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Analysis of p-y Curve of Drilled Shafts Socketed into Basalt at Jeju Island
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The results obtained from a field lateral loading test and the existing p-y curve models were compared to develop a p-y
curve model applicable to the basalt at Jeju Island. The results of the comparison demonstrated underestimated values for
the initial tangent modulus and the ultimate subgrade reaction from the p-y curve models presented by Carter and Kulhawy
(1992) and overestimated values from the p-y curve model suggested by Yang and Liang (2006). Therefore, in this paper, the
initial tangent to a p-y curve suggested by Carter (1984) was modified according to the behavior of the basalt at Jeju Island.

INTRODUCTION

Recently, the exploitation of offshore wind turbines worldwide
has been gradually increasing on the basis of the prospects for a
new infrastructure for the energy industry that is currently unavail-
able for onshore wind turbines owing to issues associated with
noise, the landscape, and the deficiency of necessary sites.

Thus, active research on source technologies to establish off-
shore wind turbine systems and optimal large complexes is cur-
rently in progress in Korea. Among the sites of large complexes
for offshore wind turbine systems, offshore Jeju Island was deter-
mined to be one of the optimal places for an offshore wind turbine
system due to its favorable windy conditions. Therefore, efforts to
develop a marine wind power generation system and associated
planning activities are concentrated there.

The representative types of pile foundations required for off-
shore wind turbines are the monopole, jacket, and tripod, from
which an optimal type of pile foundation is determined by the
consideration of various factors such as the type and characteris-
tics of the seabed, the depth of the water, the tidal current, the
waves and winds, and the economy.

The pile foundation is a substructure designed to support verti-
cal and lateral loads for places where it is difficult to install direct
foundations to support upper-structure loads due to soft ground or
places with high-water levels, and it is typically designed to resist
axial loads. However, offshore wind turbines are frequently sub-
jected to large lateral loads induced by the wind load, the current
load, and wave loads. Thus, pile foundations applied to offshore
wind turbines should be designed to resist lateral loads as well as
axial loads.

Jeju Island in Korea is an island formed by repetitive volcanic
activities. The land consists of irregular bedded structures, while
the seabed is mainly composed of basalt bedrock (Yang et al.,
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2015). Thus, by taking into account the seabed of basalt bedrock,
the intention of this study is to present a design approach that
overcomes the issue of lateral loading rather than dealing with
the behavior of the settlement of pile foundations or the vertical
loading on the front end of the jackets or monopiles.

Taking nonlinear pile-soil behaviors into account, the Interna-
tional Electrotechnical Commission (IEC, 2009), Det Norske Ver-
itas (DNV, 2010), and the American Petroleum Institute (API,
2000) have specified and recommended the p-y curves method to
be employed for the review and design of the lateral loads of pile
foundations for offshore wind turbines. However, the specifica-
tions are limited to representative cases of clay and sand, and thus
the specifications are recommended to be taken as guidelines for
cases lacking more concrete information.

Zhang et al. (2000) analyzed the yield behavior of a rock mass
by using the stress-strain relationship of the elastic-perfectly plas-
tic model to examine the lateral behavior of piles embedded into
rock. However, the rock would exhibit nonlinear behavior before
it reaches the yield strength. Therefore, the nonlinear behavior
of a rock mass cannot be perfectly represented, so the p-y curve
method, which clearly represents the nonlinear behavior of rocks,
is used as an alternative.

Reese suggested the p-y criteria for a rock mass to describe
the nonlinear behavior of the rock. However, the identification
of a failure mode for the rock was not possible because the
effects of skin friction between the pile and rock were not taken
into account (Reese, 1997). Recently, Liang et al. (2009) ana-
lyzed the complex interactions between the pile and rock by using
results obtained from field lateral load tests and three-dimensional
finite-element analysis. However, a rock mass would exhibit very
complex behaviors with regard to the strength and deformation
depending on the states of discontinuity residing inside the rock.
In particular, the basalt in Jeju Island bears very complex char-
acteristics of strength and deformation depending on the size and
orientation of pores created during its formation.

Therefore, in this study, subgrade reactions and deformations
were examined through field lateral load tests to predict the p-y
curve of the pile foundation in basalt for offshore wind turbines


