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Numerical Method for Nonlinear Analysis of Composite Shells under
Constant Lateral Pressure and Incremented In-plane Compression

Kim, Jin-Ho*and Kweon, Jin-Hwe**

ABSTRACT

This paper presents a modified arc-length method for the nonlinear finite element analysis of a structure
which is loaded in incremental and fixed forces, simultaneously. The main idea of the method is to
separate the displacement term by the constant force from that by the incremental force. Presented
method is applied to the nonlinear analysis of isotropic shell structures separately loaded by lateral
pressure or compression, and shows the excellent agreement with previous results. As an illustrative
example of the applicability of the present algorithm, a parametric study is performed on the nonlinear
buckling analysis of composite cylindrical panels under the combined load of the incremented
compression and the constant lateral pressure.
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Fig. 6. Finite element mode! and boundary conditions.

st glch Fig. 5t 9% #do] 4&e15e 0 3
Foll Oig stE—e Fdojth o] A= s}
A3 Aur} u)S & gxjsba ok oA o] gt 8
MAFJIME B 5 UKo, £ =FolA Atd Hhy
< 4 7B de FA2FN BE o} HE %

o}
140l= 489 % gk

t

3.2. x| G|A

3.2.1. BEXMA

Ad duelFel 849 oo
at7] 98l B4 4% dde] vk
Fstgict dEwde] vy ¢
mm, 3} Zolo] vlE 1.414, SA& 1.
AzAL stge we F4 AA X
(Clamped)olx 24 ZAANNE 9F
&3t oA A(Simply Supported)o]th.
[£0/0/90])s0] 2t A&t 02 15°7tAc =
A R qtEo] el #AFAF] WX IS
AU ST AT o 2ol T300/52089) =}
BE AHREITH

0,

J'l
4r r.

O
o
N, Y
opp
o,

[
off,
i)
2 o
to

25

I

L,
o
N

X
7

<

mimn

——dr
o
o

o

oft flr

%2

o 5

iy -
f=orr 42 o

3]

Y

A

ol
A

e
L
z
N

b

E;=181.0 GPa, E>=10.3 GPa, G;;=7.17 GPa,
U/2=O.28

7t @38 AdEe wde) $3d dia WA
o 2 HolHA T, §32 434S 93 A4uyEd
Fig. 1ellA ®Ql whel o] 94 =Rz1FA <)
S50 o goz ksl U3t ek a9
Waks 24 AA FFZAC e FestA 2 AL,

FE AEA Aok gtk ey {3 2se) 2F
sol FxEI WA £Hole IRAREA el Ao
g 35 #E F oobvy & ¥WEE AdEx 449
Wgol 4 LA Hdot. feesrde Fig
6o RSl upo} Zo] 8FW o 14470(12%x12)E
AHgetsih

3.2.2. oIxieip

fewde] & A28 dF Fd3eM 2 I
5o 92 AEFATE EI Y8t [+£60/90]s
o) A2cAME 7R 458 dete U] anE
—0.1MPa(jh)ellql +0.IMPa(Uish7tA] ¥i3}a)7)
HA A #AZEAE eIt Fig 7o) gk



74 W5 - AR B A ERERE
F 60000
| fui0r90) o Lo
R/A=150 L [fﬂ/ogg dQF
d/L=1.047 Rit=1 p
56000 I t=1.0mm ) AL=1.047
L150 & \/\' 50000 1 t=10mm )
2W0mm L=150mm a \/V

Fer(N)

002 0 0.02
p(MPa)

Fig. 7. Effect of lateral pressure on the compression buckling
load.

Fer(N)

20000 L 1 1 ' L
30 45 60 5

8(Degree)

Fig. 8. Effect of fiber angle on the compression buckling load
{internal pressure).

90

0 15 30

45 6
0(Degree)

Fig. 9. Effects of fiber angle on the compression buckling load
(external pressure}.

o] —0.1 MPa(s]$h)d wi¢t +0.1 MPa(Hishd
o] % 2o 10u)] o Apol7h it EF A
Aoz Are] Aole AT Hdlo] s & 74
& atageo] Fedtn g W B9 =8 ol

- E=re)
;%O}ZP:— Ag IAg & gtk

FolAl Y slollA ARl 0o Wt =28
g vAE 98¢ Fig. 8IS v 493 Fig.
(g e APl AAsIELh W - QgE Be
AE B5 #33go] AUk 0o vg s ¥

o) Z=

=] )
O}"‘t“ a“l'a‘ 2 T

ek

EG e 27lsh Wl ¥

ot Zrkele AEE ul$ wjolsch
G B AL gEe Il bE #ES
A Jebdd. Fig. 7oA %
#H2eEL 0=45"o]M 7}F &

do

riz wo

Fig. 10¢] AA=
2 4l 2
Ao Aol ¢



134 1982000, 2 9% YT IR UEeES SN0 Bk B84 99 vy 44

5

o
o
=
4
j-{
N
i3
2
-4

75

P s
SR
R ORISR
e I SN
RN
KK

B S
'tl"'

EZZ7

L5 0‘.. “
T TIZIGIGTITRIS .0‘0 e

Cr Tl 2 ZIRTIRNILE X
40:0.0’0.0.’. 2D T E LR

Fig. 10. Three dimensional plots of buckling mode shapes for [03/90]s panel.

(b) L& (% (DE vius BY 4| A7l e B
FERPEe] Wshs A 2AEA g v Y
%2 e 25 @9 I9E T A9 (©F ¥
w3l He HIRSE AL 4 dElKe A

A~

T °

TS84 Wd(0=45")9 A% Fig. 11] 2l w}
$=9 Wshrk A @
]

e Aolo] wa

Stk ke #Zgo] I UgstA ¥
_?__
Ao

o o] HE HE

2]
& 2 % Qo olzyE

fo e rlo
M



a SEBAHEESEE

o
N,
fob
o)
e

FIRELAKL2
LTS LZRESSIE
TR yetS >\, T TSIRSK SIS

”""'z‘z;"%‘!é’l%":“ ‘“

H2geo] gae AL FERLE Fold 7al 47 =
dgE AL ¢ 5 A%
WA o 9%

re
L)
-4
o,
o
i
ol
M
o,
riu
o
i,
olo
o

clogd
A7) aEH FE|2& ARl Ag g}k 3=



I35 F519E,2000. 2 9% YUNN FE 4F65L FAlo v B

A 49 vAY 48 Ag #2297 71

2 skl Bl Al FaREY HAY fdes
XS A% 4 sHPES AdSdnk AgE n
A9 B 2 A8 HEES dd) 7129 $2)§
A Anene va d7E SYsign, 949 9
I SE UFNFE A L BYA 9F9d
g vAE A2A%S s S5 o
g 34 A3 Ak daeFel FRaFH nges
& TAl We FxEe H4dY g4 avdez
Aed 7 dEE AskAT EF A%E EE A
aste] S dFdde H2AF e dAATF
T AT A3 2594 AZoe g4Ed ag
EgEe] Wst nAlg v B S Bde) 2
% Wgos gol wiXE A% YY) wisle] we
289 3 AR Wy} AxEe AL FAs)
ik
* 7

T dye dRARAYE A% B4dgn gEr)
FledTAE o] Ao o Ayt

|

1. J. C. Amazigo, "Buckling under Axial
Compression of Long Cylindrical Shells with
Random Axisymmetric Imperfection”, Quarterly
of Applied Mathematics, Vol.39, 1972, pp.179-
184,

2. D. J. Wilkins, “Compression Buckling Tests
of Laminated Graphite-Epoxy Curved Panels”,
AIAA Journal, Vol.13, 1975, pp.465-470.

3. J. S. Hansen, “Influence of General
Imperfection in Axially Load Cylindrical Shells”,
International Journal of Solids and Structures,
Vol.11, 1975, pp.1123-1133.

4.]. S. Hansen, “General Random Imperfection
in The Buckling of Axially Loaded Cylinders”,

AIAA Joumal, Vol.15, 1977, pp.1250-1256.

S. M. Boonton and R. C. Tennyson, “Buckling
of Imperfect Anisotropic Circular Cylinders under
Combined Loading”, ATAA Journal, Vol.17,
1979, pp.278-287.

6. D. Bushnell, “Buckling of Shells-Pitfall for
Designers”, AIAA Journal, Vol.19, 1981,
pp.1183-1226.

7. N. R. Bauld, Jr. and N. S. Khot, “Numerical
and Experimental Investigations of The Buckling
Behavior of Composite Panels”, Computers and
Structures, Vol.15, 1982, pp.393-403.

8. W. F. Chen and E. M. Lui, Structural
Stability, Elsevier, New York, 1987.

9. 8. M. Jun and C. S. Hong, “Buckling
Behavior of Laminated Composite Cylindrical
Panels under Axial Compression”, Computers and
Structures, Vol.29, 1988, pp.479-490.

10. E. Riks, “An Incremental Approach to The
solution of Snapping and Buckling Problems”,
International Journal of Solids and Structures,
Vol.15, 1979, pp.529-551.

11. M. A. Crisfield, “A Fast Incremental/l
terative Solution Procedure that Handles Snap-
Through”, Computers and Structures, Vol.13,
1981, pp.55-62.

12.J. H. Kweon and C. S. Hong, “An Improved
Arc-Length Method for Postbuckling Analysis of
Composite Cylindrical Panels”, Computers and
Structures, YVol.53, 1994, pp.541-549,

13. T. Y. Chang and K. Sawamiphakdi, ‘Large
Deflection Analysis of Laminated Shells by Finite
Element Method”, Computers and Structures,
Vol.13, 1981, pp.331-340.

14.D. 8. Zhu and Y. K. Cheung, “‘Postbuckling
Analysis of Shells by Spline Finite Strip Method”,
Computers and Structures, Vol.31, 1989, pp-357-
364.



