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In the present study, thermal buckling analysis of functionally graded carbon nanotube reinforced
composite (FG-CNTRC) conical shells is presented. The effective material properties of FG-
CNTRCs are determined using the extended rule of mixture. By employing the Hamilton’s
principle and based on first-order shear deformation theory and Donnell strain-displacement
relations, the governing equations are obtained. The membrane solution of linear equilibrium
equations is considered to obtain the pre-buckling force resultants. Using the generalized
differential quadrature method in axial direction and periodic differential operators in
circumferential direction, the stability equations are discretized and the critical buckling
temperature difference of shell is obtained. The accuracy of the present work is first validated by
the results given in the literature and then the impacts of involved parameters such as volume
fractions and types of distributions of carbon nanotubes, boundary conditions and geometrical
parameters on thermal buckling of functionally graded nanocomposite conical shell are
investigated. The results indicate that the values of volume fractions and types of distributions of
carbon nanotubes along the thickness direction play an important role on thermal instability of
FG-CNTRC conical shells.
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6- Singular perturbation technique

7- Mesh free

8- Moving Least squares shape function
9- Transformation method

10- Hybrid mesh free method

11- Generalized finite difference

12- Shock loading

13- Improved perturbation technique
14- Mindlin
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1- Carbon nanotubes

2- Functionally graded carbon nanotube-reinforced composite
3- Element-free kp-Ritz method

4- Arc length

5- Modified Newton-Raphson

138


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

Ol 9 (»)3 YW

GRS SR 93l Jied 3B 595 b 03ub gl S I9a0lS ] 0dub Al b9 rke SAIMWY A LlkileS Jukx

g8 @9 Sl wilbioe S glady $U Jols s S5l
g $b I atag e mhaw FGO @jes )3 adle oSe FGV
2 Sl ol oS85 G5l 5 s (A 5 ()15 e g oad (S0l
5 S sk g 00gr i yle (g5l LS Sl gl 5 FGX g55 a8
2 S Ay ol @y e S a8l g $U sl M (2>
Al (8)-(4) Ly, oige 4 e sl glpy cubrs gl

uD: V., = Vi, (4)
2

FGA: 1, = (1 _ 72) v (5)
2

FGV: 1, = (1 + Wz) 7 (6)
2

FGO: V,, = <1 - %) v (7)

2lz|\

FGX: Ve = 2 T Ven (8)
98 oo ol (9) Al &0 4 Ve YL Laily) 5o

V* — WCTl

n cn cn
Wen + (Z_m) - (f)—m) Wen (9)

5009 Cojemsls y3 (oS Wyl Gl oz S Wen (9) abal, jo oS

Bz sl oo Ayl $U g ) oole JB Silo i i 4 pTt o p™

2] oo Cews 4 (10) alasl 51 55 o jeualS 6 S

p = Venp + V™ (10)
3 Sieeels 9l e 5 Job Sl blal cuyps Grinres

[24] 55 e 491 (12) 5 (11) Loy, olae

Vo EStalt + v, EMa™ (1)

VenETT + Vi E™

Uy = (L+vi)Wpasy + (L +v™)Va™ —vipaqq (12)

a1 —

$U Olsy i rd i 5 4 55 VT S VIY 5 00gr (e le 5 dg) 9 Sl
bl 5l 5 CaeeelS $U Gamlly oo e widl (oo Gl 5 Ay

Vig = Venvig + Vpv™ (13)

S Llg, -3

S slad by aiedon slacyjamls ¢ sl oals asle og e dings
1 JSs 0 a8 0K s oL Job gh cwlbis Ry Sy glas Ry
Alwss sl zlaw 59, 1 (X,Y,2) Slaise olKiws (ol oals ooy Lis
PV daie (greme L]y ;0 X aaiie o o5l o0 a8F A o
S 43 5 (Sloo haw p Sgee gliul) 07 aaite 5 Jame sl
gt c0d a8 )5 a0 Sl olliws 4y azgi Lol o diwyy )5
bl 2 Olger 1,2 gy X sliwly 5o atugy 5l elgSds alais e G
225 ol (14) S )90 4 Jol a0 (o5 JS8 i (5,95

Ux,y,zt) u(x,y,t) + zo,(x,y,t)
V(x,y,z,t) p =v(x,y,t) + z0,(x,y,t) (14)
W(x,y,zt) w(x,y,t)

e e (e sl Byre oSS AW gV UYL aaly o4
Sle Py 9Py 5 005 (o2, 5 e «(syeme iy o alwg
OB yeiim 15,5 Lalg; OBl (oY 9 X jeme g dges mhaw Ol

139

Fo SHle lyt Sl oad 4B 5 IS 50 55 wiedoe mes g9 5l
oot 4811 Ll grans S 5 ygilh 5] oolitis] b aiedad o jpuel 536 soke
"o bly) eizred g Jol e (2B SO i (6595 ol 2]
saal Cawd 4 gileon ol 3l eslital b Jobs ¥sles bl olSe punis
e slog ot ol SVolas Slsé I 25 i s L e
2 Soleer Jolas Jlono 3l oolitl b Cprizmad sl oid cpears LiilaS
SYolae (goue (gilwdinn Sy Sl 0als ZlZl gl Y slee
B2l s, 31 LS o sles NS sl s & 5 (sl
Sop7e SLwly )0 i oolite 15 Fite Slas g a8l peand Slay o
Sl wslite 18 iie Slae 5l oolital b .ol ot aslitsl _laime 5
S bl 55 L) & 55 S Al s Slapye Sl i,
Gy S Grmed e e bl 4 bge S¥0les (o
03,51 o2l8 |y Sgliie (650 Lol g2 Gl (55950 5Ll ;5 GDQ
3 aliee o el 50 goae bl cwyp g BLIL 50 Ll jo el
g Glie 550 bulyd (05 sladg) 5L @59 895 9 (o> S Ao
B man 09 sl Gl (Sle gles p Oglite pwsin Ll

Shdgl gl b ol Cugdi S gl (Silko ol -2
R Tove (2
234Y S5 08 sledlyd gl 5l S5 Soge & Cujmels 5 eols
gl 6l a5 ol ool (2,8 Ay gl m le 5 0aiS sl laie
ol 48,5 i 8 Aedad g S leiSy Djge 4 Culbs Ll o oS
slodae I oolaiwl b beujemls ¢b e Sole ple

oo @ plgiee abox ol 51 &S 098 00 (S Folite (SHleg S

Al (3)-(1) Ll ypo @ Cojorals $U 50 (b Jydo 5 SOk Jsoe

[24] 55
Eyy = Ve ELL + Vi E™ (1)
V V
M2 _ — (2)
EZZ E22 Em
V V
=t g @
GlZ GlZ Gm

Jse 5 S Jsae Sy iy 4 G175 B3y E1T Lally, (ol o a8
s ol b bse ple 3G G ET 5 o0g S Ayl gl (b
2l oo S Ay 5Ll 2l (= 1,2,3) peizen il
g Sl o0 48,5 La5 s oles oles 10 Boslail Sl 31 s e Cgs aS
slaoe b a8l pasd oS5 09l 5l Jol> mbt cdlhe &)k
S i 4 5 Vi g Vo (rl poopdle 00,5 (o0 st (SilSeg Se
Ven ¥ Vn =1 alal) 5l &5 adbioe Gmyle 5 505 g $U (co>
SIS (o0 S92
Ly 50 52 aedan w355 g5 oz (UD) colsiS a5 2 ogdle
FGX 5 FGO FGV FGA 1§l ais Le o5 ol o 41,5 L o sl
5 o oS5 e 51 SalS a2 FGA 5 qjef o

1- Extended rule of mixture

2- Adjacent equilibrium criteria
3- Single-walled carbon nanotube
4- |sotropic matrix

5- Efficiency parameters

6- Size effect

10 o less 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

O 9 (23 YW

GRS SR 93l Jied 3B 595 b 03ub gl Sl I9r0ls ] 0 dub Al b9 rke &MY A LlkileS Jukx

w90 ok (20) 5 (19) alaly sillas (ylos 5 955 Sloamine asis )

(Nx\ [An Az O By B, 07(Nx) (N
Ny Ai; Ay O By By 0| Ny Ny
<ny>= 0 0 A 0 0 Bge <ny>_< 0 |
M, By B 0 Dy D O M, ME
M, By, B,, 0 Dy, Dy, O M, M;
M, LO 0 B O 0 Desd\M,,) \ )
(20)
lot=rle a6 e
QxZ ASS ]/xz

o e g wiboe Ly ol oo Slo kg (21) alal) j5 o5
5 Bij Aij oy izen [30] 0500 485 i 0 kg =576
g2 ialys (22) alal; 3ok » Dy

(AU’ I.]’Dij) - JZEQij(l,Z,ZZ) dz (22)

) ©jge @ 5 (Sl IS LL dhuly Gles 5 958 laai

NI\ _ [2[0u Q
{NyT} Bl f_g QE QZ] {“ZZ}AT dz

h
My f Q11 le]
= ATz dz
{M§} Q12 Q2 {a22} (23)
2
Lg 90 sloantin g la i dla 25,5 (sl oads L)l Laly) @ 429 b

O byye ding e Jolw OVolwe (yeden ol 5l ool
ol oo Cawsas (28)-(24) Ly, &40

g oo 41 (23)

Nyy .y N sin(B)

Nx,x + R(x) R(x) (Nx - Ny) =0 (24)

N, 2sin(p) cos(B)Qy;

R?;c; T Nyyx ¥ R(x) xy T R(x) = = 0, (25)
4 Gy SINB) , _ cos(BIN,

Crzx R(x) RG) R(D)

R( ) (R(x)N W, + nywy)

—L(LN w, + Nyy,w ) =0

RG)\RG) ¥+ NerWx) =0 (26)
M,

Mo+ oS + S;”(([;) (My — My) = Qs = 0, (27)

M, , 2sin(B) _
RGO T RG) Moy T Q2 =0

ahal) Oyge a4 ateg sl g0 0 5 IS e iyl eiaes
N, 6u = Ny, 6V = Qy, 0w = M, 8¢, = M, 6, =0 (29)
Golul SYolee Wb ojle uileS Slzw glos 4 oliws jshaie o

Mxy,x +

Dgdcn A ileS i slag s dcwle 4 ol 51 i Ll 0o )5 &8l
e it S8 e Gy o 3 a0 s 4l b 4y |
s Jols Solee glid o 18,5 185 0 b |y oS iy (slig e
33 32 30] s,51 cows 4 (30) akal, & 90
(AZZNT — A, NE)sin(B) L
(%) Ay |n(1+“““ﬁ’) ’

1- Shear correction factor

10 o lests 15 ©)9> 1394 s (ORI Sl Swade

30] g g0 A pa (15) ably )50 4 Bils (5592 ool b s

[31
Ex & X
Vxy ]/XQ_’V AXxy
w,,  cos(f)
+ ! —_
(=17 "R R
Px Wy (15)
v u
EQ(C) = u,xy 8:3 = %! y)?y = ?y+ v,x !
: Px,
Xx = Pxxr Xy _%) Axy _%'l' y,x
l

lié (558 Gpme i 4 Yiy o 8y €3 (15) 5 (14) Lals, o
bl oo Lol Gl 5 Xuy 9 Xy Xx 9 09 (s 9 (e (S 9o
Ao b aibiee (o250 SBn SRS ke 5 Vyz 5 Vxa Geizees
Dype @ Syp o3l alul 5 5,5 5l (S L 8
298 o0 oo (17) alal,

( Ox Q1 @z O 0 0 (&) (@11)
I Oy I [le Qx O 0 0 l I €y L lag |
go-xy¥:|0 0 Q66 0 OI Qny¥—4 0 ¥AT
lo,,] 1o o 0 Q. olllnl ol
o) Lo 0 0 0 0wul\Uw) \o)
(17)
-.\.)9.«.»‘5.0 uLu (18) C‘.:)s..o O Ql] w‘).«a aS
Eyq E5,
G = 1—vipVyq @z = 1—vypvyq
— Vy1E14
21— V12V21
Q¢ = G172, Q44 = Gz, Qss = Gy3 (18)

5 Gles 5 955 laasie (17) alal) ;5 ot &l slogas b gillas

h

WM = [ L adz, (= xy5)

2
h

Q; = J_Zﬁaidz , (i=xz,y2) (19

2

/V Z,W

/1A
Lol
/N
! \
/
R,
| \
|
R, |

shaye digy amin il IS slei 1 JSCi

140


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

Ol 9 (»)3 YW

GRS SR 93l Jied 3B 595 b 03ub gl S I9a0lS ] 0dub Al b9 rke SAIMWY A LlkileS Jukx

g’irj g 009 shwoe sliwly jo lo )5 bla S olawi my YU alasl, o
(40) oy o F Sy jlop &5 (Syg0 50 dlion (S walpd Byxe
D9 8 p23
= [F]=[F(5)] = [FGD) £ G, f ()] (40)
Wil x = x5 abii o f(X) &b 25 polie f(x)) Gl o o
Sygo 4 (39) alal;y 5 GDQ s, (wlol p S Eae (o sle Shee
395 g0 iy (41) aba

ar — _

o (F) = DyF = [Dy]; j{F;} (41)
NPV

Dy =[Dyl;; =i, i,j =1:N, (42)

Sl 539 walpd g 039 (iine u,ﬁ ;u T e 93 YL, (42) &,,‘) °

( L, r=20
L(x;) {i £joij=1.. 1
(x; — %) L(x)) r=1

r—1 . . ..
_ r i ij=1,..,
Sij = 9 rlciljc{}‘l ——_c” l ,{L s ) M

xl_xj r:2|3y-"|nx_1
Ny
ij o _
L j=1;j#i r= 1121 vy My — 1 (43)

Bl 55 LX) 5 009y X1y Slen w;u Ix YL 4.]9;‘) 4

L(x;) = 1_[ (x; — xj) (44)

Sygo dy 25 bli a9 a5 ol ools oyl [31] andS wlasoy
2 e e xS ) gill g ol Kea (p i $lgl gl ade
4 a5 09l oo oolaiul glo S bla xy3s5 £95 ol 5l i Budod cpl jo does
09.4»‘5.0 O% (45) d.la.") u)y.a
1 i—1
xi:§<1—cosn n)L (45)

Colike S Gideo Slos ~2-4

S5l eolaiul ¢ das glisly jo oS i 09 glitie 4 4z g5 L
S gk 4 ol llyd B sgd oo carge Liul) (ol 5o gl Sles
slwly by 5 G5k lald Jlesl 4 (5l Koo 5 oad Lo
gly Olitie | ooliinl b 18 suie Klac oy, ool o ails Jaome
Cod il o0 3 Gligran (5, 0 Al @l les o A gl
(46) <jpe @ p9s 5 Jsl aipe (mmyile 5S Gt slaSloe 0
[36 .35] sl

Dy =lai;],  Dj=1[by] (46)

"\"‘DJSLS‘U (48) (47)@‘)Q)y"4—3bi'j9ai,]’ “""‘)“"’S
(a1 =0

-7 nw(i-1)
a1 = cot
{ | 2 My i,j=2 n
1ym i a(n,—j+1) T
1,j = cot
2 n,
\Qj+1,j+1 — A j (47)

2- Periodic Sinc Function
3- Collocation Method

141

N9 =0,N, =0 (30)
L1 ol o¥oles (lgsoe (ileS G Slogys @ a2y L >
SYVolas jlre ol ol 50551 Caws 40 Solaor Joles jlae 1 ool

w9b s Jol> (35)-(31) Lals, & 50 4 sk
N,}y v, sin(B)

Ni, . 2sin(B) . cos(B)Qi,
R(x) + Ny +— S oy Mty o 0, (32)
1 4 Qyz,y + Sln(ﬁ) _ COS(ﬁ) Nl}
Qxzx R(x) R(x) Xz R(x)
(AzzNT — ApNg)sin(B) L -0
R(x) Az, In (1+ 500 (33)
L Meyy SINB) o
Mx,x R(x) + R(x) (Mx - My) - sz =0, (34)
. My, 2 sm(ﬁ)
Mxy,x + R(x) R(x) Qyz =0. (35)

Sy 5 stbe slul o Tl 1 ol WL by, s
a8l ged g ood at gsu Gled 1wV b osus &l sladazie
Gl b Jb sl (21) 5 (20) Ly, 5o ons plo slaazis
dgdign fol> o3y polie dlivse S, (35)-(31) Luly, yo olmlr plae
Dl cans a4 1ileS Jlme sles 1 0,8 J> L as

o5 454555 {5) o5le oS4 30 bt £ o 3eiod (ol 5
Loyl a8 0gi o 48,5 L5 48 atwgs slel 9o 40 (F) of51 o84S 4 (C)
9800 41,1 (38) b(36) w50 4 G o

oS EaSs

U=v=w=¢,=¢, =0, 0<y<2m (36)
0ol s5aSs @
u=v=w=¢,=0, M;,=0, 0<y<2m (37)
Dl oBass @

=0 0<y<2m (38)

Syl DYl -4

5 g Sbul) 93 50 (B i lradlie (sl SVl >
Slwly 5o pshate ao Wgd o (GiledianS go0e Djge @ e
S5l e glinly jo g Al e (L Sl g, 5l (5 )sme
s Sl 4 az g b @ly joab ales eolitul Gglite 5 grie Kles
onl 5l eslaiul sl oo wglite [0,2T] o5L jo Jame sbinl, jo Lo 5o
3 Ss 5088 oot |, olen 5l sl e Shec
Slaye by, 3l Gpaize daldl jo 09 aalezs 6,55l lall Jlael
255 o Al oglie 25 Fie Ko g 4l pooss Lol

Al pond LSl Olr o b9y -1-4

a f(X) &b plr e e Grie @bl prasd Lol Sluye by, ol
@ &b sl polie 5155y culpe cralols b ggeme &g
[34] il s 4 (39) alal, & 50

0" f(x)

ox"

- Z fOg), i=12,.,m, (39)
=x; j=1

1- Weighting coefficient

10 o less 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

O 9 (»)3 YW

GRS SR 93l Jied B 595 b 03uh gl Sl I9r0ls ] 0dub Al by rke &MY A LikileS Jukx

e oo 4] iadin Gty jeels b ) ot asly by, slaatog,
ole 130,5 so o Cujerals $ib se (SlKe olys ol o jslaie oy
Joe a5 098 0 Dl o ile lgie 4 (PMMA) 200l St e
[24] 5l el @l o glsy o po 9 S o SSL
E™ =25GPa, p™ = 1150 kg/m® ,v™ = 0.34
Slye 4 (10 10) 3,0 T £95 4Y G )5 sladly) ol (iman
OB, S 0 LA Caul ead a8, F S 0 Lo el sallS Lo
2 Syge a5l wlys @y 6l slph = 0067 N jee cwlks
[24] sl oo
ES = 56466 TPa,  ESP = 7.0800 TPa,

GSh = 1.9445TPa, v} =0.175,
p™ = 1400 kg/m3

}| J""" @’L“ Csllas «.9")']" )" L"’C“i}%"ls P s.’.‘)ls J:‘"")l?.. W‘J‘"
20 08 oo dule (oS50 Sl B9y g AWl paend oS 5 (558

[24] sy 00 )] o5 @90
Vi =012: n, =0.137,n, = 1.022,7, = 0.715
Vi =017 1, =0142,n, = 1.626,7, = 1.138
V; =028 n, =0141,n, = 15857, = 1.109

Sualed liuly )3 D)l a0 e 45 Sl S5 @ 3V rizen

2 Soliie 65y balph el oal a8 5 jla5 )0 CBleSs O g0 s Ay

O CS gy Llps Jle job 4 a5 Conl ouds bl aiwg slgl 40

S0 ad g 00 0,5 BaSs o x =0 ,0 s92g0 el a5 ol 0
S,S o g ool o5 A, x = Lo aiug,y

L (o Ll -1-5
WYl plo )0 0290 @S b gy ol 5l Jol> mls Gide ol o
wwgy Sl WS Glp Jolo @l ) Gl 5 oS e (i Ll
Lgs ot 851 7l b iadas (slacaj5alS 5 5l o a3l slalyi
2 Sl 53 @ oY ol ool anlio 1 Jgax 0 [24] S5L3 5 0
Ly b Glgise g eols )8 a0 4y Koo by e () agly a5 )90
5l &Sl 4 ax g b uzmen 0 5] Cansay slailgiul slaaing, (ol
Gzt 40 (el 00 &) oo ay oole plet  Siwnly 2,9 L [24] e 5o
2 S sledyd g elis 1 Jgaz j0 s &)l jshaie & 5 ol

KSOR-RY:N w)wlf 93[.3 6‘45‘95*“" g LS‘)? quoS <5;|J7"~’ 6L"° MLM]. Jg»\a

(L = {/100R;h & =100 h = 1 mm)

[24] &> 5 ol mls Ven
376/55 378/64 uD 0/12
374/64 377/53 FGA
366/12 369/47 FGO
388/56 389/53 FGX
383/90 389/02 uD 017
373/90 380/06 FGO
383/01 388/48 FGA
397/21 401/21 FGX
367/41 367/94 uD 0/28
359/99 359/64 FGO
366/35 369/73 FGA
382/83 382/19 FGX

2- Poly methyl methacrylate
3- Armchair

10 o lests 15 09> 1394 s (oRIde Sl Swade

( _ ny 1
bus 12 6
(_1)i—2
b 2 sinz =)
X ny L,j=2,..,n,
(=)™
bl’j m(ny,—j+1)
2sinz —=%
ny
\Dis1j+1 = b; (48)

wils e slivl) o (slo,5 bl slass 71y, YU alaly s oS

S o WYolre (6 jlwdinns -3-4
3,5 &l 2-4 5 1-4 cla iy 0 a5 5 siive slo Slee 4 a>g L
Rlie polaie (pdy Sgdioe (§iludinnnS )l SYolae A cnl 5
@i S ks o (49) alal) Shgo a4 slo S L )5 e s (sl e

g o0
Ut = [U11,U12, x UNxNy]!
VT = [V111V12’ "'1VNxNy]'
WT =Wy Wi, oo Wi, |,
o7 = [cpx11,¢x12, ...,cbexNy],
®," = [¢>y11,¢y12,---,f1’yNXNy], (49)

5 So97e Ll 99 30 Gl sloyiie (25 puolie aSCol @ azgs Ly
‘6)"-\-.’.1-3. SYolre (glwdinnd jolaie a4 iloads s S Jlai o GL:W
238,500 41,1 (90) alal; & )50 4 (g Slo 25 Bt sla Khoe

D; =1, ® D;
Dr =Dy QL (r=12)
D°=1, @I, (50)

Sl @ Grizmen il o Ty XNy, Slos e ile Iy VU alail) 5o
Yolas (50) 5 (49) alal; & 4z L [35] wisbioe 1,555 ©ps
Sopo 4 ilead ol (35)-(31) Ly, o o5 gyt atwsy gl
iyt it (55) -(51) e,
L12U+ LV + LW+ Ly, Py + Ly Py, =0, (51)

LU+ LypV + LpzW + Ly @y + Lys Py, = 0, (52)
L31U + L3pV + L3zW + L3y @y + L35y, =0, (53)
LynU+ LoV + LygW + Ly @y + Lys Py, =0, (54)
Ls1U+ LsV + LszW + Lgy @y + Lss Py, = 0. (55)

@ 8 e slo Ses Jolo Lij (1,] =1,2,...,5) culys o5

e a1, (55)-(51) L, olgs o ol oois &3l) Comsgay 0 a5 il o
1dgh 2 (omFle

(K—K)x=0  xT=[U" v W' o] o] (56)

S e yile 5 (S e ile i S 4 K g K YL aal, o &S

© bl G 5 e s Gileaiens Lol oo

slos OB osel Cawsd @y o3y polie Altus > g b slo ke

Dl s a4 keSSl o

Sous W g Com -5

Sl kS myp ek 4 Golie goue mlS i pl g

1- Kronecker product

142


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

Ol 9 (»)3 YW

GRS SR 93l Jied 3B 595 b 03ub gl S I9a0lS ] 0dub Al b9 rke SAIMWY A LlkileS Jukx

bl 0,5 )18 ol 0,90 ole L8, » 55 Co55elS 9l eole oS S
Sl ooy a8 5 Lo 10 ool o5 AT &0 0 Ll g0 j0 agy (60

Sl by ol ansly alil a5 ams e lid 3 Jpur mls
b sl e Gals kS Sl gles GBS g cols ialS ) o5l
26 )5 lody) o6l x595 £55 5 (o> juS (lime &5 Db e camlive
olidl lasl B> Loyl ijjm g U_.,,.,LQS Sy 0 L,;{‘)'.wd..}
Sloo B o 319G ciulidl Wy g (o,S dg) 9l oz S
5“51:(117 (T JMS b g 4&052@ oA&J‘jJMS uﬁf@
sl oo Ll 1y Gl ol o yieS g cp piis cud 5 A V., = 0.28
FOX g5 5l culies sbinl; ;5 (05 sladyd ol @y ;s Sk
aSST > 0gi 00 o5l yo (ileS Slmu sles o yis ol 4 i
Syl 1y caileS Canglio 1y y5eS FGO £45 2595 b atwgy

oS $U oy e dlwg LiileS [LS, » g5 ulpd S0
E5 90 9 o> S alide polie il 4 gl (6105 )L Co diedun
sdnlice a5 jshilen .l oad pwyp 4 Joaz 0 oS Ay 6U e
Iy diwgs g lb sl slail g0 jo alanin (6550 sl o Ol 04l 0
bl pumes D oo OleS @‘1):9 lod Joy 4 ymice g 00ls rals
&5 &9 b6 ipdy Slasl g5y kulyd 285 Sl o b as 08,5 e
u...ul.of @‘)’9 6l.a¢ » s 61.‘;...»‘) 39 Lg..*; 6L®=\J5.| 5.3[.3 KSON:RV.S
Al oo rals

shoads aBle by, aiwg (iileS Sl lbo S Ol o
bylys gl 4 glad 4 Job Cond v 5 diadon oty jselS oL
Golol gled 4 Job cas [l L oS 0ad so cdmlie ol onls
26 el 4 Job Cond (RlBI L Grzren b o G108 o3l (Sl
JB il aboe 2ol 0 ileS Sle led p weg 50 Ll
OiileS s by Gied Sl Sl g Job ol oS L aS canl (S
gy dle Cyx glie J> Ko 5 opde ab>de LB
O Job Cus Glp ml jshie ued A s el GileS i
Sl 0l &1 S5 51 25 slagleds

3loads adle gy diwg GuileS Sl sl S Ol o
Elail Gl 4 Cwolbrs a4 glad Cod cavs pp iedon oy jeelS L
3l gox> juS e polie g u,S sladlg) ol wiadun a 95 Dglie
AW (alrs 4 glads s 0]l L aS a0 lis bl el ouls

sbose dgy (LS o glos DS 5 (6550 Ll o 36 4 Jgur
o L R . o RPN,
(=30 = 3o = 40) sidan slacs jeuslS $ib 5l oo axslos
Ven
0/28 017 0112

FGX ub FGX ub FGX ub

27212 204/2 304/0 236/5 282/0 218/8 cc
1912 148/9 221/9 182[3 201/6 164/8 sC
186/4  143/6 214/8 174/8 195/3 158/4  cs
14511  117/2 175/8 1516 155/5 134/2 ss
149/4  114/9 1713 137/6  156/7 12506 FC
124/0  98/8  147/7 12413 13211 111/3 FS
147/8  114/4 170/0 137/1  155/7 125/1 CF
121/8  97/0  145/1 122/3 129/9  109/4 SF

Ly

Sore

143

3o o5l adgl sled pmen Cawl ool ad S Ll 0 400K sles
039 00l o5 ST Lol 90 4o dliue (650 sl el 0uls (5,3 300 K
A CSlESy Djpe a4 Culrs bl o 5 Ol Az mie s
ol 00l a8 )8
o laaiug GuleS Sl glos BB 55 2 Jgur o
LSen 5 651 Lags ot ) ol b aiadans dlge ) ot azsle
oole Dglie sl Lildg 1 5 (550 Lal b (sl gl el 00 aylie [33]
V8 oS 5 3l edaw oole aS sl ouls 5,8 el call &Sl iedun
5 5T Pl o ol i e (STaNy) s oSl 5 (SUS304)
LB Cillas g e alisdle 45 jshilen el 000,5 ol [33] g e

RPIRIRPEN s o Jeud

SleS” Gy slod y it Jolge il -2-5
S8y p e Jelge 30 o) S (Sgliie (go0e @S isu opl o
S8 docoddDd LgLQw)gwolS 5.3[.’ )‘ ooy ais-luw 6’05).7.@ Mg.: WLJ
owleS Sl glos OS] A JUUPS SR BN W I L;?)‘)} &, L
53 by pre o) agly alize polie il 4 (shjemsls 9l (og Pue dtsy
a0 alg) 9 gl pom S Sglie e dus el 00l &3] 3 Jgu
&93 )Lgr.> wlsus LgL.M:‘) 5o wb._i; é’)ﬁ’ > 05319 9 ol o0l u)f
Sl 1 g see oly asly ;b L egdle bl ol Ll siedon &y

.b‘yo )| ooy sl 6]05).7.4 gy 6‘)" quoS ‘5").7.) ‘_gLoo ML(LA 2 J,J.?
(8 =15 £=300 2 =300) aiedun

k=1 k=5 k=0

Ll
&r wl er w2l e B .
33 Lo (B33 b (33 Lol O
150/1 152/2 168/3 170/5 228/7 232/3 cC
149/8 149/8 168/0 167/9 228/2 2287 SC
149/8 149/7 167/9 167/8 228/1 228/5 CS
149/4  149/1 167/4 167/3 227/9 227/2 SS
79/8 76/2 88/1 84/9  114/1 113/7 SF

5 ool aidlu oy e diwgy 2leS Sl e sles DS &l s 3 Jgus
5 o7 oS by P ol dgly Sgliie polie sl 4 aedae Slaly jelS oL
(55 =2 B2=0) o5 o 5t i 5
5
60 45 30 15

77110 103/5 134/22  171/06 u 012
74174 10131 13182 16873  FeA
75136 102/71 13426 172/18  Fev
59/50 86/18 116/66 ~ 153/05  Fco
96/61 123/77  155/46 19421  FGX
84/65 115/74  151/65  194/87 up 017
82/66 114/08 150102  193/33  FGA
82/71 114/73  151/63  196/01  Fev
66/03 97/18 132149 174121  FGO
105/76 13801  175/78  222/42  FGX
70/34 92/05 117115 147/26 uo 028
69/68 92/93 119/62 15172  FGA
68/35 91/08 117/26 14855  Fev
51/55 73/81 98/83 127/46  FGO
93/09 116/94  145/14 180185  FGX

©

10 o less 15 09> 1394 s (ORI Sl Swadye


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

Obled 9 (»)3 JMa

GRS SR 93l Jied B 595 b 03uh gl Sl I9r0ls ] 0dub Al by rke &MY A LikileS Jukx

vV =0.12
800 Si
3 uD
600 | %, FGA
. ————- FGO
s 400 K N, e FGX
4 ‘\ ”‘0,
» ‘e
\Q ta,
200 | S, \
S S e — rugy
e e R R R L
. , . ]
20 40 60 80 100
R,/h
V_=0.17
800 f .
600 1 %,
=0 400 ha N\,
4 0\ 0,‘.0
~\“\ ':,...'.
200 | «.____:-_-: .........................
. , . i
20 40 60 80 100
R,/h
V_ =028
800 e
600 |,
2 400 b\,
< N, ‘.,
NN,
200 | \.~.~ .............
0 | R L |
20 40 60 80 100
R,/

ot sl g e dwgy ileS Slyze slos DS &l s 3 S
Solaie lgil sl 4 oo @ glad Cod s  diedun sl 5l 5L
(CCp =30" - =2) gl 5l oz puS hlisis polio g aiadan o555

Loas 005 e bltul Grizren e 0l5 BLST Sl sled
2= g Bl asdan g gy b bt 4 plad Cons 15
Dt 53 o olaie LS iS5 ol s sl
25 sl 4 ST Sl les  dg) gl aiedan mies gy U
2 Vi = 017 oo

atle bysw diwg (ilS Sl gl WS ol s 4 S
by e ooly agly Dt e 1) diedin slacojselS ol ons
&5 5 Kz 5 o> S At e aw gl @S aes e Gli
Lylyls e el ool &l Culo glul,y o oS sladg) 6L
Gl ooy 423 )8 a5 (o gy gload j0 colw oS 4SS (65 p0

$U 5l o aizle by o diwgy () ileS Jol 090 JS3 28
b oz S el 00 ol ioled O IS 0 diedan slacy jgelS
o a8 S i 0 dlwgy sl FGX g9 windan x395 ¢ Vo = 0.28 dJg)
ol o8 oolw oFAST Ll g0 0 alwg i Ll en L]
s90 JSb 5 S Show e p i lulyd S epdle 4 ol
Sguds oo 0ddlive 4 jabo jles .ol 0ulls ools L 6 ISs 0 L ks e
sl zals coge o)l oF 4SS slyls sload o Ko s zol8l

Sggs leS Gl

S5 dons -6
ey jamels ol 5l ouds asLu P9, slaaing ‘5’5)1).> oileS” Judos
S eolainl b Cujamls ol olge 50  Sle olys 1au0 )3 &l aiedan
S5 3 eolawl b oS> Lylg, 0005 ole oals ools ol oS 5 98
P e A gl o5 Gie Slee g 4Bl puen Lol Sluye (o,
LS)LMM S8 Oygo 6)‘*'\-.’.L.E. Yol ‘&pu 9§97 6[.‘1...0‘)
20,8 dwlre yiileS ‘5211.79 Slod S| 033g polie dlie J> b g o

430

600
cc
Cs
L R

AT
23]
7]

200 ‘&&;

_—
— -
—— = o P
W

Vcn:0'17
300
uD
X FGA
200 e~ T, =memee FGO
5 ~<s v s FGX
— S tu,,,
4 ‘Nh.~.~. vy, -
100 } TSeesI
0 1 1 1 1 1
5 10 20 30 40 50 60
3
Vm:O.ZS

250 T T T T .

200 frere,,, |
l_o . . J
<l N.\.~. .............

100 | s--.‘.~.~.~ ................ ]

50 : ' "=l
5 10 20 30 40 50 60

i

36 5l oo sl dog Bee dtwgy (iileS Sz (slos s &l i 4 Sl
Dolie elgil sl ar by oee ol angly Dl s wiedon slacyjselS
(58 7 =40 - =2) 4y 5l o oS hliia polin 5 dindin o5

10 o lests 15 09> 1394 s (oRIde Sl Swade

LR,
345
500 ¢ —
400 +
. 300 §
20
200
\&
100 | gz — ot
0 . — 1
: y . 5 10
LR,

30 5l oo aisles o e dtwgy (S Sl pu sles M &l s 2 S
5 Sglite 550 blyd sl glad a4 Jsbo o iy aiedon slacy joelS
* Rl —_ > . e 2 .-
(FOX ¥ = 017 ~1=50) bgsee (ol gl ciliseo polie

144


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

Ol 9 (»)3 JMa

GRS SR 93l Jied 3B 595 b 03ub gl L I9a0ls ] 0dub Al b9 rRo SAIMWY i LlkileS Jukxs

Aiedud 205905 9l olge 3l oads asle Dby e dlwg
D9 s

gy oBS L3, n ams BB LSl e Lulys
Ay ASgysb 4wl (Sl 5L Ced by e
el 1y ejle gluly pdy Sllasil slaolfass (28,5
ojbe gl 4 Jsb Cowd lBI L (B)b laes
"o 2 Gkl kS Sl les (Sl
b

gy Cwleo 4y glad cos (I8l L as ols lid ol
B )5 sldy s @iy g5 b (g
b el keSSl sleo

(1) S ) -7
g o &) (27 ) b (1 &) Laly, & yg0 0 Ljj ol

L1y = Ay D} + Ayqsin(B) RDy + A66§D32/
—Ay, SiN*(B)RD®

Ly, = —(A,; + Age)Sin(B)R D31;

+(A12 + Ags)RD:D;,
Lys = A1,008(B)RD} — Ay, sin(B)cos(B)RDC
Lis = B11DZ + By;Sin(B)RDy + BesRD;

—B,, sin>(B)RD° B
Lis = —(By, + Beé)Sin(ﬁ)EDglz

+(By + Bse)RD;D§
Lyy = (A + Aes)ED;Dglz ~

+(Az; + Age)SiN(B)RD;,

Ly, = AgeD5 + AzzﬁDf, + Age SiN(B) RD;

—Age SiN?(B) RD® — k Ay, c0s%(B) RDO
Lyz = (Agp + ksAyy) Sin(/j) ED}/
Lyy = (Byy + B66)Sin(ﬁ)RD; ~

+(By + Bsa)RD;Dglz

Lys = BggD? + BypRD} + Beg Sin(B) RD}

—B,sin?(B) RD® + k A,, cos(B) RD®
Ls; = —A;,c0s(B)RDY — A,, cos(B) sin(B) RD°
L3, = (A, + ksAyy) cOS(B) RD}»
L3z = ksAssD7 + ksAsssin(B) RDy

+kSA44§D32, — A,, c0os2(B) RD°

+ (AzzN; — A12N9T) sin(B) L Bp2

1

L3y = ksAssDyx — By, c0s(B8) RDy
+(ksAss SIN(B)R — By, sin(B) cos(B)R)D°

Lss = (ksA44R — B,,c0s(B)R)D}

Ly = By1 D} + +By, sin(B) RDy + BG6§D§
—B,, sin?(8) RD®

Laz = —(By; + Bgg)sin(B) RD®
+(By + Bgg)RDx Dy

Lyz = —kgAssDy + By, c0s(B) RD
—B,, sin(B) cos(B) RD°

Lys = [D11D9% + D, sin(B) RD} + D66§D32,
—D,, sin?(B) RD® —k Ag: D°

Lys = (D12 + Dgg)RD3 D5, — Dy, sin(B) ﬁDJZ;
—Dg Sin(B) ﬁDf,

145

(1- )

(2- )
(3-)

(4- W)
(5~ aJf)
(6- )

(7- )
(8-

(9- )

(10- )
(11- )
(12- )

(13- )

(14- )
(15-W)

(16- )
(17- )
(18-
(19- )

(20- i)

AT, = AT, = 341.1371

AT, = 362.1150

|[IRRREEREE)

AT; = 383.5378

9.:[.’)‘ oy asluw L;aﬁ).?u 4.:.»:5.’ ‘5:)‘)} U’“"L“S&.Jﬁ‘ éaﬁdiwwsb‘iw
* ° L R A .
(SS FGX V% = 0.28 £ = 30 w=2at= 20) siedan slacy jeuelS

cC SS
AT, = 151.6528

AT,, = 236.5115

FS

sl byt diug ()l GRS 950 IS 5 (550 Ll 51 6 ST
(UD W3 =017 f=30" .= =2 22 =40) siedan slocyjsmls 5 5l ous
- .

sbsre dmg (LS 8, lasye b all b soue b o)
GBSl slasjgliws 5l glaodls 23,5 )18 bl 090 (SujeelS 9L

Y WP a1yl aalsl yo

5 slodlgd gl siedan g5 £4 g (oo S polis
» @l )*’L’ Py e dwg Cwlrs glisl, o
b goz> S a8l ol uileS” Sl sles S
&5 9 d9isas o)l (g)luly Rl 4 i Lag ) alg)
ams 1) GuileS Slpe gled o yiin FGX g4 aiadon

.M\)GA
Comd g glad 4 Job o by e ol agly Lil38
iileS” Sl sles B! ialS cel cuwlbes 4 glals

1

10 o lesis 15 09> 1394 s (o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1394.15.10.32.6 ]

O 9 (»)3 YW

GRS SR 93l Jied B 595 b 03uh gl Sl I9r0ls ] 0dub Al by rke &MY A LikileS Jukx

[13]R. Ansari, E. Hasrati, M. F. Shojaei, R. Gholami, A. Shahabodini, Forced
vibration analysis of functionally graded carbon nanotube-reinforced
composite plates using a numerical strategy, Physica E: Low-dimensional
Systems and Nanostructures,Vol. 69, pp. 294-305, 2015.

[14]B.S. Aragh, AH. Nasrollah Barati, H. Hedayati, Eshelby-Mori-Tanaka
approach for vibrational behavior of continuously graded carbon
nanotube-reinforced cylindrical panels, Compos B Eng., Vol. 43, pp.
1943-1954,2012.

[15] M.H. Yas, A. Pourasghar, S. Kamarian, M. Heshmatian, Three-dimensional
free vibrationanalysis of functionally graded nanocomposite cylindrical
panels reinforced by carbon nanotube, Material Design, Vol. 49, pp. 583-
590, 2013.

[16] SJ. Mehrabadi, B. Sobhani Aragh, Stress analysis of functionally graded
open cylindrical shell reinforced by agglomerated carbon nanotubes,
Thin Wall Structures., Vol. 80, pp. 130-141, 2014.

[17] Alibeigloo, Free vibration analysis of functionally graded carbon
nanotube-reinforced composite cylindrical panel embedded in
piezoelectric layers by using theory of elasticity, European Journal of
Mechanics A/Solid, Vol. 44, pp. 104-15, 2014.

[18]H.S. Shen, Y. Xiang, Nonlinear vibration of nanotube-reinforced
composite cylindrical panels resting on elastic foundations in thermal
environments, Composite Structures., Vol. 111, pp. 291-300, 2014.

[19]Z.X. Lei, K.M. Liew, J.L. Yu, Free Vibration Analysis of Functionally Graded
Carbon  Nanotube-Reinforced = Composite  Cylindrical ~ Panels,
International Journal of Material Science, Vol. 1, pp. 36-40, 2013.

[20]1K. M. Liew, Z. X. Lei, J. L. Yu, L. W. Zhang, Postbuckling of carbon
nanotube-reinforced functionally graded cylindrical panels under axial
compression using a meshless approach, Computer Methods in Applied
Mech., Vol. 268, pp. 1-17,2014.

[21]H. S. Shen, Y. Xiang, Thermal postbuckling of nanotube-reinforced
composite cylindrical panels resting on elastic foundations, Composite
Structures, Vol. 123, pp. 383-392, 2015.

[22] R. Moradi-Dastjerdi, M. Foroutan, A. Pourasghar, Dynamic analysis of
functionally graded nanocomposite cylinders reinforced by carbon
nanotube by a mesh-free method, Material Design, Vol. 44, pp. 256-266,
2013.

[23] S.M. Hosseini, Application of a hybrid mesh-free method based on
generalized finite difference (GFD) method for natural frequency
analysis of functionally graded nanocomposite cylinders reinforced by
carbon nanotubes. CMES-Computer Modeling Engineering Science., Vol.
95, pp. 1-29, 2013.

[24]1H.S. Shen, Thermal buckling and postbuckling behavior of functionally
graded carbon nanotube-reinforced composite cylindrical shells.
Composite Part B Engineering, Vol. 43, pp. 1030-1038, 2012.

[25]1H.S. Shen, Torsional postbuckling of nanotube-reinforced composite
cylindrical shells in thermal environments. Composite Structures., Vol.
116, pp. 477-488, 2014.

[26]H.S. Shen, Y. Xiang, Nonlinear vibration of nanotube-reinforced
composite cylindrical shells in thermal environments, Computer Methods
in Applied Mechanics, Vol. 213, pp. 196-205, 2012.

[27]1H.S. Shen, Y. Xiang, Postbuckling of nanotube-reinforced composite
cylindrical shells under combined axial and radial mechanical loads in
thermal environment, Composite Part B Engineering, Vol. 52, pp. 311-
322,2013.

[28] M. Rabani Bidgoli, M. Saeed Karimi, A. Ghorbanpour Arani, Nonlinear
vibration and instability analysis of functionally graded-CNT-reinforced
cylindrical shells conveying viscous fluid resting on orthotropic
Pasternak medium, Mechanics of Advanced Materials and Structures,
(just-accepted), 2015.

[29] Y. Heydarpour, M. M. Aghdam, P. Malekzadeh, Free vibration analysis of
rotating functionally graded carbon nanotube-reinforced composite
truncated conical shells, Composite Structures,Vol. 117, pp. 187-200,
2014.

[30]J. E. Jam, Y. Kiani, Buckling of pressurized functionally graded carbon
nanotube reinforced conical shells, Composite Structures, Vol. 125, pp.
586-595, 2015.

[31] F. Tornabene, E.Viola, D.J. Inman, 2-D differential quadrature solution for
vibration analysis of functionally graded conical, cylindrical shell and
annular plate structures, Journal of Sound and Vibration, Vol. 328, pp.
259-290, 2009.

[32]J. Torabi, Y. Kiani, M. R. Eslami, Linear thermal buckling analysis of
truncated hybrid FGM conical shells, Composites Part B: Engineering, Vol.
50, pp. 265-272, 2013.

[33] M. Akbari, Y. Kiani, M. R. Eslami, Thermal buckling of temperature-
dependent FGM conical shells with arbitrary edge supports, Acta
Mechanica, pp. 1-19, 2014.

[34]C. Shu, Differential Quadrature and its Application in Engineering,
London: Springer, 2000.

[35]R. Ansari, V. Mohammadi, M. Faghih Shojaei, R. Gholami, H. Rouhi,
Nonlinear vibration analysis of Timoshenko nanobeams based on
surface stress elasticity theory, European Journal of Mechanics A/Solids,
Vol 45, pp. 143-152, 2014.

[36]R. Ansari, J. Torabi, Free vibration analysis of FG-CNTRC cylindrical
shells surrounded by elastic foundation subjected to thermal loading,
Modares Mechanical Engineering, Vol. 15, No. 3, pp. 271-282, 2015 (In
Persian)

10 o lests 15 09> 1394 s (o3 Sl Swade

Lsy = —(Ba2 + Bgg) sin(B) RD°

+(By2 + Be)RD; Dy (21- )
Lsy = BsgDf + Bgg SIN(B) RD;, + B,,RD?

—Bgg SIN?(B) RD® + ks A,,c0S(B)RD° (22- )
Lss = —(ksAs4R — By2R)D;, (23- )
Lsq = (D1 + Dgg)RDLD} + Dy sin(B) RD?

+Dge SIN(B) RD; (24- )
Lss = DggDZ + Dgg Sin(B) RDx + Dy, RD

_D66 Slnz(ﬁ) ﬁDO_kSA‘lADO (25_ ;9.”)

W Ly, o a5
(R
Ry +sin(B)x;
1
R=|1,®diag| | R, +sin(B)x, | | |
1
\ R, + Sin(ﬂ)xnx_// (26- )
(R B —
(Ry +sin(p) x,)?
1
R=|1,®diag| | R +sin(B) x,)?
1
\ (R, +sin(B) xnx)z_// (27- W)

cxlp-8

[1] H.S. Shen, Nonlinear bending of functionally graded carbon nanotube-
reinforced composite plates in thermal environments, Composite
Structures, Vol. 91, pp. 9-19, 2009.

[2] L.L.Ke,J. Yang, S. Kitipornchai, Dynamic stability of functionally graded
carbon nanotube-reinforced composite beams, Mechanics of Advanced
Materials and Structures, Vol. 20, pp. 28-37,2013.

[3] MH. Yas, N. Samadi, Free vibrations and buckling analysis of carbon
nanotube-reinforced composite Timoshenko beams on elastic
foundation, International Journal of Pressure Vessels and Piping., Vol. 98,
pp.119-128, 2012.

[4] H.S.Shen, Y. Xiang, Nonlinear analysis of nanotube-reinforced composite
beams resting on elastic foundations in thermal environments,
Engineering Structures., Vol. 56, pp. 698-708, 2013.

[5] R. Ansari, M. Faghih Shojaei, V. Mohammadi, R. Gholami, F. Sadeghi,
Nonlinear forced vibration analysis of functionally graded carbon
nanotube-reinforced  composite Timoshenko beams, Composite
Structures,, Vol. 113, pp. 316-327, 2014.

[6] B. Thomas, P. K. Inamdar, T. Roy, Thermal analysis of randomly oriented
carbon nanotube reinforced functionally graded Timoshenko beam,
Journal of Mechanical Science and Technology, Vol. 28, pp. 1779-1788,
2014.

[7]1 Alibeigloo, K. M. Liew, Elasticity Solution of Free Vibration and Bending
Behavior of Functionally Graded Carbon Nanotube-Reinforced
Composite Beam with Thin Piezoelectric Layers Using Differential
Quadrature Method, International Journal of Applied Mechanics, Vol. 7,
2015.

[8] H.S. Shen, C.L. Zhang, Thermal buckling and postbuckling behavior of
functionally graded carbon nanotube-reinforced composite plates,
Material Design, Vol. 31, pp. 3403-3411, 2010.

[9] G. Arani, S. Maghamikia, M. Mohammadimehr, A. Arefmanesh, Buckling
analysis of laminated composite rectangular plates reinforced by
SWCNTs using analytical and finite element methods,Journal of
Mechanical Science and Technology, Vol. 25, pp. 809-820, 2011.

[10] SJ. Mehrabadi, A.B. Sobhani, V. Khoshkhahesh, A. Taherpour, Mechanical
buckling of nhanocomposite rectangular plate reinforced by aligned and
straight single-walled carbon nanotubes, Composite Part B-Engineering,
Vol. 43, pp. 2031-2040, 2012.

[11]1M. R. Nami, M. Janghorban, Free vibration of thick functionally graded
carbon nanotube-reinforced rectangular composite plates based on
three-dimensional elasticity theory via differential quadrature
method, Advanced Composite Materials, pp. 1-12, 2014.

[12] Alibeigloo, Three-dimensional thermoelasticity solution of functionally
graded carbon nanotube reinforced composite plate embedded in
piezoelectric sensor and actuator layers, Composite Structures, Vol. 118,
pp. 482-495, 2014.

146


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.32.6
https://mme.modares.ac.ir/article-15-10668-en.html
http://www.tcpdf.org

