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In this paper, free vibration analysis of functionally graded carbon nanotube reinforced composite
(FG-CNTRC) cylindrical shells surrounded by elastic foundation and subjected to uniform

temperature rise loading is investigated. The material properties of FG-CNTRC are assumed to be

graded through the thickness direction. Two kinds of carbon nanotube reinforced composites
including uniformly distributed (UD) and functionally graded (FG) are considered. The elastic
foundation is modeled by two-parameter Pasternak model, which is obtained by adding a shear
layer to the Winkler model .The effect of thermal loading is considered as an initial stress.

Applying the Hamilton'’s principle based on first-order shear deformation theory and considering
Sanders and Donnell strain-displacement relation, the governing equations are obtained. Using
the generalized differential quadrature method in axial direction and periodic differential matrix
operators in circumferential direction, the equilibrium equations are discretized. The results are
compared with those presented in literature. In addition, the effect of various parameters such as
thermal loading, boundary conditions, elastic foundation and different geometrical conditions are
studied. The results show that increase in the elastic foundation coefficients and initial thermal
loading increase and decrease the non-dimensional fundamental frequency, respectively.
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3- Aspect ratio

4- Functionally graded carbon nanotube reinforced composite
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11- periodic differential matrix operators
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7- Single-walled carbon nanotube
8- Isotropic matrix

9- Efficiency parameters

10- Size effect
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3- Fast Fourier Transformation: FFT
4- Donnell

5- Sanders

6- Pasternak

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

() P,
X = Quxs Xy =TRT 0 Xay =R+ By
1
B =W B, =7 (v -w,) (15)

sl G Slo cwsiard s e (15) 5 (14) Ly,
il go Lol )0 i3 55 Xy 5 Xy M 9 0092 (s 9 s (559700
Orizmes Wbl (o050 (Shp SN B 55 Vys g Ve (e
wed blod §; =0 81 5 sl oo j0im 5,085 Wil 6 =1 a5 LK
g aaly> Bls (5,955

Oygots 55 b laadlge Gululy a2 (Ser (9B el
[30] ol e Casoay (16) ala,

[ Tx [Q11 Qi O 0 0 1
Oy |@1z Q22 O 0 0|
Oy p=| 0 0 Qg O 0 |
| o, | l 0 0 0 Qu O J
ko'xz) 0 0 0 0 QSS
/(5:?\ (KxY (1) \
AT iy
<o, (2 ey = 0 ;AT
[y, | lol|l 0]
=) o) Lo a9
Wgdoo Ol 2) ©)ge Qij culyo oS
_ Eiq _ E;,
G = 1—vipvey Q22 = 1-vipver
0., = Vo1E1q
Pl — vy
Q¢ = G132, Q4 = Gy3, Qs5 = G13 (17)

5 oles 5 955 slaaxiia (16) ala; y0 ous &) (sla s 4 a5 b
g o Jol> (18) aka,

W) = Lo dz, =%y

h
2
2
W05 g0 Ol 325 gt les 5 gy (brdziiie Azl o
Ny (A1 A1z 0 By By 0 0 0
N, Ay, Ay O By, By, O 0 0
Nyy 0 0 Ag O O By O 0
My _|Bir B O Dy Dy O 0 0
My (T |By By O Dy Dyp 0O 0 0
My, 0 O By O O Dy O 0
Qe 0 0 0O O 0 O kdAy O
0,) Lo 0 0 0 0 0 0 kgl
& NI
& NT
Yoy 0
x { Xx — Mx
Xy My
Xxy 0
Vyz 0
ve) Lo (19)

g oo 41,1 (20) aka, &5

1- Shear correction factor

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

FGA: V, (1 - —) v, )
- (1 -2, ®)
FGX: V, = 2 <2|Z|) v W)
9 g iy (8) alay & jp0, Vip YL Ll o
* Wen
BT 4 e ) o ®

5 009 Cujeall )3 oS Adel ez juS Wy (8) ala) o oS
B I il oo Al g ans; oole S Sbo i iay pt g p™
ol se Cowday (9) a5l 55 CuenalS U
p = Venp" + Vi p™ ©)

J oy a5 Cimelisl Lo 5 Jsb Sl blasl oyl
T15] wyioo oy (11) 4 (10) Lajls,

Ve Estast + Vi, E™a™
N ¥V Em (10)
cn*11

azz = (L +v{})Vpasy + (L +v™)Vpa™

—V12@11 (11)

ol blasil e o Kby cud ja a™ s aff aff daly, cpl o a5

9 Agloil (ygmlsy oyl i Fa VT gV g 009y diej 0ole g alglgil

abaly Sl 55 CojanelS 6l amlsy o po eizen il ge die) oole
e s (12)

Vip = Vo v + Vv ™ (12)

oS> Llg) -3
s bl ool zyoe oy jomelSgl 5l ead aisle slalsiul auwg,
SUyiny oo 3l oolaswl b iy @l 31 a8 ol ooy abl>! SVl i
).Id; 5o Ms.) Ls)L.A 6}4.« S9y » (X,y,Z) Slases oKiws .09.{;3‘5;0 L)L“"
‘_gll.wl) DY AlSw (5,97 u;L'J..gl) O X daize 4 S o w)f
Bwgy lolgzds abadi s K6 s claises olKiws 4y 4z Lasl oo
@ Jsl 4 e (LB IS0t 6095 eloln Ol 1) 2 5y o sl 5o
2,5 ok (13) dla; @50
Ux,y,z,t) ux,y,t) + zg,(x,y,t)
V(x,y,z,t)  =v(x,y,t) + zp, (x,y,t)

W(x,y,zt) w(x,y,t)
S ghe G ek B i faw v ar Vb dbal, o a8

(13)

Olys® SN 35 Py 9 Px 5 0091 (228 9 (s w557 Ly o gy
bt e ysim 6,5 baly)y aiilse ¥ 9 X jemme Js> dges prdans
Sgdoo hym (14) ally ©jge @ jame 5 Bl )95 elly

128.29]
Ex &) 4 B Xx
{sy}: &) +§ b +z{)(y},
Vxy %?y zﬁxﬂy Axy
Yyz) _ Py — ﬂy
{YXZ} a {(px - ﬂx} (14)
sl S (15) La, (14) aba, s o5
=y =2 =L,
274


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

M
Mxyx + ;Yy - Qyz = 121']. + I3¢y (31)

o 5 sl b (NG, 5 N9 ) ] il s e
abal) ©ogoar il @ NL 85 Sl e g Jol DYslee plas

[31] s o Jol> (32)
(Ay2 + R?K,,)N{ — A12NyT

NO=—

Ay, + R2K,, '
2nT
wp = KuRNy
Ay, + KR
N, =0 (32)

S8 o E¥olas 50 (19) ala, 5l plos 5 5,8 sloazite S sl L
Cavsdy (37-33) Lly, & yg0a bl Gl ysis sy SYoles )

" 92 A66 92 . Ay + Agg 0
116x2 R2 9y? u R dxdy v

A, 0 92 By, 9°
HFar Buae e 92 ) ¥
By, + Bgg 07 .. .
+ | = =+ 33
< R axay (py Ilu IZ(Px ( )
A, +Agg 07 w4 0% Azz 0%
R dxdy 66 ax2 R2 9y?
_ O1ksAyy _ 51N39 - (Azz + 51ksA44i
R? R R? dy

+61Ny°i - By, + Bgg 02 .
R 0y R dxdy

02 B,y 0% 8,ksAy,
<B“ﬁ+ RZ3yZ ' R )‘py
=L+ L, (34)
Ay, 0 Agy + 81ksAyy @ &N D
(———)u— Ty,
R 0x R? dy  R? 0y

02 kyAu, 07 Ay a2
<"5A55ﬁ R o R Vom

N9 92 92 1 9°
TReay Mtk Gt Ragyz) Y

ksAssR — By, 6)

=5, 5
44 22 _ . 35
( R? ay) = hw (39

9% By 02 By, + Bgg 02
<Bll 9x2  R? dy? )u < R dxdy v
k;AssR — By, 0 0%  Dgg 02
- |w+ —+ 2
( R ax)w D116x2 R? 9y?

Dy, + Dgg 02
_ksASS)(px + <T axay Py

=L+ 3¢, (36)
By, + Bgg 02 B 0% Bzz 0%
R dxdy u 66 ax2 R2 9y?
+ 51ksA44)v _ <k5A44R By, i) w
R R? dy
Dy, +Dgg 0 02
+< R 6x6y) P <D66ﬁ
D,, 0* .. ..
+FW"%A44 0, =L+ 19, (37)

5 (C) Jlo 8 ol5aSs (S) solu oSS (5500 Lpd g5 dw (piznen
Wy oo 4l (40-38) Luly, o yg0a (F) o5l o505
:)L)J.:f clfd.,,SJ o

275

QU dz, Bjj = f Qijzdz,

NENS

Dy =] ,0;7 2dz, (ij = 11,12,22, 66,55, 44) (20)
—Hged s’)l)’ Gk abuly 4 Glos 5 55 Sloaxiie (rizres
Wigd g ol (21) aba,
h
Ny) _ (7 [Qu Q12] @11
{N;} B f_ﬁ Q12 Q2 {QZZ}AT dz,
2
h
My fz Q1 Q12]
= ATz dz (21)
{M;} _nlQ12 Q2 { }
2
Sy Yolzo -4
T sjeelSeil 5l el aisly glalginl aiug oS ,> SYoles
&S e 10 05d e ghril feilen Jol leslainl bccsl a3 3 153
abalsy (2555 65580 SVl iy alalsay (23,5 (5551 (o255 55
ool HLai T g Uy Up U L o 3oy iz (6550 5 adsl 3)l> (5 )l85 5
20,5 o 3l (22) alasly & g0 (ygilion ool 09
Ly
SU+Up+U, —T)dt=0 (22)

ty
895 lwlp slalginl aiwg lp (225,555 9 (S 55
Wb oo i Oyt Jol Ao (php IS sl

h
1z . . .
= Efz f p(U2 + V2 + W2)dAdz 23)
A
1
= E.f_ﬁ.f; [ngx + Oy €&y + OxyVxy
2
FO0xzVxz T JyZYyZ]dAdZ (24)
2 adlbge loy 4 Cand Flie )i;L..,()‘(23) aal) ;o o5
‘r‘WS d‘)—"-’ N}?y

|
NN

g Ny NP1y adsl Gyl lag s axitio & (3590
10l 00 (25) alaly &yg0a T 51 86 (25,5 (3
1
=3 f [NO&, + NO¢, + N2, y,, JdA (25)
Doyt SUyiy g58 SVl iy dbulga (3555 655 Geiare
39500 1,1 (26) ala
_1 2 2.1 26
Ug =5 K,w +Kg(wyx+ﬁwyy) dA (26)
A -
Slge Sl s (B p s Ky g Mg cupe Ky ol 3 oS
4 o8> b Vol (gilen Jol o (26-23) Laly, 5,8 sl> L
Wigh oo Jol> (31-27) Luls, & )90

Nw + =% = 111'1 + Ly (27)
Ny, Q
31/;/3/ TNyt R (ﬂ yﬁx J(/)yﬁJ/)
=L+ L, (28)
Qzy Ny NO
szx R ___Noﬁxx_?yﬁ _NQ?y(ﬁy,x
— W + kg (W + RZ)—II\X/ (29)
Mxx+ y _sz_12u+13(px (30)

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

te)= | | @i-x (46)

JELj
2 GleyS bli ge5 g5 a5 Wleols las [28] iy clalllas
Flgh el hinr @ie 5 03 Fse BDQ (g, 2l5en 5 silub
Ol 35 il 5o gyl jlaes e a1y ol 5 (2l Sen (n i
\.\.MJlJ‘SA (47) d‘h") O yqody 45 Sgu oo solazul ‘_glo)f L )9 EP

X, = %(1 —cos I\jx_—llﬁ ) L 47)

LS el gl Jol el 2 oslite 58 e Shae 3l eslitul Lol ouy|
sy ol o il e slioly slagye o o) 5le Lyld Jlacl
&lgs blos a5 20w ogliste il litie 3l oolatwl b o8 gt Slas

[33] wtlse (48) alas], & j50 5 5 J5l 4 o Fiiio

A1) —
Dy” = lay]. (48)
Dy = [b; ]
gl e iyl 5 Oygod by g @iy mlpo oS
a;; =0 ‘
G tﬂ(i -1
al-yl = 2 Cco Ny o 2 u
DM (N, —j+1) T
a, ;= cot—~2
) 2 Ny
Ait1,j+1 = Qi (49)
Nz 1
- __JY_Z
bu=-7"%
(-1)i-2
bi,1 = . om(i-1
25|n2¥
N, =200,
(1)~
by j = (N, —j+1)
2 ginz "Wy =/+1)
’ (50)

biy1j+1 = by
A3l oe asme slily 53 (lo,S blis slaws Ny YU alaly o oS
S o Y oleo (6 jlwdsiwnns -5-3

2-5 3 1-5 sla it j0 a5 15 Giie sla Slae & azg b Cand ool 0
polie jobate oy sdie (silwaienS oS> SVYolee w3 ol

wgdige 4l (81) alaly & jp0 4 lo)F has yo (Ko s (sl it

Ut = [U11’ Uiz, o UNxNy] V= [V“’Vlz’ o VN"N"]
P o)

T _
Py = [d)xll’d)xlz""’(prxNy ’
T _
Py = [¢y11’¢3’12""’¢3’1vx1vy]’ (51)

5 8970 slwly 90 0 IS sla e (2,5 polie S pl 4 azgi b
i 6l ,Shos o8 > E¥olee olo gl lond 485 L s e
W oo Gl (52) abl; &jgody gl o5

2- Periodic Sinc Function
3- Collocation Method

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

U=v=w=¢,=¢,=0, 0<y<2m (38)
aaLwolfd.,,SJ o
u=v=w=¢,=0 M,=0, 0<y=<2m 39)
ol oSS @
NX:NX_'Y QXZ_MX:MX_'Y:O Osy<2“ (40)

S o wYolze Jo> -5

9 e Slimly 90 30 e ok ladilge 28 > EVolae >
Slsome lly o leanns Cuz 0sioe SileanS e
Slisly 0 oS Jso )0 058 o0 oolatul a8l gress Lolas Sl ye i,
Ol 053 ool (BDQ) wdly pooni Lol Slayye iy, 5l 5 slawmee
et Sepl 4z b gl sl ogd Jleel S¥ole 4 )85l Lauls
oolaul lady il oo wolie [0,21] 5L o nmee gLl jo oS
She 5l edame glinl, 5o @l et Lolis Slaye Uis, )
Slos ol 5l ool b adly 5 oas sels aslinud oyl 55 ke
Sratee aaldl )3 05 vl )l Ll b Jlesl 4 (g5l Koo wglie
@)l oslite ;o5 e Koo g 4l poasd L2 Sl (B9, )
83,5 0

8l ol LSS Slatyo -5+
@ ol gloyS polie 91 S wulye yodels (e geme 50

0" f(x)

ox”

NX
= Z shif(x), i=12,..,Ny 42)

x=x; §=1

G 5 ooy darme sliwl ,3 lo,S Llis JS slaws Ny YU ala, o

25 Sopen B Sgtw Jlop o5 Shge 0 il S wmlye Sle
23,5y y

F=[F]=[f()] = [fG) f o), f ()] 42)

Slas b x = x5 abais o f(x) &b 2,5 polis f(x)) ol o as

i 5 Sygods (A1) aluly 5 GDQ g, el p poS G (o Sle

wgdise

9P = BiF = B 4R} (43)
Y abay, yo a8

Dy =[Dfli; =<}, ij=1:N, (44)

alypo g 00,8 atia ) Fiie aSje T g Yo (44) dbal;
Syl o a1 (45) abnl; 50 6T S5

Ix ' r=0
L(x;) {i;tj; i,j=1,..,Ny
(xi - xj)L(x]) ' r=1

r—1 . P
Sij = r[cﬁjcﬂ-‘l— o ],{Ht]' G =i

xi—x) L r=23. N1
N
_ , {i:,-; =1 N,
S r=12,.. Ny —1 (45)
J=Lj#L

ol L(X) sl 5 009 Ny X Ny Slad oy Lo I YU alal, 5o

1- Weighting coefficient

276


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

Kaa de][)?d]:[szddXd] 60
Kpa KppllX 0 (€0)

g aels (2,5 blis Sl i b 9 d Glogmgin; Yo akul, ,5 o5
by 5 Oysen 1, (60) alal) et e slie e
{ Xp = (Kbb)_lK_bdXd ~ (61)
(Kga — Kap (Kpp) ™" Kpa)Xa = 0*MgqXy
ol 3 (B1) alal, 45 ond @l ot SVoleo olKius o b

oo gl g e -6
sl glailgnl gloaiug Olalasl ow)p gy goae mbs Jisu ol o
5 005 Sl L Con 4T b ziee slocy 5eSsil 5l ead
lal jo jskaie oy 098 oo &Il il oud ablol Sl iy Lawgs
2ok Ste Jeroh oole 1035 oo Ol CujpalS gl e (SlSa (s>
ol Slse ol a5 spde Sl ane) eole lsicas (PMMA)
[6] wtliss 25 ppon:
E™ =25GPa, p™ = 1150 kg/m3 ,v™ = 0.34
olgear (10.10) Armchair g4 4Y S (0,5 sladlgdgilb Crizon
Soo s (285 Sla 0 b oS ebe Bl o jeels eanS Cagis

T15] st o0 48,3 i 10 105 & 90 ] Lolgs A = 0.067 nm
E{t = 5.6466 TPa, ES? = 7.0800 TPa,
Ggg =1.9445TPa, vf;l =0175,
p™ = 1400 kg/m3
biwsseellol IS sl calre wus)S 53 g o sboles
Sonlias gy 9 Al prend oS 5 (58 5l Jol mls cillhas &)k
i dw slpms gy dn calps inl o 008 e dile J5SUse
T15] o9 oo )] 25 &gt dlglgil o S Calie
Vn,=012: n, =0.137,n, =1.022,n,
=0.715

v =017 1, =0.1427, = 16260, = 1.138
v =028 7, =01417,= 15857, = 1.109

P ey g culbs gy o Ole 4z 8 mie eizren
Joi)iaada.wlod& 45|)|)')M‘_g)9:5w).3 @Luwlc..\w M)f)Ja.:

ol oo oolaiwl Jilo (5,555 5l 0gu 53

@ 2w bl -6-1
sz i b i lute] Caz gy ool 5 Jolo gl i ol 0
Sl Jol> @l Jgaz 50 joliie i 058 0 dmlio SYlEe plo y
Alia ;5 oy &) gl b g i) 1yl gy smeel sl oS3
eSS Lol g0 50 altews (g0 Lulyd el oud anglie SSL3 5 0
a5 jeblen sl 00 5 &l el (5,8 Jl 090 g g 009y ool
Syl 3925 s o Jod BB ciillas 08,5 o ala>dls

lge 3l ool aisle gllginl diwg Jol sl (w58 00
2 Jgaz 5 [28] l)lSen g 4y Jawgs ouds &5l gl b o ol gy
30 5,0 pS olBaSS Ll G o gy g0 Llpd el 0y )T sl
5 38 5 oS5 Dyge 4 ol e olge 5 00g Sl3T oSS S0 sles]
030,555 [28] gz yo ;5 (] oly 45 el oas w8 S L 0 ool o
]

S5 sl a5 Wil Sy Pl w2 Jgor 0k Grises

Dy =1 Dy
{ - %;% L =12 (52
Sl @ Grizpen wBloa Ny X Ny Sloa G sle [, Jb ala) s
o5 ober (52) 5 (51) abaly s 425 b [6] w5l 505 oy
Wy oo 41,1 (57-53) Luly, & 90 & cslosds (yLo (37-33) Lulg, ,0 a8

Age A, + A
A.D2+ 2) +< 12 66
( 1Dy DU R
Ay , . Bee
+(370x2w + (B2 + 70} ).
12 ¥ Bes .
+<TD,}D},) @, = (I,D°U +1,D°d,) (53)
Ay + Age Az
(2 1)+ (08 -
_ 01 ksAy, Do _ 51N0
R? R

Ay + 81ksAyy &Ny
+< RZ D; + R Dy |W

B, + B,
+< 12 66
R

D;D;)v

2
2D

2 po |y

B,,
DID}) b, + (ByoDZ +
81ksAyy .
++D°) @, = (,D°V +1,D°d,) (54)
Ay Ay +61ksAuy 81Ny 1
(—RD)U—< 2 Dy + =Dy |V
ksA44D2 Az
R2 y R2

2
2D

DO +NOD2

(ksAsst +
0

+N—D2 kD + kg D2+iD w
R? w * R?

ksAssR — B
+< s ssR IZD)%)(Dx
kSA44R _BZZ
+< R2 DJI/) (‘.I)y
= I,D°W (55)
Bgg By, +B
(Buapz + 203 Ju + (S22 01} )V
_(k sAssR — By,

2 D 2
D})W + (Dy D? + 22 D2

R D D R

12 ¥ Dege
—kAssDO) D, + (TD;D;) @,
= (I,D°U + 1,D°®,) (56)

B3 + Bgg By,
(27200103 ) U + (BooDZ + 22 D3

51ksA44 ksA44R BZZ
+7R DO) — (7122 D;) w

+ (%D;D )(D + <D66D2 + L;Z D?
—kA4qDO)®, = (I, DOV + 1;D°.) (57)
by 5 ol 038 41, (57-53) Ll ol
XT=[UT VT, WT,oT, o] (58)
basilige ooyl 9 (B miple o g 4 M g K YL alaly jo o5
O i slaadlse lp ploj 4 Cand Sigela Jo (i85 e o
X=Xe Spgo | (e jois sloailse (05 polis oy olgise
23,5 0 )] 25 D90 4 (58) bl s 10 5 2905 Lo
(K — w*M)X =0, (59)
it b Bl e pes orsb S0 Y ala, o S
2 lagl GRSl g wo s «l)l (40-38) Ly, jo &5 (5550 Llps

MX + KX =0,

:oo)f‘sa QLﬁﬁ}Q)yd.g(Sg) alal, ‘wﬂlswduw;u

2- Weighting coefficient

277

1- Kronecker product

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

5ooad asle lalgul diug wue ek WP e pw
2 b by jo 08 bl Gl polie Sl 4 o sl gl
Sl 55 5 0,8 Lol Sy 50 dgy (5550 bl sl o 0l 4 s
(CF) coul oais az3,8 s 0 ol Ko

SISy Ojgonr ojle Culis by o (05 sledgdsil ay
oy Ed 4 Sulid g gl 4 Job At glacins g 0nd (558
o Ny = 16 g y9me slinl, 5 0,5 bli5 Slans (puizeen sl o
oS 4l 8 slaxs (gl 4y ey e oualive a5 j5brlan .l oy 4385
Sgd oo [ Kan jliel 03 oz b lagaly o arme slinl, 5o

Sl & lalgiad wisgy (b S 3D Jgaz 0 al p egdle
Sie Ll pl cealons 5l (5 j9me slinl, o alidee (2,5 LS slaws
2 85 bl sl g wilie 4 Joaz wiiles Ledglsl s g5 s
sanlie a5 jsbflan ol oad 48,8 L o N, =10 as (sl
23 0 (28 blE slax gt 4 Jsb Snd lEI L 20 S (o
05 ez U mls o glass 4 plSen & Goem) ln )97 sl
94 Jsaz ;0 oad @l gl a4 g sl oo a3l cin F LS Ll
ool o b @l ey ame 5 g psme slily o o8,S bl slaxs 5
Do g0 423 5 1 W Ny, =10 g Ny = 16 O yg04; dllis

Glailsinl dngy any g grml (S 4 by o bl l Sod gy 4 Jsozr

e sbialy )3 il a5 blis olasd (51l by saelS gl 5l oot axsLs

gl agy slp f =22 (HD) Jgl snebs ol 3 iy alin | Jgur
L=410mm.R = 3015 mm. h = 1 mm.E = 210 GPa.) g5

(v =03.p = 7850 kg/m*

ol gl [34] s [15] 05 sgeoyles
28092 281/37 283/30 1
288/68 288/28 290/59 2
303/34 305/32 306/73 3
318/35 317/51 320/04 4
364/66 362/22 364/83 5

&l wlgial atwg sl f = w/2m (Hz2) sl ords uilS )3 00 aslio 2 Jgu>

(L=2mR=1mh=01m) b z,0 ol jl oo a5l

k=5 k=1 k=0

Lot
= a5 fals a5 fals a5 "

Sol> [28] ol [28] ol [28]

¥

h/R =01 h/R = 0.05

L L L L L L N,
—=8 —=4 —=2 —=6 —=4 —=2
R R R R R

1(;/7389 1/5678 32719 14567 3/0410 6/2109
0/7389 1/3532  2/6173 11772 2/1289  4/4092
0/7389 1/3532  2/6173 11772 2/1289 4/1235
0/7389 1/3532  2/6173 11772 2/1289 4/1235 10
0/7389 1/3532  2/6173 11772 2/1289 4/1235 10
0/7389 1/3532  2/6173 11772 2/1289 4/1235 14
0/7389 1/3532  2/6173 11772 2/1289 4/1235 16

14827 148/75 14880 14929 152/88 152/98
14827 148/75 14880 14929 152/88 152/98
21875 219/49 21148 212/22 219/94  220/06
21875 219/49 21148 212/22 219/94  220/06
242[77 243/43  248/58 249/31 25379 253/78
242[77 243/43  248/58 249/31 25379 253/78
382/45 38371 36821 369/46 383/36 383/55
382/45 38371 36821 369/46 383/36 383/55
401/81 402/56 412/08 412/97 420/86 420/51
422127 42357 41711 418/46 431/32  431/45

© 00 N o U h W N -

[N
o

Glalstnl gy way o srl S 4 by Sl Sed gy D Joux
97 bl jo alises (8,5 bl slawi sl 4 oy je.elS o 5l oo axsle

h/R =01 h/R = 0.05

2 2 2 2 2 L Ny
—=8 —=4 —=2 — =6 —=4 —=2
R R R R R

18/6994 12561 2/4214 1/1014 1/9439  3/7276 4
0/7608 1/3707  2/6173 1/2174  2/2092  4/1717 5
0/7260 1/3488 2/6193  1/1476 2/0893 4/1284 6
0/7448 113560 2/6181 1/1951 2/1443  4/1325 7
0/7376  1/3550  2/6177 1/1690 2/1336  4/1304 8
0/7392 1/3535 2/6171 1/1818 2/1287 4/1244 9
0/7390 1/13536  2/6172 11778 2/1324  4/1243 10
0/7386 1/3532 206172 1/1774 2/1285 4/1253 11
0/7392 1/3532  2/6172 11787 21296 4/1235 12
0/7388 1/3531  2/6172 11768 2/1289 4/1234 13
0/7390 1/3532  2/6172 11778 2/1290 4/1235 14
0/7389 1/3531  2/6172 11769 2/1289 4/1235 15
0/7389 1/3532  2/6172 11772 2/1289 4/1235 16
0/7389 1/3531  2/6172 11770 2/1289 4/1235 17
0/7389 1/3532  2/6172 11771 2/1289 4/1235 18
0/7389 1/3532  2/6172 11771 2/1289 4/1235 19
0/7389 1/3532  2/6172 11771 2/1289 4/1235 20

S psban ool oid osliial i ko Slgo y0 Seslpus g J oS 5
2,0 3575 S e (95 G 09550 eanlie 2 oo

slalyid g Glp al ool e b (W2 55 Ll o
o dags o &) b b b e sl jpeelS gl 5l oad axslo
Ny53 5 Jod BB cisllas 5l s o5 sl 0030,5 awslie 3 Jyoz 5o
bl oo Lol 93 50 ool oSASE Ljg0as 55 (550 Lyl aiiis

Gy 0 (o5 -6-2
2 e 5 Gieme sl 3 a5 bl s b s ol o
G ol a8 Cel 3 a e Y 00T e 1B s )50 S (2] Ke
sl o Bl SVl s s sl 5ol 6 NS,L 4 by ol

&1y (0= R/ JPTE™) oo ans gy ally b (IS8 aslin 3 oo
(h=5mm.R/h =10) ub g 00 o jemals 6 5l oot aislos gl ailgin aimg

L*/Rh = 500 L?/Rh = 100
R
S - R S

UT231 17020 33704 33656 o

UBE52 16614 32568 312019  roa 012

17814 156977  3/6150  3/5674  Fox

22106 2/1901  4/2866  4/2870 up

211477 2/1486  4/0412  4/1155  FcA 0117
23121 2/1913  4/6106  4/5410  Fox

2/13548  2/3178  4/6766  4/6543  uD

213306  2/3228  4/4886  4/5410  FoA 0/28
25651  2/3675 52173 52014  Fox

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

278


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

S b R S s S92 5 e Lalpt U
S8, ol 58U g0 Lulps L/R =2 glad 4y Job cod jo oS
Lol 93 50 10,8 oBaST (55,0 bl b aS (glaseTay canals o5l ooles
b uilS B i om0 5 LB | (55l e Aoy (CC)
9 Ll G yo JloyS oBaSS (650 Ll rizmen adb oo ) 1w o
Sholo ) as o s 5,8 0 eSS (CF) Koo sl yo olyT ol aSs
Lyl 5506 Glojladl b oSVl iy 0929 a5 005 0 csnline 8)b
$U @i &5 &5 235 o0 abi>de (nlpodle amsoe 2B ) (555
@ il Sl &y, oYl elad o Culbes by jo 0,5 sladls)
b GulS,8  teS g i Gl 4 FGA gFGX g45 oS (slaisS
...\.3)‘0 ‘) ..\:_:‘5)

gl & Job S ey Sy 2 (sl S8 i 1SS
2 s o) 5 il 00 s, Ssliie 550 Ll sl 4
55 UKD 51 g 095000 sl a5 jsbles Ll oud ablal Sl
ool (650 bl i 03U cplad 4y Job cod (l38I L s T oo Lol
L85 SS 5 CS LCC (55,0 Loyl s /R =8 o ;o oS (slais8 4y el oo
WS (o S el gl

odd dn o b (rb (S p Sl e 5 550 bl 56T Jgue
Ca30ualS il 5l oy sl gl ailgtal atug (Q = w(R?/h)\/p™/E™)

b il 8 alise sl ol Sl -6-3
(Sl Gk SVl s e Gl Jelse ST s cnl o
5 Soe haulpd ojle Calis slial) )3 (05 Glady) b @9 (S8
IR sin 050 o] b 53 (gl gy s Ll
ouds aizlu slailgrul aing any o Al b (W53 Ol s 0,5
5 Sl ey Gt ol Gl @ b g slac el 5L )
2 525 Ay gl g sl oad BI B Jgaz yo cplad 4 Job o
5FGO FGA) il g0 5 (UD) CblsiSy & pgoty ojles cuslins slind,
sl 0 a3 5 a5 4 (FGX

St 9 S Sy ulpd B 0sd e oaaline oS jeblea
oilw wno b 58 8l g Rl el o e gled 4 Job
wSF 3 GS slddel e S P rimes 35 e
O g 908 (o0 S b I8 Il cage CojeelSl
Orized b o FOX 53 el 4 barye 55 dmg b (ul5 3
(g oo a81)) (62) ably &gty SVl a0l v ol o

. K, E™h3
Y 12R2(1—vm?)

_ KE™R?

% = arr@— ) (€2)

o0t a0l creeb S 3 Sl ey Gilisie olys 56 6 Jgur
52U 0 Co3emelS U 5l 0ads aitle (glalgiul diwg (Q = w(RE/h)/p™/E™)
(R/h =20, AT = 0,58) caliseo glads 4y Jobo s 613l &

(R/h =20,L/R = 2,AT = 0) (. k,) &5
Sire el TME L k) (10040) (-40) (000) (0 O = ME
CF ss cs cc b b
41123 71173 8/478  10/018 uD 8/327 7/811 7732 71173 uD
3927 7/093  7/951  9/130 FGA 012 8/259 7738 7/658 7/093 FGA 012
3921  6/627  7/556  8/695 FGO 7/862 7/312 71228 6/627 FGO
4314  7/684  9/214 101950  Fox 8/771 8/282 8/208 7/684 FGX
5/258  9/082  10/656 12/535 up 10/010  9/589 9/525  9/082 uD
5/045  10/042 10/054 11/451 FGA 017 0.0) 9/975 9/552 9/488 9/042 FGA 017 )
4/996  8/447  9/542 10/902  rco 9/438 8/990  8/922 8447 FGO
5/544 9/741 11611 13/768 FGX 10/611  10/215  10/155 9/741 FGX
5/698  10/034 11/978 14/224 up 10/862  10/484  10/428  10/034 uD
5/565  10/167 11/435 13/176 FGA 028 10/989  10/615 10/558  10/168 FGA 028
5/366  9/218  10/637 12/367 FGO 10113 9/707 9/645 9/218 FGO
6/228  11/085 13/321 15/810  FGx 11/839  11/494  11/443  11/085  FGx
5/474 8/327  9/483  10/883 uD 6/249 5/547 5/540 4733 uD
5/333 8259  9/016 100074  Fca 012 6/233 5/527 5/520  4/708 FGA 012
5/343  7/862  8/670  9/682 FGO 6/105 5/384  5/376 4/540 FGO
5/592 8/771  10/145 11/744 FGX 6/411 5/728 5/721 9/944 FGX
6/491  10/010 11/464 13/230 up 7/288 6/702 6/696 6/052 ub
6/324  9/975 10/908 12/210  frca 7/301 6/715 6/709 6/066 FGA
0/17  (100.10) 0117 3
6/329  9/438 10/443 11/697 FGO 7/096 6/493 6/486 5/820 FGO
6/607  10/611 12/355  14/402 FGX 7/542 6/977 6/972 6/356 FGX
6/805  10/862 12/686 14/825 ub 7/651 7/108 7/1102 6/513 uD
6/781  10/989 12/177 13/827 oA a8 71793 8/257 7/253 6/674 FGA 0128

6/641  10/113 11/430 13/057 FGO
7/189  11/839 13/960  16/351 FGX

71392 6/829 6/823 6/208 FGO
8/154 71647 7/641 7/098 FGX

279

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdise


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

I GI13F )L xSl i Joawgs o3k Ablal 2 T F2)93l 93U ldilginml (sl diamgy ST ebibles )l Jus

00b dng 4y orb IS5 gl > L 36 8 Jgux
52U 0 Co3emelS 5l 5l oo aisl slalgiul diwg (Q = w(RE/h)/p™/E™)
(R/h =20,L/R = 3,55) StV yius calises culyd sljl 4 g

(kw, kg) - e £
(200200 (100.10)  (0.0) ) sjy Ven  ATCO
7/162 6/249 4/733 ub
71152 6/232 4/708 FGA
7/072 6/105 4/540 FGO 012
71272 6/411 4944 FGX
8/342 7/288 6/052 ub 0
8/359 7/301 6/066 FGA
8/175 7/096 5/820 FGO o
8/510 7/542 6/356 FGX
6/628 5/547 3/807 ub
6/621 5/532 3/783 FGA 012
6/536 5/391 3/576 FGO
6/752 8/735 4/077 FGX 150
7/591 6/442 5/038 uD
71606 6/459 5/056 FGA 017
71413 6/231 41764 FGO
7/841 6/735 5/407 FGX
6/047 41741 2/566 uD
6/043 4727 2/533 FGA 012
5/952 4/567 21227 FGO
6/189 4/969 2/965 FGX
6/756 5/466 3/758 uD 30
6/775 5/485 31779 FGA 017
6/562 5224 3/394 FGO
71042 5/816 41250 FGX

@t &l b G, Sl i 5 B (6,55 5l ol s sl
Sl 4 b zyoe Cujels $b 5l ool sl glailgrul awg wx
oad B9 Jgaz j0 glad 4 Cualies g glads 4 Jsb alize slacans
Coldes Cond GBI L L/R =4 s gy a5 90,5 o cdalin .ol
G55 93 BB 50,5 )55 15 (7165 G polie jHaim (558 glad &
Miboe fS2sS gt 4 Job Cons oS (LlSn Sl ab>de JB
ool Gl 3 4z JB a5 0Bl e feS (5,58 g0 DS (% =2)
@9 > s glivly o a8 Ay $U @y alike glgil Sl 4 a5
Sk alanlyey &S 3518 3929 (5595 93 Oloo IS (i FOA £
Cuslies (gl 50 ()8 alalyay 5T Jl il e SIS 5 Ghes ol
55 0929 KidoS ol (FGX 4 FGO {UD) glgil pols 4o
il glalyinl diug an o aly b 58 Sleis 3 S
il @ adsh (S5l Sk ces i (b zide CueelSsl 5l ead
S 5 oS jeboles amse olis glad & Jsb cilize slacans
Gl (sl (3 gl (5> ()IIL AlBIL s 5 o bl
PSS gt 4 Job Cod az a5 Clril 4z LB 4SS Ll sl s
Sy oo )8 adsl Gl L Sl cod pliey (Wil 8 Dl s il
2tz HB S Gl L 5 oml ol az s o g
4 bl ;5 oads @l Glriogi 4 4z b uizmen o) (anb L8

3 oplaib 15 055 1394 s 3 (Hurde Suille Swdiie

a2 al b SR adsl Sl )L 56 8 Jsue
lys il aly (b zyae Cujeels gl 5l oad axsle ol ailgiul asug
@ il 5o o aleg e Ll o)l Ol SVl iy el
i ban el oah 15,5 5 o esles oSS g5p0 Lulpd Oy
ol 252 sr doa wadgl Gyl NS (liE LS e caalie
S peblen b B wmo (b I8 sl Sl sl s
b 8 S i e Rl L s S SS S S
bee (RIB! 5 ds

5heas asle Glalenl avg wng b W8 Ol
calye @l @ adsl (5l @k e (b e gloca el 5l
Wiwgs (650 Ll el oad ool Hlis 2 IS o StV s calise
il HlopS BASS Koo sl o g oy WSS Ll Sy
b S5 sl ) S Gl 38, 55 oS sbcfan
Oled a5 ol Ol 4z S 0 a5 GlaigS @ b GRS amg
29 b 0dF o o b W55 adle ol eSSl sles
2 09Ol SVl fis o pd GRIBIL 45 305 oo ssalin Clae (nl 4
dbor Gl 58 ojle LS Slimu (sles s gamb (S8 2l

16 g
cc
cs

144 R
P -
..... R

125 —8— SF E

5l oo anslos (gl ailginl atug oas any o Al b GuilS )3 @l 1SS
il 5550 bl gljl @ glad 4y Jobo il i (o2l 7 j0e o joelS 556
(r/R = 0.05, (k,, k,) = (100,10),V;;, = 0.28, FGX)

T T T T T T T

160, Ky= 0. k=0 B
» k,=50.k=5
— = k= 100, k=10
PP 250 - - E e k= 150, kg: 15 |
—&— k=200, k;=20
10} B
8t |
6L i
s il
2L i
0 L I I I L L I

L L & i
0 50 100 150 200 250 300 350 400 450 500 550
AT

5 oo ailes sl ilgid dimgs oo o ol omebs il i 2 S
bl culpo lil @ adsl ()l 6 ey (o gy CajerelS 6L
(h/R =0.05,L/R = 2,V = 0.28,CS, FGX) Scw¥! yius

280


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

I GI13F )L xSl i Joawgs o3k Ablal 2 T F2)93l 93U ldilginml (sl diamgy ST ebibles )l Jus

sl @ adsh (S5l S L ces i (b mide CueelSsl 5l ead
5 sy g Bl slas,on eluly glad 4 culs iz glacans
g Bl 655 ke 6 = 0 a5 cils axgy b el oy 5 &l)1 4 S
Comd Gl 8l b (IS5 4 azgh b adlioe 5y0im )58 Silody =1
Oeiired Ded oo i (5595 98 3l Jolo mulis OS] glad 4y Cuales
a5 5y (6)s8 ol gl 4 Cubs Cud G o aS 59l 0 cunlice
L) e b Gl glos 5 am (b T8 0o (6 i B0
Lol oyl Gl @S S enledle S e it
b oo Giali8l ojle ax o ol S 3 plad 4 Cualies s il

G5 azmui =7
Loosd Coghl glacujomals I oad asle glaaiug ol wlils)
GHS L ot g o ablel KoVl ey by o S sladlglsils
bl )o boalg) ol msei ol ol (o) Zanl 48 57 )18 a5l 51>
9 FGO FGA) ol z,00 5 (UD) cleiSy &jgo 90 & diwgy Cualess
ity ) el s gloyzally il sl s a8 § ki o (FGX
Slwly )3 (o8 sledgd $U mse g9 cadsl ()l 6L (Sl
ol b, Sslie cwin Lalid 5 cilivee (g3 bl ecusls
@ 05 sladdsl rjy alise glgl oS addllas laslgiul g,
Wy b S gy Culs Sliul) 5o ealS Cugl (lye
o R it o)lged FOX mujss g9 a5 (slaisS 4y oog I8 5L
oS5 0 Aglgil pez S Sl Gires ded (e 4z ) (b
Sedee dag sk S 38, Vb Sl o joelS

lalginl atugy i @bl cel SVl s g2y (S50
"o ol e sl (8 S iy ol GRIEIL 5 et
26 g il 93 0 55 Ll a5 035 sanlie Gries L
gl & Jsb o Gl L Lol sl gy b Gl 55 il
Sk 92y conl 2 oodle wbo 2Bl (550 Laill SSU il
Sls 3 2ol s (Sl slogis sbml alauly wdsl 51>

Sgdig ojle (ambo

6120‘ h/R=0.04

8,=0, h/R=0.06

8,=0,h/R=0.1
..... Kesner 51:1‘ h/R=0.04
—&—5,=1,h/R=0.06
— - 61:1‘ h/R=0.1

t
A

2 . | |

0 I
0 100 200 300 400 500 600 700 800 900

I I I

AT
Caj5eelS 556 51 oo aisles slailgin] atwg Al and LulS 3 s 4 Sl
4 s alisko LS‘L“"""‘“‘ 6‘}‘ 4 Aﬁ.‘jl ‘5}’)|)> Lg)‘;\f)l;' ey k;”l" T
L/R =8, (k. kg) = (0,0),) 00w 3 bl slags 95 sy glas
(v, = 0.28,55,UD

281

Sz 18U wwbs 4 Jsb cand Gili8l 45 05,5 e amlie 2 S
4 bgyye axms ol a5 ol S8 LB andl o)l iileS Sl sles jo
Qb L/R 22 slacens

& 4k rb il 2 sl 5 pan 5 s (555 5l Jol> gl Sslis 9 Jgur
Ca30malS il 5l ooty sl gl ailgtl atwgs (@ = W(R?/)YP™TE™) onis an
Elad 4 Cualies g glad a4y Job it slocans ljl 4y ol 00
((ky k,) = (0,0), AT = 0,CF)

h/R =01 h/R =0.05 ;
&

L S eS8 S e Un LR
pyeam NS pyeam Jls o

319 20617 2/720 42 4/123 4299 up 012 2
4/5 21462 2574 47 3/927 4/113  FGA

4/2 21463 2/568  4/4  3/921 4/096 FGo

3/8 2748 2/1853  4/1  4/314 4/494  Fox

41  3/329 3464 34 51258 5487 up 0117
4/7  3/152 3/300 4/8 5/045 5/288 FGA

42  3/143 3276 414  4/996 5/220 FGo

4/1  3/508 3/651 4/4 5/544 5/788  Fox

3/7  3/633 3/768 4/1 5698 5/930 up  0/28
3/4 3510 3/661 4/4 5565 5/812 FGA

3/6 3/435 3/559 3/9 5/366 5/579 Fco

4/1  3/925 4/085 4/3  6/228 6/499  Fox

13/6 1/353 1/537 5/8 2129 2/252 uyp 012 4
14/7  1/306 1/499 62 2/070 2/199  FGA

13/8 1/307 1/488 5/7  2/085 2/205 FGo

13/6  1/401 1/591 5/9  2/178 2/307  Fex

13/9 1/729 1/969 5/9 2/721 2/882 uwp 0117
14/9  1/682 1/933  6/3  2/662 2/831 FGA
13/8  1/667 1/898 57 2671 2/823 FGo
1412 1/807 2/063 62 2798 2/973  Fex
13/2 1/862 2/107 5/6 2/928 3/092 up  0/28
14/0  1/848 2/107 519  2/922 3/095 FGA
12/4  1/782 2/004 4/9 2/890 3/033 FGoO
11/7  2/019 2/255 6/4  3/095 3/293  Fox

6 . . .
L/R=2
51 L/R=3 |
..... wo LJR=4
—&— L/R=6
4t e L/R=8 ]
=== L/R=10

0 L L L L 1 1 L L S
0 100 200 300 400 500 600 700 800 900
AT
51 ot 4zl (glalgind dmg o dmr (o al oxmb Wil 3 Sl eis 3 UK
chlize glacund gl @ adsl (51> AL (2l 70 o elS 6
(h/R = 0.05, (kyy, kg) = (0,0), V3, = 0.17,55,FGO) gleis 4 Jobo

3 oolaib 15 055 1394 s 3 (Hurde Slle Swdiie


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-26 |

[ DOR: 20.1001.1.10275940.1394.15.3.28.8 ]

s U 9 soLail L)

G BT L s Il iy baawgs 0ub Ablal Gl Zode iissels 93l lailgiml saiugs ST wlisles )l Jalxs

[16]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.

[17]H.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.

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

[19]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

[20]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.

[21]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.

[22]J.E. Jam, A. Pourasghar, S. Kamarian, Effect of the aspect ratio and
waviness of carbon nanotubes on the vibrational behavior of
functionally graded nanocomposite cylindrical panels, Polymer
Composite, Vol. 33, pp. 2036-2044, 2012.

[23]1M.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.

[24]S.J. 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.

[25]A. 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.

[26]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.

[27]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.

[28]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.

[29]1M.R. Eslami, RJavaheri, Buckling of composite cylindrical shell under
thermal and mechanical loading, Journal of Thermal Stresses, Vol. 22, pp.
527-545, 2010.

[30]R.B. Hetnarski, M.R. Eslami, Thermal stresses advanced theory and
applications, Berlin: Springer, 2009.

[31] E. Bagherizadeh, Y. Kiani, M.R. Eslami, Thermal buckling of functionally
graded material cylindrical shells on elastic foundation, AIAA Journal,
Vol. 50, pp. 500-503, 2012.

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

[33]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.

[34]C.L. Dym, Some new results for the vibrations of circular cylinders,
Journal of sound and Vibration, Vol. 29, pp. 189-205, 1973.

3 oolaib 15 053 1394 s 3 (Hurde Sulle Swdise

o Ll o Bl g 550 slis,s 4 bgye @l Geizes
4 Cwles Cad jo aS w5 blasul § 0o )5 dalie [0S0 L calise

AP (6y95 g0 DS plad 4 Yo i MIPI L ol gt
G955 90 BB (plad 4 Caalies YL sbcans 45T Jl> il o

LS s Gl Gl b g ooyt Fomb glad 4 s slacans jo
23,5 0 S5 KaSG (5,95 99 5l Jol>

&1y -8

H.S. Shen, Nonlinear bending of functionally graded carbon nanotube-

reinforced composite plates in thermal environments, Composite

Structures, Vol. 91, pp. 9-19, 2009.

L.L. Ke, J. Yang, S. Kitipornchai, Nonlinear free vibration of functionally

graded carbon nanotube-reinforced composite beams, Composite

Structures, Vol. 92, pp. 676-683, 2010.

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.

M.H. 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.

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.

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.

[71 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.

[8] H.S. Shen, ZH. Zhu, Buckling and postbuckling behavior of functionally
graded nanotube-reinforced composite plates in thermal environments,
CMC-Computer Material and Continua, Vol. 18, pp. 155-182, 2010.

[9] zX. Wang, H.S. Shen, Nonlinear vibration of nanotube-reinforced
composite plates in thermal environments, Composite Materials and
Science, Vol. 50, pp. 2319-2330, 2011.

[10]ZX. Wang, H.S. Shen, Nonlinear dynamic response of nanotube-
reinforced composite plates resting on elastic foundations in thermal
environments, Nonlinear Dynamics, Vol. 70, pp. 735-754, 2012.

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

[12]Z.X. Lei, KM. Liew, J.L. Yu, Free vibration analysis of functionally graded
carbon nanotube-reinforced composite plates using the element-free kp-
Ritz method in thermal environment, Composite Structures, Vol. 106, pp.
128-138,2013.

[13]Z.X. Lei, KM. Liew, J.L. Yu, Buckling analysis of functionally graded
carbon nanotube-reinforced composite plates using the element-free kp-
Ritz method, Composite Structures, Vol. 98, pp. 160-168, 2013.

[14]Z.X. Lei, KM. Liew, JL. Yu, Large deflection analysis of functionally
graded carbon nanotube-reinforced composite plates by the element-
free kp-Ritz method, Computer Methods in Applied Mechanics, Vol. 256,
pp. 189-199, 2013.

[15]H.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.

[1

—

[2

—

[3

—_

[4

=

[5

—

[6

—

282


https://dorl.net/dor/20.1001.1.10275940.1394.15.3.28.8
https://mme.modares.ac.ir/article-15-6172-fa.html
http://www.tcpdf.org

