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A hazard of uncontrolled leg punch-through always exists when a sand soil layer with insufficient bearing capacity
to support the jackup rig overlies a weaker soil layer. Failure to mitigate this hazard may lead to severe consequences:
damaging the legs or collapsing the rig. Hence it always needs to actively penetrate through the overlaid strong soil layer
so the spudcan can locate the lower stable holding layer. Other than the so-called Swiss cheese drilling being applied to
the overlaid strong clay layer, the jetting system usually equipped with jackup rigs is expected to play an active role in
assisting the spudcan to successfully penetrate through the overlaid sand layer. In such a case, a prior assessment of the
jetting effect on weakening the sand soil layer is quite important so that the geotechnical engineers can decide whether the
jetting operation is feasible enough at a specific site. To provide a reference to the offshore industry in such conditions, this
paper proposes a theoretical model to analyze the effect of such a jetting system on decreasing the bearing capacity of the
overlaid sand layer; the corresponding numerical and experimental results were also presented and discussed.

INTRODUCTION

A jackup rig requires a stable foundation to ensure a safe oper-
ation at the location. During the preload process, the jackup is
loaded with a weight to simulate the ocean environment reaction
loads, thus causing the spudcan to penetrate through the seafloor
to a suitable foundation. There is a hazardous soil condition when
a strong soil layer with insufficient bearing capacity to support
the rig overlies a weaker soil layer, challenging the ability to
successfully penetrate through to the lower stable foundation. As
a result, a hazard exists due to uncontrolled leg punch-through
(HSE, 2004).

Punch-through occurs when a stiff soil layer overlies a weaker
layer and typically results in loads beyond the structural design of
the leg; as a result, significant structural damage may be caused.
In order to avoid this potential accident, penetration always needs
to be through the overlaid strong soil layer, so that the pile shoe
can locate at the lower stable holding layer. When the overlaid
layer is a clay layer, an industry practice known as swiss cheese
drilling (Andre et al., 2004; Hossain et al., 2010) has been used
to effectively weaken the hard clay layer. Although the swiss
cheese operation can effectively degrade the overlaid clay layer,
it always costs too much. When the overlaid layer is a sand soil
layer, especially when the topsoil is a sand soil layer (which is
usually encountered in the field, such as the Bohai Sea Gulf and
the Yellow River Delta in China), the water jetting system always
equipped with mobile drilling rigs is expected to play a role in
assisting the spudcan in successfully penetrating through the over-
laid sand layer economically. However, due to the weakening of
sand soils by jetting, it is not recommended to continuously oper-
ate at the site if the active punch-through by jetting is not success-
ful. Hence, a prior evaluation of the jetting effect on the sand soil
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layer is quite important so the geotechnical engineers can decide
whether the jetting operation is feasible at a specific site.

Very few references exist in the literature to assess the effect
of jetting on the bearing capacity of a sand soil layer. Lin (1987)
developed and described a jetting system for a simple conical
footing, and reduced scale model tests were performed to observe
the jetting performance. The results demonstrated that jetting is
efficient in facilitating spudcan penetration in sand soils, but no
quantitative analysis was presented. The research presented in this
paper aims to analyze the jetting effect on decreasing the strength
of the sand soil layer so as to provide a reference to the offshore
industry on the efficiency of water jetting. A theoretical model is
proposed in this paper, in which the changes of the pore water
pressure and the seepage force due to jetting can be calculated,
and the final strength of the sand layer after jetting also can be
assessed by the equivalent internal friction angle; this is not the
actual internal friction angle of the sand layer but just a variable
proposed here to reflect the changes of the strength of the sand
layer. To investigate the feasibility of the theoretical model, a
corresponding model experiment was carried out. In addition, the
theoretical method proposed here was applied to estimating the
jetting efficiency for a field case encountered in the South China
Sea, and the corresponding numerical analysis was also executed
to check the results from the theoretical mode.

THEORETICAL MODEL

Assumptions

It is assumed that the seabed is a porous, 2-phase medium,
whose pores are filled with incompressible fluid. The soil skeleton
is assumed to be elastic, a reasonable assumption in the case con-
sidered, since the theory model here is just to analyze the changes
of pore pressure and seepage force in the subsoil due to jetting
before failure of the sand layer. It is also assumed that the seabed
is isotropic as to its mechanical response. And the hydraulic per-
meability of the soil skeleton is also assumed to be isotropic,
which means that the classical Darcy law can be used (Verruijt,
1982). The initial state of the subsoil, before jetting and preload-
ing, is treated as the reference level.




