn I€€n K ing&napthroughxukthin  r » r “ifg hhn
phfn thWtich CNTJn  h hiwm i vl C-FG-CNTRC.

Hinh28va29chranhngln h “md L § n g aquyhlud pHan bcCNT
L/hL g cong sau ' n ‘nbhg- W, /h cavy t, FGCNTRC.V, i cacthi/}
k/]s @ nay,kh[n £ n gu tficshu nd” n "nhl n nfEig av, L-FG-CNTRC thu
I ‘& v i quy lud phan b FG-X, trong khi ki n £ n gu fieshu ndi" n "nb | n
nhiic ay C-FG-CNTRCL ‘& quan sétby v, i quy lud phan b FG-V.X u . hge
ca c8wgcdhgsauti' n ‘nth | 7 “it @ivongd Hai’ nghrp® L-
vd GFGCNTRC, tr t Tn@ h p v C-FG-CNTRC v i quy lud phan b FG-A.
T€hn ¢lint26va27,hin “hgSnapt hr o u g thwhiln@s rang tnhfu
h/ cacl “ehg cong sau i n "nh ¢ aHinh29v iv CCFGCNTRC nh€ng kh't
quan “£@iv LUFE-CNTRC.

Nh € Wuthbyttohg Bng2.7, nhit  m! i nghm@ * mg@GLNtliap
| cngoait ihthg ay.R6rangec h  t avadli ugifmkhinhit  tE nXpti d
apl cngoaitihthgifmviclhai® ngrp® CL-FGCNTRCvay CCFG
CNTRC
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Bfng27.4nh “mg@€anhit , Whtiap|cngoaitihthedhtréng, ¢ av

tr, FG-CNTRC c6s"@ (MPa, R/h =80, L =1.5R , h=0.002n, hS, =0.003n,
bS: =0.002n, nS,; =12, K, =10° N/ n?, K, =10° N/'m, Vr =0.12)
DT (K) V. LC V. CC
0 1.114(1;5) 1.809(1;3)
uD 100 1.083(1:5) 1.755(1:3)
300 1.022(1:5) 1.652(1;3)
0 1.186(1;5) 1.903(1:3)
FG-X 100 1.154(1;5) 1.847(1;3)
300 1.091(1;5) 1.742(1;3)
0 1.153(1;5) 2.011(1;3)
FG-V 100 1.112(1;5) 1.953(1;3)
300 1.030(1:5) 1.847(1:3)
0 1.005(1;5) 1.400(1;4)
FGA 100 0.981(1:5) 1.378(1:4)
300 0.936(1:5) 1.339(1;4)
0 1.046(1;5) 1671(1;4)
FGO 100 1.015(1;5) 1.645(1;4)
300 0.954(1:5) 1.565(1;3)
" [Vorc rov, vag-oint - 1sx, | % 4T"% 2 (Vo CC.FGV, Py =012, L— 15r, | AT OK
R = 80, = 0.002m, b AT=300K Rh = 80, h = 0.002m, —b: AT=300K
17 Z%iiﬂﬁﬁiﬁi — 0T s ﬁ%iﬁﬂﬁii nG- 12 S
"y~ 12 .
= /a = ___‘\ /
N s b
o " K, = 105N/u?, K~ 105N/m — K; = 105N/, K,~ 105N/m
_ L6 L . . .
’ ’ Woadh ’ " B ’ " Waah . 2

Hinh2.10.4n h “ mg€anhit |
t T neg/h L lhgcong sau &l n "nh

cavy tr L-CFGCNTRC

moi

Hinh2.11.4n h “ mg€anhit |
t T neg/h L lhgcong sau &l n "nh

moi

cay tr, C-CFGCNTRC
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B[ng28. in h " my€at

Réh'LUhtiépl cngoaitihthq, cav tr, FG

CNTRC c6s™@ (MPa, DT 800K, L=1.5R, h=0.002n, hS; =0.003n,

by =0.002m, nG =12, K, =10°N/m?, K, =10°N/m, V{; =0.12)

R/h V. LC V, CC
60 1.626(1;4) 2.974(1;3)
uD 80 1.022(1;5) 1.652(1;3)
100 0.733(1;5) 1.089(1;4)
60 1.775(1;4) 3.203(1;3)
FG-X 80 1.091(1;5) 1.742(1;3)
100 0.762(1:5) 1.166(1;4)
60 1.481(1;4) 2.748(1;3)
FGO 80 0.954(1:5) 1.565(1;3)
100 0.703(1;5) 1.013(1;4)

B[ng29.4dn h " mg@acacl |

cn Qing L Wnt[i&p'| € ngodi nttl” n "nh

tihthechtréng, ¢ av tr, FGCNTRC cés @ (MPa, R/h =80, DT =800K,

L=15R, h=0.002n, h$, =0.003n, b$; =0.002n n, =

12, Ving =0.12)

Ky (Nfm®) K, (N/m) V, LC V, CC
0 0 0.237(1:4) 0.707(1:3)
UD 106 10° 1.022(1;5) 1.652(1;3)
25x10° 2.5x1(P 2.136(1:5) 2.968(1:4)
0 0 0.287(1:4) 0.797(1;3)
FG-X 106 106 1.091(1:5) 1.742(1:3)
2.5x10P 2.5x10P 2.206(1;5) 3.125(1:4)
0 0 0.189(1:4) 0.620(1:3)
FG-O 10° 10P 0.954(1:5) 1.565(1:3)
2.5x10° 2.5x10P 2.049(1;6) 2.811(1:4)
inh “Mg&@a nhit _ i ng /el g cong sau &l " n "nh

q-W,/h cavy tr, L-va GFG-CNTRCL ‘& kho sat trén Hint2.10va2.11.

K/Fqut h u ceh&thy ngx phcthea
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tuy/h trong cac kfo sat nay va hn ° hg&napthroughcé thM ‘& quan sat mt
cachré rang yiv, tr, C-FG-CNTRC, ncgdekhéngtu ‘le@iv tr, L-FG
CNTRCtrongcack/l qu's L ‘& xem xét.

in h “tg€at s 'R/h Wntli apl cngoait ihthgay tr FGCNTRC
c - = rev@khongs @ L ‘& nghién cu trong Bng2.8L°iv icacy L-va GFG
CNTRC. RG rangrfagt s R/h [nh "m¢g L SMoutli &l c ngoai ndl" n
'nht i hthg av . Hay ndi cach khaditap | cngoaitihthgay dayln h hn
L § nWsokiv mng.Vid nh€ kshR/ht tn@ OMmLO0thifit ihth
¢ ay CCFGCNTRCVviquylud UDgifmt 2.974 xing 1.089 MPa.

B[ng 2.9trinh bay nhngn h “ mg®€n ¢ acac thanh pfn L, ¢ ng ¢ an(
I " ni Pasternakyn tfi &p | ¢ ngoait i hth ¢ ay tr, C-FG-CNTRC. Cackhlo
sat s naycho tibytac dngcolic an@ L™id ivhitli &p | cngoait i hth
cav v ikifgulakh[nt n gutlechay L ‘& dithi n mthh mEkhi L, ¢ ng
camp tEtng | °n.

2.5.. ng d ng ki qul ly thuy/t vao phan tich’ n “rih phi tuy/h kJ/ cbli cong
trinh dg v tr, FG-CNTRC c6s ‘& FG-CNTRC chunéndctr, c

inh “mg@ah s"@FGCNTRCv ~  nfg€a CNRtlidéndctrc
t ihthg ay L ‘& trinh bay trong Bng2.10 RS rang raagtlinén dctr, ¢t i hth
cavVv L-FGCNTRCIL. n h h@ sowh\v C-FG-CNTRC. Ngoai ratlinéndc
tr ctihthg ay khongs™@thgy h h@ sayhtlinéndctrctihthgay,
cos@trong mi " tng e khfo sat “irv. iv, LL-FG-CNTRCvay CGFG
CNTRC tfinéndctrctihthl nnhiivakh[n £ n gutfcshundl’ n "nh | n
nhiinhch  °lc@i quy lud phan b FGV. Ng ‘& IU, tfinéndctrctihth | n
nhiit h u c ¢ iQuy lud phan b FG-X, t r catyp vt LCEG-CNTRC va
V. CL-FG-CNTRC.

KhI'n £ n gutlicshu nl" n ‘nbhgavy khongs™@vay cos @l ‘& thw
hi n trén cac Hinh 2.12.15. Nhngtacdn g L § n g asc éb thil. ‘& nhah
thby trong cac nghiénaw  n ‘Hoybit I ¢ Boch phin @ nhHicotht h u ¢ L €
"iv is™@Ltronglicfcac Kfqu khfo s §t .ngcXau ~ ligSBong sau &l n
'nhgay L-vAGFGCNT RC c | khgc bet m t Ggach ra'r.
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Blng2.10.in h ‘hg€as @FGCNTRC wyCNTEtlinéndctrctihthp, (MPa,R/h=80, L=15R, h=2mm

L _
’hsrff_

C

Bnm, bk =hS: 2mm, nS, =12,n5. =50, K, =10'N/m?, K, =10°N/m, DT =300K)

tff
] V. L Vv, C
Vont V., L V, LL V. LC V. C V, CL V, CC
0.12 13552(3;3) 195.27(2;3) 142.36(3;4) 80.69(10;6) 130.11(3;4) 85.27(10:5)
uD 0.17 170.11(2;3) 254.50(2;3) 178.34(3:4) 97.01(9;6) 163.42(3:4) 105.61(10;5)
0.28 195.80(2;4) 311.14(1;3) 209.98(2:4) 105.63(9:6) 192.50(3:4) 117.46(10;5)
0.12 147.98(2;3) 209.31(2;3) 155.55(2;3) 83.23(9;5) 142.08(3;4) 87.27(10:5)
FG-X 0.17 186.17(2;3) 275.64(2;3) 198.12(2;3) 102.24(9:6) 181.59(3:4) 109.73(10;5)
0.28 223.24(2:4) 324.22(1:3) 241.15(2:3) 115.39(8:5) 217.49(2;3) 127.21(10:5)
0.12 120.03(3;3) 225.70(2;3) 126.11(3;4) 80.99(9;6) 128.33(3;4) 88.56(11;5)
FGV 0.17 150.67(3:4) 296.80(1:3) 154.44(3:4) 97.57(8:6) 162.74(3:4) 111.06(10:5)
0.28 182.70(2;4)  334.25(1;3) 189.82(3:4) 106.29(8:6) 190.32(3:4) 126.13(10;5)
0.12 120.98(3;3) 158.25(2;3) 126.87(3;4) 78.19(9;6) 118.32(3;4) 81.50(9;5)
FG-A 0.17 150.58(3;4) 200.71(2;3) 156.05(3:4) 93.28(8:6) 145.53(3:4)  99.80(9:5)
0.28 181.01(2;4) 245.60(2:4) 190.53(2:4) 102.53(9;6) 168.17(3;4) 111.26(9:5)
0.12 112.50(3;3) 181.70(2;3) 117.98(3;4) 78.21(9;6) 118.64(3:4) 83.68(10;5)
FGO 0.17 138.90(3;4) 235.06(2;3) 142.79(3:4) 92.76(8:6) 146.98(3:4) 102.90(9;5)
0.28 165.53(3;4) 301.60(2;4) 171.09(3:4) 99.31(9:6) 167.52(3:4) 113.48(10;5)
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Trong rghkangskud@ n ‘nhicay L-FGCNTRC t Lt nmiQnhanh
n Rohgamng miQr | & » n gco)l B, thiviv C-
FGCNTRCfc  ttnag “ihgrongsautd n ‘nth t Hm)gFn ( § hvbng L
(Lco) tkng.

Cac Hnh2.162.19 kHo sat ngx sauntd’ n ‘'nhnéndctrcgayv FG
CNTRC v i cac quy lut phan b CNT khac nhauC§ ¢ ° rg€bng sau i’ n "nh

L v » ngcoXnk vadgn

l utn cngx Ui h®fchcactk} cuirkifo sht.
. 250 —_ V3
450 FG-X, R/ =80, Vi = 0.12, —a Vo LL FG-X, R/h = 80, Vv, =0.12, & V? CL
L =1.5R AT = 300K, —m Ve LC L=15R AT = 300K, —h:Va CC
h = 0.002m, —c: VoL h= 0002m, —cVoC
370 | hby= hGy=0.003m, 205 +hhy=hGy=0.003m,
by = by = 0.002m, by = bSG=0.002m,
- nGp=12, nly=50 - C 19 gk — a
s: stff » Msyf £ gy =12, ngy= 50
E290 : X E160 L
2 1 a e 1 /—
I
/ ! b /
210 : c 115 : c
1 1
| K, = 10"N/m’, K, = 10°N/m ! K, = 10'N/m, K,= 10°N/m
130 ' - . 70 L . :
2 0 wim 4 6 -2 0 wim a 6
Hinh2.124n h mg€ap h €h,rag Hioch2.14.4n h 1mg€ap h€hmag c
Q Q
s"@FGCNTR@h [Clhgcongsau s @FG-CNT R @h [lhgcong sau
mH n nbhp-W,,/hcay L-FG mi n nbhp-W_,/hcay CFG
CNTRC CNTRC
500 Ve 400 Vi
K; = 10'N/?, K, = 10°N/m Vo LL FG-X, R =80, iy = 0.12, a Vé CL
a —b: Vo LC L = 1.5R, AT = 300K, —b: V6 CC
—cVoL k= 0.002m, / —aVeC
375 | 300 |
b
2 = a bl = b= 0.003m,
ay L stff st
S 250 EZOO bly= bSy= 0.002m,
2 ¢ ) nSr=12, nky=50 b
125 EG—-)l{’sjghA; 8—03 (;/(C)I’V(’: - 112602 10
= 1.5R, = ,h =0.002m, c
iy = hSy= 0.003m, by = b5y = 0.002m,
c _ Lo_ K; = 10’N/n?, K> = 105N/m
. =12, mig = 50 ‘ 0 ‘ S 7,
-0.02 0 0.02 0.04 0.06 0.08 0.1
-0.02 A (mm 0 0.04 X (aum)
Hinh2.13.4n h mg€ap h €h g Hioh2154n h mg€ap h€ehrmg c

s“@FGCNTReh EClngcongsau s @FGCNT R @h Llhgcong sau
mH n ‘nbp- D cay L-FG mHE" n nbhp- Dcay CFG

CNTRC CNTRC
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510 . — o
Vo LL, Rh =80, Veyy = 0.12, ] a._ G
L = 1.5R, AT = 300K, —b: UD
h=0.002m, —c: FG-V
420 | hky=0.003m, 8= | 4 FGA
by = 0.002m, p——1—e: FG-0
- k=50
&
S 330
(-9
240
150
-2 6

2
Winax'h

B N CLrh—0, va,—01z, | *FGX —bUD
o CL, =oU, Veyr = V.12, —_— _ —d: -
L =1.5R, AT = 300K, “ FG-v d-FG-A
B = 0.002m, —-e: FG-0
170 | hly=0.003m,
bly=0.002m, '
4 .
= nky=50 | a — d
g 150
[0 I
o 1
b;
130
g (
1
! K; = 10'"N/m?, K,= 10°N/m
110 1 l 1 1
2 -1 0 2 3

1
Winax’'h

Hinh2.16.4n h * g€ a quy lut phan Hinh2.18. in h * g€ a quy lut phan
b CNTWh ‘lhgcongsautd n ‘'nh b CNTL/h ‘Lhecong sau i n "nh

p-W,./h Gav L-FGCNTRC

600 —a:FGX
K; = 10"N/m?, K, = 105N/m '
! e —b:UD
500 —c: FG-V
a —d&:FG-A
400 b —c: FG-O
E €
300
=)
= d
200
Vo LL, Rk = 80, Vihy = 0.12, L = 1.5R,
100 AT = 300K, & =0.002m, h= 0.003m,
bly=0.002m, nky = 50
0 . .
-0.02 0 _ 0.02 0.04 0.06
Ay (mm)

p-W,/h Gayvy C-FGCNTRC

200

—a: FG-X 7
—b:UD . b\‘_ /e
150 —c: FG-V N d
—d: FG-A
= —e: FG-0
Ay
5100 Vo CL, R = 80, Vv, — 0.12,
= L = 1.5R, AT = 300K,
h =0.002m,
. hiy = 0.003m,
bLy=0.002m,
nky=50
K, = 10'N/m?, K, = 10°N/m
0 I 1
-0.02 -0.01 0.01

A (mm) °

Hinh2.17.4n h * g€ a quy lut phan Hinh2.19.4n h * g€ a quy lut phan
b CNTWh ‘lhgcongsaut’ n ‘nb b CNTL/h ‘Lhgcong sau i n "nh

p- D gay L-FGCNTRC

230 V6 LL, FG-A, R = 80, L = 1.5R, @ V{‘NT =012
AT = 300K, A =0.002m, —b: Ve =0.17
higg = 0.003m, —c: Ve =028

430 1 pL 0.002m,

Hs[;[,' 50

=

E 350 | voc

= I b
1

250 | ! a

1
' K, = 10"N/m?, K,= 105N/m

150 1 . .

2 0 Wons/h ¢ 6

Hinh2.20.4n h ~Mmg€©at phfn thw
t 2 ¢ h Jg Nhdédbng sau H' n
'nh p- W, /h ¢ ay L-FGCNTRC

p- D ¢ay C-FGCNTRC

600 T
Vo LL, FG-A, Rb 80,1 — 158, | & Yonr =0.12
AT = 300K, A = 0.002m, —b: Vi =017
K; = 107N/, O — o VA =
B 105N ¢ Vour =038
;-“:360 - b
g
2040 a
hk. = 0.003
120 + s = D00
by = 0.002m,
nly = 50
0 : ‘
0.03 20.015 —0 0.015 0.03
A, (mm)

Hinh221.4n h " hg€at phfn thw
t 2 ¢ h Jg Nhdédbng sau H' n
'nh p- Dc av L-FGCNTRC
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420 I 600 ST
Vo CL, FG-A, Rl = 80, a Vowr =0.12 Vo CL, FG-A, R = 80, a: Vowr = 0.12
L = 1.5R, h = 0.002m, —b: Vi =0.17 L = 15K, h = 0.002m, b Vg =017
hygy = 0.003m, —c: Vinr =0.28 hzﬁ 0.003m,

30 1 pL = 0.002m, 450 bl = 0.002m

L _
nly =50 nyy = 50

/ s Vo Z038
i . / | /
b b /
a
a
180 150
I
]
K; = 10"N/m?, K, = 105N/m

K, = 10’N/n?, K> = 105N/m

p (MPa)
[\
2

p (MPa)
(98]
g
o

0

]
2 0 2 4 6 g -0.02 0
Wax/h

Hinh2.22 dn h "mg€at phFfnthw Hinh223.4n h " mg€at phfn thw
t 2ch JeNRhedngsau ' n t 2 ¢ h Jg N hegddbng sau &l n
'nhp-W,./hcay C-FGCNTRC Lnhp- Dgay L-FGCNTRC

100

_0.02 0.04 0.06
A, (mm)

Blng2.11 4n h “dg€anhit  m! i ngtri®@néndctrctihth Py G AV
tr LL-FGCNTRC (MPa, R/h=80, L=1.5R, h=0.002n, hSLtff =3mm,

biy =2mm, n5x =50, K, =10'N/m?3, K, =10°N/m)

VinT DT = 0K DT = 100K DT = 300K

0.12 220.93(2;3) 212.02(2;3) 195.27(2;3)

UuD  0.17 284.55(2;4) 274.32(2;4) 254.50(2;3)
0.28 366.74(2;4) 349.44(2;3) 311.14(1;3)

0.12 235.51(2;3) 226.35(2;3) 209.31(2;3)

FGX 017 306.45(2;4) 295.79(2;4) 275.64(2;3)
0.28 385.44(1;3) 364.81(1;3) 324.22(1;3)

0.12 252.42(2;3) 243.01(2;3) 225.70(2;3)

FGV  0.17 331.65(2;4) 320.59(2;4) 296.80(1;3)
0.28 395.85(1;3) 375.05(1;3) 334.25(1;3)

0.12 183.14(2;3) 174.65(2;3) 158.25(2;3)

FGA 0.17 228.82(2;4) 219.25(2;4) 200.71(2;3)
0.28 278.94(2;4) 267.37(2;4) 245.60(2;4)

0.12 207.19(2;3) 198.39(2;3) 181.70(2;3)

FGO 0.17 264.56(2;4) 254.48(2;4) 235.06(2;3)
0.28 336.17(2;4) 323.93(2;4) 301.60(2;4)
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Hi'n “hg&apt hr ough ° dghinhhehgrong ddc kfo s §rig cdhge
sauntd’ n ‘nb p-W,_,/h vap- D. "inv iv, L-FGCNTRC, s chénh’lch
vQ ng x saumH’ n ‘nhgi acac quyld phanb CNT L vdngnh lanh h hn
riinhiQus chénh’lch® miQh | #6ngl ngavy. “iwv iv. C-FG-CNTRC, co thwW
quan sat thy nh ng chénh'lch nh vQ ngx saund n ‘nhgi ay UDvaFGV
vagi av FG-AvaFGV.

Cacso sanh @ g congsau b n ‘nbhp-W, . /h vap- D¢ ay FG
CNTR ‘cnvilba@iatrt phfnthA 2 ¢ h  Cohd@m xEt@én cac Hinh 2.20
2.23. Trong céc so sanh nay, ta ddtihan satthy  x ung thé®g h “éng ¢ a cac
Lnhgcongsau ' n ‘nhgay tr FGCNTRC “a.Kh$1€ n qu tficshu

mH'n nhgav t £ng | PhfnthkMich CNT¢avy t tng | 8hdnhv ~

'ch n”"y tEn@ . Bngvas coathhd n.mi

Cacln h “mee L @nagmhi k, M i " ntgypdinéndctrctihtheca
V. tr FGCNTRC "oiFGGNSTRC cthBi ntrongBng 2. 11 ° ng"
cong sau " n ‘nh p- W, /h va p- D L & thwhi n trong cac Hinh 2.24
2.27. Cac R qu kh[o satchotBy raagffinéndctrctihth ¢ ay gifm mthh
khinhit Mt i ntgr @ £t ng. KW hhiégkhicnhit gid! in gg &ne
gilfm mthh cacm® WU miglacac v Ii u cbl thanhcay, qu ac ig:
chungcavy gifm mthh dt i kh['n £ n gu tficgiym.

400 o AT_ 350 o AT-—
Vo LL, FG-V, Rh =80, V= 0.12, a: AT =08 Vo CL, FG-V @ AT = 0K
L =1.5R, h = 0.002m, —b: AT = 100K Rt = 80, Vi = 0.12, —b: AT = 300K
hly=0.003m, —c: AT = 300K L=15R —c: AT = 600K
350 -, 280 | A = 0.002m,
by = 0.002m, / hs];}y* 0.003m,
= nky =50 b - bls=0.002m,
L
E 300 | K; = 107NA, K= 105N/m ¢ ; 210 | Mar=30 |
-~ X o 1
ol ! 2 = 1
! 1
[} La
250 ¢ T 140 b !
! 1
| e |
! ! K, = 107N/, K;= 10°N/m
200 : s 70 i ‘ :
2 -1 0 1 2 -4 2 0 2 4 6
Whax'h War/h

c8c

Hinh224.4n h “mg€a mting t HiM2254nh “mg€a mting t r €

nhit /nL “lngcongsau il n 'nb nhit JhL “Lhgcong sau &l n "nh
P-W,/h G av, L-FGCNTRC p-W, . /h cay C-FGCNTRC
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560 360
Vo LL, FG-V, Rfh — 80, V=012,
L=15R,

= 0.002m,

Vé CL, FG-V
RA = 80, Vg = 012,

300 F L=15R h=0.002m,

L
420 K, = 10'N/m?, hs.[,]]-— 0.003m,
K, =10°N/m 240 | bsy=0.002m,
= . = nky~ 50
S 280 Pagr = 0.0030, S 150 —a: AT= 0K
< bly= 0.002m, < AT
"fig* 50 . —b: AT = 300K
¢ : 0 ——c: AT = 600K
140 b 2 —a:AT=0K
—b: AT= 100K 60 | ¢ b a
—c: AT =300K / / / K; =]07N/m3,K2= 10°N/m
0 : . 0 s s .
-0.02 -0.01 =0 0.01 0.02 0.04 -0.02 0 0.02 0.04 0.06
Ay (mm) A, (mm)

Hinh2.26.4n h “tg€a mting t HiMB227.4n h " hg€a
nhit Jh “lngcongsau ' n 'nb nhit Jhl “[hgcong sau i n "nh
p- Dcavy L-FGCNTRC p- Dcay C-FGCNTRC
t [i
FG-CNTRC(MPa,DT =800K, L =1.5R, h=0.002m, hS; =3mm, b, =2mm

mting t r €

Blng212idnh "mg€ats R/ht i n®npdc_ ca tw,- ctrt,, il

, NSy =50,K; =10'N/m?3, K, =10°N/m)

VenT R/h=60 R/h=80 R/h =100
0.12 240.61(1;2) 195.27(2;3) 164.04(2;3)
ub  0.17 303.75(1;3) 254.50(2;3) 207.01(2;3)
0.28 351.93(1;3) 311.14(1;3) 252.80(2;4)
0.12 247.86(1;2) 209.31(2;3) 172.67(2;3)
FGX 0.17 314.76(1;3) 275.64(2;3) 220.19(2;3)
0.28 372.85(1;3) 324.22(1;3) 275.39(2;4)
0.12 259.49(1;2) 225.70(2;3) 179.47(2;3)
FGV  0.17 332.00(1:3) 296.80(1;3) 230.09(2;3)
0.28 399.62(1:3) 334.25(1;3) 291.44(2;4)
0.12 202.19(2;3) 158.25(2;3) 143.90(2;3)
FGA 0.17 266.05(2;3) 200.71(2;3) 177.98(2;3)
0.28 307.29(1;3) 245.60(2;4) 206.16(2;4)
0.12 234.54(1;2) 181.70(2;3) 155.89(2;3)
FGO 0.17 294.88(1:3) 235.06(2;3) 195.53(2;3)
0.28 340.04(1:3) 301.60(2;4) 234.79(2;4)
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Th°m v wv»tigcnd €@ nhln hhimhitvv, ! i  ngfne
h hn 2nvQmiQhamtrongcac Ko s § f ¢4, Rhgn& n gu tficshu nil” n
'nhgay " m! i  ngnh@  daolatt fsdwni® miQy | 6ng | ntrong ¢
hai’ ndghp® L-va GFG-CNTRC trong Eic[ cac K} qu's L ‘& kho sét.

400 Ty 400 I y—
Vo LL, UD, Vi — 012, a: Rih =60 b a: R/h = 60
L=15R, /ﬁ’ —b:R/h =80 —b:R/h =80
AT = 300K, ——c:Rh=100 . —c: R/h— 100

340 h=0.002m, 300 +

a-""—-_———__ c
= o
= e
S 280 1 K; = 10'N/m?, K,= 10°N/m | 5 200
= 1 [ — o
1
220 F L _ 100 + Vo LL, UD, Vi = 0.12,
! Fgy = 0.003m, L~ 1.5R AT = 300K, h - 0.002m,
byjy = 0.002m, k= 0.003m, by = 0.002m, nky =50
I niy= 50 K, = 10"NA, K,= 105N/m
160 1 L L 1 0 L L L
2 0 2 4 6 8 -0.02 -0.01 -0 0.01 0.02
szx-"h Ax (D][l])

Hinh228. 4n h "tg€at s 'R/h Hinh230.4n h “tg€at s 'R/h
L/n L “eng cong sau ' n “nh LpLehg cong sau i’ n ‘nb p- D

p- W /h ¢ ay L-FGCNTRC ¢ ayv L-FGCNTRC
350 - ; —a: R/h=60 400 — — —aRh=60
}JZCILS,;E,Z(%&E:L b R/h— 0 K, = 10"N/m?, K, = 10°N/m b R/B g0
hly = 0.003m, —ac: R/h=100 10 | —c: Rh=100

p (MPa)
(3]
>

280 | pL = 0.002m a
L
Agr = 50
stff = 240 F b /
=
L a [
1 b & 160 - Vo CL, UD, Py — 0.12,
L =1.5R h=0.002m

I a
—— ¢
o / 80 Fig = 0.003m,
! L= 0.002m,

nky=50

-0.02 0 _0.02 0.04 0.06
A, (mm)

Hinh229.4n h “tg€at s 'R/h Hinh231L4dn h "tg€at s 'R/h
L L “eng cong sau i n “nh LhLehgcongsau i’ n ‘nbp- D
P-Wpna/h ¢ ay C-FGCNTRC ¢ ay C-FGCNTRC
Blng 2.12 va Hinh 2.28.31 chrarag[n h "mg€at s R/h LUn tfinén
dctrctihth, ¢ &gconggui n nhp-W,_, /hvap- Dgay tr
FGCNTRC "am- | $ €WCs thghblkagtfinéndctrctihth t £ ng
s R/hgifm. H3 nh 2. 8@®b6cga nlpEiehgo . ttmien "nb khong
I”ikhit s R/ht hdiv i, L-LFGCNTRC, t r onga Klhgamng -

70

o0

1
I
|
-2 0 2 4 6
X
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t re@ n ‘nth  t'hlarykhifE s R/ht hayv iy C-FGCNTRC. Mt

bH ‘tngp@®tWquan ‘€8t r L EngcdEsalken nbhp-W, /h
vap- Dcay t, L-FGCNTRC' miQv , & » ngcofllh k hng cahgsau
mE n ‘nbgavy tr, c6t S R/h=8 0 téndphiatrényvtr, c6t s R/h=60.

n Q nay co6 tM. ‘& gifi thich do s khac bit vQmode tihth trong cad s R/h

I & kh[o sat (xem Bng 2.12).

Blng213. dnh ‘“mg@acacthanhgim , Engganm L igith i n®n
tr.c p,d, s Un-FGONTRC(MPa, R/h=80, DT 800K, L =15R

, h=0.002n, h&: =3mm, bl; =2mm, n; =50)

. K,=ON/m?,  K;=10'N/m?3, K,;=25310N/m?,

Vonr K, =0N/m K,=1PN/m  K,=2531¢N/m
0.12 37.94(1,6) 195.27(2;3) 303.86(2;2)
uD 0.17 59.41(1;6) 254.50(2;3) 376.69(2;2)
0.28 81.50(1;6) 311.14(1;3) 458.41(2;3)
0.12 42.01(1;6) 209.31(2;3) 318.05(2;2)
FGX 017 66.25(1;6) 275.64(2;3) 398.37(2;2)
0.28 94.83(1;6) 324.22(1;3) 495.10(2;3)
0.12 46.42(1,;6) 225.70(2;3) 333.97(2;2)
FGV  0.17 72.10(1;6) 296.80(1;3) 421.58(2;2)
0.28 102.02(1;6) 334.25(1;3) 533.80(2;3)

Blng 2.13chothy[n h “mg€acacthanhgm A  Enggcanmd L ini h

t[i n®n d ¢ tr, €GENTRC KI4ut b y ach&mytlinén L L

dctrctihth t £ n gWhl@atiganhkofin . E ngcan  L™in thknh g .
h‘ehgcacachanhpfn Engcand L™inwhin £ n qutlicshu ndl” n
'nh p-W, . /h vap- Dcavy tr, LL-FGCNT RC c trigh bay trong cac
Hinh 2.3235. C4ac nghiéen @t h achdty kh['n £ n gu tficshu nkl” n "nh
cavtingtkhisacthanhpm  Engcanmh L¥in theng. AR »

phinl cnr L¥ibnhdcdn g ‘mgehiQgca , t»ng L fm IL°8mgg i

kWhguy HEcrh'ntgay ¢l ng nh€ thhkhpn £ i qu dicsém ni n
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'nhgavy.TrongcacB nh 2.

34° nvg’

n2h. €& 5glhg@tiR@y . ¢ mHEe

‘n ‘nhga "lhgcongp- D lakhdngl iv, icacthanh pfn | & ng ¢a

L~ nikHac nhau.

530
a: K, =0 N/m?, K,= 0 N/im
b: K; = 10'N/m?, K, = 105N/m
430 | o K, =2.5x10"N/m?, K, = 2.5x10°N/m

c

=330 + //:/
E . V6 LL, FG-O, R4 =80,

= I b Vg =0.12,L = 1.5R,

&30 | ,/I/ AT~ 300K, h = 0.002m,
X &y = 0.003m,
! bLy = 0.002m,

130 + ! L _
! gy =50
1 /
30 1 1
2 0 2 4 6
Woax/h

Hinh2.32 4n h * g€ a cac thanh
phfn _ Engcard L™ini hhge
congsaurd’ n ‘nhp-w, . /hca

v, L-FG-CNTRC

350
Vo CL
R =80, Ving = 0.12,
L =1.5R, AT = 300K,
270 h = 0.002m, FG-O
hp=0.003m,
= =€ 1 by = 0.002m,
S 190 1 iy = 50
b ' a: K; = 0N/, K,= 0 N/m
I b: K; = 107N/m?, K; = 105N/m
1o | P ek, 2.510"Nm, K, — 2.5%10°N/m
1
1 /
1
! a
-——-‘-'—-'—_—_
30 . ‘ .
2 0 2 4 6 3

Waa/h

Hinh2.33.4n h * g€ a cac thanh

phn _ & nggary  L™ini Abge
congsaurd n ‘nhp-W,,/hca

v, C-FG-CNTRC

26.KJfludhc h€©hng 2

600

Vo LL, FG-O, Rl =80, ¥y = 0.12, L = 1.5R,
AT = 300K, h = 0.002m, hrly= 0.003m,
| bLy = 0.002m, nk; = 50

450
C
= b
E 300
=
150 a
a: K, =0 Nm?, K,= 0 N/m
b: K, = 107NA®, K, = 105N/m
. ¢ Ky = 2.5x10"N/P, K, = 2.5%105N/m
0.02 0 _0.02 0.04 0.06
Ay (mm)

Hinh2.34.4n h * g€ a cac thanh
phfn , Engcard L"ini hihge
congsaurd’ n ‘nhp- Dcgavy L-

FG-CNTRC
400
Vo CL, Rt = 80, ¥y = 0.12,
L = 1.5R, FG-O .
AT = 300K, h = 0.002m,
300 | A= 3mm,
b!:f: 2mm, b/
= nky=50
& 200
z —
100 a: K; =0 NP, K, = 0 N/m
b: K, = 107N/, K, = 10°N/m
c: K = 2.5x10'N/m, K = 2.5%10°N/m
O 1 1 1
0.02 0 _0.02 0.04 0.06
Ay (mm)
Y s < yd Y
Hinh2.35.4n h g€ a cac thanh
, Q0. . .
phfn . Engcard L™ini hikge

congsaur n ‘nhp- Dcay C-

FG-CNTRC

Ch€hng [uyf « Ee@its vbh Qfau:

- nQxuH
FG-CNTRC. Xl phat t T

p h €h it s Briamtbhg FGCNTRC cho K} cBliy tr, tron
‘nge; a K} cbll FGM cés @, cac quy ldt

phanb ¢ as™@FGCNT R C c logH Wihu h pv it ng quy ludt phan
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b ¢ aCNTtrongy.S*enFG-CNTRC c6 tW. ‘& thif k/]t h e onguorg
hob mgdcgay.

- Phéat trid k: thud san tac dngs “@ cfi ti/jh danh chs @ FG-CNTRC d a
trénlythuyfdfmd h €h g v “ng ¢ a kt tid san tdc dngs @ c L\
¢ alekhnitskiTr ong L - $nSnysulrthitmongsp@c | nge L €
xem xét.

- Thi/tildoh p h€hn g . % &ho thai taamvtr, chiutlinéndctr cva
ap | c ngoai da trén ly thuyt v Donnell va tinh phi tugh hinh hc ¢ a von
Karméan . T €h@wy Ltesthillepd atrén md hinh@ L ™ihai hh
s ¢ aPasternak.

- Ham ngsH ‘E€£dngWl€a ph<€hng _tlhaiQtHanhd R
p h€hn g bthantriégry pritupvimt phehng Awgwadmh ¢ On
ph€ehng tr 3 nhdhgghmigh th2mvihgwaindm ng sl

- Dthgnghim Wéngcay L&l achn .ddéhgbas hthg mé phng
ba tithg thai caquatrinh il n ‘nhvasaum n ‘nhgay tr tron.

- Cacbwithctfinéndctrctihth, i ap| c ngoaiti hth va lién h t[i-

I, vdng sau ril" n "nh phi tuyh cé thtt h u c & @dthg hidd bRag cach
apdng ph€ehng ph8p Galerkin.

~ nh ng K} qu khlo sats,nh ngnhth xéthibd 4L E€nh€ sau

- Tr®hpv tr chudp)lcngoai, écs @FGCNTRC[hh "¢ L &§ng
KWt dap | c ngoaindl" n "nbtihthvakh[n £ n gutfcshu ndl™ n
I'nh¢ av. Ngoaira, quy ld phan b ¢ a CNT trongs™@& c | n gfnhc -

h ‘ehgr6 r t. Trong & c[ cack/ qul khlo sats , gia tr | n nhEl ¢ atli ap
| cngoaintt’ n ‘nht ihth 4L "¢ €k iv FGV CC.

- Khdng quan sat % hi n ~ nhg&@napthroughl’i v iv tr L-FG-CNTRC
trong Hi c[ cackhlo sats .  Ngl®cothml d " ng qu'an’iisi§t L €
v tr. C-FG-CNTRC.

- Cacs @ FGCNTRCclithin L §Mlgnénkdctrctihthvakinkng
chutfisauntd n ‘nbhg ay tr, FGGCNTRC. NgoairaJn h ‘ mg€as @
vongl,n hsh@dclh ngx "n ‘nhvasau i’ n ‘'nbg ay trong
cack/} qul khlo sat s.
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- Céac thif kJvQquy lud phan b CNT gay vas@célnh "M L®Wng K
Jh tac dng ¢ as @& FG-CNTRC. C6 thmhby, tli nén dc tr ¢ t i hth va
kh['n £ n qutficséu ndl” n "'nhg av, cds @ FG-V la hi u qu nhiitrong
cack/} qul khlo sat s.

- NQIL " ni Pasternakcac thong'shinhhc, vd i uvanhit  mt i " ngr €
cofnh "M LW™MAjgngkk "n nhgay.
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Ch€hng N3,NHPHITUYeNC AKeTCrUCONG TRINH DY NG
V., TR, FG-CNTRCCH UXOdN TI NGNGBIANGSh N
FG-CNTRC HOC LOI AUXETIC

Ti/Jpni ch€ehng 2, t, rtrofGECNERC&phincg ~loveny xéty
nh€eng ttr oanggtmtr ngphctth h htditr ngxadh. Hai ph€eht
§n t_inqicho ydr, L ‘& xem xétlaytr, FG-CNTRC cés @ FG-CNTRC va
v, tr, FG-CNTRC sandwich |61 Auxetic.

Trayhp fULtiénlay tr FGCNTRC ¢l € L mydiags @ FG
CNTRC, cdxemgxétlvie phehdg/sé@dnh@itrong cche€hn
chotic[cac quy lt phan b CNT . "nfhgeth hailay tr L& t kngg cC
b3ag 16i Auxetic, mt  p h ‘€©h it §/]q/ ud ghamib CNTgahail pmb "€ €
| achn,tong k ME[m o tinA’lién K} gi acacv li uthanhphn v ° L hn
giln cho cong tac dhtho |, | »i ‘Acwhrelam ceng € u v inQ 3l
h &g c¢ca FGCNTRC.

C8c phehng tr3nh c¢h, Lo cPngd, La€ tcr °tnh

t huy/JDbhonnell trong L- ¢+ kW LJJn t2nh phi
H m ng sublt maf Y%ngs ngdhinpgm vEc .t ddcphn gu x o din
L€ ¢ |, a ch n diewit dgHnpnggbhastrBHggt h§i ¢
L " nh v° fawmbablta 'vp . Ph€ehng ph8p Gal er ki
re ¢ h” ph€ehng tr3nh c¢c©n b3xng d<€ i dUng

tuyJn gi_a t[i xodn v~ L, v»ng ¢c- thW nt
c8§c bi Wwotdin ic _hd[rv -ENTRG c6s € viii v -CNTRG

sandwich 16i Auxetic - rtthdwvw L€ ¢ d<€, i dUng hi Wn
C8§c khl[o s&8t s~ L€ ¢ tiJns & l@AuxeticW L §nh
c8§c thtng s vdt |i u v”™ h3¥&nh h ¢ Ahn tI
c. a Vv, -CNTRC c6sFEF@CNTRCv ©  v-CNTRGsandwich 16i Auxetic
C&8c thlo ludn v" nhdn x®t c¢- T nghoa L€
N, i dung c,a ch€ehng n"y L« L€ ¢ clng t
tJ] ISl (SCIE) 4Btiomg@odanh3myvc c8c clng
gi T li°n quan LJn |l udn 8n)
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3.1. ThiJt k/jvat li" u va k/} chl
3.1.1. Thi&t kAvYtrA FG-CNTRC c6s yn FG-CNTRC

Trong c¢ch€ehng, i FECNTRCE cosh@ RARCNVRC, cac quy
ludphanb gaCNTvahtia L& xem x®hhe€mhghbtinhh
by trong ch€ehng 2.
3.1.2. Thi&t KAvYtrA FG-CNTRC sandwich 16/ Auxetic

Loi Auxetic 4
8
Y
X
L6p méit FG-CNTRC / %JS_,
[])
hCN'l‘RC . : : : [ ]
L ] L ] L ] L] L ] L] L ]
[ ) [ N ) [ K ] * ° o o
h haux L5i Auxetic
. - [] . [] [] . L] .
hentre A
. e [
L]
FG-O
[] ] L] L] . [ ] [] ] L] [] L] ] . . L] []
L ] L ] . [ ] L ] L ] L ] L ] [ ] L ] L ] L ] L ] . [ ] L ]
. L ] [ ] L ] L ] [ ] L ] . L ] L ] . [ ] L ]
. [ ] L ] L ] [ ] L ] . L ] . . [ ] L ]
. . L] . L] L] L] L] L] .
Lo1 Auxetic Lo61 Auxetic
[] [] ® & & & & & 8
e ® e L ] *® ® @ @ & & @ @
. L ] L ] L ] L ] L ] L ] . L ] . . L ] L ]
. L ] L ] L] L ] - - * L ] - L ] . . L] L ] L]
[ K ) e & & & & L] ® & & & & s s
FG-X UD

Hinh3.1. Thif kf]lc, ay tr, FG-CNTRC co 16i Auxetic
Trong nidungc h €h n g tm FG:GCNTRC sandwich cé 16i Auxetichu
t[i xodh phan b LQu t L' ‘& xem xét Cac théng'shinh hc ¢ ay tr,, 16i Auxetic
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f ong vacacl p mMuFGC N T R C c thM@i n trén Hinh3.1. Ba cuy lud phan b
¢ aCNTg ahai] p mblaUD, FGXvaFGO cahai ]pmibFGCNTRC c L €
thif ktrongluh  8n n”"y nh+€e sau

- Quy lud phan b UD:

. ah h (
Vent =Venrs &5 @z ¢ Azux { (31)
Q -
. ah h
Vent =Vens ae% ¢z ¢E i (3.2
g -
- Quy lud phan b FG-X:

aznh,, +4z 0. & h h (

VCNTzae—hAux h OCNT » &5 @z ¢ Azux { (3.3
C "'Aux ~ - ¢ )
éZh = 42 6* é.h h i

Venr zae—hAux h ¥enr e ZUX ¢z ¢§ { (3.4
C "'Aux © - ¢ ’

- Quy lud phan b FG-O:

azh, . +4z 0. & h h (

Venr :ae—hAw;] ¥enr &5 @ ¢ Azux { (3.5
¢ "' A+ ¢ )
azh, -4z 0. ah h i

Vent e 2%—— Yenrs etz ¢ (3.6)
g h' hAUX = (; 2 2 -

L. p 16i Auxetict o n g° cla®@t cang mtvd li uv ivd li' u polymer ca
nQv JLg . mg® »i A u xcahifnh MO t1 pvd |i’ uthdn nhild h ehg
t €hng La@temahc M th c ¢ a Gibson'sa " iLNh ©dy thay vi tinh toan
v, i k/J chlh 16i f ong phc tt, ta cé ti\phantich ngx calp | »i tinph€ m
thufn nitid h ehgvicactags L " ni hE®c "h€ n h[80]s au

d( g sin ) g 3.7

EAux - Em
11— N )
cossggL ftan2 g, sed ) Z €
q3
EsX =E" 2 , (3.9
cosg( g sin )('(g;m2 i)
A qg
X =EM , 3.9
? (1 2 ,fros &9
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a sing(l g;c( L Gin-) g
Y & gsed gtan? ) gy

nAux — Sing(l -3)1
“t (tanzg +§)( L gin-)’

t rong =sb/s, 4 t/s, .S, tvagL & trinh bay trong HinB.1.

(3.10

(3.12)

32.H ph€hn g cénrbagphituy/h va ham ng susl
n'nh lud Hooke cac thanh pfn chuyd v o,v va W cach nibgi amt
khofngz,c § ¢ b i gngvd §ndicthanh pfnbihdhgcav = mHgi a

0 N N . .~ N A
e, & vad, vacac bM th c| cgidn N,,N,,N,, va mo menM, M M

Levifging nh€ tr onigacbMit®l@.8-(238),t €h mg

Tr ononghpvetr, FGCNTRC c6s & FG-CNTRC chu i xoda trong
m?! i ° ng nhi& cac biM th c ¢ a cAc thanh ginmateh . E ngvanil cnhit
L&V nh€ t Wdmed2.98(B2Y). b i

Tr on'ong h pvetr, FG-CNTRC sandwichidi auxetic chu ti xoda, trong
L - tshdiycalbhit , m® i’ ntgr @ h ©em kéQi (DT =0), cac fag S
L' * Nicdc ¢a hai] p MFG-CNTRC E,;,E,,Gys Np, B L& x ‘Blcthed
cac b th ¢ (1.1)(1.4), (1.6) va (1.7)cac biM th c ¢ a cac thanh @mmateh | L
cngvanil cnhit "E€x8t Bhe€e sau:

( A;.B; .0 ):( AI]CNTRC’§CNTRC’E? CNTRC) _( A Aux B Aux’iP Aux)’ (3.12)
fi, =if 0= 5 f 5 =0f (3.13)
trong L-

j
fi iJ_CNTRC- out (l z 22) dz+ QCNTRC inn (l Z 22) dz (ij42§ (3.19

P out Pinn

( .jAux’ jAux’DjAux) - ﬁ unx (1, z. 22) dz, (i, i 42 6) (3.15)

P Aux

CNTRC CNTRC CNTRC) _
(AcHTRe gonTRe g oTR)
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V. i Py, vaP,, lamiQ chiQuday¢al p CNTRC ntbngoai va mittrongca vy ,
P aux 1a miQr chiQu day ¢a | pl6i Auxetic.
Hph€hng t3agcman trarealythuylyv Donnell vatinh phi tugh
hinh hc ¢ a vonKarmanl ‘& vi/] t €lkrgehtn gvi @h qua thanh pfn
cafidaplcngoaiva@m L™ in Phasternak tr ofagthpd €hng
dht i

N
Ny (N (3.16
by X
N
My My 0, (3.17)
kX u
2 M N 2
U Ll +fM2y Ny g B o B LB g g
kX u  p R X X oYy

T€ehngr bng c h€hgsgilAigy,c(xly) timaman (3.16) va (3.37

L Leahehogcapbag@Bhadvath€hng tr3nh/htdghng t |
(222),cOthM. ‘& viildt €hmg nh€ sau

4
i +(0z O 6) K yfi > Wi‘u

niw
Dll

T

+B*“ - Bl By 28— W ‘B
px* Wyh Uyl oyl

C * 4 C .« 4 «C A\N L%N
Allu (Aee '2A12) 2“ A2z e, B g
ux* K yg y ‘i

(B 2 2866)ux2 w Exu 8y
trong WithccAs, B, pL® x86 E€hh@ trong che€ehng
Ph€e€hng3©nwa@a) (I © c8&8c ph-Ghodhaxpmamwh phi

vac,d Y%n\g¢phah tichmi" n ‘nbxoca L™ iphitiyh ¢ av, tr, FGCNTRC
c6s @ FG-CNTRChotby tr, sandwich FGCNTRC I6i auxetic r ong ~mg i t r «

nhi t.
71



3.3.Dthgnghi mL, vongvap h €h n g Galenk#& p
Gi[s v, tr, FGCNTRCc - Qlkiin bieng i  dng" Haicthhx =0 vax=
L,vachutlixodaU. Qkin bi °n nghomaglatr €
w=0M, HON, 6N, *h, t4 x=0;L. (3.2))
Dthg nghimba § hthgg a |, ¥8ngcéd thAL ‘& ch nd @ dthg sau[55]
w=w(xy) =,5in> xa sindxsinafy ») -, (3.22
tronaarl/h, b :/R,v.imvan lacacmodend’ n ‘nhg avy ;| latan
c agocgia lhgrongcodl, vbéngbaag khdngv © ° dg@inh y. Ba bi °n |
Joo 1, Jfn k€l ", bvsSn@L tcm@ n nhbi ° i vingtuyh
tinhvab i ° , vBngphituyh sau i’ n ‘nhg avy .
Nh€ Wuantsat ‘&, QUkinbiéngi dngtdk=0LL ‘& th aman
t heo xBghoa
BiWi th cham ng s co thA ‘& x "8fchRadi cach tijdth g, ving trong
ph€hn g3.2vdomh€lhn g3.20rsdumti s phép toan neh ‘L€
¢ Fcos2x Fycos2(yb x)- |

e _aa 0 e, a 09
+ F5cos ky X’aea - £F4 cos y gb — ah | (3.23)
é ¢ H é gy
é o ~ é o ~
+ Fscos Ry xge I%+ ggFacas y ¢ 293—;1 I &xy,
e ¢ U e ¢ ~u

trong L-
F=M;J Mzzlv F2:M3~i’
F=M,J M5 3 F,=MgJ M, ,J,
Fs=Mgd J Fs=Mgd ,l
4§-eA12511' AB1 gz _,_1 ,
_ ¢ G = R b
M_’]__ *x 2 ’ MZ_ * 2
8Aa 32A a2
a2

*

3 = 2 A * 4 * 2 * !
3207 &A, | (_|A66 2A12) A 55+8

M
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e A& )
M4=:, ab?;% Z(AlzBll Alglg A15'2 0 b

14A,.B,,- A.B S al G
~1aA,Byy 1112§(25(_,2 a)%p p2_9._ b

& o Th

28 G ugR

8A,B,,- A 60 /5,8 . 82 ‘6. @&’ 5 2
_aAp, 22G 2B 1 {6€A11a,rb -5 A -
¢ P g ¢b = = g

e e 1 a
Mezl,zabgz(Alan Afﬁd 5 '*plz'ﬂ b+

aAlZBll AiB1p g;z {2 a )) |ﬂa1+ P, 2 8 b G+

9
aAlB A,B., &0 /f a ‘s ad * 5 %
2 ZZG et k?) ? 6 Alla,fb & Ag 7@ +his U
g y 'r g c - - @
_ - &
T a4 4 2§ ¢
széAilag + 1o (A‘*ee 2Af11) o + 8t
g ¢b 3 & =T
2
_ a
Mo 83 b 3@ g ¢
0% EA e + 15 (A‘ae 2A'11) 7 thot
¢ N Tk
_ - &
Mo 3 b 3@ . g °
2b29A11a% + I0 (A‘es ZA'lJ) ® PP
g ¢ Tk

G = ?a 4 bpll A12.812_ A22811 Alg 12 -A 1@ 22 28;6
G G

Th/ljc 8§ ¢ p heBryva3k3vn'ho (phehn qugBi,sau cdBn
apdngph€hng ph8pplGe@threg ktimgmild @d@rgYH thu
L& nhe€e sau

2th B IN+ Ns+, N3 % N J2 40, (3.24
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NgJ, -Ng 3 N+, 3 3 G, (3.29

N,=D;,¢& (2 a)%{g
é o 4.‘ o] o ~
>+ aa a__ * X 1 Oa
- M, 66,821&6 - 8 a@Bgs Bi11-Bo-— o glzl
g ¢ e S
é o 4~ o] ~ o 2 ~
2 % a a * * % 1 OoOa&a
+ Mg 6@821895 + 8 a@Bes Bi-Bo-—5 o @'12I
g ¢ g Rb® + .
"'(Diz Dy 4D*66) “b W3 b
é o 4.‘ ] ~ O 2 ~ Q
>, aa 0, aA__« * * 1 Oa
N, = M54kf‘321a?6 -5l @Bl B1u B —5 6, g’lZ[
g ¢P < Rb® = T E
+a’B( M, My 2M))
e o 4.. o ~ 0 2 ~ ‘
+ aa a__ % « 1 Oa .
+ My 665216&5 + 8 a@Bes Bi- Bo-—5 o @'12“.
g ¢ T ¢ RD® !

Z
o
I

8 &M, B, B
¢

N,=28 i Mg M% M &M

Cackichiv t r . n  x o a,ytr, ghtixochn h & §ivhpatman: Qi ki n

chuvikind @  L58]y
2pR L

= Hivdy =o. (3.26)
N W

Thjcach th ¢ (2.7), (2.8),va (24, c¢ - Jt(3.2Dhv "lo ph€hng tr
(3.26), ta co

20, + 7 2R(AL Y FALY) %R 22 o (3.27)
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T c§c ph ey (05 A @), J,vad, co i ‘& kh va gii
t theoJ,,biWith cliénh £-J, nhdh ‘lc€nh€ s au

e 2 QZ(
S AL N VR NS VAR N Ul (3.29
2hb If 2(Ns*'N7 i) eZ(N 5 M 1)J )‘j
KhiJ, -0, phehmBgs)da Alnh (
goeer = _Ng (3.29)

2hb? |
Ph€hng ®©)ladbwith cdBgh®il ‘& s d n gWac ° hgdi xod
meE’ n "nbt ihthehtréngav, tr, FG-CNTRC c6s @ FG-CNTRChorb v, tr,
sandwich FEGCNTRC I6i auxetic
T€hngrong c.hc@hpnhge htnrgd.22rcd thiMhby (( Ongl n
nhiic ay L& “EM2agcachcengtingbathanhdgin  bi & a  Udng,bRag
cacchsdng c¢c8c ph3EH82%) va @.2)nth vokg | n nhd khong th
nguyénl ‘& vis1 1Y theo biénl’, L, vdngtuy/h tinh ¢ a tihg thaisau nidl” n " nb,
S
RrZB R(ATY ALY g NG

W =W, /h . :
e =g h h' an(Ng+N; §)

(3.30

n €ng congsau nil" n ‘nhc al, véng | n niikhdng th nguyéntli xoda
¢ ay FG-CNTRCc6s “@FGCNTRCt r o n g~ mg'nhitcd thIEE khlo sat
bagcachkthp c§c pha&pdvgB.30tBndh §ch dhvdngbi ° n
tuy/htinhJ; t h aytlikoda t v *, véng| n nil khdng th nguyénw c6 thw
X § cn hl” ¢tk@o cac M th ¢ (3.28) va (3.3D t eignTgl vEL ‘&L “ang
congsaul n ‘nht W.

Gocxah ‘lcenth ntglheo@ nghoa tf568ng b3nh nhe€e

LR A ey arn D (3.31
2pRL poﬁ X 2 T '
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Kihp ph€ehn329ui 3 ph€pn3gl, t @iy oongsau nt’ n
'nht - gay sSEL&khlfosatblag c §c h vi €lgeyngsau l n
U'nht W.

3.4. Nghién ¢ u so sanh

nWxac minh tinh chinh xa¢ a cac X Wang va cong su [146] (Thi nghi¢m)
""""" Wang va céc cong su [146] (Tuyén tinh)
k/T gu ¢ a ludh an cac K} qul b”ag s

= = =Huang va Han [55] (T&i t&i han cén trén)
— Huang va Han [55] (Tai t¢i han cn dudi)
—8— Lujin an (Tai t6i han cén trén}

—e— Luin én (Tai oi han cdn dudi)

c.amdmenxent ihth M, =2 pbR? ;t 2
caludhanchoy tr Ing . me’ &=
so sanh vi kJJ qul gil tich va thi nghim ¢ |

¢, a Wang vacacc ng s [146 vak/l qul” z:Lz@/mm

18 A A r
300 600 900 1200 1500

gi[i tich d a trénly thuy/t v Donnell va ’ z
ph€hng ph 8@Ritncahgangl H@h 3.2. So sdnh mémen xb { i hth

va Han[55] n h ‘©Ahit nirénHinh 32. Cchtrénvach .deay i Ling
h &hg v i kJ} qu ¢ a cac tac gikhac

Trong hinh3.3, cac K} qui vQtlit i *° e — & Huang va Han [55]

A
L/R =2, R =100,

hthodh .d €av, tr, FGM ¢ a ludh an %
cl nig& sosanhvikifqufcaca =

= Lufn an

£
. . =160 | Al a
Huang va Hanf55) v, i c8c % ;\\\?\‘
t r en g t . k h:i_a ﬁGMVmCW to | ;]Ei(l)s(,g(g!g;;])* 3\3
s : . a , , 3k 5,(7:0.35 0
giatrnhit A m!' i ngkh& nhau. Ca e vt S B (20 1

100

thanh pfin , £ ng A;,B;,0 L ‘& gan 010200 e 400 S0 600
cacgiafrt ©h ngg ay tr, FGMtrong Hinh3.3. So sanhfi xodh { i hth ach
so sanh nay. d@cayt, FGMy, ikifqu'c a
Huang va Ham55]
Nhe€ L« t&fdunchalutharytfiphkhpy ik/lgu ¢ aWang vatac
c ngs [146 va Huang va Hangp]. C6 tiMhby rag kfgus o s 8§ n h dl «
L tincdyc ap h€hn g Jppedn § @ ludt an.
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3.5.. ng d ng ki qul ly thuy/} vao phan tich’ n “rih phi tuy/h kJ/} cbli cong
trinh dUng v tr, tron FG-CNTRC c6's “@ FG-CNTRC ch u xodn

T€hng t, wWheghpheang @,n, trong c8c khl[o s
ph©n b° CNTs€lk®ng wi /JJtv'theo quy | udt phc

c§8§c khlo s8t s’ . Qug<€lleedtc pi®n tEERNGNT nt
tr€ ng h’ pn qw'y d,uadtv phloe” ¢ tr 3 Cécthbngy c hi
s” vdt |i u c¢c,a vdt i u nQn polymethyl

t2nh chblt ph, thu,c v o nhi "t L, 6 L€ ¢c tr
B[ng3.1chranhngln h " mg@&il nquylud phanb CN T, nchCET va
s'@ Jptfixodatihthg av tr, FGGCNTRCc6 va khéng c& @& FG-CNTRC.
Cs8&c nghps L-vaGFGCNTRCclL €em x®t, nlfpodtsi@dra c,
vongvas™@d c t bny.gUiqut h u c the&thy tlixoca mAl" n ‘nbtihth
cay tr, khongs @ la| nniv i quy lud phan b FG-X va nh nhilv i quy
lud phan b FG-O. Qnnay co th\giithichlamt °~ hg®€n C NHicach xa rhb
gias€l " m t thamh pfin§ & ngcav Liv iquylud phanb FGX, va
c6 thgili thich cadn h “m & ‘e € ik i quy lud phan b FG-O. Thém vao
L -, xnu ~hoegltes thWquan satthy “ilv. i v, FG-CNTRC c6s @ FG-
CNTRCiv in phehdg]ciiuhtérhfixodtihthgay CCFGV
cos™@lfn k@ h hniv scos @ CCFGX.K/iquc | mhy thy ti xoda
mi n nbtihthgay tr cos™@Lnh h hn Qredyiitlixoch M n "nh
tihthgavy tr cos™@C.Th° m v Ticodd'mi, n ‘mhtihthgavy tr,
cos @l n hhntsoryiv tr, khongs™@. Qmaychngt rag cacs @
| "m tEnvh[hEmgngéti' n nhcay vimec titngkhit hge
cah kipcBl® m cchyp nhch ‘L€
Hinh3.4-3.7thAhin ¢ §ogcdngesau il n ‘'nht W vat - ¢gay
tr, L-FG-CNTRC (xem Hinh 3.4 va 3.5) va or, C-FG-CNTRC (xem Hinh 3.6 va
3.7) theo quy ld phan b FG-X v ° “cn§ It p st@veng vas @ d c. Kif qul
trong cac hinh nay cholihhi n ° hg&napthrough cé thivg u a n "< §trand. €
t r on gghtpy €-FGCNTRCvajqung€4 “Edhinkh tromgg tr €
h pv L-FGCNTRC.
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Blng3.Lin h ‘ my€aquy lud phan b CNT,h egCNT vas “@ L t[i xoch { i hth (MPa, R/h =80, L =1.5R , h =0.002n

 hay =hg  Bmm, by =bG;  2mm, ngy =12,n5; =50,DT =800K, m =1) “mode nii" n "nb (n;1 )
\ V. L V, C
Vonr V. L V. LL V, LC V. C V, CL V, CC
012 10.11(8;0.22) 20.64(9;015) 31.99(4;054) 24.18(5;121) 3308(4;067) 4543(4;161)
uD 0.17 15.98(8;022) 31.81(8;015) 49.96(4;055) 37.89(5;114) 5141(4;066) 71.33(4;152)
0.28 21.31(8;0.20) 45.24(9;014) 69.07(4;053) 51.51(5;133) 7190(4;069) 96.49(4;177)
0.12 12.59(8;0.20) 23.38(9;0.14) 40.58(4;052) 29.94(5;142) 4249(4;071) 4946(4;172)
FG-X 0.17 20.07(8;0.21) 36.44(8;0.15) 62.89(4;052) 47.10(5;133) 6559(4;070) 78.01(4;161)
0.28 28.63(8;0.19) 54.23(9;0.14) 90.98(4;051) 65.60(4;115) 9567(4;:073) 10827(4;184)
0.12 9.02(8;0.24) 25.78(9;0.14) 28.15(4;061) 20.63(5;100) 2814(4;059) 54.40(4;182)
FG-V 0.17 14.42(8;0.25) 39.63(9;0.14) 44.78(4;063) 32.46(5;,005) 4444(4;058) 8557(4;171)
0.28 18.96(8:0.23) 57.64(9;0.13) 61.09(4:060) 44.40(5;107) 6130(4;061) 11813(4;198)
0.12 8.26(8;0.24) 13.86(8;0.18) 24.25(5;056) 19.33(5;107) 2590(4;066) 32.97(5;170)
FGA 0.17 13.21(8:0.25) 21.58(8;0.18) 37.43(5:057) 30.49(5;101) 4025(5;070) 51.61(5;160)
0.28 17.66(8;0.23) 30.47(8;0.17) 52.85(5:054) 41.94(5;114) 5623(4;068) 7156(4;134)
0.12 7.52(8;0.26) 18.03(9;0.15) 22.97(5;063) 17.35(5;003) 2298(5;064) 41.44(4;149)
FG-O 0.17 11.92(8;0.27) 27.57(8;0.16) 36.05(5;065) 27.39(5;088) 3540(5;062) 65.32(4;140)
0.28 15.07(8;0.24) 38.25(9;0.14) 49.79(5;062) 37.16(5;100) 5041(4;061) 89.47(4;161)

78



M tnhdh xKbit Lt haw 1@ tHReg ¢ mE#n nht - trong
t TM@h pv FGCNTRC cos @vakhongs @dehg nh€ khitrong t hay
tHcfc §c nghipe ‘lc@emxétH3 nh 3.8 ch”™ ra r3Jubng s,
X 0 dun  mblt n L nh mode t., i hdn c_, a t[i
X 0 bn  mbilt n L nh t.,i hUmMH3adn 3de®, icltnmgord
trong hfu hJjt c8c tr€ ng h p khl[o s&§t, n
l * kh'ng tr*“ng nhau. Do LHc LiWm d, x8c
tJ] k: thudt, c¢c8c kJJt qul[ nd€din L®Y nt &p tcr
cong sau mblt n L nh t<€hng ng v, i mode
60 — Vo LC 65 —a: Vo CC
ot b T /=
50 L 7 =0.002m, AT = 300K, — Vol . | 1Sy = 12, nly = 50 . —c Vo C
o =
= Sas | A"
:30 v
FG-X, V= 0.12, L = 1.5R,
2 , héﬁr Ky = 0.003m, 35 T R =80, b = 0.002m, AT = 300K
b,g Gy =0.002m, L
= 12, ny— 50 ]
10 " . 25 : : :
0 2 wmilx h 6 8 0 4.5 szx/]l 13.5 18
Hinh34.in h "tg€ap h €lkgrag Hinh36.inh "mg€ap h €lgrag

s'@lh "lhgcongsau i’ n “nh
t W cavy tr chuxod L-FG

60
FG-X,
Vény = 0.12,
L= L5R, a
45 +Rh = 80,
h = 0.002m,
AT = 300K,
= —a: Vo LC
S30 —b: Vo LL
)
13 —c:Vo L
15 by = 1Sy = 0.003m,
by = b%r = 0.002m,
nSy =12, nk= 50
0 ‘
0 0.03 0.06 0.09 0.12
¢ (rad)
Hinh3.5.4n h

s'@lh "lhgcong sau il n nh
t - ¢avy tr, chuxodaL-FG
CNTRC

"mg€ap h €kgrmag Hinh3.7.4n h

s'@lh "lhgcong sau il n nh
t W cavy tr chuxoda CGFG

80 i —
hle= 0y = 0.003m, a: Vo CC
bl = bG;= 0.002m, —b: Vo CL

60 »n‘%: 12, nﬁﬁ: 50 . —c: Vo C

- —
]
S0
v
cC—
20
FG’X’ V(_f[w' = 012,
0 . L = 1.5R, R/h =80, h = 0.002m
0 0.05 0.15 0.2

0 (rad)
‘hg€ap h €tlgrag
s@lh "lhgcong sau il n nh

t - ¢ay tr chuxoda CGFG
CNTRC
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60 —
Vo CC, Rh = 80, hS; — 0.003m, —a: FG-V
V('NT:O,IZ, L :].SR, C —b FG-X
AT = 300K, h =0.002m, " 0.002m, g

55 ngp=12 —c:UD

Trupper (4:1.16)
\/
5 a” N /
S06 o @17 N iowr~4T.59MPa / /]
v ¢ ~_ @21 s
* ~— °— -/
b >
= 44.25 4:2.58)
45 ~~ Plower W 3
@182 N ~To-—",
© Tower = 4131 MPE(4:2.45)
40 - L L
0 15 30 45 60
Winax/h

Hinh3.8. So sanhlitr ng mdl’ n "nh ah
CNTRC c6s & FG-CNTRC

65

25

c —a: FG-V
hsjr = 0.003m, —b:FG-X
bGr = 0.002m, —c: UD

| nr=12 —d:FG-0
\ —e: FG-A
d—

0

L =15RA4AT = 300K, h = 0.0(|)2m, Vo CC

10 15 20

5
Winax'h

60

t r °ricay tr dh@ xodh FG

Rih = 80, Vi = 0.12,
L=L5R, a
-%-_.___-—
AT = 300K, b
Lk = 0.002m,
Vo CC ©
d
L f—_—
—a: FG-V
—b: FG-X
r HSy=0.003m, —caUuD
b= 0.002m, —d&FG-0
nGy=12 —e: FG-IA
0 0.075 0,15 0.225 0.3
¢ (rad)

Hinh3.9.4n h " g€aquy lud phan Hinh3.10.4n h * g€ a quy It phan

b CNTti " hg&ongsauid n nb b CNT{¢i
t Wcgay tr FGCNTRCcos™@ t
95 —_—yr = 100

5~ 000 E Voxr 70,12
b — 0.002m —b: ng -0.17
80 H%jf* 12 —c¢: Ve = 0.28 75
=% \C =
S Sis0
:50 ——_—\\———b—"’/ :
25
35 ¢
Vo CC,FG-A, Rk = 80, L = 1.5R, AT = 300K, k = 0.002m,
20 s - L 0
0 6 12 18 24
Wia/h

Hinh3.11. 4n h * g€ phfn thWich

C

t W ¢ avy tr, chuxoda FGCNTRC

N T/nL g cong sau l' n "nh

* hgeong sau ' n "nh

’ Q
- ¢gav tr FGCNTRC cos €
. * —_
Vo CC, FG-A, R = 80, L = 1.5R, —a: Vg =012
AT = 300K, & — 0.002m, — b Vi =017
L —_—C: VéNT =028
[+]
- b ———-_—_______/
a
i h§,~!, =0.003m,
bf,;_{,: 0.002m,
. . g~ 12
0 0.075 0.15 0.225 0.3
¢ (rad)

Hinh3.124n h " hg€at phfnthw
t 2 ¢ h JEINGhg dong sau E™ n

80

'nht - ¢av tr, chuxoda FG

CNTRC



Hinh3.9 va 3.10 kfio sat ngx saundl’ n nhxoda ¢ ay tr, FG-CNTRC
c - rev€cac quy lut phan b CNT khac nhayUD, FGX, FGV, FG-A vaFG
0). "M@ n htevQkhfin £ n qutficshunmd’ n ‘nbhxobgay ¢ - °
cacquy let phanb CNT k h 8 c nrga uth t @Pgia ¢ tfi xoda mAl™ n
'nhtihthvahin “ng®napt hr ough ‘gou arn» sr§ i g @G0
Hinh 311 va3.12 cho thy [nh he ng ¢ at phfn thwtich CNTLUp kh['n £ n gu
tfi sau nl’ n ‘nhxodhc av, tr FGCNT RC . Cacsy'® ‘& xem xét vi

ba gia tr Vi b?0g 0.12,0.17va0.281 o n g ~ mginhit (DTr -BYOK). Cac K}

rsve

qufch rarrag ki n £ ngutficshu nd’ n ‘'nbhgavyv t £ n g cach rdrt khi t

phfn tiwtich Vi t £ n g .

Blng3.2.4dn h “mg€anhit |

Voot

bgy =2mm, ngy =12, m=1)

m?t i

" ntgafixodh m n ‘nbtihthga

CC-FGCNTRC c6 s™@ (MPa, R/h=80, L=15R, hS; =3mm,

*

Vinr DT =0K DT = 100K DT = 300K

0.12 60.42(4;132) 5557(41.39) 45.43(4;161)

Ub 017 95.05(4;125) 87.36(4;131) 71.33(4;152)
028  127.31(4:144) 117.37(4;152) 96.49(4:177)

0.12 65.48(4;140) 60.31 (4;148) 49.46(4;172)

FGX 017  103.45(4:132) 95.23(4:139) 78.01(4:161)
028  142.33(4:150) 13136(4:1.58) 108.27(4;184)

0.12 71.76(4;148) 66.16(4;156) 54.40(4;182)

FGV 017  113.04(4;139) 104.18(4;147) 85.57(4;171)
028  154.98(4:160) 143.14(4;169) 118.13(4;198)

0.12 43.23(5;141) 39.91(5;148) 32.97(5;170)

FGA 017 67.64(5;132) 62.46(5;1.39) 51.61(5;160)
0.28 93.70(5;149) 86.75(5:157) 71.56(4;134)

0.12 55.17(5;166) 50.92(4:129) 41.44(4;149)

FGO 017 86.07(5;156) 79.72(5:165) 65.32(4;140)
028  118.86(4:131) 109.36(4;139) 89.47(4:161)
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%0 —a: AT= 80 R
Vo CC,FG-V, V=012, L = 1.5R, a:AT=0K a: AT=0K
R =80, h = 0.002m, —b: AT=100K ——Db: AT = 100K
AS,— 0.003m, —c: AT = 300K _/ —¢: AT = 300K
80 FpC _0.002 60 | b
stff . m,
m(iff* 12 c-—,’/
E =
S0 \_ S40
" \ a * Gy = 0.003m,
G = 0.002m,
| b | siff
60 20 ny— 12
— Vo CC,FG-V, Fy = 0.12,
c L =15R, R4 =80, h = 0.002m
50 : ! 0 1 I 1
0 75 15 225 30 0 0.1 02 0.3 04

Winax/h

Hinh3.13.4n h ‘mg@anhit A Mo
t Tn@ti " hog®ongsau i n nh
t W cavy t, FGGCNTRCchu xodh
B[ng33.inhh &gc at I R/htitlitihtht, ¢ av t, CC-FG-CNTRC c6

¢ (rad)

Hinh3.14.4n h ‘ mg€anhit A Mmoi
t Tn@ti °~ hog@ongsau i n nh
t - ¢ay trr FG-CNTRC chu xodh

s"@ (MPa, DT 800K, L=15R, h=0.002n, hS; =3mm, bS, =2mm,

NSy =12, m=1)

Vet R/h=60 R/h=80 R/h =100
012  6803(4;2.15) 45.43(4;161) 3387(5;1.76)
UD 017  10620(4;203) 71.33(4;152) 52.94(5;166)
028  14578(4;234) 96.49(4;177) 72.09(4;1.39)
012  7408(4;225) 4946(4;172) 3725(4;136)
FGX 017  116284;212) 78.01(4;161) 58.68(5;1.76)
028  16185(3;165)  108.27(4;184) 80.96(4;146)
012  8282(3;167) 54.40(4;182) 3998(4;141)
FGV 017  130854;230) 85.57(4;171) 63.18(4;133)
028  178.383;180)  118.13(4;198) 86494;153)
012  A4794(4;167) 32.97(5;170) 2419(5;137)
FGA 017  75.35(4;157) 51.61(5;160) 3801(5;1.28)
028  104.42(4;178) 71.56(4;134) 5265(5;147)
012  62.15(4;202) 41.44(4;149) 3035(5;161)
FGO 017  97.25(4;190) 65.32(4;140) 4757(5;151)
028  134.44(4;220) 89.47(4;161) 65.78(5;1.76)
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75 —a: Rh=60
—b: R/h =80
—c: RFh=100

Vo CC,UD, Vi =0.12, L = 1.5R,
AT = 300K, h = 0.002m,

a-‘—\-_____——
Ay = 0.003m,
55 | bGy=0.002m,
nGp=12

s—
b

C

'_\\\-‘_—*_—_—__——_

0 7.5 15 225
Wiax/h

30

Hinh3.15.4n h " mg€at s R/h
IUh “Ingcongsau ks n ‘nht W Lh “lhgcongsau ki n ‘nht -
¢ aVy tr, FG-CNTRCchu xoda
C&8c nje®ngsaul’ n nbt Wwvat - gavy tr, FGV v icac gia

¢ ay tr, FGGCNTRCchu xoda

tr nhit  mt i’

VA 3.

80

V6 CC,UD, iy = 0.12, L = 1.5R,
AT = 300K,
7 =0.002m, .
60 |
=
b
S0
= /
[+
20 . —a: R’/h=60
hijy = 0.003m, —b:R/h =80
. :
bigy = 0.002m, —c: R/h=100
nGr=12 |
0 1 L
0 0.125 0.25 0.375 0.5
¢ (rad)

Hinh3.16.4n h " tg€at s R/h

ntgr &k h § ¢’ c trihhabay trdéing€Bng 3.2, va cac Hinh 3.13
1 4ng. Nketg fingh “ mg«en ¢ anhit |

mt i " ntgr/AT xoda t |

hth ¢ ay tr, FGGCNTRC c6 tM. ‘& nhch ra trong Bng 3.2.D0 s suy gim tinh

chHlvd li u .d it
mt |
mk” n “nh khi nhitl, mt i’

chutfisaund’ n ‘'nhgavy | n

* ntgr @Hinh §.13 va 3.14 cho i

 dao, fixoda Ml n “nAt i hth gifm m&hh khi nhit | L
X un gQa'HI'c a * lhgcong sau

ntgr @ £ n'gli u KEF@ <At clso thy kh[ n £ n g

h h

n tr

‘mgrhit mibd  thrh@ |

3.3,Hinh3.15va 3.1&hotby [n h "mg€at s hinh hc R/h Lntfixodat i
hthvakilnt ngutlfcshundl’ n ‘nhxodag ay tr, FGCNTRCc6 gan TTi

xodamdl' n ‘nhtihthgay gifmmhhkhit s R/ht £t ng,
hhm dvy

t h3 ngxgla Hh§cong sau Bl ' n nbhgay cod
*tnhg© Hbdinh Iphi tuyh hinh hc ¢ a bai toan.

latitihthgay | n
khit s R/h gifm dfn
nhiQu b

hhn.

[T motn lth k thfQn gt L

3.6. ng d ng ki1 qull ly thuy/} vao phan tich’ n "rh phi tuy/h k/} cbli cong
trinh dUng v tr, FG-CNTRC I6i Auxetic ch u xoda

Trongmcnay, tr k h i
COthAL ‘& apdn g

Cc -

c

83

8 cC

| «©u hihh htc b & IBMAUXeticS ¢

nhe 2 ;qud 39.

hlakhacn - i

ngo-
hin “nhg®napt hr ou g hdbmghin gh k' tk Wit i nrigr € aBngh hn .

t

hl



Blng 3.4trinhbayn h "mg€a Mm@ CRMTixtddbtihthgay tr
FG-CNTRC sandwich I3i Auxetic hd | Hp va sd’sanitxoda mHl' n ‘nht i
hthgi av tr, 16i Auxeticvay tr, | » lb. K qu cho toytlit i hth mEl’ n "nh
cavy tr L-FGCNTRCnh h hn Qretviitlitihthgay tr C-FG-CNTRC.
Th°m vTigodalimdl’,n thtihthgay tr | »kbl i hhxodatmdl n
'nhtihth gavy tr 16i Auxetic. Trong ko sat nay tiich vat Ii u ¢ a v 18i
auxetic gfm 3701% soviv, | »k , L t r o n[gt i kYh ¢ a L I8i Auxetic
18 /N2 43% . Laan®ty.chngt raagm cgifmtit i hth
h hnt sorys»m c gifm thWtich va i u ¢ a v 18i Auxetic so yi vV,

gilm trong kh¢n g
cav ln
I »kb. L

B[ng34.Sosantt [ i nxbbtdn t, L 'c Htemt**" (MPa)c , va, RGr

CNTRC sandwichidi Auxetic h o Hic | (R/h=80,Hic=1.5R, h=0.004n,

h . =0.002n).
VenT uD FG-X FGO
v o 012  10.8(7;0.25) 11.93(7;024) 9.74(7;026)
A’u etic 017  17.07(7;026) 18.97(7;025) 15.46(7;027)
028  22.60(7;023) 26.18(7;023) 20.29(7,025)
012 22.015;1.19) 24.42(5;127) 19.56(5;109)
(-29.52%] (-28.70%) (-30.44%)
vV, ,la 017 34.37(5;113) 38.29(5;120) 30.675;1.03)
Auxetic (-21.04%) (-20.25%) (-21.66%)
028 46.76(5;130) 52.81(4;107) 42.11(5;117)
(-18.51%) (-18.24%) (-18.60%)
0.12  31.23(5;093) 34.25(5;100) 28.12(5,086)
V"t I_:ij 0.17  43.53(5;006) 48.01(5;102) 39.15(5;088)
0.28  57.38(5;111) 6459(5;1.18) 51.73(5;101)

“Chénhlchgi affit ihth¢ ay 16i Auxeticvay | » kb LIt €hgn g

Hinh3.17-3.20trinh bayln h “mg@®a .m® CMT cl§ ng cingsau
mi  n ‘nhxoht W vat-j ¢ av, tr, FGGCNTRC (xem Hini8.17va3.18) va
[N h "Mmg€al » kb valdi Auxetic (xem Hinh3.19) v i ba Io4 quy lud phan b
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CNTL ‘& xem xétKJ} qul trén hinh 3.17 cho B hi n ° ng&nagthrough c6 thv

quan s8t r »nghpwn 6-FGCNIRCgvakiguen g €14 i rédh

thby tr onghhpy L-BSCNTRC.C§c L€ ng c onmthjsrang mblt

H3nh 3.18 c¢ch”™ ra r3ng dUngvaCEB>ONFRCdaong t 1

khing ginhRg bhat. 1l g-c c.,a L€ ng th3ng

tr€ ng -WAGPFGCNTRC gfn nh€e gi ng nhau.
H®nh 3.20 c¢ch” ra r23ng s. kh8&c bi t gi

v® t[li xodn mblt "n L nh d€ i ° mode mblt

cl[ c8c khl[o s8&t s’

2(;‘—’-/
—a: FG-X
—b:UD
| —c: FG-O
1b 1:VoL  Viy=017,L=1.5R R = 80
- . 1 CNT . s L - s ]
s le . 2:Vo C ‘ h = O.OOA?m, B = O.(I)(sz
0 3 6 9 12 15

Wm ax'ﬂl

Hinh3.17.n€ ng cong s alinhBX¥in€ nglcnhg sau mblt

xXodnW v, i ba quy | xd@&nWwhon ba quy | udt
CNT ¢, a v, tr, sarrcdwi c Ci Amieticrad » & t il ¢Lc
60 —a: FG-X
la —b: UD
45 le —c: FG-0
— 1b 2a |
%30 I —
15
1: Vo L Véwr = 0.17, L = 1.5R, R/ = 80,
. 2VoC = 0.004m, hy, ~ 0.002m
0 0.03 0.06 0.09 0.12
p (rad)
Hinh318n€ ng cong s aHnM@BXCEgcn L€ mgu cmbity ~ n
xod#j v, i ba quy | wdthhptx@rawnbag ugNT udt phor

c.a Vv, tr, s andwNTh, vd, » @ saAdwighditAuxetic
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