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Tém tit

Bai bao nghién ctru ddc diém phan b ctia cac thanh phan tng suat theo chiéu day cta tim composite 16p gia
cuong dng carbon don vach (laminated functionally graded single-walled carbon nanotubes reinforced com-
posite plates: FG-CNTRC). Ong carbon gia cudng phan bé trong timg 16p theo bbn quy luat: déu (UD), dang
chit V (FG-V), dang chit O (FG-O) va dang chit X (FG-X). M6 hinh bai toan tAm chit nhat composite lop gia
cuong SWCNT chiu tai trong phan b6 déu dugc xdy dung trén co's6 Iy thuyét bién dang cit bac cao 5 an s ctia
Reddy va phuong phap Ritz dé tinh toan truong chuyen vi, blen dang va (mg suét trong tam Céc két qua khao
sat so cho thay dic diém phan bd cua cac thanh phan ung suét theo phuong chidu day tdm phu thudc vao quy
ludt phan b6 ciia CNTs cting nhu cac tham s vét liéu khac. Cac phan tich, binh luan sau do lam r& vu diém cua
viée str dung 1y thuyét bién dang cét bac cao trong mé ta quy luat phan bd ctia ing sudt tiép theo chiéu day tim
va mdi lién hé logic dinh tinh ctia quy luat phan bd tng suét voi cac dang phan bo ciia SWCNT.

Tir khod: composite 16p gia cuong CNT; SWCNT; phén tich Eng suat; FG-CNTRC; phuong phap Ritz.

STRESS DISTRIBUTION IN LAMINATED FUNCTIONALLY GRADED SINGLE-WALLED CARBON
NANOTUBE REINFORCED COMPOSITE PLATES

Abstract

This paper studies the stress distribution along the thickness of laminated functionally graded single-walled
carbon nanotubes reinforced composite plates (FG-SWCNTRC). Four types of the distribution patterns of the
CNTs in each layer are considered: uniform distribution (UD), functionally graded distribution type V (FG-
V), functionally graded distribution type O (FG-O) and functionally graded distribution type X (FG-X). The
computational model of FG-SWCNTRC plate is established based on Reddy’s higher-order shear deformation
plate theory and the Ritz method to determine the displacement, deformation and stress fields in the plate. The
numerical result indicates the distribution law of the stress components along the thickness of the plate. The
efficency of the higher-order shear deformation theory in the modeling of transverse shear stress along the
thickness of the plate and the relation between the stress distribution characteristics and the CNT distribution
patterns are examined in detail.

Keywords: CNT reinforced composite; SWCNT; stress field analysis; FG-CNTRC; Ritz method.
https://doi.org/10.31814/stce.huce2023-17(2V)-14 © 2023 Trudong Pai hoc Xay dung Ha Noi (DPHXDHN)

1. Gioi thiéu
Ong nano carbon (carbon nanotube - CNT), v&i nhimg wu diém vuot trdi vé tinh chit co 1y, c6 tiém
nang rat 16n trong viéc tng dung lam vat li¢u gia cuwong cho két cau composite. Vi vay, cac nghién
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clru vé g x1r co hoc ciia tim composite gia cuong CNT (FG-CNTRC) di va dang thu hut duoc su
quan tam nghién ctru ctia nhiéu nha khoa hoc trong va ngoai nudce trong thoi gian gan dﬁy Vé bai toan
phan tich tinh tim FG-CNTRC, Duc va cs. [1], Huang Va cs. [2] tién hanh phan tich tuyén tinh tinh voi
tam chir nhat bon bién tua khép, dat va khong dat trén nén dan h01 Winkler - Pasternak. Ardestani va
cs. [3] nghién ciru anh hudng cta goc phwong soi dén tmg xir udn cta tim FG-CNTRC. Ciing nghién
clru vé g xir udn ctia tim FG-CNTRC nhung Truong-Thi va cs. [4] lai ddt sy quan tAm vao nghién
ctru anh huéng cua cac diéu kién bién khac nhau dén su 1am viéc cua tAm chit nhat. Bai toan phén tich
tuyén tinh va phi tuyén tinh cua loai két cau nay ciing dugc Zhang va cs. [5], Fan va Wang [6] quan
tam nghién ctru d6i voi cac hinh dang tim khac nhau, c¢6 va khong c6 nén dan hdi Pasternak. Ngoai ra,
bai toan phan tich tim FG-CNTRC ¢6 16p ap dién hay tdm sandwich c¢6 16p bé mit bang FG-CNTRC
cling dugc nghién curu boi Selim va cs. [7], Rafiee va cs. [8]. Nhitng nghién ctru trén day, mac du da
phan tich tvong dbi k§ vé truong chuyén vi ctia tim FG-CNTRC nhung rat tiéc lai chwa nghién ctru
day du vé truong tng suat.

Cai tién mot s6 han ché cua cac nghién ctru da néu & trén, cac tac gia Zhu va cs. [9], Ahbelgloo
va Emtehani [10], Phung va cs. [11] d4 tién hanh khao sat ca truong chuyén vi va truong tng sut
trong bai toan phan tich tinh tim FG-CNTRC. Tuong tw nhu vdy, Garcia-Macias va cs. [12] phén tich
tinh tim xién FG-CNTRC; Jeyaraj va Rajkumar [13] phén tich tim FG-CNTRC lam viéc trong trudng
nhiét d¢ thay doi; Lei va cs. [14] phan tich tinh tim composite don va da 16p FG-CNTRC; Mehar va
Panda [15] phan tich tinh tim FG-CNTRC duéi tic dung cua tai trong co - nhiét. Tuy vy, cac nghién
clru ndy ciing chi méi xét dén cac thanh phan tng suat phap ma chwa nghién ciru hoan chinh toan bo
trudng ng suat.

Vi vy, mot loat nhitng nghién ctru sau d6 ctia nhiéu tac gia vé img x\r tinh ciia tim FG-CNTRC da
duge cong bd, trong d6 co xét dén day du truong chuyén vi va trudng tng suat trong tim. Alibeigloo
va cs. trong [16], Heydarpour trong [17] lan lugt phan tich tinh tim composite gia cudng FG-CNT
chiu tai trong co, nhiét hay c6 16p ap dién. Cac nghién ciru vé ing xir udn ciia tim FG-CNTRC trén
nén dan hoi chiu tai trong co, nhiét dugc Wattanasakulpong va cs. trinh bay trong [18]. Sobhy [19] lai
xét tim FG-CNTRC dudi tac dung cua tai phan bd déu, tai tap trung, tai hinh sin va tai phan b theo
quy luat ham mii. C6 thé thiy rang sb lwong cac nghién ciru nhu vy con twong ddi han ché. Cac khao
sat vé lya chon mé hinh va phwong phap tinh pht hop, cac binh luan danh gia sau vé van dé nay con
nhiéu diém can dugc lam rd. Bai bao vi vy hudng dén viéc tap trung phan tich k§ vé ddc diém phan
b cac thanh phéan tng suit theo phuong chiéu day tim, binh luén, 1y giai va lam rd méi quan hé giita
quy luat phan b cac thanh phan Gng suit theo phuong chiéu day tdm véi cac dac diém vé ciu tao vat
lidu hay 1y thuyét tinh toan tim.

2. Mb hinh tim FG-CNTRC chiu uén

Xét tAm chit nhat composite 16p kich thudc a x b x h véi mdi 16p vat licu tha k co chiéu day hy,
dugc gia cudng bang SWCNT nhu thé hién trén Hinh 1. Trong mdi 16p vat liéu, SWCNT phan bd
ddng phuong voi goc phuong soi 6y trong mit phang (xy) va phan bd theo mot quy luét lién tuc theo
phuong chiéu day (z). Theo Shen [20], hién nay c6 bon quy luat phan b6 phd bién cia SWCNT la
UD (uniform distribution), FG-V (functionally graded type V), FG-O (functionally graded type O) va
FG-X (functionally graded type X) nhu thé hién trén Hinh 1 va c6 ty phéan thé tich xac dinh theo (1).
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Hinh 1. M6 hinh tdm composite gia cuong éng nano carbon don vach SWCNT (FG-CNTRC)

# 2Z *
UD : Venr =Veyrs FG =V Venr(@) = (1 + ;) Vewnrs m

21c] 41
FG-0: VCNT@:(l - )VCNT; FG =X : Venr(d) = =~ Vewr (M

v _ WCNT
N wenr + (0CNT [pm) — (€N [pm) wenr

Céc hang sb vat liéu hiéu dung ciia composite gia cuong SWCNT trong timg 16p xac dinh theo
cong thue:

Vewnr Vin 3 Venr Vin
Ey = mVeyrESN 4+ v, Emy 22 = ZONL Tm o T TONT ) T,
11 =MVeNTEq m Ex EzczNT Em G GICZNT Gm )

CNT

Vi2 = VCNTV + ViV, P = VCNT,OCNT + Vmpm

trong do EICIN T ESNT va GICéN T 1an luot 12 md dun dan hoi kéo (nén) va mé dun dan hdi truot cua
SWCNT; E,, va G,, 1a mo dun dan hoi kéo (nén) va mod dun dan hoi trugt cua vat lidu nén dang
huc’mg, M2 va ns la cac hé s6 anh hué’ng cua CNT duogc xac dinh nhu trong Bang 1; Veyr va Vi, la
ty phan thé tich ciia CNT va cua vat liéu nén (Venr + Vm = 1)y CN T, pNT vav™, p™ 1an lugt 14 hé sb
Poisson va khdi luong riéng cua CNT va cta vét li€u nén.

Béng 1. Hé s6 anh hudng ciia CNT theo ty phan thé tich [20]

Vé‘NT m m m

0,11 0,149 0,934 0,934
0,14 0,150 0,941 0,941
0,17 0,149 1,381 1,381

Ly thuyét bién dang cit bac cao 5 4n sb ciia Reddy gia thiét truong chuyén vi c6 dang [2]:

473 d
u(x,y,z) = up(x,y) + z6x(x,y) — = (9x + ﬂ)

3h? Ox
473 ow 3
3.2 =) + 0,050 = o (64 ) v

W(x’ Y, Z) = WO(X’ y)

trong d6 ug, vo, wo la cac thanh phéln chuyén vi ctia mot diém trén mat trung binh lan luot theo céac
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phuong x,y,z; 05,0y lan luot 1a cac goc xoay cuia phap tuyén v6i mat trung binh tai vi tri z = 0 quanh
céc truc y, x.
Trudng bién dang duoc x4c dinh tir quan hé chuyén vi - bién dang theo 1y thuyét dan hdi:

0 1 3
Eux £y £x £
D BURCOTE QD BUR( I QU B B

R A i)
Exy Exy Exy Exy 4)
0 2
Yyvz | _ 7/)(72) 2 7’;1)
=) L0 (TEY 0
Vxz Vxz Yxz
trong do
o 0, 06, , o
©0) Ox ) x ©) ox  Ox?
0 O N N O 0 O I O 3 IS B 1
vy - Ay ’ vy - dy > Wy - W dy 9y2
0 1 3 y
ey ) | ow ow | Lew' ) | ae o | Ley 00, 00, Fwo
dy  Ox dy  0x dy  Ox 0x0y
owo ow,
e oy O 4] Oy
0 (= ; @) 73 o
Yxz wo Vxz h Wo
ox " T ox
r r r (5)
Trong tirng 16p thur k, truong Gng suat dugc xac dinh theo quan hé Gng suat - bién dang
k - - - k k
T xx ® Q_ll Q_12 Ql6 0 0 ® Exx ®
Ty Qi 0O»n 0x 0 0 Eyy
Ty =| Qis O Qs O O Yy (6)
Oyz 0 0 0 Q44 945 Yyz
Ox 0 0 0 Q45 Oss Yz

voi Qi‘j 1a ma tran d6 ctmg thu gon ctia 16p thir k dwoc trinh bay chi tiét trong [21].
Thé ning bién dang dan hdi cia tim duoc xac dinh boi

1
U= 5ngsgdA (7)
A
trong do [21]
g0 [A] [B] [E] O 0
g [B] [D] [F1 0O 0
e=4 &9 L. S=|[E] [F] [Hl 0 0
y© 0 0 0 [As] [Ds]
2 0 0 0 [Ds] [Fs]
N Zksl (8)
(Aij’Bij>Dij’Eij>Fij’Hij):ZfQg)(l’Z’ZZ,Z"’,Z“,ZG)dZ; i=1,2,6
k=1 %
N Zk+1
(Aij,Dij,Fij)=ZfQ_E],(-)(l,Zz,Z“)dzdz; i=4,5
k=1

Tk
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boi véi tam chiu tai trong ngang phan bo déu trén bé mat, thé nang cuia ngoai luc dugce xac dinh boi

W=- f gwdA ©

A

Thé ning toan phan trong tim s& bang tong cta thé ning bién dang dan hoi va thé ning cia
ngoai lyc
nO=U+w (10)

Phuong phap Pb2-Ritz gia thiét cac thanh phan chuyén vi ciia mot diém trén mat trung binh duoc
khai trién duéi dang chudi da thirc théa man cac diéu kién bién chuyén vi nhu sau [22]

m n
ug (x,y) = Z Z Uij fij(x, yv" (x,y)
l;l j;l
v (6, )) = >0 Vi fijx )t ()
l:ni 4/=n1
m@ﬁ-Z})mmmwwmw (1)
i=1 ]
@mw—zzyﬁﬂwwuw
i= 1 j
0y (x,y) = Z}]ﬁﬁwwuw
i=1 j=
trong d6 m va n 1a bac 16n nhét cta da thirc trong chudi ham theo cac phuong x,y; Uij, Vij, Wij, 6}, » 9’
1a cac hé s chua x4c dinh va fij(x,y) 1a cac ham da thirc hai chiéu c6 dang:
i—1 /vy j-1
f,-,(x,y)=(f) (%) i= 12 m; j=1,2,....n (12)
X a

v&ia, b1a chiéu dai va chiéu rong cua tAm va Y (x,y) laham dac trung diéukién bién (a/ =u,v,w,0,, (‘)y),
co6 dang [22]:

e

v oy = | | M nl®  =1,2.3,....n) (13)

k=1

trong d6 n, la sb bién cua tAm; [ 1a phuong trinh cta bién thu k; € 1a cac tham sb dac trung diéu
kién bién dugc cho trong Bang 2.

Béng 2. Tham s dic trung diéu kién bién trong mot sé truong hop théng dung (C - ngam, S - khép, F - tu do)

ok
a
F S C
u,v;w 0 1 1
Ox; Oy 0 0 1
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Ap dung nguyén ly thé ning toan phan cyc tiéu ta thu dugc hé phuong trinh dai s6 tuyén tinh dé

xac dinh cac hé so chua bict U;;, V;j, Wij, 9;‘1., Qf]

o _, . o1 _, o1 SO _ 9 (;:122;;1) (14)

oy~ avy T awy  aes 7 oe),

3. Panh gia su hdi tu va kiém chirng chwong trinh tinh

3.1. Péi twong khao sat

Bai béo tién hanh khao sat tim chit nhat FG-CNTRC nhiéu 16p kich thudc a X b x h, c6 vat ligu
nén lam tir poly(m-phenylenevinylene)-co-[(2,5-dioctoxy-p-phenylene) vinylene] (PmPV) va vit liéu
gia cuong 1a cac éng carbon don vach dang armchair (10,10) véi bon quy lut phan bé UD, FG-V,
FG-0, FG-X. Cac hang s6 cua vt liéu nén PmPV va vat liéu gia cudng SWCNT duoc 1ay theo tai
lidu [23] va cac md dun dan hdi truot dugc gia thiét Gi3 = Gy = Goas.

Bang 3. Cac hang s6 cua vat liéu nén PmPV va vt liéu gia cuong SWCNT [23]

E™ (GPa) - - y" o™ (K) " (g/em?)
PmPV
2.1 - - 034  45.107° 1.15
SWENT ESNT (TPa)  ESM (TPa)  GSIMT (TPa) V)7 pNT (g/em?)
5,6466 7,0800 1,9455 0,175 - 1.4

Pé thuan 1gi cho viéc so sanh kiém chung, cac dai lugng khong thir nguyén dinh nghia theo (15),
(16) dugc sir dung trong cac khao sat. Cu thé 13 chiéu rong, chiéu dai va chiéu cao khong thi nguyén
cta tim duoc xéac dinh bai:

a - b Z
G=— b=—2: 5=2 15
a h’ h’ Z h ( )
va do vong, ing suat khong thi nguyén duge x4c dinh boi:
- _ ab h hz . - a b h h2
Oxx = Oxx 5355_5 %, O-yy—a-yy 5, E,—E %
- ab h h? o a b h
Oxy = Oxy 6’ 8’_5 az_q() s Oxz =0y 57 5,0 a_qo (16)
N N TEAY __w(g,g)Emh3Xl03
Oy = Oyz 23 o ;ow= qa4

3.2. Su héi tu ciia két qud

Xét mot tim FG-CNTRC dang UD véi ty 18 thé tich Vi, = 0,11; kich thuéce b/a = 1,a/h = 10;
céu hinh phan ximg vudng goc [0°/90°]s; bdn bién tua khdp SSSS. Bang 4 thé hién sy thay dbi cua
d6 vong va cac thanh phan Gng suit khong thir nguyén khi gia tri ciia m X n trong chudi da thic ting
dan. Két qua khao sat cho th:?iy tat ca cac dai luwgng khao sat déu dat hoi tu khi m x n béng 7% 7. Mic
du vy, dé dam bao tinh chinh xéc, trong cac tinh toan khao sat tiép theo, tac gia lya chon gia tri ciia
m % n bang 8 x 8.
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Béng 4. Su hoi tu cia 46 vong va tmg sudt khong thir nguyén cua tAm vudng composite 1p gia cudng SWCNT
(UD), bon bién tya khép, [0°/90°]5, (a/h = 10)

mxn 1x1 2X2 3x3 4x4 5%5 6X6 Tx7 8 x 8

w 2,394 4,651 5,507 6,336 6,374 6,359 6,353 6,353
O xx 0 0,328 0,583 0,831 0,861 0,848 0,831 0,831
Tyy 0 0,010 0,017 0,026 0,027 0,027 0,026 0,026
O xy 0 0 0,008 0,010 0,010 0,010 0,010 0,011
O xz 0 0 0,004 0,141 0,150 0,134 0,128 0,128
Ty, 0 0 0,004 0,142 0,150 0,134 0,128 0,128

3.3. Kiém ching d¢ tin cdy ciia chwong trinh tinh

Dé kiém chung d6 tin cdy ctia chuong trinh di l4p, tac gia s& so sanh két qua d6 vong va cac thanh
phan tng suat khong thir nguyén cia bai bao voi két qua tinh bang ctia phan mém Ansys st dung phan
ttr “shell-181”. Xét tim vudng composite 10p gia cuong SWCNT c6 quy luat phan bd UD, ty 1¢ thé
tich Viy; = 0,11, chu hinh géc phuong sgi [0°/90°]s, véi cac diéu kién bién khac nhau. Két qua kiém
ching duogc gidi thiéu trong Bang 5.

Bang 5. P9 vong va tg suit khong thir nguyén ciia tim vudng composite 16p gia cuong SWCNT
(UD, Viyr = 0,11), [0°/90°]s, v6i cac dieu kién bién khac nhau

W Fxx Ty T ry T Ty
Baibio  6,3537  0,8314  0,0266 0,0114 0,1288  0,1288
SSSS Ansys 6,4495 0,8377 0,0269 0,0116 0,1302 0,1302

Sai léch 1,49% 0,75% 0,93% 1,87% 1,07% 1,07%
Bai bao 3,1353 0,2554 0,0091 0,0026 0,1304 0,1304
CCCC Ansys 3,2260 0,2554 0,0091 0,0026 0,1304 0,1304
Sai léch 2,81% 0,00% 0,00% 0,00% 0,00% 0,00%
Bai bao 4,2161 0,3527 0,0161 0,0057 0,0708 0,1878
CSCS Ansys 4,3187 0,3535 0,0162 0,0058 0,0722 0,1881
Sai léch 2,37% 0,22% 0,90% 0,98% 1.90% 0,15%

Bai bao 5,2181 0,4537 0,0033 0,0000848 0,0007 0,2471
CFCF Ansys 5,3712 0,4535 0,0033 0,0000868 0,0007 0,2471
Sai léch 2,85% 0,06% 0,00% 2,30% 0,00% 0,00%

Bai bao 10,6138 1,4277 0,0103 0,000247 0,0008 0,2468
SFSF Ansys 10,7663 1,4273 0,0103 0,000241 0,0008 0,2468
Sai léch 1,42% 0,03% 0,00% 2,83% 0,00% 0,00%

Béng so sanh chi ra ring két qua tinh bang chuong trinh Matlab ctia bai bao ¢6 sai léch rat nho so
voi ket qua tinh bang phan mém ANSYS, sai 1éch 16n nhat chi ¢ muc dudi 3%. Diéu nay khang dinh
do tin cay cta ket qua bai bao.
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4. Pic diém phan bo ing suit theo phwong chiéu day tim

Khi phén tich bai toan tinh ctia két ciu tim, d6i v6i cac thanh phan tng suat thi quy ludt phan bd
ting sut theo phuong chiéu day tAm dwoc quan tim nhat. Mot cach dinh tinh, dang phan bd ctia ng
suat phu thudc vao ciu hinh ciia tim composite 10p, quy ludt phan bd cua vat liéu gia cuong va quy
ludt cua thanh phan bién dang tuong tng ma khong phu thudc vao diéu kién bién hay cac tham s6
khac. Vi vay trong cac khao sat sau ddy bai bao chi xét dén diéu kién bién bon bién tua khp SSSS.

4.1. Quy ludt phan bé cdc thanh phan iing sudt phdp

Hinh 2 va Hinh 3 thé hién phan b cua cac thanh phan tng suit phap 7, va 0y theo hai phuong
ctia tim vudng (a/b = 1), v6i cac ciu hinh (vudng goc va xién goc), va quy luat phan b6 SWCNT
khac nhau. Trudc hét chung ta quan sat duoc quy ludt phan bd clia 7, trong hinh nay véi goc phuong
soi 6 giéng két qua cua yy trong hinh kia véi goc phuong soi 90° — 6. Cu thé, chung ta c6 thé quan sat
thy cac duong 0°,30°,60° trén Hinh 2 s& tuong tmg véi cac duong 90°, 60°, 30°trén Hinh 3, riéng
dudng 450 trén hai hinh s& tring nhau. Diéu nay ciing dé hiéu béi d6i v6i tim vudng, khi hai truong
hop khao sat co tong goc phuong soi bang 90° thi vai trd clia oy va Tyy S€ d6i cho nhau.

Quy luat phan b cta cac thanh phan tmg sudt phap theo phuong chiéu day tdm dugc quy dinh
boi quy luat phan bd cua bién dang twong g, cta cdu hinh composite va ctia quy luat phan bd soi

[N}

[

Hinh 2. Phén b6 tng suat khong thir nguyén -, theo chiéu day ciia tim composite 16p FG-CNTRC:
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(d) FG-X

bla=1,[6°/ - 6°],, SSSS, UD, FG-V, FG-0, FG-X
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Hinh 3. Phan bd tmg sut khong thi nguyén 0y theo chiéu day cta tim composite 165p FG-CNTRC:
bla=1,[6°] - 6°],, SSSS, UD, FG-V, FG-0, FG-X

gia cuong. Riéng truong hop UD (Hinh 2, Hinh 3) do SWCNT phén b déu theo chiéu day tim nén
quy luat phan b cta Gmg suat chi phu thudc vao quy luat cia bién dang va cau hinh composite. Cau
hinh composite phan ximg xién goc s& lam cho tmg suat phap phan bé theo quy luat phan ximg trén
toan bo chiéu day tim (ing suét tai vi tri z = 0 c6 gia tri khac 0, trir truong hop goc phuong soi 00
va 900 tng v6i trudng hop tim truc hudng). Hién tuong nay chi c6 thé quan sat duoc di véi truong
hop UD, céc truong hop khac do c6 thém anh hudng cia quy ludt phan bd cdt soi s& khong thé quan
sat thdy.

Trong timg 16p vat liéu, cau hinh composite khéng anh huong dén quy ludt phan bd ciia g sut
phap ma chi ¢6 anh hudng cia quy luat cia bién dang twong tng Exxs Eyy- C6 thé quan sat thdy rﬁng,
trong truo*ng hop UD, phén b ciia tmg suét phap trong ting lop gan nhur tuyen tinh. Vi Vay c6 thé
suy ra bién dang &, &,y cling ¢6 phéan bd x4p xi tuyén tinh. Didu ndy mau thuin véi cac biéu thirc
tinh bién dang (4), (5), trong do6 thanh phan bién dang &,,, &,y c6 quy luat phan bd bac 3 theo toa do
chiéu cao z. Nhu vay chi co thé giai thich r::ing thanh phﬁn bién dang bac cao 8&3)2, ) 1a rét bé va hau
nhu khong anh huong gi dén quy luat phan b ctia bién dang Exx, Eyy. Két qua nay phu hop véi logic
dinh tinh va véi két qua phan tich trang thai tmg sut, bién dang cua két cu tAm composite bang cac
ly thuyét khac.
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4.2. Quy ludt phdn bé cdc thanh phan g sudt tiép

Hinh 4 thé hién quy luat phan bd cta thanh phan Gmg sut mang O xy. CO thé nhan thay rang, mic
du khong thyc sy rd nét nhung ching ta van c6 thé quan sat dugc cac hién tugng nhu dbi voi dang
phan b mg suat phap. Cu thé 13, trudng hop UD c6 tng suat mang chi phu thudc vao quy luit cia
bién dang tuong g nén c6 phan bd bac nhét trong timg 16p; cac truong hop khac ¢6 phan bd tng
suat mang phu hop véi quy ludt phan b cua ¢t soi va ciing c6 dang cac chit cai V, O, X twong (mg
v6i cac quy ludt phan bd ¢t soi FG-V, FG-O va FG-X. Diéu nay ciing c¢6 thé giai thich giéng nhu ddi
v6i quy luat phan bd Gng suit phap ¢ trén.
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Hinh 4. Phan bd mg suat khong thir nguyén 0y theo chiéu day ciia tAm composite 16p FG-CNTRC:
bla = 1,[6°/ — 6], SSSS, UD, FG-V, FG-O, FG-X

Hinh 5 thé hién quy luat phan b cua thanh phan tmg sut cit ngang 7. theo phuwong chiéu day
tam. Trude hét chung ta co thé nhan thdy phan b tng suat cit ngang thoa mén diéu kién bién bang 0
& mat trén va mat dudi ctia tim. Pay chinh 1a mot trong nhitng cai tién quan trong ciia 1y thuyét bién
dang cit bac cao ciia Reddy so véi 1y thuyét bién dang cat bac nhit. Hon nita, riéng hai trudng hop
tam cAu hinh vudng goc (twong g véi goc phuong sgi bang 0° va 90°) thi tmg sut cit ngang phan
bd dang parabol trén toan chiéu day tim. Piéu nay phu hop véi cac biéu thic tinh bién dang (4), (5),
trong d6 thanh phan bién dang y,, c6 quy ludt phan b bac 2. Bdi véi cac trudng hop khac (FG-V,
FG-0, FG-X), trong timg 16p, bién dang cit ngang c6 phan bd bac 2 va cbt soi phan b theo quy luat
tuyén tinh nén tmg suat s& c6 dang dudng cong bac 3.
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Hinh 5. Phan bé tmg sudt khong thir nguyén &, theo chiéu day ciia tAim composite 16p FG-CNTRC:
bja=1,[6°/ - 6°],, SSSS, UD, FG-V, FG-O, FG-X

5. Két ludn

Bai bao nghién ctru vé dic diém phan bé cia cac thanh phan tmg suét theo chiéu day tim composite
16p gia cuong SWCNT 1am co sé cho viée phan tich tim theo diéu kién bén. T4c gia di xay dung thanh
cong mé hinh phan tich tinh tim chit nhat FG-CNTRC chiu udn bang phwong phap Pb2-Ritz, st dung
ly thuyét bién dang cit bac bac cao 5 an sb chuyén vi cia Reddy. Sau khi khao sat sy hdi tu cia 101
gidi, nghién ctru so sanh da duoc thyc hién nham kiém chuing d¢ tin cdy cua cac két qua s6. Bai bao
sau do tién hanh khao sat sy phan bd cua cac thanh phan tng suét theo chiéu day tim; phén tich, binh
luan va chi ra mdi lién hé giira quy luat phan bd Gng suat v6i quy luat phan bd cac thanh phan bién
dang, quy luat phan b6 cia SWCNT gia cudng ciing nhu ciu hinh composite. Cac két qua ciia bai bao
12 ngudn tham khao hitu ich cho cac hoat ddng dao tao va nghién ctru trong cung linh vuc.
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