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Three-Dimensional Non-Linear Analysis
of Pipe-to-Pipe Impact

Joaquin Marti®, Gurdip S. Kalsi® and Naval K. Prinja®®

Generic-analyses of impact between pipes have been
conducted. The full three-dimensional, non-linear and
dynamic character of the problem was taken into account, as
well as the effects of large strains and rotations. Several
examples of boundary conditions, hardening and rupture
hypotheses are discussed.

Introduction

Pipewhip resulting from failure of a pressurised pipe
may easily lead to impact of the fractured pipe against
others, often at velocities sufficient to cause some degree
of plastification of the pipes material. Only rather
simplified analyses of this problem have t en attempted in
the past, not least because they require the solution of
dynamic, non-linear, three-dimensional problems.
Furthermore, large strains and rotations must be accurately
handled, Finally, additional difficulties are introduced by
the transient character of the boundary conditions,
particularly at the evolving surface of contact between the
pipes.

Impact between two pipes may cause loss of function of
the impacted pipe through a variety of mechanisms
excessive vibrations, excessive residual displacement,
rupture, etc. This paper concerns itself with rupture
alone.

Comparisons of pipe schedules have been used
traditionally for deciding which of the two impacting pipes
would be damaged during the impact. This and other
procedures, notably those based on two-dimensional or static
considerations, must disregard the true complexity of the
problem.

Rupture of a pipe by impact from another may be
triggered in several different and, to a certain extent,
independent ways:
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a) Local damage, which occurs at or near the impact
location and is often only lightly influenced by the
boundary conditions. One or both pipes deform, thus
increasing their area of contact and their potential
force of interaction. These deformations may or may
not result in local rupture.

b) Structural damage, which designates here the effects of
the application of the force of interaction to the
structure formed by the target pipe and its supports.
Even if the local region does not rupture, the force
applied there may induce excessive moments somewhere
else in the pipe or fail a support.

c) Special situations e.g. failure of a large pipe by
strangulation caused by a much thinner pipe wrapping
itself around the large pipe, etc.

Only the first two will be discussed here, but it is
clear that a single parameter (e.g., pipe schedule) will not
be able to predict the relative strengths of the impacting
pipes simultaneously for the different possible modes of
rupture,

Theory

The problem has been approached with a minimum amount
of simplification. The computer program PR3D (ref.2) was
adopted for conducting the various analyses required. PR3D
is based on a Lagrangian finite difference scheme.
Differences are central both in space and time. The mass of
the continuum is lumped at grid nodes and remains constant
during the analysis in spite of 1large deformations because
of the Lagrangian character of the procedure, i.e. the mesh
moves with the deforming body.

Two basic sets of equations have to be satisfied in the
problem: the constitutive equations and the equations of
the conservation of momentum. The constitutive equations
are formulated incrementally and are always applied in an
explicit fashion. The full momentum equations are used
without any simplifications.

In solving a problem numerically, space and time must
‘be discretised into small domains. There is a choice in
selecting the size and type of the elements in the space and
time discretisations. The simpler space elements together
with the smaller timesteps allow far greater generality of
treatment, constitutive behaviour, etec. However, these may
result in greater computing costs for problems where the
added generality is not needed, such as in elastic, small-
strain calculations. For impact calculations and, in
general, for short duration problems, the cost of simplicity
and generality is small. Therefore, in this paper,
constant-strain elements and explicit integration have been
used.
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Nagtegaal et al (ref.3) pointed out that the number of
degrees of freedom per space element must be greater than
the number of constraints imposed by 2 condition of local
incompressibility. Otherwise, an artificial stiffening of
the mesh occurs during plastic flow and, as a consequence,
plastic collapse loads may be grossly overestimated. This
applies even to infinitely refined meshes. Marti and
Cundall (ref.1) proposed the mixed discretisation scheme,
where deviatoric and isotropic parts of the tensors are
referred to different space discretisations. It can be
shown (ref.2) that this procedure not only allows accurate
modelling of plastic flow but at the same time inhibits
unrestrained hourglassing modes.

The analysis of impact problems requires that an
automatic contact detection logic be incorporated in the
program. PR3D embodies a particularly efficient algorithm
for this purpose, imposing little additional overhead on the
calculations. Thus the program is able to follow accurately
the evolution of the contacting surfaces, making and
breaking contacts automatically.

Sample Problems

Numerous studies involving impacting pipes were
conducted, with a view to investigating amongst others, the
influence of different boundary conditions, strain
hardening, various rupture criteria, etc. The analyses
allowed assessment of the local impact effects as well as
the development of ulterior structural failure.

The results reported correspond to 50m/sec impact
between steel pipes with the following length, diameter and
the thickness: 1000mm, 319mm and 16mm, respectively, for
the target pipe and 1600mm, 395.6mm and 33.5mm for the
missile pipe. An elastoplastic formulation based on a von
Mises criterion with linear hardening was used. Rupture was
assumed to occur when a threshold elongation was reached.
The figures present some of the results obtained.

Conclusions

A methodology has been presented for solving pipe-on-
pipe impact problems with due attention to their three-
dimensional, dynamic and non-linear characteristics, both
constitutive and geometrical.
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Figure 1 Isometric Views with Effective Stress Contours
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