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Abstract

The three-bucket jacket foundation is a new type of foundation for offshore wind turbine that has the advantages of
fast construction speed and suitability for deep water. The study of the hoisting and launching process is of great sig-
nificance to ensure construction safety in actual projects. In this paper, a new launching technology is proposed that
is based on the foundation of the three-bucket jacket for offshore wind turbine. A complete time domain simulation
of the launching process of three-bucket jacket foundation is carried out by a theoretical analysis combined with
hydrodynamic software Moses. At the same time, the effects of different initial air storage and sea conditions on the
motion response of the structure and the hoisting cable tension are studied. The results show that the motion response
of the structure is the highest when it is lowered to 1.5 times the bucket height. The natural period of each degree of
freedom of the structure increases with the increase of the lowering depth. The structural motion response and the
hoisting cable tension vary greatly in the early phases of Stages I and III, smaller in Stage II, and gradually stabilize
in the middle and late phases of Stage III.
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1 Introduction

The declining reserves of traditional energy sources
such as petroleum and coal, and the increasingly severe eco-
logical and environmental problems in the international
society call for a reduction in the use of fossil fuels, which
can decrease the resulting greenhouse gas emissions. Vigor-
ous development of renewable energy has become the prior-
ities of several countries around the world. Renewable
energy, such as hydro energy, wind energy, solar energy,
and tidal energy, is a resource that can be used sustainably.

Compared with renewable energy sources such as
nuclear energy, solar energy, tidal energy and biomass
energy, wind energy technology is relatively mature, and its
cost is gradually declining. It is one of the most promising
forms of clean energy and it is expected that the development
and utilization of this energy both at onshore and offshore
locations will significantly slow down global warming and
reduce CO, emissions (Zou et al., 2023). Compared with the
onshore energy, the offshore wind energy is close to the
power load center, does not occupy land resources, and has

the advantages of high wind speed, high output, stable wind
power, low turbulence intensity and low noise. The
exploitations of ocean resources have been stimulated to
meet the increasing needs for energy (Zhang et al., 2022).
The development of offshore wind power has become the
main priority of many countries to promote energy transition
policies, and an important way to deal with climate change.
Bottom-fixed foundations, such as monopile, jacket,
suction bucket and gravity-based foundation, are used for
developing offshore wind energy units in shallow water (Shi
et al., 2023). The multi-bucket jacket foundation with the
combination of suction bucket and jacket is considered to be
the most promising form of offshore wind turbine foundation
in the future. There are many excellent wind resource sites
in the waters of China with water depths of more than 30 m.
In these areas, jacket foundation is the most efficient and
economical wind turbine foundation. In general, the weight
ofthe multi-bucket jacket foundation is low, and the launching
and installation can be completed by a crane vessel. How-
ever, a comprehensive study should be conducted before
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formally carrying out the launching and installation opera-
tions in order to ensure the safety of personnel and lifting
equipment. The multi-bucket jacket foundation has a suction
bucket at the lower part, which is unique compared with
other foundations. Part of the air can be retained and com-
pressed in the suction bucket during the lowering process,
and the liquid level difference between the inside and outside
of the bucket forms an air cushion with a certain air pressure
to provide the suction bucket with upward buoyancy. The
floating structure provides buoyancy through the air pressure
generated by the internal air cushion. Compared with the
ordinary solid floating body, the multi-bucket jacket foun-
dation is equivalent to adding an air cushion spring on the
water cushion spring. In the floating structures, the earliest
use of air cushion was in hovercraft design. It is based on
the principle of using high-pressure air to form an air cushion
between the bottom of the ship and the water surface (or
ground), so that all or part of the hull is uplifted to achieve
high-speed navigation.

Seidl (1980) first conducted model tests on a variety of
air floating structures, including single-cabin air floating
structures and small multi-cabin air cushion structures. The
author introduced airbag coefficients to describe the air-
water ratio inside the structural air tank. Pinkster (1997) and
van Kessel and Tkoma et al. (2012) compared and analyzed
the difference between large air floating structures and solid
floating structures of the same size in terms of the wave
moment and structural load. The authors discovered that the
existence of air cushions could reduce the wave excitation
force and moment, especially under the low-frequency inci-
dent wave condition. Pinkster et al. (1998) used the linear
potential flow theory to test and simulate the three-dimen-
sional model of the air floating structure.

Cheung et al. (2000) designed a multi-bucket air floating
structure, in which the bottom of each bucket could be
opened or sealed to provide buoyancy. The thickness of the
bucket wall was considerably smaller than the diameter. The
structure can be applied to wave power generation devices,
breakwaters, floating airports or military bases, and was ver-
ified by experiments and theoretical calculations. Ikoma et
al. (2002) proved that the floating structure with air cushion
could reduce the hydro-elastic response, and used an integral
equation to analyze the movement of the air floating structure
under regular waves. Thiagarajan and Morris-Thomas (2006)
used the simplified linear wave theory to obtain the heave
and pitch responses of the air cushion structure under the
action of regular waves. Koo (2009) used numerical wave
flume to study the influence of air cushion damping effect
of air floating breakwater on structural motion and wave
propagation mode.

He et al. (2012) designed a box-type floating breakwater
with an air cushion that has an opening at the bottom of the
periphery. The research results showed that the water body
part of the air cushion structure on both sides could effectively

slow down the structural response under regular waves and
increase the moment of inertia of the structure. Furthermore,
it could effectively reduce the radiation wave generated by
the movement of the back wave area of the breakwater.
Henriques et al. (2013) and He et al. (2013) further studied
the application of this structure in wave power generation
devices and expanded the application function of floating
breakwater. Ikoma et al. (2013) studied the influence of dif-
ferent subdivision forms and sizes on the dynamic response
of the structure. The authors suggested that the single-cabin
air floating structure should be subdivided to increase the
hydrostatic dynamic stability and reduce sloshing. van
Kessel (2010) studied large air floating structures and pro-
posed the idea that the heave motion state could be changed
by changing the air pressure in the bucket. This idea was
verified experimentally.

Gordon et al. (2013) used simulation of marine operation
(SIMO) to conduct time domain simulation of the lowering
of suction piles through the splashing zone. The model cou-
pled the structure of the crane vessel, cable, hook and suction
pile. The sensitivity of the cable tension to the lowering
speed, hydrodynamic coefficient and size of the suction pile
was analyzed and compared with other results. Bertelsen
(2014) studied the dynamic air cushion pressure when the
suction anchor was lowered in the splash zone. The author
established a theoretical model of the dynamic air cushion
pressure by using the nonlinear continuity equation of the
air cushion. Tassin et al. (2013) studied the process of entering
and leaving water by the objects with time-varying shapes
through numerical modeling.

The above studies mainly focus on the motion mechanism
of the air floating body structure under the influence of the
air cushion effect and the coupled motion of multiple rigid
bodies in the wave environment. The foundation of the
multi-bucket jacket has generally a low weight, strong struc-
ture, and is stable. It can be installed in an integrated manner
by the crane vessel. However, during the lowering process,
the foundation may be affected by wind pressure, waves and
current impact pressure, resulting in movement on the six
degrees of freedom that poses a threat to the hoisting stabil-
ity. Due to the real-time changes of the hydrodynamic char-
acteristics of the structure (natural period, RAO, etc.), the
structure will have different motion responses at different
positions. Therefore, it is highly necessary to carry out
hydrodynamic analysis for each position.

In this paper, the hydrodynamic software Moses is used
in the time domain to study the variation law of the motion
response and the hoisting cable tension of the lowering pro-
cess of the three-bucket jacket foundation. The effects of the
wave incident direction, spectral peak period and different
initial gas storage inside the suction bucket were considered.
And the influence of the air cushion structure on the
dynamic lowering process of the multi-bucket jacket foun-
dation is studied.
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2 Theory of air cushion and model design

During the lowering process, part of the air can be
retained and compressed in the suction bucket. The liquid
level difference between the inside and outside of the bucket
forms an air cushion with a certain air pressure that provides
the suction bucket with upward buoyancy. For the conve-
nience of analysis, the lowering process is divided into three
stages as follows.

Stage I: The air valve is opened, and the pressure inside
the bucket is considered to be the same as the atmospheric
pressure outside the bucket. Only the steel plate on the
bucket wall provides a small amount of buoyancy.

Stage II: The air valve is closed and the initial state is
reached. Subsequently, the air cushion forms and gradually
increases during the lowering process. The air pressure in
the bucket begins to rise, and the buoyancy of the air cushion
on the structure gradually increases.

Stage III: The water surface does not exceed the head
cover of the bucket and the air pressure in the bucket continues
to rise. However, the thickness of the air cushion in the
bucket and the buoyancy of the air cushion on the structure
gradually decrease.

Fig. 1 shows the lowering process. The initial air storage
refers to the ratio of air in the bucket to the total volume of
the bucket when the foundation of the three-bucket jacket is
in the initial position (Position B). When the top of the
bucket is above the water surface, the height %, of the air
cushion during the lowering process increases with the low-
ering operation of the structure. When the top of the bucket
reaches the water surface (Position D), h, becomes the
maximum, which means the air buoyancy reaches its maxi-
mum value. When the bucket completely enters the water
(Position E), h,, decreases as the structure descends, and the
air buoyancy decreases gradually.

Position A
H Position B .
D Position C .
Position D
hl th
Position E
h s
Stage 1 Stage II Stage 11T

Fig. 1. Lowering process of the suction bucket.

During the lowering process, it can be considered that
the temperature and total amount of air in the bucket do not
change due to the slow lowering speed. Therefore, the air in
the bucket at any position satisfies the following expres-
sions:

PoVo =P Vy; (1)

1
Vo= ZnDzHﬁ. Q)

In the above equations, P, is the standard atmospheric
pressure that is equal to 1.01x10° Pa, V}, is the initial air
storage, and P; and V; are the pressure and air volume,
respectively during the descending process. Furthermore, D
and H represent the diameter and height of the bucket,
respectively, and f is the percentage of air storage in the
volume of the bucket.

The pressure and volume of the air at any position satisfy
the following expression:

hy, d < H

py={ - 3)
yod—H+hy), d=H

1
—tD*(H-d+hy), d<H
4
) 4
ZnDth, d=H

In the above equations, y,, is the unit density of seawater,
which is equal to 1.0045x10* N/m?3, h,, is the height of the
air cushion, and d is the distance between the bottom of the
bucket and the water surface.

The buoyancy of the structure is directly related to #,,.
Ignoring the buoyancy of bucket wall and the rod, the hoisting
cable tension in still water can be obtained by the following
equations:

T =G - Fiyo; %)

3
Fouwo = ZnDthyW. (6)

In the above expressions, 7 is the total tension of the
hoisting cable, G is the total gravity of the structure and £},
is the air buoyancy.

Incorporating Egs. (2), (3), (4) and (6) into Eq. (5), the
relationship between 7 and d under different initial air storage
values can be obtained without including the buoyancy of
the jacket and the buoyancy generated by the bucket wall.

Fig. 2 shows the calculation results. It can be observed
that the existence of initial air storage will have a significant
impact on the hoisting cable tension. The hoisting cable ten-
sion becomes minimum when the head cover of the bucket
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Fig. 2. Hoisting cable tension for different lowering depths.



76 ZHANG Pu-yang et al. China Ocean Eng., 2023, Vol. 37, No. 1, P. 73-84

is located on the water surface. When the initial air storage
is above 50%, the buoyancy of the structure is too large, and
the hoisting cable tension will be zero before the lowering
depth reaches 12 m. At this time, the structure is in a self-
floating state and the lowering fails. In addition, when the
initial air storage is 50%, the total tension of the hoisting
cable is only 380 kN. Therefore, the cable can relax easily
under wave action.

As shown in Fig. 3, under the action of regular waves
with a wave height of 2 m, period of 5 s and wave incident
direction of 90°, the hoisting cable tension is equal to 0 in
many cases according to Moses calculation. This signifies
that the cable is relaxed, and the structure has a considerable
impact on the cable after the relaxation. Therefore, when the
initial air storage is 50%, the hoisting cable can relax easily
under the action of waves although the hoisting cable is still
under tension in still water. In this scenario, the lowering
process is very likely to cause danger and become infeasible
when the initial air storage is 50%. Thus, we study the initial
air storage of 30% and 10% in this paper.

=

~~ Baolt

Connector

. o
4" Slider holder
Moving plate
Pesition slider . .
Main ruler -

ar

Fig. 3. Tension of each hoisting cable under wave action.

In summary, the percentage of initial air storage in the
bucket volume S, should be carefully calculated, and it
should not be excessively high in actual construction. The
buoyancy should be smaller than the self-weight when the
head cover of the bucket is on the water surface. Further-
more, the difference between the two should be guaranteed
within a certain safety range.

All the bars and buckets in the jacket foundation are set
as beam units in Moses. The bar unit is not flooded, which
means that it can provide sufficient buoyancy. On the other
hand, the suction bucket is flooded, which means that only
the buoyancy generated by the bucket wall is considered,
and the inner space of the bucket cannot provide buoyancy.
The air cushion will be replaced by an equivalent simulation
where a spring connected to the suction bucket is set.

In this paper, a three-bucket jacket foundation of an off-
shore wind farm is chosen as the research object. The overall
height of the jacket foundation is 74 m, bottom foot distance

is 30 m, and top foot distance is 17 m. The height and diameter
of the bucket are both equal to 12 m. The overall mass of
the foundation (M) is 1499 t, and the center of gravity is
26.68 m above the bottom of the bucket. The lifting lugs
connected with the hoisting cable are located on the three
main brackets. Two lugs extend out to the hoisting cables to
merge into a single one, which simulates Cable A connected
by the two hoisting cables (Cable C/D). The remaining lifting
lug is attached to Cable B. Fig. 4 and Fig. 5 show the basic
schematic diagram of the three-bucket jacket foundation and
model diagram, respectively. In this paper, the hoisting
cable arrangement shown in Fig. 5 is selected. Table 1 and
Table 2 show the model parameters.
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Fig. 4. Schematic diagram of the three-bucket jacket foundation.
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Fig. 5. Schematic diagram of the model and coordinate system.

Table 1 Structural parameters of three-bucket jacket foundation

H (m) D (m) Hy (m) Hey (m) M (t) H, (m)

12 12 74 26.68 1499 100

Table 2 Hoisting cable parameters

Cable Initial length Diameter E-Modulus Damping
(m) (mm) (MPa) (kNs/m)

Cable A 13.64

Cable B 26 150 20000 140

CableC/D 15

In this paper, the elongation speed is added for Cable A
and Cable B. The length of the hoisting cable increases with
time and consequently, the structure can descend with time.
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During the descending process, the wave condition is
applied to the structure, and the complete time domain
results of the movement and the cable tension can be
obtained. The sensitivity analysis of the movement and
cable tension is carried out in this paper according to the
different variable values including spectral peak period,
wave incident angle and initial air storage.

3 Time domain analysis of the lowering process in still

water

First, the tension calculation results of the hoisting cable
in still water with 30% and 10% initial air storage are com-
pared, using the calculation results with 0% initial air storage
as reference. Fig. 6 shows the calculation results. As the
buoyancy of the bucket wall and bar is calculated, the tension
of each cable decreases with time when the initial air storage
is 0%. When the initial air storage values are 30% and 10%,
the hoisting cable tension drops rapidly after the air in the
bucket reaches the respective air storage capacity. The ten-
sions slowly rise when the head cover of the bucket sinks
below the water surface, which is consistent with the analysis
carried out in Section 1. As shown in Fig. 7, by further com-
paring the calculated results of Eq. (5) with those of Moses,
it can be gathered that the variation trends of the two are
basically identical. However, results obtained using Eq. (5)
are excessively high because they are calculated considering
only the buoyancy of the air without taking the buoyancy of
the bucket wall and bar into account. Furthermore, a large
difference occurs when the head cover of the bucket is sub-
merged in the water.
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Fig. 6. Tension time history curve for different initial air storage values.
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When initial air storage is 10%, the total tension after
the jacket foundation is lowered to the top cover submerged
is obviously larger than that of the working condition with
30% initial air storage. This is due to the fact that 30% initial
air storage provides more buoyancy to the foundation,
thereby reducing sling tension.

4 Time domain analysis of the lowering process under
the action of irregular waves

4.1 Wave incident direction

In this section, calculation results are shown with different
initial air storage values and the wave incident direction is
considered mainly for the time domain comparative analysis
of the lowering process of three-bucket jacket foundation.
The calculation results from the wave incident directions of
—90° to 90° are only considered because the hoisting system
composed of the structure and hoisting cable is arranged in a
symmetrical fashion. Table 3 provides the specific calculation
conditions.

Table 3 Calculation conditions
Lowering  Spectral peak Hj

Wave incident Initial air

Condition speed (m/h) period (s) (m) direction (°)  storage (%)
1 30
N 90 10
3 30
4 —60 10
5

30 30
6 10
. 20 5 2

30

8 0 10
9 30
10 60 10
11 30
12 %0 10

A significant wave height (H) of 2 m and spectral peak
period of 5 s are considered. Time domain calculations are
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performed by changing the wave incident direction.
Figs. 8—11 show the calculation results of surge, sway, roll
and pitch at the center of gravity of the three-bucket jacket
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Fig. 8. Surge time series for different wave incident directions.
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foundation with different wave incident directions. In these
figures, the initial air storage values of 30% and 10% are
considered. In general, the motion response amplitude of the
structure is larger in Stage I and the early phase of Stage III,
but smaller in Stage II. In the middle and late phases of
Stage III, the additional mass coefficient of the structure
increases as the descending depth increases, and the motion
amplitude of the structure gradually approaches zero. For
surge and sway, the motion amplitude does not change sig-
nificantly when the initial air storage values are 30% and
10%. On the other hand, for roll and pitch, the results with
30% initial air storage are higher than those with 10%. The
motion response is stronger, especially at the beginning of
Stage I1I. The sway and roll values do not recover at the end
of lowering, but remain at a certain value smaller than zero.
This may be because the stiffness and elongation of all the
cables are not consistent at this lifting mode, which leads to
the structural deviation.

When the wave incident direction are +90°, the surge
and pitch of the three-bucket jacket foundation remain basi-
cally zero before entering Stage III. However, after entering
Stage III, obvious surge and pitch motions occur suddenly,
which proves that the structure is relatively unstable in this
stage. Similar behavior occurs for the sway and roll when
the wave incident direction are £30°.

Fig. 12 shows the statistical values of the motion
responses of each degree of freedom for different wave inci-
dent directions. It can be observed that the maximum and
minimum values of motion of the four degrees of freedom
are correlated to the wave incident direction to a certain
extent. The statistical results are basically consistent when
the wave incident direction is symmetric about the horizontal
axis. For the roll and pitch results, the absolute maximum
and minimum values are smaller when the wave incident
directions are £60° and 0° under the condition of 30% initial
air storage. The other values are larger, which proves that
the roll and pitch motion responses are more sensitive to the
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wave incident direction when the initial air storage is 30%.

Fig. 13 shows the vertical position of the bottom of the
structure time series for different wave incident directions
under two initial air storage conditions, considering the
static water surface as the plane of origin. It can be observed
that: (1) the heave response of the structure under the condi-
tion of 10% initial air storage is small, especially in the
early part of Stage III; (2) the heave response of 30% is
large, which may be because the buoyancy is large when the
initial air storage is large, and the wave action on the structure
is more likely to occur.
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Fig. 13. Lowering depth time series for different wave incident directions.

The time domain calculation results of the tension of
each hoisting cable are shown in Figs. 14—16 similar to the
calculation results of the motion. The tension of the hoisting
cable varies significantly in the early phases of Stages I and
111, is smaller in stage II, and gradually stabilizes in the middle
and late phases of Stage III. Therefore, during the hoisting
construction process, the suction bucket structure is unstable
in the water entry stage. This is because the structure is sus-
ceptible to the influence of wave force since a significant
amount of movement occurs. As the lowering depth
increases, the suction bucket with large diameter gradually
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moves away from the surface water area where the wave
action occurs. The wave force can only act on the thinner
jacket bar. Meanwhile, the additional mass coefficient also
increases since the structure does not move easily and the
variation range of the cable tension is also considerably
reduced. Therefore, in the actual construction, special care
should be taken to avoid danger when the suction bucket
passes through the area of wave action.

The concept of dynamic amplification factor (f;) is
introduced in order to facilitate the comparison of the tension
calculation results. f is equal to the ratio of the maximum
hoisting cable tension to the weight of the structure. The Det
Norske Veritas (DNV-RP-H103) (Det Norske Veritas, 2011)
specification recommends that f; should be smaller than 1.3
for offshore structures with a mass of 1000-2000 t. Simi-
larly, as this paper studies, the use of air cushion structure to
reduce the tension of the hoisting cable, the ratio of the min-
imum tension to the self-weight of the structure is also cal-
culated in this section. To facilitate the comparison of the
hoisting cable tension variation, the ratio between the maxi-
mum value of hoisting cable tension and the self-weight of
the structure is defined as f; ..., and the ratio between the
minimum value of the hoisting cable tension and the self-
weight of the structure is defined as fj ., Fig. 17 and
Fig. 18 show the calculated results of these two ratios.
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Fig. 17. fymax for different wave incident directions.
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Fig. 18. fi i, for different wave incident directions.

Fig. 17 shows that f; ..« fluctuates around 1.15 when the
initial air storage is 10%. However, when the initial air storage

is 30%, fimax in other wave incident directions is smaller
than the calculated result with 10% initial air storage except
for the wave incident direction of 90°. These results prove
that f3.m.x can be effectively reduced in the case of large air
storage. However, it can be gathered from Fig. 18 that due
to the high buoyancy in Stage III, the tension of the hoisting
cable decreases considerably when the initial air storage is
30%. When the wave incident direction is 30°, the total ten-
sion of the hoisting cable is only 4% of the total structural
weight. Therefore, although the hoisting cable tension can
be effectively reduced when the initial air storage is 30%,
the construction risk is relatively high.

4.2 Spectral peak period

The results shown in this section mainly consider the
spectral peak period of waves for carrying out a time
domain comparative analysis of the lowering process of the
three-bucket jacket foundation with different initial air storage
values. This section focuses on the spectral peak periods of
5,7,9 and 11 s, which are the common wave periods under
actual sea conditions. At the same time, calculations are per-
formed with initial air storage of 10% and 30%. Table 4
shows the specific calculation conditions.

Table 4 Calculation conditions

Lowering  Spectral peak H; Wave incident Initial air
speed (m/h) period (s) (m) direction (°)  storage (%)
30
10

30
10

30
10

30
10

Condition

5

20 2 90

0 N N W AW N =

The significant wave height is 2 m and the wave incident
direction is 90°. Time domain calculations are carried out
by changing the spectral peak period. Figs. 19—22 show the
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calculation results of the surgy, sway, roll and pitch motions
of the center of gravity of the three-bucket jacket foundation.
In these results, irregular wave action with different spectral

peak periods and initial air storage values of 30% and 10%
are considered. Generally speaking, the structure movement
mainly occurs in the early phase of Stage III, whereas it is
relatively small in Stage II. At the same time, in the middle
and late phases of Stage III, the additional mass coefficient
of the structure increases as the descending depth increases,
and the motion amplitude of the structure gradually tends to
zero. For the sway and pitch motions, the motion amplitude
is basically zero in Stage I, slightly increases in Stage II,
and increases sharply after the beginning of Stage III. The
movement under each spectral peak period is more obvious
when the initial air storage is 30%. Whereas, when the initial
air storage is 10%, the movement amplitude is larger only
when the spectral peak period is 5 s, unlike the behavior at
he initial air storage of 30%. Similar to the previous section,
sway and roll under the action of waves with different spectral
peak periods do not return to zero at the end of the lowering
process. Instead, they remain at a value smaller than zero,
which again proves that such a situation should be indepen-
dent with wave conditions.

Fig. 23 shows the motion response statistics under dif-
ferent wave spectral peak periods. It can be observed that
the maximum and minimum values and standard deviations
of motion responses in the four directions occur at the initial
air storage of 30%, which proves that the motion response
range at the initial air storage of 30% is large in all direc-
tions. Except for the extremum of the surge motion that
increases with the increase of spectral peak period when the
initial air storage is 30%, all other results decrease as the
spectral peak period increases.
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Fig. 23. Motion response statistics under different wave spectral peak
periods.

Fig. 24 shows the curve of the vertical position of the
center of gravity of the three-bucket jacket foundation with
two different initial air storage and varying wave spectral
peak periods. It can be observed that when the initial air
storage is 30%, there is a large fluctuation in the early phase
of Stage III. While, the heave amplitude is small in the other
cases because the wave period is close to the natural period
of the structure.

Figs. 25—27 show the time domain calculation results of
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the tension of each hoisting cable. Similar to the calculation
results of the motion response, the tension varies considerably
in the early phases of Stages I and III, is smaller in Stage II,
and gradually stabilizes in the middle and late phases of
Stage III. In the actual construction, when the suction
bucket passes through the wave action area and the wave
period is concentrated at about 5 s, extra attention should be
paid to avoid damage

Fig. 28 and Fig. 29 show the statistical ratios of the
maximum and minimum values of the total tension of the
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cable under different spectral peak periods, respectively. It
can be observed from Fig. 28 that the dynamic coefficient
with the initial air storage of 30% is smaller than that with
the initial air storage of 10% in the same spectral peak
period. The difference between the two is not significant
when the spectral peak period is small; however, the differ-
ence slightly increases as the spectral peak period increases.
In general, the dynamic coefficients with two air storage
values decrease with the increase of spectral peak period.
According to the above analysis, this behavior may be
related to the difference between the wave period and the
natural period of the whole hoisting system to some extent.
It can be observed from Fig. 29 that f; ..., has little correlation
with the spectral peak period. When the initial air storage is
30%, the minimum tension of the cable is significantly
lower than that with the initial air storage of 10%. Therefore,
in combination with the analysis in Section 3.1, it can be
concluded that for the initial air storage of 30% and under
the action of the irregular wave with a significant wave
height of 2 m, the cable relaxation does not occur but is
already very close to zero. Once a big wave is encountered,
it is likely to be dangerous and, therefore, this method of
launching is still not recommended in actual projects.

5 Conclusions

This article was based on the Moses calculation model
of the three-bucket jacket foundation of offshore wind tur-
bine. The time domain simulation of the whole three-bucket
jacket foundation lowering process was carried out. The
effects of different environmental conditions and initial gas
storage on the structural movement and the tension of the
hoisting cable were studied. The main conclusions of this
paper are as follows.

(1) The time domain calculations of the hoisting cable
tension with the lowering speed of 20 m/h and the initial air
storage values of 0%, 10% and 30% were carried out. The
variation trend of the calculation results was basically the
same as the analysis of theory, but the calculation results
obtained by theory are excessively high because the buoyancy
of the bucket wall and bar was considered.

(2) By comparing the calculation results for different
wave incident directions, it was concluded that when the
wave incident direction was symmetrical about the X-axis,
the statistical results were basically the same. The responses
of the roll and pitch were more sensitive to the wave incident
direction when the initial air storage was 30%.

(3) The larger initial air storage in the bucket can effec-
tively reduce f; and the maximum tension. When the initial
air storage was 10%, fi.x fluctuated around 1.15, while
when the initial air storage was 30%, f_nax In Wave incident
directions other than 90° was smaller than the calculated
result with the initial air storage of 10%. However, when the
initial air storage was 30%, the tension of the hoisting cable
decreased significantly. In this case, the tension is very easy

torelax, resulting in a larger impact force, and the construction
risk was large.

(4) By comparing the calculation results for different
spectral peak periods, it was observed that the motion
response amplitude was larger when the initial air storage
was 30%. All the other results decreased with the increase
of spectral peak period, except for the maximum value of
surge motion. fy .. decreased with the increase of the spectral
peak period, while the minimum value of the hoisting cable
tension had little correlation with the spectral peak period.
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