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The pipe whip phenomenon is a consequence of a sudden rupture of a high-energy pipe
filled by water or gas at a high pressure. The induced displacements can lead to impact on
surrounding pipes and components. This phenomenon is complex as large displacements,
large deformations, plasticity and potential impacts could be involved. Approaches based
on advanced physical and numerical modelling of the previously mentioned phenomena
are needed.
According to [1], both 1D and mixed 1D/3D computations are compared to experimental
data issued from the Aquitaine II campaign. The 1D/3D model is shown to be able
to retrieve the experimental pipe impact force when the impact zone is modeled with
shell elements able to represent the deformations of the pipe cross-sections. In contrast,
due to the reduced kinematics of the beam element considering a rigid cross-section, the
1D model leads to an overestimation of the impact force. For real piping systems, the
complexity of the pipe networks makes the 3D or mixed 1D/3D computations unrealistic
in regards to the corresponding high cost. Then the main objective of this work is to
develop an extended beam element which takes into account the cross-section variation.
For this purpose supplementary variables using Fourier series are introduced in order to
describe the section changes. The new element is first tested in linear elasticity on simple
loading conditions (tension, bending, internal pressure). Subsequently a local plasticity
model is developed in order to detect the formation of a hinge. The enriched beam element
will then be integrated in the 1D Fluid- Structure Interaction formalism described in [2].
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