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Abstract

This work describes the formulation of finite-element based numerical methods for global
nonlinear collapse analyses of three-dimensional steel framed structures. Particular emphasis is
dedicated to the reassessment and determination of residual strength of steel jackets that support
offshore oil exploitation platforms. Two main aspects are considered: (1) the formulation for a
three-dimensional geometric and material nonlinear frame element, and (2) the implementation of
specialized techniques for the solution of the nonlinear problem. The formulation of the element
combines a co-rotational approach to represent geometric nonlinearities, providing an accurate
treatment of finite rotations, with the plastic hinge approach to represent material nonlinearities. The
stiffness reduction due to yielding is performed through a smooth degradation, following a parabolic
function. Effects of strain hardening, geometric imperfections and residual stresses are modeled
in an efficient manner. In order to determine the full nonlinear equilibrium path and allow the
correct determination of the collapse load, the solution strategies consider specialized “continuation”
techniques such as the Arc-Length and the Generalized Displacement Control methods. Case studies
are presented in order to demonstrate the accuracy, efficiency, and suitability of the implemented
methods and techniques.
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1. Introduction

In offshore oil exploitation activities, steel jacket structures have been extensively
employed to support platforms installed in water depths up to about 200 m. In the Campos
basin, southeastern Brazil, several jackets have been installed in the 1970s and 1980s.
More recent exploration activities in Brazilian offshore fields have focused on deeper
waters, ranging up to 2000 m or more. In such cases, jacket structures cease to be feasible
alternatives, and other types of platforms are employed, such as semi-submersibles or even
mooredships.

However, many jacket platforms are still operational, and as they reach the limits of their
design service lives, the need of re-assessing their behavior has been recognized [1,2]. One
of the main motivations for this reassessment may be the need to extend the design life
of the structure, due to extended oil reservoir estimates. Other important factors may also
require reassessment, including for instance damage or corrosion of structural members
of the jacket; the installation of additional equipments, risers or process modules not
considered in the original design; and even the reevaluation of the environmental loadings,
that continually changes as new metocean data are gathered by the oil companies.

Another important aspect that has been recognized by several authors [3,4] is theneed
of performing global nonlinear analyses of the overall structure. This complements the
traditional design methodology, where nonlinear checks are performed at member level
only, using member end forces determined from global elastic analyses.

These facts justify the need of employing computational tools that incorporate
sophisticated finite-element based numerical methods, techniques and strategies. Such
methods should be able to:

• Capture all relevant nonlinear effects such as yielding, hinge formation, buckling, large
displacements and post-buckling. This should be associated to the accuracy of the
nonlinear formulation of the three-dimensional frame element;

• Trace the complete equilibrium path, up to the final collapse of the structure, passing
through limit points with ‘snap-throughs’ or ‘snap-backs’. This should be associated to
the robustness of the solution strategy, reflected in its ability to complete the analysis
without abnormal terminations or lack of convergence; and finally,

• Present computational efficiency, in order to minimize CPU costs.

These issues were considered in the development and implementation of a
computational tool, oriented towards global nonlinear collapse analyses, and with
particular emphasis dedicated to the application on the reassessment and determination
of residual strength of three-dimensional steel framed structures such as steel jackets.

In this paper, specialattention is given to the implementation of the material nonlinear
formulation of the three-dimensional frame element, which is based on the concept of
concentrated plasticity or “plastic hinge” approach [5]. In this approach the plasticity
effects are concentrated on the element ends, and the incremental relations between the
cross-section forces and the element node displacements are expressed assuming that the
plastic hinges behave as real elastic hinges. The yielding criterion is based on the cross-
section forces, namely bending moments and axial force. Shear and torsion effects are not
taken into account in the yielding process.
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