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ABSTRACT

A study on the free vibration analysis of stifferlathinated composite cylindrical shell is
described in this paper. The eight-noded isopamderdtgenerated shell element is developed to
model both shell panel and stiffeners by usingdidgenerated solid concept based on Reissner-
Mindlin assumptions which taking into account theea deformation and rotatory effect.
Numerical results are presented and comparisonagemvith the published results from the
literature and the good agreement is found. Pararstidies considering different geometrical
variables of shell and stiffeners have also beemechout.

Keywords: laminated composite shells; stiffened shells; \ibra analysis; finite elements;
degenerated shell element; static analysis.

1. INTRODUCTION

Laminated composite shells and particularly cylicalr panels are increasingly used in
many engineering applications such as aerospacehanieal, civil and marine engineering
structures. The cylindrical panels are often stifig by stiffener and ring to enhance the specific
strength/stiffness to weight ratio of the structufdne vibration characteristics of stiffened
cylindrical panels are of considerable importamceechanical and structural engineers.

Vibration of cylindrical shells has been extensyvestudied by many researchers. The
vibration analysis of shell is presented in worlheldy Leissa [1], and Soedel [2]. Quatu [3]
studied vibration of laminated composite shells atates and reviewed in his textbook. The
investigation on stiffened shell vibration is stileager. There are two classes of analysis of
stiffened plate/shells.

First, the stiffened structures can be modeled @sgvalent homogenous isotropic or
orthotropic plate/shell. This is done by smearimg properties and effects of the stiffeners or the
corrugations over the surface of the plate/shélis Ts very efficient but it could not be used for
stress—strain analysis. In addition, there is @&mestrictness in the applicability of the model to
a generalized problem which is due to the simpligitherent in the approximation. The
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orthotropic model can be applied when the stiffenere identical, light, closely spaced and
having equal spacing and the orientation of stédferis orthogonal. Using smearing technique to
solve technical problems, Szilard [4] has repoitelis work. Luan Y. et al. [5, 6] also used this
technique to analyze vibration characteristic ai@y supported doubly curved cross-stiffened
shells, and then improved it for modeling vibraiaf cross-stiffened, thin rectangular plates.

Secondly, the plate/shell and the stiffeners arelateal as the discrete elements. This
approach describes better structural behavior tamasi been adopted for the analysis of stiffened
and corrugated plate/shells. In this case, the nigalemethods are applied to solve the
governing differential equations.

Among the known numerical methods, the finite eldmmaathod is certainly the most
favourable. Using the finite element model wherifesters are modeled by beam finite
elements, Mustafa and Ali [7] and Bardell and Mg&jchave presented the vibration analysis of
orthogonally stiffened cylindrical shells. Goswaamnid Mukhopadhyay [9, 10] studied deflection
and free vibration of laminated stiffened compogiéels by using the nine-noded Lagrangian
element and heterosis element to model the shellthe stiffener. Employing eight-noded
isoparametric quadratic element for the shell,ghmeded curved beam element for the stiffener
Prusty and Satsangi [11, 12, 13] investigatedcstédilure analysis and vibration characteristic
of laminated composite stiffened panels basedrendrder shell theory. Jiang and Olson [14]
developed a super finite element with €hell element and curved beam element for the free
vibration analysis of cylindrical shells. Using thght-/nine-node doubly curved isoparametric
thin shallow shell element with the three-node edrisoparametric beam element, Nayak and
Bandyopadhyay [15] analyzed free vibration behagfatoubly curved stiffened shallow shells.

Using triangular shallow shell finite element anelin element for stiffener, Sinha and
Mukhopadhyay carried out the free vibration analysf eccentric stiffened plates/ shallow
shells. Triangular flat shell element and 3D bedement for stiffener has already been used by
Samanta and Mukhopadhyay [16] to determine natinegjuencies and mode shapes of the
different stiffened structures. In order to model shell panel without any significant
approximation related to the representation oftemyi shell geometry, structural deformation
and other associated aspects, the isoparametrite§Enerated shell element is used.

In the formulation of degenerated shell elementlien the first time proposed by Ahmad
[17]. This element is derived by degenerating as8ld element into a shell surface element, by
deleting the intermediate nodes in the thicknessction and then by projecting the nodes on
each surface to the mid-surface. This approachitesdvantage of being independent of any
particular shell theory. This approach can be useébrmulate a general shell element for
geometric and material nonlinear analysis. Theraptions for degenerated shell are similar to
the Reissner-Mindlin assumptions.

A three-dimensional (3-D) degenerated shell eléraed a 3-D degenerated curved beam
element are employed to model plates/shells dfidrars is applied by Liao and Chen [18] to
investigate the dynamic stability of laminatedmpmsite stiffened or non-stiffened plates and
shells. Patel et al. [19] used the eight-noded asmpetric degenerated shell element and a
compatible three-noded curved beam element are tseadodel the shell/panels and the
stiffeners to analyze buckling and dynamic instabdf stiffened shell panels.

In the present study, the vibration analysis igiedrout for laminated stiffened circular
cylindrical panels. The first order shell theoryused, and the eight-noded degenerated 3D shell
element is employed to model the shell panels aadtiffeners.
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2. FINITE ELEMENT FORMULATION
2.1. Shell element

Let consider a degenerated shell element, obtdigetbgenerating 3D solid element. The
degenerated shell element as shown in Figure gighsnodes, for which the analysis is carried

out. Let (f,n)are the natural coordinates in the mid-surface. Amsl the natural coordinate

along thickness direction. The shape functions 6@ dimensional eight node isoparametric
element are:

N =-2(1-6) (1) 1+ £ +1) N, =%(1—{2)(1—/7)
N, =g e)(an) (€ 4n) M=) (1) ®
Ny==3(1+)(1+n)(1-6-n) Ny =3(1-¢)(1+7)
N, =-2(-6)(1n)(1eé-n)  Ny=1(1-)(1-n?)

2.2. Displacement field

The position of any point inside the shell elemean be written in terms of nodal
coordinates as

z 8 1 T 1 i
+< -G
Yy :ZNi(£7n) Yir TV @)
i—1 2 2
Z Z; Z;
top bottom

Since, s is assumed to be normal to the mid surface, theeabrpression can be rewritten
in terms of a vector connecting the upper and Iqveénts of shell as

S
Yr = ZN7 (5777) 5 Y; 1Y + 5 Y; —Y ®)
2| z; z; z; z
top bottom top bottom

Figure 1 Eight-noded quadrilateral Figure 2.Local and global coordinates,
degenerated 3D shell element, Cited in Ahmad [17].
Cited in Ahmad [17].
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T T
or, ¢ S 4
Yr = ZNy;(&n) Y; +§V31 ( )
z =1 2,
where,
A l and i i (5)
yir=90Y + 19 Vo =1¥%1 —1%
z7 z,' Z, zL zi
Jtop bottom top bottom

For small thickness, the nodal vector along thekiess directiovi;; can be represented as
a unit vectohvs;:

z o z;

S
Yy = ZNi (fa 77) Yipt+ EhiVSi 6)
z =1 z,

1

where,h; is the thickness of shell ath node. In a similar way, the displacement at point of
the shell element can be expressed in terms chttIiEpIacementéui,vi,wi)and three rotation

components(@xi, le) at the mid-surface nodes as follows:

u 8 ; by b )
vr= ZNi (57 77) Ui~ %hi my; My, {QH} = [ND]{(S} @
w) 7 w; o Mg |t

where, (em,em_)are the rotations of two unit vectovg& Vv, about two orthogonal directions

normal to nodal vecto¥;.The values of unit vectorg; andv, can be determined in the
following form:

{Vn} - [lu my; ”M]T’ {V2i} - [12" Mai T T. @
2.3. Strain field

The strain components with respect to the globakdioates can be expressed from the
displacement as

£ u {a}

ik o
{ed=1ry(=qu,+v.r=[Bl{d},=[[B] [B] .. [B]] )

Yy Vo tw,

yXZ u,Z+W,X {58}

in which, {5}is the nodal displacement vector of an elementtasd
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T
{6} = {ul v, W 9@1 97/1 U, U, W, Qﬂ 97/2... ng} (10)
And the matrix[BZ.] are called the strain displacement matrix
la 0 0 dl, .
0O b O &m gEm
8]=|® & an gn (11)
S |bag 0 el+dm e}+dm
O ¢ b gm+en gm+,en
6 0 a dn+gl dn+gl)
where; =1+ 8 for a eight-noded shell element. The matrix cogdfits are given by
g SRR d a J
e\ ! !
b= 3 Lot A9 e el oy (12)
o+ |INi, 2 .
Cl ‘]31 ‘]32 gi CI ‘]33

where [J] is the Jacobian and/ ] is the inverse Jacobian of transformation between
global Cartesian coordinates and local isoparametiwrdinates and given by

X,c" Yg Z’{ 13 B {,x ,7,x Z,x 14
[l=% v, 7| 13 [1=[3]=|¢, n, <, (14)
X,( y,i Z! {,z ,7,2 Z,z

The local strains[g'} are related to the global stra{i@} as

ou
ox'
ov
& o &
X 6y, XX (15)
{e}= e, | U, Ny v =[T.{¢}
= {K} - Vx-y' - ay- ax' “l'e yxy 1l
yy'z' ﬂ+alv yyz
yx'z‘ 62' ayl yxz
aw, au
ox' 0z

where[T,] the strain transformation matrix is given by

;- m on lm, mn nk

I22 mg n§ lzmz nE nz nz I2 (16)
[T.]=124, 2nm, 2nn, Im+L,m mn+ mn nk n

2); mm, 2nn, Lmglm, mons mn gk on

24, mm, 2nn Im+lmg mnr mno ok on

In which, I,1,l,m,m,m,n,n,n are corresponding direction cosines between the
global coordinate system and local coordinate gyste

2.4. Constitutive relation
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The constitutive equation of kg, orthotropic layer in principal axes coordinatederived
from Hooke’s law for plane stress as

Ul _Qll QlZ QlG O 0 ] El

02 Q32 Q22 QZG 0 0 52

T12 Q61 Q62 Q66 0 0 y12

TlB 0 0 0 Q44 Q45 y13

Ty Kk L 0 0 0 Q45 Q44_k Va3 K

where material constants are given by

17)

. E . E . _ . _ . _
Q.= E, 1 Q= L H Q,, = 2 Qe =Gy Qs =Gyas Q= Gy
1-v,V,, 1-v,v,, 1=vi,Vy,

whereE,, E; are the Young modulus in the 1 and 2 directioaspectively, an,,, G,;, Gz are
the shear modulus in the 1-2, 2-3, 3-1 planesgctisply, andy; are Poisson’s ratios.

And the constitutive equation ofka orthotropic layer in local coordinate as
axx _Q:'Ll Q12 Q16 0 0 ] Exx

Uyy Q12 Q22 Q:26 0 0 Eyy or {G’}k = I:QI]k{f}k (18)
Txy = Q16 Q26 QGG 0 0 yxy
I, 0 0 0 Q214 Q;ts Yy,

T ), 0 0 0 QAIIS QI55_k Ve«

where
Q. = Quco8 a+ AQ,+ Xy, coda sifa)+ Q,, sitw
Q. =(Qu+Q,-4Q,)cosa sifa+ Q coba+ sita)
Q,, = Qo8 a + AQ,+ Q) coda siha + Q,, cdar
Qs = (Qu+ Q,—2Q,,-2Q,) cod a sifa + Q,f coka + sitw) (19)
Qi =(Qu-Q,,—2Q,)cosa simr +( Q- Qi Q) siha cos
Q6 = (Qi— Q,,—2Qqg) i @ com +( Q- Qi 2Q,) cotr sia

Qi = Q,c08 @ + Qg sifa; Qu =(Q,,— Qu)COS Siny 5 Qi = Q,,sin"a + Q,co8a
2.5. Elastic stiffness matrix

The element stiffness matrix is expressed as

[Ke] =VJ[B]T [T]'[]%][ 8 dxdydzvj[ Bl A [QI i B Pamda (20)
And the element mass matrix can be written as
[M.]= [ o[N] [N]axdydz[o[ N'[N| pa s @ (21)
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The integration in Eqg. (20) and (21) are split tigl each layer by modifying the variable
¢{ to {,, in anyky layer, {, varies from -1 to +1, facilitating the ease of @auumerical
integration.

The change of variable froi to ¢, is affected in the following manner:
1 k
g:—1+h{—hK(1—(k)+ 2; hj} (22)

d7 = [%j o,

whereh, is the thickness of thk, layer. Applying the above transformation, the edaim
stiffness matrix can be rewritten as

=L LI [ (@I 43 o, & o (23)

And the element mass matrix can be rewritten as
[M]IIZJ |1 &, o o (24)

In which, m is number of layerg" is specified weight anfiN | =[ N, N,... N ...\, |

N 0 0 ﬂlﬂNi ﬂlzN_

Zh

where
Amy Ll

N={0O N O

0 o n oy anN

By assembllng, we obtain the stiffness mafi] and mass matrifm| of the stiffened
shell, thus the free vibration equation of thefstiéd shell is expressed as follow

[M]{3} +[K]{e} =0 (25)

3. NUMERICAL RESULTS AND DISCUSSIONS

The finite element formulation described in the vimas section has been used to
investigate various numerical examples. Firstlye #ccuracy of the present formulation is
established by comparing the converged frequencifespecific problems available in the
literature. Next numerical examples are carried toustudy the effect of stiffener position,
eccentricity of stiffeners on natural frequency laminated stiffened composite cylindrical
panels.

3.1. Validation Example 1: Study of laminated compsite beam using shell element
In order to check the accuracy of using presentedegted shell element to model
stiffener, let's consider the laminated compostetitever beam. The dimensions of the beam

are given: L=2 m, b=0.06 m, h=0.12 m. Stacking sege: [6/90%0%90°]. The material
properties are given: ;E25E, N/n?; G;,=0.5E N/m?; G,;:=G,,=0.5E N/n?; G»=0.2E N/n?;
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v=0.25: p=1500 kg/m. Concentrated force at free end of the beam: PBAOO The maximum
deflection of the cantilever beam under concerdrfdece at the free end, and the free vibration
frequency are presented in Table 1. From the Taple is seen that a slightly discrepancy
between two results obtained by Ansys’'s SHELL99nelat and present degenerated ShellDS8
element for modeling laminated composite beam.

Table 1.The maximum deflection and natural frequency
of a rectangular laminated composite cantilevenbea

Stiffener Type of element Frequency (Hz) Max. Deflection

Mode 1 Mode 2 Mode 3 (m)

= ANSYS - Shell99 (6 dofs) 20.564 44.152 124.16 04024

% Matlab - ShellDS8 (6 dofs) 20.635 44.171 124.44 204

> Disperancy [%] 0.35 0.04 0.23 0.00

. ANSYS - Shell99 (6 dofs) 22.428 40.348 135.33 0.0291

% Matlab- ShellDS8 (6 dofs) 22.467 40.464 134.84 0.0294

S Disperancy [% 0.17 0.29 -0.36 1.03

3.2. Validation Example 2: Study of laminated unstfened double curved panel

A four layered @/-6/6/-6] laminated doubly curved shell are analyzed bynasi
degenerated shell element. The results are compattethose calculated by ANSYS software.

The properties of the doubly curved laminated casitpcshell as follows: a=1m; b =1
m; R = R, = 5a; a/h = 50; All edge boundaries are clampegd- B10 Pa; E= 25B; Gi»= Gi3
= 0.5B; Gy;=0.2B; v = 0.25 ang = 1500 kg/m.

The maximum deflection of the doubly curved shellier uniformly distributed transverse
loading q = 1,000,000 N/rand natural frequency with various angles of fibeentationd are
presented in Table 2. It can be observed that thsept results calculated by degenerated shell
element are closer to the ANSYS’s results. Theediffice between the frequencies obtained
from the present finite element code and ANSY’dwafe is less than 0.85 %. The maximum
difference between the central deflections is OR7

Table 2.The maximum deflection and frequency of a doubigved laminated composite shallow shell.

Frequency (Hz) Max. Deflection

Mode 1 Mode 2 Mode 3 (m)
ANSYS | Presenf ANSYS Present ANSY[S Present ANSYS sdPig
0/90/0/90 135.12| 135.34 17428 17469 17500 175.48.0704 | 0.0702
75/-75/75/-75| 134.79 134.96 147.31 14791 176.44 7.9%6/| 0.0633 0.0634
45/-45/45/-45| 129.13 129.48 164.99 165556 16550 6.085| 0.0738 | 0.0734
15/-15/15/-15| 134.69] 134.9p 147.28 147)91 176.40 7.9%6/| 0.0634 0.0634

Stacking

sequence
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3.3. Validation Example 3: Study of centrally crossstiffened laminated composite doubly
curved shell

Consider a centrally cross-stiffened laminated awsite doubly curved shell with
laminated stiffener having stiffener laminae or&tion vertical as shown in Figure 3.

Laminated shell surface

/ ©6/-6/6/-9)

ey
Laminated Siffener

(06/-0/6/-0

1%
=

[a)

Section of Rectangular shaped stiffener

Figure 3.Geometry of doubly curved shell panel with stifemsection is 'Rectangular’ shape.

Dimensions of laminated doubly curved compositdl simel stiffener are given: a=b = 0.5
m; a’/h = 50; 4= 0.01m; k= 0.0150 m; Stacking sequence of laminated shellstiffeners is
[0/90/0/90]. Composite material properties of slagltl stiffener are as follows; & 10 GPa; E
= 25B; G12= 0.5B; Gy;3= 0.2B; vi2=Vo3= V3= 0.25; All edge boundaries are clamped. Non-
dimensional natural frequencies of stiffened larr@dacomposite shell are calculated as

&—w |2 . Table 3 depicts nondimensional fundamental nkftequencies of centrally cross-
h
2

stiffened laminated composite doubly curved shéthdifferent stacking sequences and various
shell radius-to-side ratio. The present resultscamapared with the results of Prusty [22] and the
results calculated by ANSYS, and good agreementiserved.

Table 3.Nondimensional natural frequency of centrally sresffened laminated composite doubly

curved shell.
Shell stacking R/a=5 R/a=10 R/a=100
sequence > n = > n = > wn =
® a Q ® a a ® > a
c c o c c o 2 c )
o < o o < a o < o

0/90/0/90 3.584 3.488 3.509 2.732 2703 2.660 40&.| 2.390| 2.306
45/-45/45/-45 | 3.440 3.43 3.436 2.687 2719 2.637.37@ | 2.444| 2.300
75/-75/75/-75 | 3.158 3.484  3.503 2.296 2717 2.667.918 | 2.412| 2.318
15/-15/15/-15 - 3.484 3.503 - 2717  2.667 - 2.412.318

=

3.4. Parametric study
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A stiffened laminated composite cylindrical shelttwall edges clamped is considered as
Figure 4. The shell is cross-stiffened with théfestiers placed at the center. The stiffeners are
rectangular, the ply of stiffeners are placed i tiorizontal position. Ply orientation of shell is
taken as [0/90%70%90°]. The geometric dimensional are given: a = 1 ms;bm; h = 20x18m;
ts= 30x10°’m; h,= 50x10° m. Material properties are given; £175.78x18Pa; E= 7.031x16
Pa; G,= 3.516x18 Pa; G;= 1.406x18 Pa;v = 0.25 ang = 1500 kg/m.

300

250 o mmm o o

Frequency (Hz)

Number of shell layers

stiffener cro sssection

Figure 4.Centrally cross-stiffened laminated Figure 5.Variation of fundamental natural
composite cylindrical shell. frequency versus number of shell layers with
different curvature R/a ratios.

3.4.1. Effect of number of shell layers on the radtirequency of stiffened cylindrical shell

Table 4 listed the three lowest natural frequenofestiffened laminated cylindrical shell
with varying curvature ratios (R/a). The stifferpy orientation is taken as $90°70%90°] and
shell ply orientation is taken as’[80°],with n = 1; 2; 3; 4 (constant shell thickness).

The variation of fundamental natural frequency uemsumber of shell layer with different
curvature ratios is shown in Figure 5. From Tablandl Figure 5, it can be seen that for all
values of R/a, the natural frequencies increaske thig increase of number of layers. The rate of
increase of frequency slows down for higher vahfeshell layers.

Table 4.First three natural frequencies [Hz] of centraltgss-stiffened laminated
composite cylindrical shell with various numbersbell layers.

Shell R/a=5 R/a =10 R/a =100
stacking Mode No. Mode No. Mode No.
sequence 1 2 3 1 2 3 1 2 3
[0907 | 255.2] 281.2] 360.3] 1951 226.p 3267 169.1 203.3 .13p9
[0%90°, | 275.5| 312.3] 4135] 2204 2645 374]9 1942 246.3 .93p0
[0%90°; | 278.7| 317.8] 4203| 2244 271 382[7 204.6 2%3.3 .13p9
[0%90°, | 279.7| 319.8] 4228 2254 2735 385|5 204.0 25%5.9 .13]2

3.4.2. Effect of number of stiffener layers onrthtural frequency of stiffened cylindrical shell

The three lowest natural frequencies of stifferedihated cylindrical shell with varying
curvature ratios (R/a) are tabulated in Table 5.
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The shell ply orientation is taken aS/gp’/0%90°] and stiffener ply orientation is taken as
[0%907], with n = 1; 2; 3; 4 (constant stiffener width). &ig 6 illustrated the variation of
fundamental natural frequency versus number destfr layers with different curvature ratios.
From Table 5 and Figure 6, it can be observeduiiiht the increase of the number of stiffener
layers, the lowest three natural frequencies iserezery slowly for all values of R/a, and
practically it can be negligible.

Table 5.First three natural frequencies [Hz] of centraltgss-stiffened laminated composite cylindrical
shell with various number of stiffener layers.

Stiffener R/a=5 R/a =10 R/a =100
stacking Mode No. Mode No. Mode No.
sequence 1 2 3 1 2 3 1 2 3

[0°/907] 274.7 | 311.2| 4111 219.4 2633 372
[0°907], 275.5 | 312.3] 4135 220.5 2646 374.
[0°907] 275.7 | 312.5| 414.0 220.7 264/8 371
[0°907, 275.8 | 312.6] 414.3 220.8 264/9 375

197.2 244.%98.8
19B.2 246.30.93
19B.4 246.51.53
19B.6 246.61.73

o|u|wo|uo

Oy OO O

3.4.3. Effect of number of the eccentricity ofshiener

For this investigation, the stiffener cross-sealoarea is kept constant, and accordingly,
the depth () and the width (J of stiffeners are adjusted, thus the eccentrifligit;) of the

stiffeners is varied. A four-layered cross-ply laation sequences ¥90°%0%90] in the shell
and the stiffeners have been considered.

Table 6.First three natural frequencies of centrally cretEffened laminated composite cylindrical shell
with different eccentricity of stiffener.

Eccentricity R/a=5 R/a=10 R/a =100
of stiffeners Mode No. Mode No. Mode No.
1 2 3 1 2 3 1 2 3
hs= 0.5t 260.9| 298.9| 373.2| 202.9 249 332/2 1789 230.4 317.0
hs= t; 268.2| 305.1| 393.4| 211.8 2566 354/3 188.7 237.7 339.8

hs= 1.5t 273.9| 310.6 | 409.2| 218.6 262[ 3705 196.2 2442 356.3
hs= 2.0t 278.5| 315.6| 421.1 22471 2682 3829 20p.1 250.19.13p
hs= 2.5t 282.3| 319.9| 430.6| 228.%273.1| 392.9] 206.9 255.2 | 379.1

Three lowest natural frequencies of stiffened lated cylindrical shell with different
eccentricity of stiffeners and various curvaturgosa(R/a) are given in Table 6. Figure 7 shows
the variation of fundamental natural frequenciestdfened laminated cylindrical shell versus
eccentricity of stiffeners. It can be seen that tlagural frequencies of stiffened laminated
cylindrical shell increases with increasing ecdeityr of stiffeners for all values of R/a.
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300

300

)
S
=3

~
o
S

I'requency (Hz)
Fregency (11z)

~
S
S

[~}
=3
S

R=Sa R=5a

—=—R=102 —u—R=10a
R=1003 R=100a

150

2 N © 8 05 1 L5 2 235
Nurrber of stilfener layers

Ecentricity

Figure 6.Variation of fundamental natural ~ Figure 7.Variation of fundamental natural frequency
frequency versus number of stiffener layers withvs. eccentricity of stiffener with different R/atis.
different curvature R/a ratios.

4. CONCLUSION

This paper presents a formulation of the degengmitght nodes shell finite element with
six degrees of freedom per node. First order sthef@mrmation theory has been adopted. A finite
element program was developed using Matlab to aealyee vibration characteristic of
laminated stiffened cylindrical composite shell.eTaccuracy and efficiency of the proposed
shell finite element formulation are tested by ¢hnemerical examples, and results have a good
agreement with the other reference solutions.

From the parametric study, it can be concludedwlit constant thickness of the shell, the
increasing the number of layers, the stiffened teteid shell stiffness can be increased (higher
nature frequency). The influence of humber of stifir’'s layer can be negligible. Keeping the
cross-sectional area of the stiffeners samealfahe cases, it was found that depth of the
stiffener is the guiding factor for the dynamic beior of stiffened shell. As the depth
increases, the strength of the structure also ase® With a fixed R value, the smaller is the
value, the stronger is the structure.

The shell and stiffener finite elements pnése in this paper can be applied to
study the linear response and failure analysisiftéised laminated composite shells.
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TOM TAT

PHAN TICH DAOPONG RIENG QJA PANEL TRU COMPOSITE I6P CO GAN
GIA CUONG BANG PHJONG PHAP PHAN TU HOU HAN

Trinh Anh Tuin!, Tran Hitu QU5¢?, Tran Minh TG

'Cong ty TNHH % vin Thiét ké vapao o HSE,
36B, ngd 51, phPoc Ngi, quin Babinh, Ha Nji, Viét Nam

*Truong Pai hoc Xay deng, 55dwrong Gidi Phong, qén Hai Ba Teng, Ha Noi, Viét Nam

"Email: tpnt2002@yahoo.com

Bai bao trinh bay phan tich dddng riéng ¢a panel tu compositedp co gan giawong.

Phan tir vo suy bén dang tham & 8 ndtduoc phat trén trén o so phan tir khoi va gia thiét
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Trinh Anh Tuan, Tran Huu Quoc, Tran Minh Tu

Mindlin c6 k& dén bién dang cit ‘ngang va md men quan tinh quéy mo hinh hoa & vo
compositedp va gan giawong. Két qua sd duoc kiém ching qua so sanhsvmot s két qua da
coéng . Anh hrong aia mbt 6 tham $ hinh e khac nhaui@ W va gandén dic treng dao
dong aia W c6 gan giaeong da duogc thuc hién.

Tir khoa: vo compositedp, W c6 gan gia eong, tin $ daodong riéng, phn tir hitu han, phin
tr vo suy bén, phan tichihh.
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