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The large soil movement induced by the installation of mobile jack-up spudcan footing could affect the pile foundation
supporting the adjacent permanent jacket platform. This study performs standard gravity (1g) model tests to investigate
the induced bending moment on a single pile due to spudcan penetration in uniform clay and sand-over-clay profiles. The
thickness of the upper sand layer, clearance between the pile and the spudcan edge, and pile head conditions are among
the variables examined. The results revealed that a fixed headed pile experienced negative bending moments at the pile
cap and upper pile shaft, and positive bending moments along the lower pile shaft. The magnitude of induced pile moment
reduced with increasing spudcan–pile distance. In sand overlying clay, spudcan punch-through hazard resulted in greater
induced pile bending moment as compared to that in single clay. A free head pile experienced smaller negative moments at
shallow spudcan penetration depths owing to the unrestrained pile head. When the spudcan advanced deeper, the induced
pile moment shifted to the positive magnitude at the midpile shaft, revealing the turning point of soil pressures acting on the
pile. In single clay, the maximum positive pile moment gradually increased with increasing spudcan penetration depth. In
sand over clay, the maximum positive pile moment peaked at the spudcan penetration depth of three-quarters of the spudcan
diameter and then decreased drastically beneath this spudcan penetration depth. Despite the limitation of 1g tests not being
capable of replicating prototype soil stresses, the present study still can establish crucial information on pile behavior due
to spudcan penetration.

INTRODUCTION

Mobile jack-up rigs are supported by three legs, with the base
of each leg standing on a conical underside foundation termed
the “spudcan.” A spudcan is polygonal or circular in plan with
an equivalent diameter of up to 20 m or more (Randolph and
Gourvenec, 2011). At offshore sites, a mobile jack-up and a jacket
platform work side by side for drilling oil and gas. The jacket
platform is fixed in nature and typically founded on steel pipe
piles. Mirza et al. (1988), and Le Tirant and Perol (1993) reported
that, during jack-up spudcan installation, additional bending stress
could be induced on the adjacent platform piles. As the above
may adversely affect the performance of the jacket platform, the
effects of spudcan installation on the adjacent pile need to be
thoroughly assessed.

Siciliano et al. (1990), Craig (1998), and Stewart (2005) were
among the first to investigate spudcan–pile interaction using cen-
trifuge modeling. Siciliano et al. (1990) back-analyzed the soil
displacements derived from the measured pile responses while
Craig (1998) and Stewart (2005) evaluated the severity of the
stresses induced on piles located close to the spudcan. An exten-
sive series of centrifuge model tests was conducted to investi-
gate the behavior of adjacent piles relative to the spudcan posi-
tion in soft clay and clay-over-sand profiles (Xie et al., 2010,

*ISOPE Member; †Corresponding author.
Received October 24, 2020; updated and further revised manuscript

received by the editors February 10, 2021. The original version (prior to
the final updated and revised manuscript) was presented at the Twenty-
ninth International Ocean and Polar Engineering Conference (ISOPE-
2019), Honolulu, Hawaii, June 16–21, 2019.

KEY WORDS: Spudcan–pile interaction, uniform clay, sand over clay,
punch-through failure, offshore foundations, standard gravity test.

2012, 2017). They presented the soil movement patterns and fail-
ure modes of piles situated near the spudcan. Based on centrifuge
model test results and large deformation finite element analy-
ses, Leung et al. (2012) presented dimensionless design charts
to complement the current guidelines on spudcan–pile interaction
stated by SNAME (2008). Details of the finite element analy-
ses are presented in Tho et al. (2013). These numerical investi-
gations evaluated the effects of soil domain size, pile head con-
dition, spudcan–pile clearance, soil rigidity index, pile diameter,
and stiffness extensively.

For safety operations of jack-up units in clay, the spudcan pen-
etration depth should be at least two times its equivalent diameter
(Endley et al., 1981). However, in sand over clay, the risk of spud-
can punch-through failure is pronounced. Punch-through or rapid
penetration is due to the rapid reduction in the bearing capacity
of the lower clay as the spudcan penetrates close to the sand–
clay interface, and the spudcan presses the upper sand layer into
the underlying weaker clay (Young et al., 1984; Osborne et al.,
2006). Although spudcan punch-through has been studied exten-
sively by Teh et al. (2010), Lee et al. (2013), and Hu et al. (2015),
the issue of spudcan–pile interaction in sand over clay has yet to
be studied.

In view of the unavailability of centrifuge facilities in most
geotechnical research institutions, the motivation of this study is
to conduct small-scale tests in the standard gravity condition (1g)
to investigate the lateral pile response imposed by spudcan move-
ments. Strictly speaking, centrifuge model tests should be con-
ducted as the prototype stress levels can be correctly simulated.
Although 1g tests cannot replicate prototype soil stresses, the test
observations are useful to establish a reliable trend of phenomena;
however, the magnitude of the measurements, such as spudcan
penetration resistance-depth profile and induced pile moments,
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