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Study on Buckling of Composite Laminated Cylindrical Shells
with Transverse Rib
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ABSTRACT : In this study. the effects of ring stiffeners for buckling of cylindrical shells with composite materials were analyzed. The finite
element method was used: 3-D beam elements were used for stiffeners and flat shell elements were used for cylindrical shells and were
improved by introducing a substitute shear strain. The ring stiffeners were of the transverse rib type. The buckling behaviors of the
cylindrical shells were analyzed based on various parameters, such as locations and sizes of stiffeners, diameter/length ratios and boundary
conditions of shells, and fiber-reinforced angles. Effective reinforcement was examined by understanding the exact behavicrs for buckling.
The results of the analysis may serve as references for designs and future investigations.
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= Ply thickness @ 0.018 x 12plies = 0.216:n

Ply stacking sequence : [£45/90/0/F45],

Composite material properties

E, = 13.75Msi, E,— 1.03Msi

Gyp= Gy= Gop= 0.42Msi, vy, = 0.25
O7 b, S siES W 25 s 4

* Curved edges :

¥ 1. HE ASE 4o F2EE (Ibs/in)(20x40 elements)

Januky(1999) Rikards{2001) Present
Segmet SH36 Flat shell
STAGS ANSYS
approach element element
3328 | 3278 | 3285 3313 3318

3318.2043
« EigenValue

2, 339 olzoanE Yu ¥ 4 Zzadel 534
& zouAd FAEEH WTE FARJanuky 1999,
Rikards 2001), % 27447} ZES 299 $34%
BAaiT. 19 5t BAED vwsp) 9% 292 v
e, vl Aske E 19 Ueht ok 29 62 oz

496

2 958 de] FH3o| g FHUEE Uepd AHolth §i4
27 =t & A8, FEdE 43S 4 7 g
(24x24 oA 97%013e] FHEE BRITh). o|F] 84 #
e 20x20 02 S e

Y

”F
4
=
EA A A AV i A A VA i i

-
X

[L=3m, R=05m,t=001m, b=0.01m, h=5b]

(a) 299 x|

4.00E+007

3.00E+007 —

Convergence
o ——&—— Cylindrical shell with ring stiffener

2.50E+007 —

Buckling Load (Ngr)

2.00E+007 —

1.50E+007

Mesh {(m<=n)

(b) H=
T3 6. Bt Foz 22 #EE 4 (Material A (£ 2))

4.2 siM2E

712249 sjArde 18 7, 83 o] HIFYH UFH do]
o} 28 72 Addy P 958 d(Model DS, 2388
)R]0l 958 d(Model 11)S YeRd Zeloh, E737)
ANFAE wslod( 1, = bh*/12+ A(R/2)%), Ao 7
Aol FH8E AIAAN i8S st B 93] sl
w7 =Z7] W3}, de] wWAn] Wl de] xyzdel ¥
3}, gloly] B73zZ= W3l 5 oekst gy d1E SalA
do] AZAFLS B Mrde] B4 E 29 &
on] 4 94F Material B! Fwel¥Ql A8E, B34

i rle

stz =xsts =2 #1163 45(8H 715) 20044 8



o |ue HUE SINE AEY doxtE sl e A7
B 2. 4o 2ol 8Mx| (o9 @ GPa)
Material Type E, E, Gy G G Vig
Material A (Steel) - EZA 200 200 76.9231 76.9231 76.9231 0.3
Material B (Boron/Epoxy) - 4 200 20 6.67 0.67 4 0.3

9] 84E 7249 Material AZ L2AH8IGT

2(10) #FeE N, & Fast A7 Aot 4(10)
7} ol —‘11 A3} s o] EAjo] 7] wjFe] e oA
Zo|7} oA A% ARNBE, ZHolr} oW RAFeFE
A 8o 2A7F ook Wb, 28 9% E 3% o]
doz BAHR ¢e A%e AFIF N, & AHd 23

O

T

g uw, BAsglon, Yoie 22 sy 12 A
o A3}E vz, LA

A=N, (L'/Et)

¥

| e Location of Ring

X =0, L/10,2L/10,---, L

_Rb &
N,

X t,

-
\ JR;
]\/‘—-—%
lo L ol

1 |
(R=0.5m, t=0.01m, L/D=3~7, b=0.01m, h=b~5b)
T3l 7. e delel #5% A (Model

Y
Location of Ring ‘_____‘
X 0, L.N0, 21‘1’10 -, 5L/10
| | N
N‘ T T T T l T T T Nr
<
| | | | | | | | 1
T R
| l | | | | | | l N
AR IR
| | ] | | | | | |
| | | | | | | | | R
| | | | | | | | |
Nx § 1 : ‘ PN R S L_ Nx
SS(v=0,w=0) £ i I =88 (v=0,w=0)

|
[~ 1

(R=0.5m, t=0.01m, L/D=3~9, b=0.01m, h=b~5b)
T2 8. et ciexix|E HEY 4 (Model 1)

4.3 Model | of Cht ZtEA

Eode fddy de 953 49 8 B 3 B3l

A7Z ENGtiaE 7). 19 9% BAHA 4L 983
4o oy BA7E Wl wE AFE Vel Aotk 7}
229 100 100°7} ok}, (0/90/90/0)2 AFE A+
Z YepiH, YA 7&"“" I 4% 3 vepdtt UE
AZelol7] Wi 0°%E (0/90/90/0) 870 f2dE
& 4 glon, Azt Wéw—% 90°87ko] BEldE & &

ok,

a3 10(a)E 27449 92 Wil me Adeltt, 7l2&
o 08 Apd BHE JeNE, 12 ARSE 1gRes
AA 7L M) weh, sl 12 BAEA] 42 Af
(Unstiffened) & Wbt} sidds) zq¢ R85t 713
ack, 2g10(b) e ARl BAAE A¢ A xol/F
(h/b)e] Hle] w2 Azoltt, nAY Awe} vlwslr] 98
A 7hzze] 5% pAdeR AFsiact. WA A o
h/b=304 Ael 213G &35 Yehlin], |37} 7ol
W= h/b=3cA F27}t ZA et

320000

Unstiffened

280000 . UD =3

——— /D=5

E ———— O =7

240000 —

200000 —|

Buckiing Load (N,,)

160000 —

120000 —

[0/90/90/0]

»
.‘

80000 T T T

I I ! I I I

40 60 70 80
Fiber Reinforced Angle {(°}

3% 9. Yo 2ZEX| ol AEY el sloly EUHED

0 10 20 30

P

®M16d 452 713) 20044 88 497

il



1600

1200

0/90/90/0
~—e— LD=3
—&— D=5
—&——— D=7

800

Buckling Parameter (A)

* 0‘
° U T T w1
0 06 08 AR RN
Dlstance(X/L of stiffener from free edge ,
) Unstiffened

(a) 222 21| #3t (2= 5b)

1600

0/90/90/0
—e—— D=3
—®— LIb=5

—A—— L/iD=7

1200 —

800

Buckling Parameter (1)

400

l,.

o T T > %

| L B B

0 1 2 3 4 'o' 5 4
Height/Width of Stiffener (h/b) vet

Clamped

(b) 2Z™e| =0l|/Z4]| st ( h/b)
18 10. & 22 &xf

o BluE 7] i A deie 1 1( :hd} ot
0.012 FLAZTHA(10)). WA=} 9010}011 e 49 —‘:r

AZ 30%°1d A2AZ2 ¢ ok @y 9ol e Be
0/90/90/0 Beh) Boke (0/0/0/0)¢] Eo} fejst
(0/0/0/0) BAs & BARYE AHSoPd BAE ¥2 &

314.

=
O
o
o
H
o
4
b
ok

3000

0/90/90/0
——6&—— Unstiffened (t = 0.01)
——@—— Edge Stiffened (t = 0.01)
2400 —] | ——®— Edge Stiffened (1 = 0.009)
~~——a&——— Edge Stiffened (t = 0.008)
—&—— Edge Stiffened (t = 0.007)
— ——+—— Edge Stiffened (t = 0.006)
<
5
S 1800 —
E
o
(o]
a
[=)]
=
£ 1200 ~|
5}
3
m
600 —
0
1 3 5 7 9 " 13 15
L/D
3000
0/0/0/0
——8~——— Unstiffened (t = 0.01)
——-@—— Edge Stiffened (t = 0.01)
2400 —| —8—— Edge Stiffened (t = 0.009)
~——a— Edge Stiffened (t = 0.008)
——e—— Edge Stiffened (t = 0.007)
- ~——4——— Edge Stiffened (t = 0.006)
< 4
]
T 1800 —
c +
[
o
o
2 o
£
Z 1200
O
3
s3]

600 —|

I I I
1 3 5 7 9 1 13 15
L/D

) [0/0/0/0]

o2 s USY do| T 2L &

4.4 Model Hof| 5t HoEA

B Ho ot}

HE BAgtHad 8). & 3& BAEA e 9%3

A3s ¥ o 958 4
o) gl BAAE Wk e e ek el @3
B2 B 07 M fEee, BE Hoke 4F S|
= A2 o) feldinh B, ITEUCIES 5. 2000)
7} ol A mrke 04 42 Tz 439 A &
=it} Ee Aol mebd tha Aok SN, By 42

Zefo] 10~20°E70] 7HF freldte &

iy
20,
K

3 =28 W16 45(83H 715) 20044 82



dE|E8 BZE SHNE REY doF=EASl nEt

E 3 2UEX| Y2 HEY ol 3oy 22T walo| Wi 2 §E( N

Fiber L/D=3 L/ID=17
Angle |[0/¢/0/9] [¢/-¢/-0/0] | [0/-¢/¢/=0) | [0/¢/¢/0] | [9/-0¢/-¢/0] | [¢/-0/0/-¢]
0 5.56E5 5.56E5 5.56 E5 4.90E5 4.90E5 4.90E5
10° 4.33E5 6.39E5 6.37E5 3.4415 5.20E5 5.19E5
20° 3.99E5 6.51E5 6.44E5 2.64E5 4.70E5 4.66E5
30° 4.47E5 5.80E5 5.62E5 2.79E5 3.79E5 3.68E5
40° 4.00E5 5.84E5 5.7TE5 3.59E5 3.85E5 3.65E5
507 3.83E5 4.16E5 4.06E5 3.99E5 4.20E5 4.22E5
60° 3.86E5 4.00E5 3.85E5 4.11E5 4.21E5 4.09E5
700 4.02E5 4.23E5 4.04E5 4.22E5 4.41E5 4.21E5
80° 4.21E5 4.37E5 4.22E5 4.32E5 4.54E5 4.33E5
90° 4.30E5 4.30E5 4.30E5 4.31E5 4.31E5 4.31E5
- o

1100

1000

900

800

Buckling Parameter (1)

700

Symmetry angle-ply
———— 0/0/0/0
———— 10/-10/-10110
— A 20/-20/-20/20
-——e——— 30/-30/-30/30
——pe—— 40/-40/-40/40

600

500

T T T [ T [ 7
0 01 02 03 04 05
Distance(X/L) of stiffener from both ends
a) L/ID=5

—— 30/-30+-30/30
——— 40/-40/-40/40

Buckling Parameter (A)
N
2
=3
i

2000 —

0.1 0.2 03 0.4
Distance(X/L} of stiffener from both ends

(b) L/D=9

33 12, Zel x| wsjoll e 2 w2lole 4 (h=5b)

a3 12 B9 94X Wl ulgh Axjelch Bt 4
04 dF Zao| 20~30°870] $Em, B ER)
2 735t the AolE dehliz et oAy ASE 49
B A7) dejsly] Wi, A% et ¥ BAENE
tig Aely] faie Hed AE aqdn 8 HAe
A 21/10, 4L/10714d FHor BAske 7401 frelst
FEL/10)0] SR E2ighe & & itk

Q ox
o
£

I S
o

Ed
9
.

&+
o4
[
hwy
=20
T

F 4+ 21/10, 41/108] FEoz 4700 Heg BkEE 4
$ B gol/FHld wE AuE Jepd Aot 0°2

:Fl.

S ALE Bl gol7l ARSE A e

T ARARE, 42

A7 Holu, 1 ool E ¥l §le

Zool|2 B AP e 2~ 300 B
Aoz v

Bith 42 Seolz BURS A WA Eol/ZE

27&? =2 3 2 29E CE»’}‘—MOE]E}-HEH%]_D]—

urxss =27 H16A 43(EH 715) 20044 88 499



E 4. 29| F0/E( h/b)ulol| e xZ m2tale{( A)

L/D hlb (0/0/0/0] (30/-30)s

L/D kb (0/0/0/0] (20/-20)s

ot 250.19 261.06

260.92 (4.29%)% | 317.27 (21.53%)

264.12 (5.57%) 519.78 (99.10%)

519.96 (99.17%)

268.61 (7.36%) 520.12 (99.23%)

1
2
3 266.69 (6.60%)
4
5

270.05 (7.94%) 520.27 (99.29%)

1151.2
1230.7 (6.91%)
1740.6 (51.2%)
2443.2 (112.2%)
2448.3 (112.7%)
2452.6 (113.0%)

ot 1201.1
1 1274.7 (6.12%)
2 1434.3 (19.41%)
3 1437.7 (19.70%)
4
5

1440.4 (19.92%)
1442.5 (20.10%)

t RSN ge 5 48 g,
t Badel g (4, —/l DI2,% 100 (%) & eplge. A&

4.5 SHNS ASH 40| B2 Hal

izﬂ-xﬂ o] W] uEo| BE Axg 9
A%E A7} ¢ dafsiel, o7)q %‘
74"‘ HO % ofHA drh. B3A% 459 49 3w
2 @42 £ 5, 6, 7ol e sloly Bapak
M 2 Aol ok depm, =3 BEL AL
HASA] G3E Aol H2 A% A 2ede ¢
F7F ok,

oA, EFAT 48F 49 HZH A2ASL W
23 5’_%’3P°=l°k s, #2 AsS W] AuEmEA, slo]
W ERE Ageid aEAQ 4AE & ¢ gl )
ﬂ%%‘ﬂ

o}m
mL
o
L
M

bZE

B APdE 293 2

2YHS 954 48 o4 vdz 4y
2ol e 3 23 csle] A7E FIT A
¥ Feje] 459 A3t BeAAY 959 Do) 271 Fel
B T shvle) 9 sl e g AES

Aot

) e FefollA sjoly) BAZwE 0 T (0/90/90/0)
EOO] Se)etn, BAAE A RS Aot 7t
F FEAoIY, B o]/ZH= 3W oA 2 7l
S UERIT €9t o] RS A$ 4o mAS
30%8 % #aA 4 9l

(2) F& dAA] FeelMe &2 Bk o2 Zaolz

500 s=z7xsts =27 Mied 45(EA

9 32 dellel2, 1= By g

Fe A2 TAEE ek

Ao, iy Reke oy A3Beolz 43
SJstch. E WAl wep o Aolst 9o
W 92 Eeol 10~200070] 7 el

3 BhEel B ded 93 450 259 A9
2 A% A& s Wi, oi7lel
AE A B A A we, 4e
£9 49 3TN B2ATE WUE 2
451, 342 A5 S B0 AR, Hol
< 448 B8 AAE ¢ & slewls sler,

& Ak e 2

& A7 20039 % AeAH Sy AP ohed o
P‘# AT oldf] e M =@y

I BT, AR (2000) HISHA 95E 49 obgAel
3 AT, S=LYTZS =2, A1298 23, pp.187~
196

Assan A.E. (1999) Analysis of multiple stiffened barrel shell
structures by strain based finite elements, Thin Walled
Structures, Vol.35, pp.233~253

Choi C.K. and Lee P.S. (1999), Defect free 4 node flat shell
element:NMS 4F element, Structural Engineering and
Mechanics, Vol.8, pp.207~231.

71%) 20044 8¢



ez 24E SEHS Sy denEASo get A7

¥ 5 L/D=30| 03t 2 2=8A (Model 1)

Fiber angle

000/

[2/-20/-20/20)

[30/-30/-30/30)

[90/90/90/90]

st=ztpxsts| =27 M16A 45523 713) 2044 88 H01



L)

E 6. L/D=>50|| ch3t == 2=84 (Model )

Fiber angle Unstiffened Edge stiffened
[0/0/0/0)
[90/90/90/90]
7. sloly 242tT (60/-60/-60/60)0l ChEt == =4 (Model 1)
Unstiffened Stiffened (21/10, 41/10, 61/10, 8L/10)
L/D=5
L/D=7

Cook R. D., Malkus D.S. and Plesha, M.E. (1989) Concepts
and Applications of Finite Flement Analysis, John
Wiley & Sons, 3 Ed.

Flugge Wilhelm (1973). Stresses in Shells, Springer Verlag
Berlin, 2™ Ed.

Hass D.J. and Lee S.W. (1987), A nine node Assumed
strain Finite Element for Composite Plates and Shells,

Computers & Structures, Vol.26, No.3, pp.445~452.
Hinton E. and Owen D.R.J. (1984), Finite Element Software
for Plates and Shells, Pineridge Press Limited.
Logan D. L. (2002) A First Course in the Finite Element
Method, 3.
LUSAS Theory Manuel (Ver 13.4, 2001), FEA Ltd.
Jones R. M. (1975) Mechanics of Composite Materials,

502 s=zaa=xsts =27 M6 45(8A 715) 20044 8%



McGraw Hill.

Navin Jaunky, Norman F. Knight Jr., Damodar R. Ambur
(1999) Buckling analysis of anisotropic variable
curvature panels and shells, Composite & Structures,
Vol.43, pp.321~329.

Omurtag M.H. and Akoz A.Y. (1995) Isoparametric mixed
finite element formulation of orthotropic cylindrical
shells, Computers & Structures, Vol.55, No. 5, pp.915
~924.

Reddy J. N. (1997) Mechanics of Laminated Composite
Plates, CRC press.

Rikards R., Chate A. and Ozolinsh O. (2001) Analysis for
buckling and vibrations of composite stiffened shells
and plates, Composite & Sturctures, Vol.51, pp.361~
370.

Soedel Werner (1981) Vibrations of Shells and Plates,

2|22 BHE SHHS HEY doxEHsol nEt A7

Marcel Dekker, Inc..

Tian J., Wang C.M. and Swaddiwudhipong (1999) Elastic
buckling analysis of ring stiffened cylindrical shells
under general pressure loading via the Ritz method,
Thin Walled Structures, Vol.35, pp.1~24.

Vinson J.R. and Tsu wei Chou (1975) Composite Materials
and Their Use in Structures, Applied Science
Publishers LTD.

Zhong L.J., Chew HK., Zhangzhi C. (2002) Shell element of
relative degree of freedom and its application on
buckling analysis of thin walled structures, Thin
Walled Structures, pp.1~12.

(=X} : 2004. 3. 15 / dAtg 2004. 3. 22/
HAl2tEY 2004. 7. 19)

H16H 45(E3 715) 204 88 H03

RESE =23

I



