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Abstract Exploring the stability of ring-stiffened cylindrical shells under hydrostatic pressure is of highly
importance for the deep-sea engineering. For the influences of mechanical properties on the stability of ring-
stiffened cylindrical shells, two kinds of materials, i.e., high-strength steel and titanium alloy were chosen and
the typical structural model was established in this paper. By combing the finite element calculation and
theoretical analyses, the effects laws of pivotal material performance properties parameters on the instable
critical pressure and mode of ring-stiffened cylindrical shells under hydrostatic pressure were mainly studied,
such as Young’s modulus, yield strength and hardening capacity. This work could provide a reliable basis for the

optimal design and the increase of carrying capacity of ring-stiffened cylindrical shells.
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Fig. 2 Schematic diagram of ring-stiffened cylindrical shell
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Table1 Instability critical pressures for the two kinds

of materials

Instability critical pressure/MPa

Material Ist 2nd 3rd 4th 5th  6th
order order order order order order

high-strength

17.56 17.61 17.64 17.78 17.85 17.87
steel

UHADIU 05 1468 18.93 18.98 19.12 19.15
alloy
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1st order 2nd order
0.012 6_0.025 2 0.037 8 0.050 3 0 0.012 5 0.025 0 0.037 5 0.049 9
0.006 3 0.018 9 0.031 5 0.044 1 0.056 6 0.006 2 0.018 7 0.031 2 0.043 7 0.056 2
3rd order 4th order
0.012 2 0.024 5 0.036 7 0.048 9 0 0.012 5 0.024 9 0.037 4 0.049 8
0.006 1 0.018 4 0.030 6 0.042 8 0.055 1 0.006 2 0.018 7 0.031 1 0.043 6 0.056 1
5th order 6th order
) 0.011 2 0.022 4 0.033 6_0.044 9 ) 0.012 6 0.025 2 0.037 9 0.050 5
0.005 6 0.016 8 0.028 0 0.039 3 0.050 5 0.006 3 0.018 9 0.031 6 0.044 2 0.056 8
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Fig. 3 Instability modes of high-strength steel
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0 0.048 6_0.097 1 0.145 7 0.194 3 0 0.011 1 0.022 3 0.033 4_0.044 6
0.024 3 0.072 8 0.121 4 0.170 0 0.218 5 0.005 6 0.016 7 0.027 9 0.039 0 0.050 1
5th order 6th order
0 0.011 2 0.022 3 0.033 5 0.044 7 0 0.011 1 0.022 2 0.033 3_0.044 5
0.005 6 0.016 8 0.027 9 0.039 1 0.050 3 0.005 6 0.016 7 0.027 8 0.038 9 0.550 0
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Fig. 4 Instability modes of titanium alloy
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Table 2 Instability critical pressure of titanium alloy with different yield strength
Instability critical pressure/MPa
Yield strength/MPa
1st order 2nd order 3rd order 4th order 5th order 6th order
600 11.87 11.93 11.95 12.02 12.08 12.12
650 12.71 12.73 12.87 12.89 12.99 13.15
700 13.52 13.68 13.71 13.80 13.80 13.86
750 14.02 14.68 17.29 17.31 17.31 17.33
800 14.05 14.68 18.93 18.98 19.12 19.13
900 14.06 14.68 18.94 18.99 19.13 19.13
1000 14.06 14.68 18.94 18.99 19.13 19.13
1st order 2nd order
1st order 2nd order
0.043 8% 230 478 1 93% 5ol '§4g.§<n 2 %0.006 13518 9% 6509684360 855 5
%0.008 93,818 86,050 9°6. 843 %6 054 0 0.008 8,518 8%3.0299°3.838 90,650 3
3rd order 4th order
3rd order 4th order
C0.009 86,816 873,628 9%5 536 88 650 7 %0009 86,518 83,628 98.038 30,050 5
%0.008'8'3.818 90,83 4°5. 08876 855 1 %0.008'9'3.318 %°6.050 9°6. 84890654 o 5th order 6th order
5th order 6th order
0.000 38,518 98,650 9°6.80438 "0 055 5 %0000 88,518 878057 9°0.643-9°8 056 4
%0.005 816,818 2% 826°8 858 148 550 5 %0.008 9'8.8199%6. 839 6°5 84990 857 7
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Fig. 5 Instability modes of titanium alloy with yield strength
of 600 MPa
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Fig. 6 Instability mode of titanium alloy with yield strength
of 700 MPa
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Table 3 Instability critical pressure of titanium alloy

with different tangent modulus

Tangent modulus/GPa Critical pressure/MPa

1.15 13.52
5.75 13.59
11.50 13.66
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Fig. 7 Influence of yield strength of titanium alloy on

instability critical pressure
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