
INTRODUCTION

Recently, new researchers in developing deep-ocean mining
pipe systems have tended to prefer a self-propelled, seafloor
miner (or collector) to operate at 800~6000-m depth that is similar
to those of Chung, Chung et al. (1980-1997). This will likely lead
to change in the pipe-to-miner connecting systems similar to that
of Chung, Whitney and Loden (1980; Cheng and Chung, 1995).

For such mining systems (Chung and Tsurusaki, 1994), it is
desirable for the designers and operators to explore ways to
reduce or control the lateral deflection of a vertical pipe and
reduce its axial motion and stress, while keeping to a minimum
any interruption to vertical slurry transport or lift (or hoist) flows.
Dynamic axial stress of a very long vertical pipe is one of the pri-
mary concerns for designers and operators, as was first pointed
out by Chung and Whitney (1981). Concepts of installing elastic
joints on a marine riser for articulation (Caldwell et al., 1976)
were previously tested for the purpose of reducing the bending
stress; for their water depth, the axial stress was not a less impor-
tant design parameter. Their paper did not provide substantiating
technical data, and their water depth was an order of magnitude
smaller than the present example (e.g., Cheng and Chung, 1995
and 1997). Hydrodynamic damping greatly influences a pipe’s
deflection and lateral as well as torsional vibration amplitudes.
Further, the vertical variation of the current velocity vector is not
accurately known. Thus, uncertainties in the real hydrodynamic
damping values in the ocean may continue to remain unanswered,
and so will be the real pipe deflection (Chung, Whitney and
Loden, 1980; Chung and Olagnon, 1996).

In an entire pipe system the pipe-to-miner link joins a horizon-
tal or inclined pipe to a long near-vertical lift pipe system to a
seafloor miner (Fig. 1). It allows greater freedom for the miner at

an 800~6,000-m depth to maneuver under the least influence of
the pipe motion. One of the most crucial operational requirements
is to reduce the slant range or pipe-to-miner link length — pro-
jected to the horizontal (x, y) plane — or to have the link length
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ABSTRACT

In applying external forces or thrust vectors to the elastic joints along an 18,000-ft-long vertical deep-ocean pipe, the
joints are modeled by finite elements (FEM) as well as mass-spring elements (MSE). When the mass and mass moment of
inertia of the joints made with nonrigid transverse (x) stiffness are accounted for, there are noticeable differences between
predicted pipe responses and eigenvalues by the MSE and FEM modeling. The differences are pronounced in dynamic biaxi-
al bending (y) and torsional (qqz) responses, even though both models predict nearly identical static responses. The effects of
the thrust vector on pipe responses are more obvious in dynamic than static responses. The thrust activation can change the
bending (x) response periods, and reduce the amplitudes of the axial stress and combined axial and bending stresses. The
MSE is simpler and more precise than the FEM in the modeling accuracy of the elastic joint. The accuracy of the MSE
response predictions over FEM can be more pronounced for complex pipe systems with larger size and mass of joints.
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Fig. 1   Sketch of mining system with self-propelled miner and
models of (a)  axial dampers and (b)  elastic joints




