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Abstract

A finite element analysis code considering elasto-plastic large deformation is developed to
predict the ultimate strength of circular cylinders subject to external pressure loading by
introducing a new type of axisymmetric shell element which can take into account the
plasticity effect due to the circumferential bending while drastically saving the computing
efforts compared with the three dimensional finite element analysis. It is observed that analsis
results of present approach show good agreement with the test results of previous works.

Parametric study gives the effects of initial imperfections on ultimate strength and this
information is recommended to be used to modify the actual test data to the ones which

can be used more reasonably in making empirical design formulas.
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Fig. 3 Notation for ring-stiffened cylinders

Table 1 0“/('] eactg‘}' eal'lg_‘ Z}Z}' E_C\i__],gl i%‘ﬁ‘)“éi}
o] A Foll g AA FA x|} AAFAHY 38
& Yehdc) Table 2 ol & =& A4 2
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Model L R t Lr/R R/t stiffener(mm) E ay €act €al

No. (mm) (mm) (mm) hey * tw [GPa] [MPa] (mm) (mm)
1 4877 1972 1257 41 15 =787 1328 204 272 412 3.00
2 4877 196.2 13.08 41 14 -785 1313 204 408 523 3.02
3 4877 196.9 13.13 6.2 14 =772 13.03 194 242 599 4.05
4 4877 197.0 1313 83 15 ~77.7 13.03 194 242 6.15 4.05
5 4877 197.3 11.02 82 17 -782 11.13 196 260 452 3.97
6 4877 197.7 9.75 3.1 20 ~76.5 9.91 202 289 267 287
7 4877 198.8 9.60 82 20 -795 9.78 200 231 3.96 396
8 4877 198.2 828 82 23 -80.0 8.18 201 287 274 3.89
9 4877 199.4 6.60 2.0 30 -65.8 6.96 194 278 193 1.95
10 4877 198.9 6.83 22 29 -69.6 6.88 206 371 213 223

NOTE; Negative sign in hw means external ring-stiffener
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Table 2. Comparison of the calculated values with test results for the collapse load

Model Imperf. ne np Prest Prem Prest/Pineory
No. €act/€al [MPa] [MPa] FEM Tim'® G&B"”
1 1.37 3 4 15.20 11.20 1.36 241 2.17
2 1.73 3 3 18.60 16.00 1.16 2.33 211
3 1.48 2 3 14.10 9.40 1.50 3.21 2.24
4 151 2 2 2.40 9.00 1.38 2.85 257
5 1.14 2 3 9.32 7.80 1.19 2.35 1.99
6 093 3 4 12.80 9.40 1.36 224 1.66
7 1.00 2 3 7.45 6.00 1.24 2.47 2.04
8 0.71 2 3 6.00 6.20 097 1.86 151
9 0.99 5 5 7.87 590 1.33 225 1.65
10 0.96 4 5 831 7.40 1.12 1.89 1.44
Mean 126 2.39 1.94
COV(%) 11.66 14.62 15.64
el AGAn g o2 HHAREOT o] w] Rt (MPa) e
2% weiFm gl o) ¥E) & 479 HA4A - 1O
S AgATe wEA B AR AL & 5 Y x: Elastic buckling mode
o] ok, {5 0: Elasto-plastic collapse mode.
13
5-5. FELT 4 11
= No. of circum.
5-5-1. st5-1 9 3 © T3 4 s & 7 8 wesh
A AFT v} w RN R Lol BB
MR FoA AR wFgY Ao ol @) No.l model
Aed Wrlae M9 EE 71 FEA 0 Put (MPa)
B M99 W ERA AR wiel AT TS s .
g 437058 AARAG Fig 4leNo 12 Ty = 1.0
de] "7HA) gAARe] A71E e Al W x: Elsstic buckling mode
22 Q: Elasto-plastic collapse mode.
- 20
Put (MPa) = : Initial Yielding .8
%11'0'5 =
16 O £ -0 e oo o T e r:g\.'egf(g%rcun.
12 VS
] a) No.2 model
: L W (o0) Fig. 5 Collapse loads for various cllapse modes

Fig. 4 Load-displacement relation [No.1 Model]

st wizhe] FAE vehigdel 2§ 8o A
AElE AL x X2 RXAEEE o] 1Yo Ny




PE72e FFAE 3L AT 24X 2L HY

Aol F7H4S 2718840 Yohxln ¥
Al wiel 2 F7kstel 7k v 2R 29
ol WPE & & Slch A Fig. 5 £ 944 #
Fegmd WY AFFESE 2dFT ded
oz ¥e Wiy HTRSSE WA FFTres
sh g4 dxSAE FETHE AE & F Atk

5-5-2. A AT i HEFAxe UgE
Fig. 63} Table 3o+ 3ArAgte] =7 #FE
7Z%o) vla] 33-g et

pult
Pude
———  MODEL NO. 1
s 00k TTTTTC MODEL NO. 2
3
S

Fig. 6 Ultimate strengths varying with the mag-
nitude of shape imperfections

3714 (Purdo, (Puwda, (Pawacre 242 2718444

o] 0 & A%, dAFEY HEX49 A+,

AA e} 2Ha1ql 75 A HEF LGS
vepdich o] WAL AWM HF
41% 9] FE}E ZA4F HodFosy BAYE
F27} YAAF 6 olF Uisite g 2AF
3 glch &4 Fig. 628 2E] M2 o} 7]5}atA
EAS 2 45 34AETe A0)d) gt 3
FAE7} FFaste el thEA|T HulA o 2+
ARG e] 2 ¥ oM FA38| stz

FAFAL HEXE ol 238 vt
syt ZlE FAY 5 9ok

6. dAIA 2] JHddet

AEgTzxe) HFEAT digt A5y AXE
2 Al wpelvt AW Fol o el
2.2 o]Foix]A] F3lm AR AFE Tl 4
P25 52 ¥ f5d AxAsE FiA HF
FEE FA sl wAEA el rx3tn 9l
o} ofepe AN Az A AR
2 3E dojAle A AFgEd &
Hed @712 39 AAgapA7E £E5 B oo}
vzl Fee) oiy-Ee] AfdAsEe] 271
Aol 8% AE)A 27)|HF A RIFF
HE7E FHEo] 2UZ A2 el #8-F
AL =2A 2’ Zlos AusEt depa] 2

Table 3. Imperfection sensitivities within the tolerance limit and the modification of the actul test data

Model (Putdo (Pugda (Pual (Pudact Correction Plest Prod
No. (Purdo Ratio
1 19.00 12.20 0.64 11.20 1.09 15.20 16.57
2 31.00 18.00 0.58 16.00 1.13 18.60 21.02
3 16.80 10.00 0.59 9.40 1.06 14.10 1495
4 16.80 9.40 0.55 9.00 1.04 12.40 12.90
5 14.20 7.80 054 7.80 1.00 9.32 9.32
6 14.90 9.20 062 9.40 0.98 12.80 1254
7 10.60 6.00 056 6.00 1.00 7.45 7.45
8 8.50 6.20 0.72 6.20 1.00 6.00 6.00
9 10.20 5.80 057 590 098 7.87 771
10 14.00 7.40 0.52 7.40 1.00 831 831
Mean 0.59




u}

=R AAAY AAE AT oY F oA
Z& Agtstaat et

A, oz Fd Ao wt=A 27 §
A7 gto] s A= ojof At

SR, AYPARE FAst] AAA ] i T o
Aol AL HERE FE A LA o
3 groz HAbste] Algsts 7o) nighA st

B gQFea] e 384 el A A
A Code 2 ¥4 7ldle & o] HFol o3}
2 Ry ojd AYPnde] HETreges FA
o #g-xo W Fho2 FAbste dele 4T3
AgAoer 449 £ g o gdddr

Table 3 o= TFA 9] &&-xlo] N HAFTA=YL
3 AAe AT W HFAELE
o] o]% w®]$(Correction ratio)Z A3t
= ol& BF T 9=d Pua?t o123l
Fholrh.

7.4 8

olake) HAAANE E o) TN AEE

E&39ch

D 2 aAge 2AH4 Ads 7|2 AgA
o} wrEahubgt A S Wolx glow 53]
o] 219l 23} sjA A=l w3 U7 A5t
T2 e 2ol debd oAzl #
ol A wde e ZE PAd o] At
3 2R e QA =3 dvh g
g QA Q) oo} A Fo] Y& Ao
Rolv] YEF2 A FAAF) =IZHA
o zhekalgl o] AR YA = UFA R AL
2 o

%) ALY W ABRT} AF A YA
Aol gt BAFAL FHgA Rl AP
o HE7}wst FA3) Rastz 2 olF s
» 23] ghutgl Wow v o] PAAYPS &
AE T 2o AEgte =raEx ol
5822 2 sksjalA] AlHare] WelE AT
slEx sl S| el &7-Hr

3 2 AT ML F o ARUE AFFH B

2}8 #xF Parametric study & £33 9%

goA AANe fEsted 849 4 e
Holo} 7 olWeletE AYAHE AN B
Y geides Agyel wHEg e f
g5 %49 & 3l Aoleh

anes
1) Subbiah, J, “Nonlinear Analysis of Geo-
metrically Imperfect Stiffened Shells of

Revolution”, Journal of Ship Research,
Vol.32, No.1l, March, 1988

2) American Petroleum Institute, “Bulletin on
Stability Design of Cylindrical shells”, APl
Bulletin 2U, 1st Edition, May 1, 1987

3) Park, C.M. and Yim, S.]., “Ultimate Strength
Analysis of Ring-Stiffened Cylinders under
Hydrostatic Pressure”, Proc. of the 12th
Conference on Offshore Mechanics
Arctic Engineering(OMAE), Vol.1, 1993

4) Washizu, K., “Variational Methods in Elas-
ticity and Plasticity”, 2nd Ed., 1975

5) Brush, D.O. and Almroth, B.O., “ Buckling of

Plates and Shells”, McGRAW-Hill,

and

Bars,
1975

6) Owen, D.R.J. and Hinton, E. “Finite Ele-
ments in Plasticity:Theory and Practice”,
Pineridge Press Ltd. 1930

7yul x® Qe wrkxl 4%y Ao IHF
74E #A7 upabekRl =, AlE e, 1990

8) Bushnell, D,
Shell-Governing Equations”, Comput. &
Structures, Vol. 18, No.1-4, 1984

9) Kenny, J.P., “Buckling of Offshore Struc-
ture”, GULF, 1984

10) Arbocz, J. and Babcock, C.D., “The Effect of
General Imperfections on the Buckling of
Cylindrical Shell”, Journal of Applied Me-
chanics, pp. 28-38, 1969

11) Sachinis, A., “Ultimate Strength of Un-
stiffened and Ring-stiffened Circular Cyl-
inders”, Ph.D. Thesis, Univ. of Glasgow,

“Computerized Analysis of



g7z HFAE F4E AT e FH8 LAY

1982

12) American Society of Mechanical Engineers
Boiler and Pressure Vessel Code, Section VI,
Divisions 1 and 2 and section I, Division 1,
1980 Ed.

13) Det Norske Veritas(DnV-0S) Rules for the
Design, Construction and
Offshore Structure - Appendix C
Structure, Hfvik, Norway, 1982

14) Vandepitte, D., “The Background to the New
ECCS Recommendations for the Buckling”,
Buckling of Shells in Offshore Structures.
Edited by J.E. Harding, P.J. Dowling and N.

Inspection of
Steel

Agelidis, Granada, 1982

15) Miller, CD. and Kinra, RK., “External
Pressure Tests of Ring-Stiffened Fabricated
Cylinders”, Offshore Tech. Conf., Paper OTC
4107, 1981

16) Timoshenko, S.P. and Gere, J M., “Theory of
Elastic Stability”, 2nd Ed., McGraw Hill,
New York, 1961

17) Galletly, G.D. and Bart, R., “Effect of
Boundary Conditions and Initial Out-of-
Roundness on the Strength of Thin-walled
Cylinders Subjected to External Hydrostatic
Pressure”, DTMB Report 1505, May 1962



