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A SIMPLIFIED ASSESSMENT OF THE LOAD BEARING CAPACITY
OF SUCTION CAISSON FOR OFFSHORE WIND TURBINES

BASED ON FINITE ELEMENT ANALYSIS

Nguyen Tan Hung1, Bui Quang Vinh2, Huynh Van Hiep3∗

Abstract – Suction caisson is widely used
for offshore wind turbine applications. Its load-
bearing capacity depends on the bucket geometry
and its embedded soil properties. This paper
presents a simplified assessment of the load-
bearing capacity of suction caisson based on
finite element analysis using the Plaxis 2D pro-
gram. The load-bearing capacity of the suction
caisson is determined based on the resulting
load-displacement curve via the tangent inter-
section method. In addition, this study developed
an equivalent equation exploring the relationship
between the load-bearing capacity of the suction
caisson and the surface foundation. The findings
in the study showed that the geometry of the
suction has a significant influence on its load-
bearing capacity. The suction caissons whose
aspect ratios are larger resulted in higher load-
bearing capacities. Besides, the equivalent equa-
tion in this study could be applied to effectively
estimate the load-bearing capacity of suction
caisson based on its geometry. The finite element
program and the soil ground model analyzed in
this study was only an assumption. In the future,
experimental studies should investigate the load-
bearing capacity of a suction caisson related to
its geometry and the embedded soil profile using
centrifuge models and large-scale models.
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I. INTRODUCTION

As the demand for renewable energy has been
greatly increasing in recent years, the number
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of offshore wind turbines has been continuously
growing. The offshore wind turbine uses a type
of offshore foundation-suction caisson known as
a bucket foundation to support its platform [1].
The implementation of suction caisson illustrates
remarkable benefits such as reducing construc-
tion costs, having fewer technical requirements,
and increasing environmental protection [2].

The suction caisson itself is built from steel
and consists of a cylinder with a top lid, a large
diameter and an opened-end or a closed-end [3].
The offshore wind turbine with a suction caisson
type foundation is presented in Figure 1.

Fig. 1: Offshore wind turbine with suction
caisson foundations [4]

The installation of the suction caisson is
mainly based on its self-weight structure. After
installation, in the field, it is subjected to vertical
and horizontal loads from waves and wind [5].
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As a result, the vertical load-bearing capacity of
suction caissons is considered one of the main
design considerations. The load-bearing capacity
of suction caissons is assessed from analytical
solutions with some modifications [6, 7]. It can
also be determined by the tangent intersection
method based on the relationship between the
vertical load and the displacement [8, 9]. Figure
2 illustrates the determination of load-bearing
capacity using the tangent intersection method.

Fig. 2: Determination of load bearing capacity
by tangent intersection method [2, 3]

Four general methods have been used to ob-
tain the load-displacement curve for the suc-
tion caisson, including the finite element method
(FEM), analytical solution, centrifuge model test,
and experiment measurement. These methods
have a good agreement in developing the load-
displacement curve for the suction caisson [2, 6,
9, 10].

In recent years, the number of studies using
FEM to investigate the load-bearing capacity of
suction caissons has been increasing. In a study
conducted in 2020, Fu, Zhang, and Yan [11]
observed the load-bearing capacity of a modified
suction caisson in clay. The modified suction
caisson had a rectangular middle section inserted
between two circular halves. The suction caisson
was constructed with different loads (vertical,
horizontal, and moment) using FEM. The results
showed that the modified suction caisson with
side-round could provide a larger load-bearing
capacity than the conventional suction caissons.

Additionally, the study proposed a yield surface,
which was determined by the vertical, horizontal,
and moment bearing capacity, for estimating the
load-bearing capacity of suction caissons. Simil-
larly, Vicent and Kim [2] evaluated the load-
bearing capacity of a suction caisson embedded
in loose, medium, and dense sands via FEM.
The displacement results based on FEM analysis
were validated well with ones within the study’s
experiment. The study applied the tangent in-
tersection method to determine the load-bearing
capacity of the suction caisson. It was concluded
that the load-bearing capacity of suction caissons
embedded in dense sand was the largest among
the three sand types. The suction caisson having a
larger bucket diameter resulted in higher bearing
capacity. Based on the results, the authors pro-
posed an equation to estimate the load-bearing
capacity factor Nq of the bucket platform. In
another study, Xia et al. [9] also used FEM
analysis to investigate the load-bearing capacity
of suction caissons in clay under a combination
of vertical, horizontal, and moment loads. The
study investigated the effect of clay thickness,
skirt length, and vertical loading on the failure
mechanism of the suction caisson. The results
showed that the load-bearing capacity was influ-
enced significantly by the soil domain dimension
in the FEM analysis. The combination of vertical,
horizontal, and moment loads slightly affected
the load-bearing capacity of the suction caisson.
Moreover, the study provided an equation to
calculate the load-bearing capacity of suction
caisson based on the vertical, horizontal, and
moment loads domain.

Literature showed that FEM was viable for
extracting the relationship between load and dis-
placement of suction caissons. The tangent in-
tersection method was applied to determine the
load-bearing capacity of the suction caisson. This
study presents an approach to assess the load-
bearing capacity of suction caissons via FEM.
A suction caisson is modeled by a finite ele-
ment program, Plaxis 2D 2017. The load-bearing
capacity is estimated based on the relationship
between the load and displacement. In addition,
this study also proposes an equation to determine
the load-bearing capacity of the suction caisson.
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II. SUCTION CAISSON ANALYSIS MODEL
AND MATERIAL PARAMETERS

In this study, the finite element analysis pro-
gram Plaxis 2D 2017 was used to model the suc-
tion caisson with the vertical axis symmetry [12].
The geometry and material parameters of suction
caisson were chosen following the literature by
Patel and Singh [13].

Table 1: Materials parameters for suction
caisson [13]

The suction caisson was assumed to be in-
stalled in a cohesive soil with properties adopted
from the same literature by Patel and Singh [13].
The soil installed was analyzed using the Mohr-
Coulomb model. In the model, the water level
was measured from the ground level. Details of
the soil parameters are shown in Table 2.

Table 2: Soil parameters in Mohr-Coulomb
model [13]

In the model, the dimension of the soil domain
around the suction caisson, with a diameter of
5D and a height of 4L, was chosen based on
the recommendation of the previous study [13].
Figure 3 shows the suction caisson model with
symmetry along the vertical axis.

III. RESULTS AND DISCUSSION
A. Load-bearing capacity of suction caisson

Suction caissons with different aspect ratios
(AP) were analyzed, which was the ratio of skirt

Fig. 3: Suction caisson model [13]

length (L) to bucket diameter (D) (L/D). In this
study, the load values were applied at the center
of the top lid. Based on the results, the rela-
tionship between load and displacement was es-
tablished. Figure 4 shows the load-displacement
curve of suction caissons having different AP
values.

Fig. 4: Load-displacement curve of suction
caisson having different geometries

Figure 4 shows that different AP values re-
sulted in different responses to displacement.
Under the same vertical load, suction caissons
with larger AP produced smaller displacement.
Besides, the results found that suction caissons
with larger skirt lengths developed lesser dis-
placement. The friction resistance generated by
the skirt could be one of the factors attributed
to the difference. Due to the larger surface area,
suction caissons with higher skirt lengths pro-
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duced larger friction resistance [14]. The research
findings proved that geometry has a remarkable
effect on the response of suction caissons. This
conclusion is consistent with those in the previ-
ous research by Zhai and Li [3].

When applying the load-displacement curve,
the tangent intersection method was used to
evaluate the load-bearing capacity of the suction
caisson. According to some authors [10, 17],
the failure state of suction caisson is determined
when the displacement is equivalent to 0.2D.
Hence, to define the load-bearing capacity of the
suction caisson, the displacements with values
larger than 0.2D were neglected. The results of
the load-bearing capacity of suction caissons with
different AP values are illustrated in Table 3.

Table 3: Load bearing capacity of suction
caisson.

B. Determination of load bearing capacity of
suction caisson via surface foundation

This study aims to both explore the relation-
ship between load and displacement and propose
an equation for determining the load-bearing
capacity of suction caissons as a function of
aspect ratio AP and load-bearing capacity of
the surface foundation. An equivalent equation
that depicts the relationship between the load-
bearing capacity of suction caisson and surface
foundation was built. Besides, the load-bearing
capacity of a surface foundation with a diameter
of 20 m was defined. Figure 5 shows the load-
displacement curve for the surface foundation
extracted from the FEM model.

From the ratio of the load-bearing capacities of
both surface foundation and suction caisson, an
equivalent equation was determined based on the
trend line function in the Excel program. Previous
studies have reported their relationship according
to the following equations:

Byrne and Houlsby [6]:

Fig. 5: Load-displacement curve for surface
foundation (D = 20 m)

(1)
Hisham [7]:

(2)
Wang et al. [8]:

(3)
Where Fcaisson and Fsur is the load-bearing

capacity of suction caisson and surface founda-
tion, respectively. Based on the results of data
points in this study, the equivalent equation was
established using the trend line in the Excel
program. The relationship is expressed in Eq. (4):

(4)
The relationship between the bearing ratio

Fcaisson/Fsur and the AP in previous research
and this study are displayed in Figure 6.

The results in Figure 5 show that the data
points from this study were bounded by the ones
from the two other studies, Byrne and Houlsby
[6] and Wang, Zeng and Li [7]. The results
indicate that the data points presented in this
study could be reasonably used to determine the
load-bearing capacity of the suction caisson. In
the future, studies should be conducted about
the load-bearing capacity of suction caisson that
consider its geometry and the embedded soil
properties using centrifuge models and large-
scale models.

58



Nguyen Tan Hung, Bui Quang Vinh, Huynh Van Hiep TECHNOLOGICAL – ENVIRONMENTAL SCIENCES

Fig. 6: Relationship between the load bearing
capacity ratio and the aspect ratio

IV. CONCLUSION

Suction caisson used for offshore wind tur-
bine applications has a load-bearing capacity
that largely depends on its geometry and the
embedded soil properties. This paper presented
an assessment of the load-bearing capacity of
suction caisson using the finite element analysis
program Plaxis 2D. Based on the results, the
relationship between the load-bearing capacity of
the suction caisson and the surface foundation
was established and expressed in an equivalent
equation. The findings in the study showed that
the caisson’s geometry contributes mainly to
its bearing capacity. It is observed that suction
caissons having larger aspect ratios consequently
result in a higher load-bearing capacity. Another
further finding from this study was the equiva-
lent equation that can be applied to determine
the load-bearing capacity of the suction caisson.
However, it is noted that the data in this study
was analyzed by a finite element program based
on an assumbed soil ground model. In the fu-
ture, laboratory investigations utilizing centrifuge
modeling and large-scale models should be con-
ducted to establish a more in-depth analysis of
the factors affecting the load-bearing capacity of
suction caissons.
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