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. Summary

General instability is one of the most important subjects of cylindrical shells reinforced by ring
stiffeners under uniform pressure. Recently, based on the application of nonlinear analysis using the
finite element method, and more reliable collapse tests using models manufactured with high fabrica-
tion technique and of uniform material characteristics, the study to review the design procedure, which
were based on the experimental works of collapse tests using a number of scale models, has been
carried out.

Since pressure hulls of deep diving submersibles are usually welded structures, the welding distortion
is inevitable, which might have a large influence on collapse strength. The authors have presented the
elasto-plastic analysis using three dimensional finite element in the first report to estimate collapse
pressure reduction of general instability by initial imperfection.

To investigate the infuence of initial imperfection of complex mode and that on the overall structure,
however, more effective mothod is required instead of the three dimensional analysis.

In the present paper, the authors propose the elasto-plastic analysis using the quasiaxisymmetric
finite element, which represents the deformation of stiffened shells by Fourier series. The analytical
results compared with those obtained from the current full three-dimensional analysis show a good
agreement. Futhermore, the authors investigate the influence of initial imperfection on the collapse
strength of scale models, which are machined or welded, by comparing the results of the theoretical
analysis and those of experimental test.
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Fig.3 Outline of BFGS Method

DEERD, —BECEZa— by s T 7Y VEPEES
a—-brELFEHAINTWEY, Z2TRE-2— &
D 1 T&H % BFGS (Broyden, Fletcher, Goldfard,
Shanno) E#HEAL 72, ZHIZEWRETH D, Fig. 3Dk
S RIGARE % 3,
RiE n ORItE% (K] 458, (K % (K] £
(IS On RRUTEREE 7, 20 SIRAUC & D S 2,
[1{?]~1=:([]]“{‘@%}{VQ}T)[1<h~1]—‘
[IT+H{ VKW T) (7)
T,
(Vi) = = Cal Knc 1 {8} —{7n)
Co?={82} {7}/ {6} [ Kn-1){6n}
{Wa}={0x}/{8x} "{7n}
(8.} ={4U.} —{4Un-1)
{7a} ={F(Us+4Un)} = {f (Uo+ AUxn-1)}
COFETIREHEREELBEE T 2RIED L-U S8
MBOREIZ T THD, 72, ERETHLLOEE=
2— F BRIZERTYER A - B REL BV REREL L
A,

3. BRMTO— FOORREE

VIR 28 7 5 MEREAERO £ EEEE I D
T3IRTHEE (B1H) R ER I L ot
REWBTEROLR 2 2R SERT 7 L — AHEHESS
EROFERABRICOVWTIT o7, BITHRIIEESDE
1$ROBER W-1 ICH U /- F L (SHER 1,000 mm, 5
EBIRE 5 mm, 7 L — 2088 100 mm) & UEHEREIZ DV
TIEW-1EE#% (0.2%f /757.3kgf/mm?, ¥ > 7%
22,000 kgf/mm?*) & U7z MR EIHAREIC 3%, #
TENZ D E— N BEE L 3IRITTHERI X 28857 Tid
NFEEEEL THRAFMIZ 60 EOgEE%E €7 Aul 72,
BRATHS SR % Fig 4 O R T 00 B TR ER L 3 RTRE
R L BIRRIRFL—HERT I Ehbd b, &5

10 }
B PRRER T (EA

———— -3 EE R Dou/mH
(REXOBITFH )

08 r

3

TBTE .

MENE 38 (Seos 2
@ Fm

0.6

P/Per

0.4
P : EBEH
Per: 0g2Xt/Rm

e
== e
= e

0.2 (002 : 0.2%®71, Rm: WESLOEE)
4 I BAYPTEE
t  AEREE
! 1 ! 1 L
0 0.2 0.4 0.6 0.8 1.0

E A B (/)

Fig.4 Comparison of Collapse Pressure Reduction by
Initial Imperfection based on the Authors’
Analysis and Current 3-Dimensional Analysis
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Fig.5 Comparison of Collapse Pressure Reduction by
Initial Imperfection based on the Authors’
Analysis and Current 3-Dimensional Analysis
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Fig.7 Relationship of Collapse Pressure Reduction
and Overall Length of Cylindrical Shell
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Table.3 Result of Circularity Measurement
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Table.4 Collapse Test Result
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0.68 3 0.517
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0.15(n=4)
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