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Analysis of Linear and Non-linear Buckling of Homogenous Revolved
Ellipsoidal Shells under External Hydrostatic Pressure: A Parametric
Numerical study

Firooz Ahmadi', Alireza Naddaf Oskouei'”, Hamed Haghiri’

1- Department of Mechanical Engineering, Imam Hussein University, Tehran, Iran
2- Department of Mechanical Engineering, University of Yazd, Yazd, Iran
*P.0.B. 16535-187, Tehran, Iran, anadaf@ihu.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Thin revolved shells, in particular doubly-curved shells, are of interest in many engineering
Received 04 September 2016 applications.In this research, linear and nonlinear buckling analyses (with consideration of geometrical
Accepted 06 November 2016 non-linearity) are performed on two different types of elliptical shells known as Oblate and Prolate

Available Online 18 December 2016 which are under external hydrostatic pressure. These shells are made of homogeneous steel. ABAQUS

Keywords: (a well-known finite element software) is used for performing the simulations. Several important

Buckling parameters affecting the buckling behaviour of these revolved elliptical shells are investigated in detail.
Oblate shell These include the ratio between minor and major radii, the percentage of nonlinear buckling value and
Prolate shell the shell thickness magnitude on buckling load capacity. The results show the significant effect of shell
Imperfection geometrical dimensions, the magnitude of nonlinear buckling value as an initial imperfection and the

Finite element shell thickness variations on the buckling load capacity. Finally, it is also observed that the Oblate shell

results in a remarkable reduction in the load capacity compared to the other shell type used in this study.
To verify the validity of the results, a comparison is made between the present FEM results and the
available theoretical studies and good agreement is obtained.
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Fig. 1 Geometrical dimensions of Ellipsoid of revolution.
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Fig. 2 Ellipsoids of revolution: (a) the oblate ellipsoid of revolution, (b)
the sphere, (c) the prolate ellipsoid of revolution [16]
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Fig. 4 Apportioning and meshing of Oblate ellipsoidal shell
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Table 2 The results compared with FEM and analytical solution for
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Table 1 Convergence of FEM results with changing mesh size for
spheroid shell. with h=3mm
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Table 3 The results compared with FEM and analytical solution for sl > Sz (Pa) (Pa) S
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Table 4 Nonlinear results for Oblate shell with 10% imperfection
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Fig. 8 Non-dimensional buckling load-displacement (LPF) curve for
Oblate ellipsoidal shell with 10% imperfection
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Fig. 9 Non-dimensional buckling load-displacement (LPF) curve for
Prolate ellipsoidal shell with 10% imperfection
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Fig. 14 Showing the effects of imperfection on buckling load capacity
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Table 6 The results of nonlinear buckling analysis with various initial
imperfection for Oblate ellipsoidal shell; a/b=2, h=3mm

Leedb als g U poodas 3 Sl 1ileS sl w>

alsh wleS o b s aislh
o T ppe O
i ) s

0 30.3 99628.1 0.6967 5

35 54.9 64550.2 0.4514 20

58 70.8 41784.6 0.2922 50

58 70.9 41670.2 0.2914 70
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Table 7 The results of nonlinear buckling analysis with various initial
imperfection for Prolate ellipsoidal shell; b/a=2, h=3mm
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Fig. 13 The effects of imperfection (Imp) on buckling load capacity for
both Oblate and Prolate ellipsoidal shells
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Table 8 The results of linear & nonlinear buckling analysis with various initial imperfection for Oblate ellipsoidal shell; a/b=1.5, h=6mm

CERERENNLY s (Pa) LuileS b b (LPF) ol o> s jo ais a/b=1.5, h=0.006(m):z..Li
ol IRYRC I es|
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(Pa) (Pa)Jsl o9 o329 yolia
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Table 9 The results of linear & nonlinear buckling analysis with various initial imperfection for Oblate ellipsoidal shell; a/b=3, h=6mm

b b alshh s (Pa) LuileS b b (LPF) ol o> s jo ais a/b=3, h=0.006(m):c.Lf
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Table 10 The results of linear & nonlinear buckling analysis with various initial imperfection for Prolate ellipsoidal shell; b/a=1.5, h=6mm
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Table 11 The results of linear & nonlinear buckling analysis with various initial imperfection for Prolate ellipsoidal shell; b/a=3, h=6mm
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Fig. 16 Non-dimensional buckling load-displacement (LPF) curve with
three kind of percentage initial imperfection for Oblate ellipsoidal shell
with a/b=1.5 and 6mm thickness
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Fig. 20 Variations of buckling load capacity for a range of initial
imperfection (Imp) for both Oblate and Prolate shells with h= 6mm
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Fig. 17 Non-dimensional buckling load-displacement (LPF) curve with
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with a/b=3 and 6mm thickness
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Fig. 19 Non-dimensional buckling load-displacement (LPF) curve with
three kind of percentage initial imprefection for Oblate ellipsoidal shell
with b/a=3 and 6mm thickness
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