S FTes 200195 £43¢d3 =23 PP114~118

FEALIZEYo]E o] g3 dsn
l:ﬂ-x] E!
a4

ol
xxal

A5 AFA= AH D)

5
L

(<]
P

Ultimate Strength Analysis of Ring-stiffened Cylinders
Using Commercial Softwares(1II)
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ABSTRACT: Despite the frequent use of ring-stiffened cylinders as a submarine pressure hull or members of various types
of offshore structures, their ultimate strength analysis methods have not been well established because of their complex
structural characteristics. This paper has established the method how to use commercial softwares based on the finite
element method to implement the ultimate strength analysis of ring-stiffened cylinders covering both types of initial
imperfections, i. e. initial deformation and initial stress by combining two separately offered functions of common commercial
finite element softwares, linear elastic buckling analysis and nonlinear stress analysis. Developed method was applied to one
of the world-widely used commercial softwares, ABAQUS for the analysis of ring-stiffened cylinders. This paper ends with
some useful information about the imperfection sensitivity of ultimate strength of ring-stiffened cylinders.
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Fig.1 Distribution of residual stress due to welding
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Fig.2 Finite element model(No. of circumferential
mesh:172)
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(a) without initial stresses
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(b) with initial stresses

Fig.3 Deformed shape(w =0.003R, , Load=0.8N/mm?)
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Table 1 Comparison of collapse pressures for both

cases i.e., with and without initial stresses ( Njmm®)

ini?ial o without o with difference
deflection(w) initial stresses initial stresses

OR 2.098 2.052 2.2%
0.001R 1.796 1.678 6.6%
0.002R 1.503 1.403 7.0%
0.003R 1.368 1.264 7.6%
0.004R 1.216 1.116 8.0%
0.005R 1.146 1.052 8.2%
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Fig.4 Test model(RS-7)
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Table 2 Comparison of collapse pressures for both cases
ie., with and without initial stresses ( RS-7, N/mm®)

initial without with difference
deflection(w) | initial stresses | initial stresses
OR 2.448 2.424 1%
0.001R 1.928 1.912 1%
0.002R 1.640 1.624 1%
0.003R 1.504 1.464 3%
0.005R 1.424 1.352 6%

* Measured collapse pressure: 1.746 N/mm’
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Fig.6 Mid-section at the ultimate state(w =0.002R, with
initial stresses, Load=1.624N/mm?)
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(a) without initial stresses
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(b) with initial stresses

Fig.7 Deformed shape before ultimate state
(Load=0.8N/mm?)
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(a) without initial stresses
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(b) with initial stresses
Fig.8 Deformed shape at the ultimate state
( Load=1.536N/mm?)
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Fig.9 Deformed shape of mid-section(with initial
stresses, Load=1.536N/mm?)

Table 3 Comparison of collapse pressures for both cases

ie, with and without initial stresses and measured

values( N/ mm?)
Calculated values
- Test | Calculation
Model without with . | (%)
initial initial difference |values | errorl%
(%)
stresses stresses
RS-4 | 2.072 2.048 1.2 1844 | +11.1
RS-5 1.712 1.688 1.4 1.815 -7.0
RS-6 1.896 1.864 1.7 2.119 -12.0
RS-7 1.560 1.536 . 1.5 1.746 -12.0
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