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General Instability of Ring Stiffened Cylindrical Shells Subjected to

Hydrostatic Pressure

by Yasuyuki Homma, Member Tatsuro Mitsuhashi
Takeshi Tkegami

Summary

Many researches on general instability of ring stiffened cylindrical shell have been published,
but the effect of out-of-roundness to the instability have not been clarified at the present
time. In order to overcome this difficulty, sixty-one ring stiffened fabricated steel cylinders,
forty-three with no out-of roundness (as they were fabricated) and eighteen given a dent
extended the overall length of the cylinder, were tested. The given dents were approximately
one percent of the cylinder radius in depth.

The test results of the cylinders with no out-of-roundness show good correlation with
the predicted instability pressure by FEM, the experimental pressure caused the instability
were, in average, ninety percent of the predicted pressure.

The collapsing pressure of the cylinders with the dent were, in the average, sixty
percent of the predicted pressure for perfect cylinders.
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Table 1(a) Dimensions of models and experimental results

Experiment F.E.M.
Model Inner [Total Span |Num- |Shell [Frame Frame [Young's Yield Initial Ratio
RadiusiLength|Length| ber {Talck.|Helght|{Breadth| Modulus| Point Def- | Mean |Num- |[Mean |Num-
Number of -4 lection|Press.| ber |Press.}{ ber Per
r L 1 Spans H B E x10 5 oy, 8¢ |Factor{ of |Factor of

[mm) (mm} Cmm) {nm) (mm) (mm] | (kgf/ma) | (K f/mim] C(mm] per (Lobesi PHfem|Lobes| »fem

203070-018a{ 56.6 60.0 28.3 2 0.77 2.73 1.42 2.1 28.6 0 0.94 8 1.01 8 0.83
203070-018b| 56.6 60.1 29.3 2 0.74 2.57 1.51 2.1 28.86 0 0.85 10 1.01 8 0.94
202970-025a) 56.6 59.8 28.1 2 0.76 2.86 1.78 2.1 28.6 0 0.92 10 0.97 8 0.85
202970-025b| 56.6 59.5 29.0 2 0.75 3.37 1.56 2.1 28.6 0 0.84 k] 0.36 8 0.88
202970-025c| 56.6 58.9 23.0 2 0.73 2.56 2.02 2.0 26.9 ] 0.8t 9 0.96 8 0.84
202970-030 56.6 59.8 29.0 2 0.72 3.02 1.94 2.0 26.9 0 0.80 10 0.94 9 0.86
203070-03ta| 56.6 60.4 28.2 2 0.71 3.20 1.98 2.1 28.6 0 0.84 10 Q.92 10 0.91
203070-031b| 56.6 60.8 29.3 2 0.77 2.88 2.24 2.1 28.6 0 0.85 10 0.83 9 0.91
203070-031c| 56.6 61.0 29.3 2 0.71 2.53 2.47 2.0 26.9 0 0.79 7 0.92 9 0.86
202070-037 56.7 61.3 | 29.4 2 0.7¢4 3.07 2.46 2.0 26.9 0 0.8l 8 0.89 9 0.91
302960-026a) 56.7 91.5 { 29.0 3 0.52 2.09 2.26 2.1 28.6 0 0.78 6 0.89 7 0.88
302960-C26b| 56.7 93.3 | 29.1 3 0.65 1.56 3.02 2.1 28.6 0 0.81 7 0.90 7 0.90
302360-026¢c| S6.6 82.2 1 29.0 3 0.58 1.79 2.58 2.1 28.6 0 0.80 6 0.9¢ 7 0.88
303€70-018 56.6 80.9 29.2 3 0.76 2.486 1.53 2.0 26.9 0 0.94 8 1.01 6 0.93
303670~022 56.6 80.8 29.3 3 0.74 3.05 [.s0 2.0 26.9 0 0.95 6 0.98 6 0.97
302970-025 56.6 g1.2 | 29.2 3 0.71 2.53 1.81 2.0 26.8 "] 0.90 6 0.98 6 0.92
3C2870-030 56.6 9i.8 | 29.1 3 0.77 3.04 2.16 2.0 26.9 [ 0.85 7 0.93 6 1.02
303070-031 36.6 92.7 29.3 3 0.66 2.50 2.48 2.0 26.9 0 0.80 7 0.89 7 0.90
303070-937 56.6 92.6 28.3 3 0.70 3.03 2.49 2.0 26.9 0 0.83 7 0.88 El 0.94
103079-018 56.6 |121.72 29.3 4 0.76 2.60 1.51 2.0 26.9 0 0.98 6 0.99 S c.98
402070-022 56.6 |121.4 23.3 4 0.76 3.06 1.58 2.0 26.9 0 1.04 S 0.98 5 1.08
402570-025 56.6 |121.9 29.0 4 0.74 2.57 2.00 2.0 26.9 0 0.88 7 0.95 5 0.92
402870-030 $6.6 {122.0 29.0 4 0.72 3.0t 2.0! 2.0 26.9 4] 0.91 7 0.93 S 0.97
403070-031 56.6 |124.5 29.3 4 0.75 2.56 2.5t 2.0 26.8 0 0.88 7 0.92 5 0.95
403070-037 56.7 [124.4 28.3 4 6.76 3.07 2.52 2.0 25.9 0 0.85 G 0.89 S 0.96
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Table 1(b) Dimensions of models and experimental results

todel Tnner [Total Span |Num- [Shell |Frame | Frame |Young's | Yield Inftial Exper ment FE Ralio
Radius Length|Length| ber |Thick.|Hetght|Breadth Modulus Point Def- | Mean |Mum- lMean |Num-
Number of lection{Press.| ber [Press.| ber ber
r L 1 Spans h R B € VIO gy , 8¢ |Factor of [Factor of
Lmm] Cmm) Lmm) {nm) (am3 (i) [l/gf/mm] Lkgf/mn]l T{mm} per |Lobes| wfemLobes| pfem
402340-018 56.6 95.1 23.0 4 0.38 .72 1.00 2.1 26.3 0 0.69 6 0.389 7 0.77
402340-018r}| 56.6 95.0 23.0 4 0.37 1.67 1.00 2.0 28.8 0.54 0.43 6 0.75 7 0.37
402045-020 56.6 83.0 20.0 4 0.45 1.81 1.00 2.0 28.5 0 0.80 6 0.93 7 0.83
402045-020r| S56.6 83.1 20.0 4 0.42 1.82 1.02 2.0 28.5 0.52 0.51 7 0.94 7 0.55
402045-022 56.6 83.1 20.0 1 0.45 2.00 1,00 2.1 26.3 i} 0.80 5 0.96 7 0.83
402045-022r} 56.6 83.0 20.1 4 0.44 2.01 1.01 2.1 26.3 0.56 0.54 5 0.85 7 0.57
402055-020 56.6 83.0 20.0 4 0.50 2.21 1.01 2.1 26.3 b 0.8t 6 6.97 7 0.84
402055-020r| 56.6 83.0 20.1 4 0.54 2.21 1.01 2.1 26.3 0.52 0.60 6 1.00 7 0.60
402055-022 56.6 83.0 20.0 4 0.53 2.40 1.00 2.1 26.3 0 0.87 6 0.97 7 0.80
402055-022r| 56.6 83.1 20.1 4 0.54 2.42 0.89 2.1 26.3 0.50 0.66 6 0.98 7 0.68
402065-022 56.6 84.3 20.0 4 0.62 2.C0 1.41 2.1 26.3 0 0.85 S 1.00 G 0.85
402065-022r| 56.5 84.2 20.0 4 0.63 2.01 1.31 2.1 26.3 0.61 0.G0 6 1.0! 6 0.59
402370-018 6.6 94.8 22.9 4 0.63 2.46 i.21 2.0 28.8 0 0.80 8 1.00 [ 0.80
402370-018r| 56.6 94.8 22.8 4 0.62 2.48 1.21 2.0 28.8 0.56 0.60 7 0.97 6 0.82
402075-022 56.6 84.2 20.0 4 0.72 2.28 1.41 2.1 26.3 0 0.89 5 1.03 6 0.86
402075-022r| 5G.6 84.2 20.0 4 0.72 2.29 1.40 2.1 26.3 0.59 0.64 6 1.63 6 0.62
402085-022 56.6 84.2 20.0 4 0.76 2.67 1.40 2.0 28.8 0 0.94 6 1.01 6 0.33
4020385-022r) 56.6 84.2 20.0 L] 0.82 2.70 1.40 2.0 28.8 0.63 0.66 6 1.01 8 0.66
502240-018 56.6 [114.0 22.0 S 0.37 1.60 1.00 2.0 28.8 0 0.62 6 0.67 8 0.83
502240-018r| 56.6 |1i4.0 22.0 S 0.38 1.58 1.00 2.0 28.8 0.54 0.29 6 0.66 6 0.44
5020-45-020 56.5 |104.% 20.0 S 0 44 1.81 1.01 2.1 26.3 0 0.78 6 0.85 6 0.82
502035-020r| 56.6 |104.0 20.0 S 0.44 1.82 1.01 2.1 26.3 0.60 0.3 6 0.94 [ 0.42
502045-022 56.6 |104.0 20.0 5 0.44 2.00 1.01 2.1 26.3 0 0.890 6 0.94 G 0.84
502045-022r| 56.6 |104.2 20.0 S 0.44 2.m .01 2.1 26.3 0.50 0.33 6 0.94 [ 0.41
502055-~020 56.6 {104.2 20.0 5 0.52 2.19 1.00 2.1 26.3 0 0.85 S 0.93 [ 0.85
502055-020r| 56.6 [104.1 20.0 5 0.52 2.20 1.00 2.1 26.3 0.54 0.61 8 0.99 G 0.62
502055~022 56.6 |104.0 20.0 5 0.54 2.39 1.01 2.1 26.3 0 0.87 5 0.59 6 0.88
502055-022r{ 56.6 |104.0 20.0 5 0.52 2.40 1.02 2.1 26.3 0.50 0.63 6 6.97 G 0.65
5012065-025 56.6 |105.6 20.0 5 0.62 2.32 1.40 2.0 28.8 0 0.88 6 0.97 6 0.82
502055-025r| 56.6 |105.6 20.0 5 0.6} 2.27 1.39 2.0 28.8 0.53 0.52 G 0.99 6 n.52
502075-025 56.6 (105.6 20.0 5 0.72 2.70 1.40 2.0 28.8 0 0.89 S .8 5 0.%0
502075-025r| 56.6 |105.8 20.0 5 0.867 2.69 1.39 2.0 28.8 0.52 0.66 S 0.97 5 0.G9
601540-018 56.6 95.1 15.2 6 0.38 1.40 0.79 2.0 28.8 0 0.66 8 0.75 7 0.83
601540-018r| SG6.6 85.1 15.2 [ 0.32 i.38 0.78 2.0 28.8 0.64 0.43 7 0.75 7 0.58
501570-018 56.6 85.0 15,1 6 0.64 1.97 0.99 2.0 23.8 0 0.30 5 1.05 [ 0.85
6C1570-018r| 56.8 95.0 15.0 [ 0.62 1.98 0.99 2.0 28.8 0.58 0.58 G 1.06 [} 0.55
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