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This study addresses the problem of finite element modeling of a 20,000 m3 vertical steel tank
subjected to static loads. The structure includes a cylindrical wall of total height 17,880 mm and diameter
39,900 mm. The shell thicknesses of the cylindrical wall are determined according to strength and
buckling design standards. The geometric model is axisymmetric. The analysis involves the calculation of
the stress and strain fields of the cylindrical wall and the contact zone between the flat bottom and the
rigid foundation under various combinations of external loads, namely, excessive and hydrostatic
pressures. The ANSYS Mechanical software is used for finite element analysis. Three-dimensional
SOLID186 and SHELL281 elements are used for axisymmetric modeling of the shell structure in a three-
dimensional formulation. To simulate the contact zone, CONTA174 and TARGE170 finite elements are
used to model the moving contact surface of the bottom and the fixed surface of the rigid foundation,
respectively. The model is verified by comparing the radial displacements calculated numerically and
analytically. The discrepancy does not exceed 4%, thus evidencing the adequacy of the finite element
model. The contact zone is analyzed for non-standard service conditions, such an excessive internal
pressure in the tank (2.5 and 3 kPa compared to 2 kPa under normal conditions). The unilaterally
constrained "bottom–foundation" contact zone model allows the bottom to detach from the foundation,
thus leading to contact opening. A full detachment occurs under a certain combination of the excessive
and the hydrostatic pressure. For certain liquid levels in the tank, the gap decreases, which may be due to
a reduced effect of the excessive pressure. This is accompanied by the development of internal
detachment caused by the increasing moment from the hydrostatic pressure. The internal detachment
increases the bending moment at the wall–bottom junction, which, under certain conditions, may cause
plastic deformations followed by the development of an emergency state.

Keywords: shell, tank, modeling, foundation, pressure, finite element, contact, ANSYS.

1. Timoshenko S., Gere J. Theory of Elastic Stability. New York: McGraw-Hill Book Company,
Inc., 1961. 541 pp.

2. Priestley M. J. N. Analysis and design of circular prestressed concrete storage tanks. PCI
Journal. 1985. V. 30. Iss. 4. Pp. 64-85.
https://doi.org/10.15554/pcij.07011985.64.85

3. Hudramovych V. S., Demenkov A. F., Egorov E. A., Repryntsev A. V. On the effect of the
manufacturing technology on the load-bearing capacity of steel tanks. Problemy Prochnosti.
2006. No. 4. Pp. 125-131. (in Russian).
https://doi.org/10.1007/s11223-006-0060-3

4. Demenkov A. F., Repryntsev A. V., Samarskaia E. V. Effect of technological and operational
defects on the strength of vertical oil tanks. Visnyk Dnipropetrovskoho Universytetu. 2006. No.
2/2. Iss. 10. Pp. 51 - 55. (in Russian).

5. Tarasenko A. A., Chepur P. V., Chirkov S. V., Tarasenko D. A. Steel storage oil tank
simulated using Ansys Workbench 14.5. Fundamental Research. 2013. No. 10. Pp. 3404-3408.

6. Krivenko O. P., Vorona Yu. V., Kozak A. A. Finite element analysis of nonlinear deformation,
stability and vibrations of elastic thin-walled structures. In: Strength of Materials and Theory of
Structures. Iss. 107. Kyiv: KNUBA, 2021. Pp. 20-34.
https://doi.org/10.32347/2410-2547.2021.107.20-34

7. Yegorov Y., Kucherenko O. Optimal topology of retaining wall. In: Strength of Materials and
Theory of Structures. Iss. 108. Kyiv: KNUBA, 2022. Pp. 369-376. (in Ukrainian).
https://doi.org/10.32347/2410-2547.2022.108.369-376



8. DBN В.2.6-198:2014. Steel Structures. Design Standard. Kyiv: Ministry of Regions of
Ukraine, 2014. 199 pp. (in Ukrainian).

9. Cavalieri F. J, Cardona A. An augmented Lagrangian method to solve three-dimensional
nonlinear contact problems. Latin American Applied Research. 2012. V. 42. No. 3. Pp. 281-
289.

10. Timoshenko S., Woinowsky-Kreiger S. Theory of Plates and Shells. New York: McGrow-Hill
Book Company, 1959. 580 pp.

Received on January 22, 2024,
in final form on February 13, 2024


