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TOM TAT

Mong giéng chim cho cong trinh dién gié & ngoai khoi dang duoc sir dung rong rii va
mang lai hi¢u qua ro rét nhu gia thanh thap, strc chiu tai 16n, va thi cong dé dang Bai bao
trinh bay mot nghlen ctru so bd vé md phong tng XUr cua mong giéng chim bang phuong
phap sir dung phan tir hu'u han Plaxis 2D. Mong giéng chim c6 kich thudc khac nhau dugc
khao sat khi dit trong nén dit c6 goc ma sat trong va luc dinh khac nhau. Két qua cho thay
kich thudc ciia mong ¢ anh huong 16n dén tmg xir ciia nd. Méng cé ti s6 chiéu dai trén
duong kinh 16n cho két qua stre chiu tai trong kéo va nén tét hon. Khao sat vé anh huong
ctia tinh chat co 1y cua dat dén Gmg xir cia moéng cho thay chiing c6 anh huong khong
dang ké. Khi goc ma sat trong ctia dat tang, cudng do chiu kéo va nén ctia mong tang it.
Lyc dinh cua dat duong nhu khong anh huong dang ké den Ung xur cia mong giéng chim.
Can chd ¥ rang, bai bao nay trinh bay nghién ctru so bd Ve g xir ciia mong gleng chim
bang phuong phép tinh toan phan tir hiru han. Cac théng s vé kich thudc, tinh chat co 1y
dat va lyc tac dung dua trén nghién ciru trude ddy va tng xu cia mong giéng chim duoc
danh gia theo phuong thang dung.

Tir khéa: mong giéng chim; tinh toan phan tir hitu han; phin mém Plaxis 2D;

ABSTRACT

Suction caisson foundation for offshore wind turbine is increasingly used and providing
remarkable benefits such as low cost, high capacity and simplicity of installation. This
paper presented a preliminary numerical study on behavior of suction caisson foundation
by using finite element analysis program Plaxis 2D. The suction caisson foundations with
different geometries were modelled and analyzed. They were considered in the embedded
soil having different properties as friction angle and cohesion. Results showed that
geometry of suction caisson foundation affected significantly its behavior. Suction caisson
whose larger ratio of skirt length to bucket diameter provided higher tensile and bearing
capacity. The numerical results in this study showed that the soil properties did not affect
remarkably the behavior of suction caisson. When the soil friction angle increased,
the tensile and bearing capacity of suction caisson lightly increased. Nevertheless, the
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soil cohesion seemed not to affect the behavior of suction caisson. The suction caisson
geometry, soil parameters and load values were assumed based on literature and the
behavior of the suction caisson was evaluated only in vertical direction.

Keywords: Suction caisson foundation; finite element analysis, Plaxis 2D program.

1. Introduction

Suction caisson foundation is widely
used for the offshore wind turbine
applications. It is constructed by a steel
cylinder having a large diameter with a top
lid and an opened end or a closed end. In
the offshore wind turbine applications, the
suction caisson is used to support the jacket,
in which the wind turbine is installed. Up to
now, the use of suction caisson foundations
increases dramatically for offshore wind
turbine applications because of their
affordability, popularity and reusability
(Byrne, Houlsby, Martin, & Fish, 2002).
In the field, suction caisson foundation is
subjected to the vertical, horizontal loads and
moment from wind and waves, which are
considered as major design considerations
(Houlsby, Ibsen, & Byrne, 2005). Generally,
the behavior of suction caisson foundation is
dependent on its geometry and the property
of the embedded soil (Bhattacharya, 2019).
The offshore wind turbine with a type of
suction caisson foundations is presented in
Figure 1 below.

Wind load

—>

1

Wave load

Fig.1. Offshore wind turbine with suction caisson
foundations, after (Nielsen, 2019)

Numerous studies have been carried
to observe the behavior of suction caisson
foundation considering the above design
considerations. To archive the objective,
the finite element analysis and experimental
methods have been utilized. (Sawicki,
Wachowski, & Kulczykowski, 2016)
performed the finite element analysis for the
suction caisson foundation to investigate
its tensile capacity. The results of finite
element method were compared to those of
experimental method with lab-scale model.
The results of the study showed that there
was a good agreement between the finite
element method and the experimental
measurement for the tensile capacity.
They concluded that the axis symmetric
model seemed to be the simplest and the
most realistic one for modeling the suction
caisson foundation behavior.

Sun et al. (2020) performed the finite
element analysis to extract the tensile
capacity of offshore bucket foundations
in clay in different pullout loading rates
(Sun, Qi, Feng, & Liu, 2020). The finite
element analysis was utilized using
Abaqus program. The bucket foundation
was modeled with vertical axis symmetry.
Based on the results, they figured the
tensile capacity of the bucket foundation
and normalized the tensile capacity as
a function of the foundation’s geometry
and the pullout loading rate. The results
showed that as the pullout loading rate
increased, the tensile capacity of the
foundation increased. In addition, the
study concluded that the tensile capacity
of foundation strongly depended on the
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bucket’s geometry. They developed a
useful procedure to determine the tensile
capacity of bucket foundation based on the
results of finite element method.

Furthermore, the behavior of suction
caissons foundation has been also
studied based on finite element analysis
by (Bagheri, Son, & Kim, 2017) . They
performed the three-dimensional finite
element analysis via Plaxis 3D for a
suction caisson foundation in a dense and
medium dense sand. The results of the
model were used to compare with those of
the field test and they were compared well.
Furthermore, the study indicated that most
of the applied load transferred to the skirt
and the displacement of the suction caisson
was primarily dependent on the suction
caisson geometry. They proposed a figure
for calculating the horizontal capacity
and overturning moment capacity for the
suction caisson in a sand layer.

Recently, Nielsen (2019) studied on
the tensile capacity of suction caissons
in sand using finite element analysis.
The results showed that the two finite
element programs in the study Plaxis 2D
and OptumG2 provided different results
for soil-structure interface strength. Thus,
different results of tensile capacity were
revealed. They concluded that the soil-
structure interface strength also had a
significant impact on the tensile capacity of
suction caisson. The study provided to us
a preliminary design procedure of suction
caisson in sand.

Literatureshave shownthatthebehavior
of suction caisson foundation is dependent
on its geometry and the embedded soil
properties. To investigate the behavior of
the suction caisson foundation, experiment
and finite element analysis could be used
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effectively. This present study assessed
the behavior of suction caisson in terms of
considering its geometry and the embedded
soil property via finite element analysis
program Plaxis 2D. While the effect of
geometry of suction caisson was evaluated
through the ratio of skirt length to bucket
diameter (L/D), the effect of soil properties
was evaluated through the friction angle
(p) and cohesion (¢).

2. Finite element model and Material
parameters

Finite element analysis program Plaxis
2D 2017 (Brinkgreve et al., 2017) was
used in this study with the axis symmetry
model. The geometry of the suction caisson
and model size were used following ones
presented in the study of (Taebi & Mousavi,
2014). Plate element was used to model
the suction caisson and skirt structure. The
tensile and compression loads were applied
to the lid of the suction caisson. Details of
the geometry and materials parameters for
suction caisson foundation were displayed
in Table 1.

Table 1. Suction caisson geometry
and material parameters, after (Taebi &
Mousavi, 2014)

Geometry and Material
parameters Value

Diameter, D (m) 5
Skirt length, L (m) 20
Skirt thickness, ¢ (m) 0.03
Axial modulus, E4 (kN/m) 3.19¢12
Rigid modulus, E7 (kPa/m) 2.58e8
Distributed weight plate 0
element, w (kN/m/m)

In this study, it was assumed that the
suction caisson was installed in the sand.
The soil was analyzed with the Mohr-
Coulomb model. The sea level is higher
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than the ground level. Thus, the soil is
considered as totally saturated. The soil
parameters were used following that in
the study of (Nielsen, 2019). In this study,
the limit analysis included the associated
flow was utilized and the interface strength
between the soil and the structure was
equal to that between the adjacent soil.
Thus, the dilation angle (y) was set to equal
to the friction angle (¢) and the interface
parameter R~ value was set to 1. The
other parameters were original used from
the Plaxis 2D program. Details of the soil
parameters are shown in Table 2 below.

Table 2. Soil parameters in Mohr-
Coulomb model, after (Nielsen, 2019)

Parameter Value
Modulus, E (MPa) 30
Poisson’s ratio, v 0.25
Cohesion, ¢ (kPa) 0
Friction angle, ¢ (°) 30
Saturated unit weight, ¥ (kN/m?) 15
Interface between soil and 1
caisson wall, R,

The model of suction caisson with
axis symetry in the finite element program
Plaxis 2D is presented in Figure 2.
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(a) Conectivity plot  (b) Water pressure

Fig. 2. Suction caisson model in the Plaxis 2D program
in this study
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3. Results and Discussions
3.1 Effect of suction caisson geometry

The effect of geometry on suction

caisson behavior was evaluated by
analyzing for suction caisson with different
ratios of skirt length to bucket diameter
(L/D) as 2, 4 and 6. This ratio was changed
following to the studies of (Taebi &
Mousavi, 2014) and (Ahn, Lee, & Kim,
2014). The results of displacement in the
tensile and compressive analysis can be

found in Figure 3 and 4.
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Fig.3. Displacement of different suction caisson
geometries in tensile analysis (c=0, ¢ =30°)

Based on the results, it can be seen
that different suction caisson geometries
resulted different displacements. Generally,
suction caisson whose smaller ratio of L/D
provided smaller tensile capacity than one
whose larger ratio of L/D did. It could be
attributed to the frictional resistance of the
skirt of suction caisson. Suction caisson
that has larger ratio of L/D resulted in
higher frictional resistance. Thus, it had
higher tensile capacity. The reason could
be found in previous study of (Zhai & Li,
2017). In Fig. 3, it is clearly seen that for
the suction caisson with the lowest ratio
of L/D = 2, the maximum tensile capacity
peaked about 1500 kN. Whereas the two
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other ones with higher ratio of L/D = 4 and
6, their maximum tensile capacity seems
to be larger. The conclusion was made
that geometry of suction caisson affects
significant the behavior of suction caisson
in tensile analysis.

The results of displacement of suction
caisson with different geometries in the
compressive analysis is introduced in
Figure 4 below. They were almost linear
according to compressive load values.
The response of suction caisson in the
compressive analysis is similar to that in
the tensile analysis. Different ratio of L/D
provided highly different in load capacity.
The suction caisson with higher ratio
of L/D resulted higher bearing capacity.
Similarly, Jin and Wu (2013) and, Wang
and Li (2019) reported this result in their
studies (Jin, Zhang, & Wu, 2013; X. Wang,
Zeng, & Li, 2019).
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Fig.4. Displacement of different suction caisson
geometries in compressive analysis (c=0, ¢ =300)

3.2 Effect of soil friction angle

In this study, to observe the effect
of soil friction angle on the behavior of
suction caisson, three different soil friction
angle values were evaluated. They were
10, 20 and 30°. The results of displacement
according to the soil friction angle are
shown in Figure 5.
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Fig.5. Displacement of suction caisson in different
soil friction angles in tensile analysis, (L/D=4, c=0)
The results in Figure 5 show that as
the friction angle increased, the tensile
capacity of suction caisson increased.
Similar performance could be found in
the study of (Y. Wang, Faran, & Zhang,
2020). The soil with friction angle ¢ = 10°
gave the lowest tensile capacity. A possible
explanation is that the soil whose lower
friction angle gave the weaker interlock
strength between the particles. Hence,
it resulted a lower tensile capacity than
the soil whose higher friction angle. It is
noticed that the results for friction angle ¢
= 20° and 30° did not vary much. It can be
inferred that the tensile behavior of suction
caisson is relatively similar at the high
friction angles.

The displacements of suction caisson in
compressive analysis are shown in Figure
6. In the compressive analysis, the behavior
of suction caisson is similar with that in
the tensile analysis. It was found that the
friction angle increased made an increase
in the bearing capacity of suction caisson.
It was reported that the bearing capacity of
the suction caisson is formed by the soil
plug inside the bucket and the skirt (Zhang,
Guo, Liu, & Ding, 2016). Therefore,
as the soil friction angle increased, the
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load bearing capacity of suction caisson
increased. In addition, the results also
presented that at high friction angles as 20
and 30°, the behavior of suction caisson
under compression load was similar. The
conclusion was made that the compressive
behavior of suction caisson does not vary
much at the high friction angle.
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Fig.6. Displacement of suction caisson in different
soil friction angles in compressive analysis,
(L/D=4, c=0)

3.3 Effect of soil cohesion

Another soil property evaluated in
this study was the soil cohesion. This
study analyzed the suction caisson with
soil cohesion as 0, 10 and 30 kPa. The
relationship between the soil cohesion
and the displacement for suction caisson
in tensile and compressive analysis can be
referred in Figure 7 and 8.
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Fig.7. Displacement of suction caisson in different
soil cohesions in tensile analysis, (L/D=4, ¢=30°)
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Fig. 8. Displacement of suction caisson in different
soil cohesions in compressive analysis,
(L/D=4, p=30°)

Based on the results in Figure 7 and 8,
it can be seen that the behavior of tensile
and bearing capacity of suction caisson
is similar. They reacted a similar trend
when the soil cohesion variable changed.
It indicates that the soil cohesion had a
low impact on the behavior of the suction
caisson, both in tensile and compression
analysis. The performance of suction
caisson under tensile analysis in the
embedded soil having different cohesion is
consistent with that in the study of (Patel &
Singh, 2019).

4. Conclusions

Suction caisson foundation for
offshore wind turbine is increasingly
used and providing remarkable benefits
such as low cost, high capacity and
simplicity of installation. The use of
suction caisson foundations in the field
depends on many factors such as the
axial load, horizontal load, geometry of
suction caisson and the soil property. This
paper presented a preliminary study on
the behavior of suction caisson by using
finite element analysis program Plaxis 2D.
The analysis was carried out in the tensile
and compression modes for the suction
caisson with considering its geometry and
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the embedded soil property. Based on the
results, the following conclusions were
derived. The geometry of suction caisson
affected significant the behavior of suction
caisson. Suction caisson with different
geometries performed very different
behaviors. Generally, suction caisson whose
larger ratio of L/D provided higher tensile
and bearing capacity. The observation
of effect of soil property on the suction
caisson behavior in this study showed that
the soil property did not affect remarkably
the behavior of suction caisson. When the
soil friction angle increased, the tensile and
bearing capacity of suction caisson lightly
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increased. At the high soil friction angle,
the behavior of suction caisson was similar.
The soil cohesion seemed not to affect the
behavior of suction caisson. It is noted that
this paper is a preliminary study of suction
caisson foundation behavior via finite
element analysis. In the study, the soil
parameters and load values were assumed
based on literature and behavior of the
suction caisson was evaluated in vertical
direction. Further studies of the suction
caisson behavior with considering the other
components as horizontal displacement,
overturning, and soil plug consolidation
will be carried out.

REFERENCES

Ahn, J., Lee, H., & Kim, Y. T. (2014). Holding capacity of suction caisson anchors
embedded in cohesive soils based on finite element analysis. International Journal
for Numerical and Analytical Methods in Geomechanics, 38(15), 1541-1555.

Bagheri, P., Son, S. W., & Kim, J. M. (2017). Investigation of the load-bearing capacity
of suction caissons used for offshore wind turbines. Applied Ocean Research, 67,

148-161.

Bhattacharya, S. (2019). Design of foundations for offshore wind turbines: John Wiley &

Sons.

Brinkgreve, R., Swolfs, W., Engin, E., Waterman, D., Chesaru, A., Bonnier, P., & Galavi,
V. (2017). PLAXIS 2D 2017. User manual, Plaxis bv.

Byrne, B., Houlsby, G., Martin, C., & Fish, P. (2002). Suction caisson foundations for
offshore wind turbines. Wind Engineering, 26(3), 145-155.

Houlsby, G. T., Ibsen, L. B., & Byrne, B. W. (2005). Suction caissons for wind turbines.
Frontiers in Offshore Geotechnics: ISFOG, Perth, WA, Australia, 75-93.

Jin, S. C., Zhang, Y. T., & Wu, Q. H. (2013). 4 Study on the failure mechanism of suction
caisson under vertical load. Paper presented at the Applied Mechanics and Materials.

Nielsen, S. D. (2019). Finite element modeling of the tensile capacity of suction caissons
in cohesionless soil. Applied Ocean Research, 90, 101866.

Patel, S. K., & Singh, B. (2019). A parametric study on the vertical pullout capacity of
suction caisson foundation in cohesive soil. Innovative Infrastructure Solutions, 4(1),

1-11.

Sawicki, A., Wachowski, L., & Kulczykowski, M. (2016). The pull-out capacity of suction

TAP CHi KHOA HOC | 1s:3%uces



JOUPnal ol( Science - V L U T E ISSN 2615-9945

caissons in model investigations. Archives of Hydro-Engineering and Environmental
Mechanics, 63(2-3).

Sun, L., Q1, Y., Feng, X., & Liu, Z. (2020). Tensile capacity of offshore bucket foundations
in clay. Ocean Engineering, 197, 106893.

Taebi, M., & Mousavi, S. A. H. (2014). Numerical Evaluation on Consolidation Settlement
of Suction Caissons in Marine Environment. Paper presented at the 16th Marine
Industries Conference.

Wang, X., Zeng, X., & Li, J. (2019). Vertical performance of suction bucket foundation
for offshore wind turbines in sand. Ocean Engineering, 180, 40-48.

Wang, Y., Faran, M., & Zhang, S. (2020). Large-Deformation Finite Element Analysis for
Bearing Capacity of Suction Caisson in Marine Clay. Paper presented at the The 30th
International Ocean and Polar Engineering Conference.

Zhai, H., & Li, D. (2017). Experimental Studies on modified suction caissons in fine sand
subject to uplift loading. Transactions of Tianjin University, 23(6), 562-569.

Zhang, P., Guo, Y., Liu, Y., & Ding, H. (2016). Experimental study on installation of hybrid
bucket foundations for offshore wind turbines in silty clay. Ocean Engineering, 114,
87-100.

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG 65




