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The suction anchor is an effective option for the anchor foundations of floating offshore wind turbines (FOWTs).
During its long-term service, in addition to the static pretension load, the suction anchor is subjected to a series of
cyclic loads that are caused bywaves, currents and the continuousmotions of the floating structure. Thus, excess
pore-pressure will accumulate within the soil around the embedded anchor, and the anchor capacity tends to be
reduced. In this paper, by introducing the oscillatory and residual mechanisms, a novel numerical model is pro-
posed to predict the instantaneous variations and accumulations of excess pore-pressures around a suction an-
chor that is subjected to long-term vertical cyclic loads. The results indicate that excess pore-pressure builds
up mainly in the shallow soil near the external anchor wall. As a consequence, the effective soil stress in this re-
gion decreases along with the interface friction between the external wall and the soil. Detailed parametric stud-
ies reveal that the accumulation of excess pore-pressure is obvious for a larger load magnitude and smaller load
period. With a lower permeability, smaller shear modulus or smaller relative density of the seabed soil, the pore-
pressure accumulation outside the anchor increases significantly.
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1. Introduction

Wind is a rapidly growing renewable energy source both onshore
and offshore for the last decade. Vast sea areas in China with stronger
and steadier winds show a potential to develop offshore wind turbines
(OWTs) in the future. Currently, offshorewind turbines are always sup-
ported by themonopiles but limited to a shallowwater depth up to ap-
proximately 30 m. For deep water, only floating platform systems are
expected to be economically and technically feasible. The foundation
design for FOWTs in varying water depths is shown in Fig. 1. Mooring
line stabilized Tension Leg Platform (TLP) is one of effective choices
for FOWTs in water depths exceeding 50 m. The TLP consists of a float-
ing structure connected to the seafloor with by a group of mooring lines
or tendons attached to the anchor foundations (Ronalds, 2002). The re-
serve buoyancy for the floater is transferred to the suction anchors em-
bedded in the seabed (Sclavounos et al., 2010). Suction anchor is made
of steel and resembles a large over-turned bucket. The typical length of a
suction anchor ranges from 5 to 30m, with a length-diameter ratio of 3
to 6 (Randolph and Gourvenec, 2011). Compared with other anchors
(e.g., drag embedded anchor, pile anchor), the advantages of suction an-
chors include the accommodation of a variety of soil conditions (clay or

sand), accurate positioning, and the ease of installation and retrieval for
reutilization.

As shown in Fig. 2, during the installation process, the suction anchor
penetrates into the seabed by its deadweight and by applying suction in
sequence until it reaches the target depth below the seabed surface.
After anchor installation and set-up (full dissipation of excess pore-
pressure), the mooring line is gradually tensioned to remove the line
slack. A specific degree of pretension load is always required to provide
adequate constraint to thefloating structure. The capacity of the embed-
ded anchor must be large enough to sustain the loads passed from the
attached mooring line. Most previous works (DNV, 2005; Houlsby and
Byrne, 2005; Guo et al., 2014) have studied the monotonic capacity of
suction anchors. For the drained condition, the vertical pullout resis-
tance of a suction anchor only consists of its submerged self-weight
and the soil frictions on the external and internal sides of the caisson
wall (Deng and Carter, 1999; Randolph and House, 2002). This is the
minimum pullout capacity of a suction anchor that determines the
safe load limit of an embedded suction anchor.

In fact, a suction anchor in service is subjected to long-term cyclic
vertical loads produced by waves, currents and the continuous motions
of the floating structure. This kind of cyclic load is mainly composed of
wave-frequency and low-frequency components, which may last for a
few hours, days or even weeks (Clukey et al., 1995). Therefore, the
load cycles can be counted by thousands. Under this long-term effect
of cyclic loads, the excess pore-pressure will build up within the soil
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near the anchor. The accumulated excess pore-pressure can reduce the
effective soil stress, thus reducing the interface friction between the an-
chor wall and the surrounding soil. Consequently, the pullout capacity
of suction anchor is reduced. Kelly et al. (2006a,b) carries out model
tests of suction caissons under vertical monotonic and cyclic loading,
as well as a comparison with field data, showing the positive pore pres-
sure increaseswith the rate of cycling. Zhu et al. (2013) presents the 1 g
laboratory cyclic loading tests with approximately 10,000 cycles to in-
vestigate the long-term lateral cyclic response of suction bucket founda-
tions in sand.

In order to predict excess pore-pressure response of offshore foun-
dations and its effect on the bearing capacity, two numerical methodol-
ogies are adopted with different advantages. The first one is to apply
advanced constitutive soil models to describe the plastic volumetric
strain and stiffness of soil element within every load cycle, which re-
quire complex constitutive equations and numerous parameters.
Thieken et al. (2014) describe the numerical simulation of suction buck-
et under variable tension loadings in sand. Cerfontaine et al. (2015)
adopt the Prevost elasto-plasticmodel to estimate the response of a suc-
tion caisson embedded in dense sand undermonotonic and cyclic verti-
cal loading. Applications of these advancedmodels can be limited due to
the determination of parameters and massive calculation steps involv-
ing hundreds or thousands of load cycles. The other approach is a
semi-analytical method based on simplified constitutive model

incorporated with laboratory tests to evaluate the effects of cyclic load-
ing. Taiebat and Carter (2000) present amethod for the development of
pore-pressure build up in seabed to predict the liquefaction analysis of a
tank during a storm with time duration of 6 h. The semi-analytical
method is efficient for cyclic response of offshore foundations facing nu-
merous load cycles.

To accurately predict the responses of the pore-pressure around the
suction anchor, two mechanisms (the oscillatory and residual mecha-
nisms) are used to simulate the instantaneous variation and accumula-
tion of excess pore-pressures, respectively. Based on these two
mechanisms, a novel numerical model is proposed for an embedded
suction anchor under long-term vertical cyclic loadings. In this paper,
the development and characteristics of the excess pore-pressure along
the caisson wall are first studied, and then, the influences of different
load and seabed parameters are investigated in detail.

2. Theoretical formulations

As shown in Fig. 3, there are two different mechanisms controlling
the pore-pressure responses in the seabed soil (Zen and Yamazaki,
1990): the oscillatory and residual mechanisms. Therefore, the overall
pore water pressure p can be expressed as

p ¼ posc þ pres ð1Þ

Fig. 1. Foundations for the OWTs with varying water depths.

Fig. 2. Suction anchors used for a moored FOWT.
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