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Resisting Strength of
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Abstract - Resisting strength of ring-stiffened cylindrical steel shell under uniform external pressure was evaluated by geomet-
rically and materially nonlinear finite element method. The effects of shape and amplitude of geometric initial imperfection,
radius to thickness ratio, and spacing of ring stiffeners on the resisting strength of ring-stiffened shell were analyzed. The
resisting strength of ring-stiffened cylindrical shells made of SM490 obtained by FEA were compared with design strengths
specified in Eurocode 3 and DNV-RP-C202. The shell buckling modes obtained from a linear elastic bifurcation FE analysis
were introduced in the nonlinear FE analysis as initial geometric imperfections. The radius to thickness ratios of cylindrical shell
in the range of 250 to 500 were considered.
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Table 1. Dimension of stiffened shell models and FE results by LBA (r=10m)
Model ID | »/t Ring siffenct I (mm) — ® m, Per s Per 0 Por rea

t, (mm) [ h (mm) r =1/ Vrt) (kPa) (kPa) Pur_p
S250-w10 65 645 6325 0.63 10 28 3733 342.2 1.091
S250-w15 62 630 9487 0.95 15 22 239.3 216.8 1.105
S250-020 62 620 12649 1.26 20 20 175.9 158.8 1.108
S250-025 230 62 615 15811 1.58 25 18 139.3 120.7 1.155
S250-w30 67 680 18974 1.90 30 16 115.8 100.6 1.152
S250-w35 73 730 22136 2.21 35 16 100.0 86.2 1.159
S313-010 57 560 5658 0.57 10 30 238.6 218.1 1.094
S313-w15 54 550 8487 0.85 15 26 154.0 138.1 1.115
S313-w20 313 54 540 11304 1.13 20 22 112.9 101.3 1.114
S313-w25 54 530 14130 1.41 25 20 89.3 77.0 1.160
S313-w30 57 580 16959 1.70 30 18 74.3 64.2 1.158
S313-w35 65 590 19798 1.98 35 18 64.4 55.0 1.172
S375-010 49 500 5165 0.52 10 32 164.2 152.1 1.080
S375-w15 48 480 7748 0.77 15 28 105.1 96.3 1.091
S375-020 48 475 10330 1.03 20 24 78.3 67.0 1.168
S375-w25 37 47 470 12910 1.29 25 22 62.3 53.6 1.161
S375-w30 50 500 15495 1.55 30 20 51.1 44.7 1.143
S375-w35 54 540 18074 1.81 35 18 445 383 1.161
S438-010 45 450 4778 0.48 10 36 121.9 111.5 1.093
S438-w15 44 440 7167 0.72 15 30 78.5 70.6 1.112
S438-020 44 430 9556 0.96 20 26 57.7 51.7 1.115
S438-w25 438 43 420 11945 1.19 25 24 45.8 393 1.165
S438-030 45 450 14334 1.43 30 22 36.9 32.8 1.126
S438-w35 48 480 16723 1.67 35 20 325 28.1 1.157
S500-w10 43 405 4472 0.45 10 38 94.4 85.6 1.103
S500-w15 41 390 6708 0.67 15 33 60.6 54.2 1.118
S500-w20 500 39 390 8944 0.89 20 28 44.5 39.7 1.121
S500-w25 39 390 11180 1.12 25 26 35.4 30.2 1.173
S500-w30 41 400 13416 1.34 30 24 29.3 25.1 1.165
S500-w35 44 430 15652 1.57 35 22 24.9 21.6 1.155

(a) S250-010 (b) S500-w10

Fig. 4. Linear buckling modes
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Table 2. Resisting strength p, ;.,, of shell by GMNA and

GMNIA
pr rpa (kP2)
Model ID p(k;:; GMNA GMNIA
(6,=0) |Class A|Class B| Class C
S250-w10 | 373.3 340.8 | 206.2 | 175.6 161.4
S250-w15 | 239.3 214.1 140.0 | 1189 112.2
S250-020 | 175.9 162.6 | 110.0 89.6 82.3
S250-025 | 139.3 127.6 87.0 75.6 67.1
S250-030 115.8 105.3 74.8 65.2 58.1
S250-035 100.0 934 69.2 62.1 54.5
S313-010 | 238.6 207.3 134.1 129.1 127.0
S313-wl5 154.0 136.8 90.1 77.7 75.6
S313-020 112.9 96.9 65.7 59.5 57.4
S313-w25 89.3 78.0 58.0 52.1 47.8
S313-030 74.3 64.2 45.6 42.6 39.4
S313-035 64.4 57.5 41.9 39.5 35.4
S375-010 | 164.2 146.0 99.6 101.5 111.1
S375-w15 | 105.1 89.5 63.1 64.3 65.7
S375-w20 78.3 65.1 47.1 46.0 46.9
S375-w25 62.3 52.3 39.4 373 36.7
S375-030 51.1 42.8 335 31.2 29.7
S375-035 44.5 38.9 28.6 26.6 25.7
S438-w10 | 121.9 104.0 94.6 96.5 100.4
S438-w15 78.5 66.4 53.2 54.8 54.9
S438-020 57.7 47.7 40.3 41.2 419
S438-w25 45.8 38.6 335 335 33.6
S438-w30 36.9 30.9 25.5 25.7 26.1
S438-w35 32.5 26.4 22.5 22.0 214
S500-w10 94.4 82.2 85.3 88.2 94.0
S500-w15 60.6 53.4 49.7 49.2 53.2
S500-020 | 44.5 37.5 35.8 359 36.1
S500-w25 354 31.3 29.6 28.0 27.5
S500-030 | 293 26.6 24.7 23.6 24.8
S500-w35 24.9 214 20.7 19.4 19.4
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Table 3. Design strength p,, of Eurocode 3 and DNV

Model ID Pra po(kPa) Praonv
Class A|Class B| Class C (kPa)
S250-010 2339 202.7 155.9 146.9
S250-w15 148.2 128.4 98.8 90.2
S250-020 103.1 89.4 68.7 65.4
S250-w25 82.5 71.5 55.0 514
S250-030 68.7 59.6 45.8 42.5
S250-w35 58.9 51.1 39.3 36.2
S313-w10 149.6 129.6 99.7 94.6
S313-wl5 94.7 82.1 63.1 57.9
S313-020 69.5 60.2 46.3 41.9
S313-w25 52.8 45.8 352 33.0
S313-w30 44.0 38.1 29.3 27.2
S313-w35 37.7 32.6 25.1 23.2
S375-010 103.8 90.0 69.2 65.8
S375-w15 65.8 57.0 438 40.2
S375-020 45.8 39.7 30.5 29.1
S375-w25 36.6 31.7 24.4 22.9
S375-030 30.5 26.4 20.3 18.9
S375-w35 26.1 22.6 17.4 16.1
S438-w10 76.3 66.1 50.9 48.4
S438-w15 48.3 41.9 322 29.5
S438-»20 354 30.7 23.6 21.4
S438-w25 26.9 233 17.9 16.8
S438-030 22.4 19.4 14.9 13.8
S438-w35 19.2 16.6 12.8 11.8
S500-010 58.4 50.6 38.9 37.1
S500-w15 37.0 32.0 24.6 22.6
S500-020 25.7 22.3 17.1 16.3
S500-025 20.6 17.5 13.7 12.8
S500-030 17.1 14.8 114 10.6
S500-035 14.7 12.7 9.8 9.0
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Fig. 11. Strength comparison by FEA and design codes
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