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Abstract

This thesis explains the effect of wave shielding ability of a large vessel on the workability
of offshore lifting operations. Monopile and jacket structures are considered for this study.
The goal is to enhance the operational window and safety of these operations by analyzing
in-depth how much effective is vessel shielding.

A detailed methodology is deveoped and employed including hydrostatic stability evalua-
tion of vessel, sea keeping analysis in Ansys Aqwa, and time domain dynamic simulations in
Orcaflex. Vessel, monopile, jacket, crane, and relevant sea states are modeled using Ansys
Aqwa and Orcaflex to simulate reaslistic conditions in order to check their influence on actual
lifting operations.

The results show that vessel sheilding significantly improves the offshore workability for
specific wave directions and especially for lower wave periods. The effect of shielding on the
type of structure to be installed also varies based on structure type. Workability enhances
much more for monopile installation as compared to jacket installation if shielding is consid-
ered.

These findings highlight how important it is to take into account the designs of offshore
structures when looking at the benefits of wave shielding. The study proves useful for mak-
ing offshore lifting activities better, which could lower risks, cut downtime, and save costs.
By allowing operations to continue in a wider range of weather conditions, shielding effect
appears to be a good way to make offshore installation projects safer and cost friendly.

Keywords: Offshore lifting, vessel shielding, workability, hydrostatic stability, dy-
namic simulations
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1
Introduction

1.1 Background
The pressing need for sustainable and dependable energy sources is intensified by global
warming and the ongoing energy crisis. It is projected that by 2040, 20% of global electricity
will come from renewable sources EWEA [5]. Wind power is particularly reliable due to
certain advantages it has e.g. availability(means wind energy has low delays because is
almost always present), cost-effectiveness, and manageable risk.

For few decades, onshore wind turbines have been utilized to generate green energy [6, 7].
In contrast, offshore wind energy provides several key benefits, like stronger wind velocities,
less turbulence, reduced noise pollution for people because of remote locations, and the ability
to transport and install larger turbines [8]. This has led to a significant increase in offshore
wind development over the last twenty years, with further expansion expected as shown in
figure 1.1. In Europe, the total installed capacity of offshore wind turbines is 25 GW. The
total number of installed wind turbines exceeds 5000 across 12 countries offshore wind [9].

Figure 1.1: Annual offshore wind installation by country WindEurope [1]

However, the offshore wind sector faces considerable challenges. Research shows that the
initial investment for offshore wind farms is more than double that of onshore projects [2].
Offshore turbines, while based on land designs, must be specially adapted to withstand
aquatic corrosion and harsh marine conditions [10]. The increased expenses for offshore
projects stem from the high costs of building sea-based foundations, as well as the complexities
of transporting and installing these foundations, equipment, and turbines. Additionally, costs
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Shielding Effect for workability improvement in offshore lifting operations

associated with operation and maintenance are significantly higher [11].

Figure 1.2 illustrates the cost distribution for both land-based and offshore wind turbines.
The costs associated with installing and assembling offshore wind turbines can represent
up to 20% of the total capital expenditure, in contrast to only 6% for their land-based
counterparts[2]. Offshore operations are considerably more complex and costly than onshore
activities, posing greater financial and engineering challenges. The primary issue lies in
the uncertainties associated with the harsh offshore environmental conditions, which impose
greater structural loads and increase risks. Given the narrow profit margins in the offshore
wind sector, it is crucial to reduce installation expenses by refining methodologies during the
design and planning stages.

Onshore Offshore
Figure 1.2: Cost breakdown comparison between offshore and onshore wind turbines [2]

Offshore wind farms are progressively being established farther from the coast and in deeper
waters, as depicted in Figure 1.3 , where the size of bubble is proportional to wind farm’s
capacity. By the end of 2014, the average water depth for operational wind farms was 22.4
meters, and wind farms were around 32 kms from shore on an average [5].

4



Chapter 1 Introduction

Figure 1.3: Average water depth and distance to shore of various offshore wind farms (Bub-
ble size representing windfarm capacity.) [5]

Current projects that are under construction, approved, or planned suggest that these av-
erage depths and distances will continue to increase, thereby presenting greater challenges for
transportation, installation, operation, and maintenance of these wind farms. Consequently,
the capital costs for offshore wind farms in Europe have risen in recent years, as shown in
Figure 1.4 and it totally make sense. To cut these costs, a better comprehension of the
principal risks associated with offshore wind projects is required.

Figure 1.4: Capital cost trend of european wind farms year by year [3]

An offshore wind turbine is composed of the Rotor Nacelle Assembly(RNA), the tower,
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and a bottom structure to support it. Figure 1.5 displays different foundation types for these
turbines. Monopiles are the most prevalent foundation types for depths up to 40 meters due to
their straight forward design and lower costs associated with manufacturing and installation
Thomsen [12]. Gravity-based structures (GBS) are very good when it comes to shallow waters
where pile driving is cumbersome, with the deepest GBS installation reaching 28 meters at
Thornton Bank wind farm [13]. Jackets and tripods are capable of meeting the necessary
strength for depths up to 60 meters [14]. For depths exceeding 100 meters, floating platforms
are likely to be more economical, with three main types currently being explored as depicted
in Figure 1.5 .

Figure 1.5: Different type of foundations for offshore wind turbines [4]
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2
Motivation

2.1 Problem statement
During foundation placement, hydrodynamic forces exert significant loads on structures as
they are lowered through the splash zone. Splash zone is the horozontal patch of water
which encompasses the location where offshore structure e.g. monopile is lowered. When
using a floating installation vessel, the lifting mechanism becomes particularly susceptible
to wave loads, necessitating a thorough response analysis during the planning stage. For
the installation of turbine components, considerations include height of the lifting and the
potential for pendulum movements caused by wind. It is essential to ensure that lifting at
different elevations remain within the crane’s lifting capacity and that pendulum movements
stay within safe operational limits.

Operational weather criteria significantly affect system downtime. The most considerable
downtime during offshore lifting operations results from wave conditions during foundation
lifting or wind conditions during RNA installation. Positioning jack-ups also contributes to
significant downtime. This is because they are more sensitive to change in weather condi-
tions especially during jacking up operations. Furthermore, soil conditions also play their
role in down time. Consequently, more floating installations are being utilized for foundation
placement to expand the operational weather window, allowing for quicker transit and repo-
sitioning. Nevertheless, for the installation of turbines, jack-ups are still the preferred vessels.
Expanding the weather window is crucial for reducing costs in the installation of wind farms
that consist of multiple structures.

Based on the fact that more and more offshore wind farms are to be installed in the future,
these problems associated with offshore wind turbine installation needs to be addressed and
measures are to be taken in order to make the offshore lifting or lowering through splash
zone becomes more efficient, reliable, safe and feasible. For this, some solution regarding the
widening of weather window for these installations is needed.

2.2 Research Objective
Based on the complexities and challenges inherent in the installation of offshore wind turbines,
this thesis explores an innovative approach to enhance operational workability through the use
of vessel shielding. Normally weather window width is enhanced using dynamic positioning of
the vessel and by the use of motion compensation devices. By positioning installation vessel
in such a way that they block incoming wave action, the objective is to create a significantly
calmer sea state around the installation site. This method holds potential for enhancing the
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process by reducing the impact of harsh marine conditions on lifting operations, which is
crucial for ensuring the efficiency and safety of construction activities.

The research objective that is dealt with in this thesis is to have a thorough analysis of
vessel shielding effect and to check how effective it is in enhancing the workability of offshore
lifting/installation operations. This thesis checks the shielding effect by variations in vessel
positioning and its effect on the allowable wave height. The effect of vessel shielding is studied
in the context of monopile and jacket lowering operation. Lowering operation is studied by
comparing both the shielded and unshielded case and then effect of shielding on workability
is observed.

The question about enhacement of workability is studied by using the dynamic simulations.
Wave dynamics like diffraction due to vessel presence and radiation due to vessel motion is
studied and its effect on the sea state is observed by using these dynamic simulations. This
checks how the interaction between vessel and incoming waves effect the operational window.

By having this study done, a measure of upto what extent the allowable wave height can
be tolerated is evaluated. So operational safety as well as weather window can get widended
if this study yields good results.

8



3
State of the art

The steps involving the building of an offshore wind farm includes carriage and installation
of wind turbine foundations, wind turbines themselves, offshore substations and cables. The
predominant technique for installing foundations is the use of heavy lifting operations, typ-
ically performed with floating vessels or jack-up vessels. For bigger substations, the floating
installation presents an alternative option [15]. Typically, turbine components are hoisted
and positioned using jack-up vessels. Installation processes involve multiple types of activities
and are often time consuming. Minimizing time and costs for each activity can significantly
reduce the overall expense of the operation and, consequently, the entire wind farm. Thus,
selecting appropriate methods and equipment is critical for efficient installation planning.

Monopiles are typically transported either using a barge or with the help of installation of
vessel, or they are capped and transported via wet towing [16]. As the dimensions and mass
of these monopiles increase, employing large installation vessels for their transport becomes
costly. Alternatively, the wet tow method has been utilized effectively. This approach to
floating a single monopile has been successfully implemented during the installation processes
of two wind farms [17]. Moreover, transporting multiple monopiles in a single journey is
feasible with the appropriate connection between them.

The process of installing monopiles typically involves two principal phases: upending and
then drilling of the piles. Performing a combined wet-tow and upending operation in water
can be managed by cranes of lower capacity than those needed for transport and upending
on the vessel itself. However, upending monopiles in water is more susceptible to weather
conditions compared to on-board operations. The key procedures in monopile installation
are the upending, lowering into position, and the driving process. It is crucial to maintain
the monopile’s vertical alignment during the driving process to ensure accuracy.

Sarkar [18] has proposed a method to decouple the installation activities from the move-
ments of the floating vessel by employing a pre-installed submerged structure for support.
The monopiles, which are end-capped and transported through wet towing, are then sup-
ported against the dynamic forces of waves and currents by this support structure during
their initial drilling into the seabed.

Lifting operations serve as a primary method for deploying monopiles and various other
offshore infrastructures. To predict the behavior of these operations, numerical simulations
are frequently utilized, addressing the dynamic responses of a range of installations including
sub-sea templates [19], suction anchors [20], foundation structures, platform topsides, and
components of wind turbines [21]. Additionally, several experimental investigations have
been carried out to accurately determine hydrodynamic coefficients, such as the added mass
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and damping coefficient of piles [22], or to adjust critical factors within numerical models,
such as the damping or stiffness of essential supporting structures within the lifting equipment
[23].

In operations where monopiles are lowered from aerial positions through the splash zone
and down to the seabed, the dynamic characteristics of the system continuously vary. Such
processes, defined by their transient or significantly non-linear behaviors, require numerical
and analytical methods distinct from those applied in stationary conditions [24].

In operations where heavy loads such as monopiles are lowered by floating vessels, under-
standing the hydrodynamic interactions that occur due to wave activity is critical. Research
into heavy lifting operations within the oil and gas sector has explored the shielding effect
of using large semi-submersible crane vessels to shield smaller transport barges [25, 26, 27].
These studies indicate that while the crane tip’s reactions are not influenced significantly by
hydrodynamic forces, the smaller barge’s responses are much impacted due to its relatively
smaller size compared to the crane vessel. Thus, the proximity of two floating structures
influences their dynamic responses and must be considered in response assessments.

In situations where a monopile is lowered using a floating vessel, the hydrodynamic ef-
fects exerted by the relatively small monopile on the larger vessel are generally negligible.
Nonetheless, the vessel’s capacity to alter wave patterns around the monopile is pronounced
and should not be overlooked. This difference results from the wave fields near the floating
vessel being changed by diffraction and radiation effects, even when the incident waves are
long-crested. Proper positioning of the lifting system and vessel relative to incoming waves
can reduce the lifting system’s exposure to wave impacts, leveraging what is known as wave
shadow effects [28]. Therefore, examining the shielding effects provided by the vessel during
lowering operations in wave-affected areas is essential for optimizing operational responses.

When smaller structures are located near a much larger floating body, it is crucial to
consider the radiation and diffraction impacts on the fluid movements when determining the
forces acting on the structure [29]. Typically, the process involves calculation of sea state
disturbance RAOs to actually model the effect of presence of vessel as an obstacle to incoming
waves and then to calculate the loads on the structure bing lowered based on this disturbed
sea state. This method is applicable primarily when the lifting system maintains a constant
mean position.

Nonetheless, the complexities of the system due to transient behaviors and inherent non-
linearities suggest that the position of the objects being lowered will vary over time. Con-
sequently, it becomes necessary to employ time-domain techniques to accurately model the
entire lowering process, taking into account the shielding effects offered by the nearby vessel.

In these studies, the approach to account for shielding effects involved calculating the
coupled hydrodynamic coefficients in the frequency domain while all elements maintained
their average positions. This presupposes minimal movement within the system. Nonetheless,
during ongoing lowering operations where the positions of the objects being lifted vary w.r.t
time, this technique proves inadequate. One major challenge in this context is the significant
motion that the load may undergo due to wave activity while being lowered Bai et al. [30].
developed a three-dimensional non-linear potential flow model to assess wave interactions
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Chapter 3 State of the art

with fully submerged structures, whether static or under constrained movement, using a
time-domain approach. They examined a scenario where a cylindrical load hung from a
solid cable and was exposed to wave forces. Yet, this method has been restricted to regular
wave patterns so far, and its simulation efficiency remains low. Its adaptability to more
complex tasks or under irregular wave conditions for extended periods remains uncertain and
is questionable.

Regarding the lifting of a monopile with a floating vessel, due to the size differential between
the monopile compared to the vessel means the hydrodynamic impact of the monopile on
the vessel is minimal and generally disregarded[31]. presented a strategy to consider the
shielding provided by the installation vessel to a monopile throughout its lowering through
splash zone. They applied Morison’s equation to compute the wave forces on the monopile
by interpolating sea state disturbances at specific wave points which lied in the splash zone.
Findings indicated that the responses of the monopile are considerably diminished in shorter
waves when shielding effects are considered. The research also suggested that optimizing
the vessel’s orientation can further minimize responses, leveraging these shielding effects,
although the analysis was limited to long-crested waves.

Previous research has focused on refining numerical methods to more accurately simulate
the lifting operations of monopiles, particularly emphasizing the non-stationary aspects of
these processes. Certain assumptions were made within the numerical models in those re-
searches. For example, studies have shown that any interaction between vessel and monopile
can be ignored while checking the effects of monopile radiation damping and in this way, hy-
drodynamic forces on the vessel are simplified in reaction to the excitation due to incoming
waves[32]. Furthermore, these studies did not consider the effect of short crestedness of waves
as noted by DNV[33]. On top of that, these said studies did not investigate the allowable
sea state which are necessary for planning the operation efficiently to reduce the operational
costs.

Generally when lifting analysis is performed, it is a practice to ignore the hydrodynamic
interation between the structures that are submerged and to simplify the model as much as
possible by having steady state approximations to model the transient behaviours. But these
simplifications can yield erroneous results. Actual effects produced by these simplifications
and consequently efficiency of operations are yet to be studied in order to check if they yield
over conservative results that will increase the expenses or they give overly tolerant results
that can involve risks with the operations.

The installation process is studied for both the monopile and jacket case and comparisons
are made [34]. In these installation analysis, effects due to vessel shielding for both structures
acroos different wind farms are also studied. How the wave-structure interaction is influenced
by incoming wave directions and wave peak periods, and in turn the variation in RAOs are
investigated in these studies. The extract from these studies in that in case of monopile
installation, the sea state experienced by it is very less as compared to jacket installation in
case of shorter wave peak periods and waves coming from quartering direction.

In previous researches, external dynamic link library (DLL) is integrated in (SIMO) system
to calculate hydrodynamic forces on monopile and jacket. In this method, the effect of vessel
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shielding on the area surrounding the monopile or jacket is kept under consideration in order
to have the precise information about how vessel presence is affecting the sea state and in
turn the forces on structures to be installed.

The findings from the study provided compelling evidence that the shielding provided
by the vessel mitigated the responses of monopiles in short-wave environments, particularly
when near quartering seas. This mitigation effect is observed to diminish in longer wave
scenarios, where the induced motions from the vessel can intensify the overall dynamics of the
system, potentially complicating the lifting operations. In contrast, the responses of the jacket
structures are predominantly governed by the vessel’s movements, even in shorter waves. This
suggests a minimal impact from the shielding, indicating that the physical characteristics and
positioning of the jackets diminish the effectiveness of such shielding strategies.

The results of this study made sure that vessel shielding has promising effect on monopile
response especially when it comes to short waves approaching the installation zone from
quartering direction. On the contrary, we can’t see so much effect of vessel presence in case
of long waves because for higher periods, vessel motion is also very high and it renders the
lifting operation difficult to execute. So, the monopile motion is governed by vessel movement
only in case of short waves but for jacket, its motion is influenced by vessel in both long and
short waves. This means when it comes to jackets, the effect of vessel shielding is not so
much.

Torgeir [35] in her research suggested that while planning monopile installation, effect
of vessel shielding should be taken under consideration. She recommended optimizing the
heading angles to leverage the protective effects of shielding, which could significantly broaden
the operational windows under varying sea conditions. This strategic approach is poised to
enhance safety, reduce operational risks, and improve efficiency in monopile installations.
Conversely, the findings suggest that shielding effects have a negligible impact on jacket
installations. Therefore, for jackets, it is often practical to overlook shielding considerations
in planning, especially under conditions where the vessel’s own movements dominate the
operational dynamics.

In essence, this comprehensive analysis underscored the necessity to tailor shielding strate-
gies according to the specific structural characteristics and operational contexts of the offshore
installations. By doing so, it is possible to maximize the effectiveness of installation opera-
tions while ensuring optimal use of resources and minimizing environmental impacts.
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4
Methodology

This chapter outlines the basis of design, definitions and systematic workflow adopted for the
research conducted in this thesis. To provide a clear understanding of the processes involved,
a flowchart is presented initially. This visual representation serves as an informative overview,
for a detailed exploration of each step within the workflow. Subsequently, each phase of the
workflow is explained in detail, offering deeper insights into the methodologies employed
and their significance in advancing the study. This structured approach not only enhances
the clarity of the research approach but also facilitates a thorough understanding of the
procedures and analytical techniques integral to this study.

4.1 Basis of Design

4.1.1 Unit System

All units are metric unless specified otherwise.

• Mass: 1t = 1000 kg

• Sea Water Density: 1.025 t/m3

• Air Density: 1.343 kg/m3

• Acceleration due to gravity: 9.8 m/s2

4.1.2 Coordinate System

The Coordinate system used throughout is right handed unless otherwise specified. Coordi-
nate system can be seen in figure 4.1 below.

Figure 4.1: Coordinate System
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The convention in ANSYS AQWA and Orcaflex for the origin of coordinate system X,
Y, and Z is as follows:

• X = 0 at zero frame, positive x-coordinats in forward directions

• Y = 0 at centre line of vessel(CL), positive y-coordinates towards portside(PS).

• Z = 0 at waterline of the vessel(WL), positive z-coordinates in upward direction

The convention in SARC PIAS for the origin of coordinate system X, Y, and Z is as
follows:

• X = 0 at zero frame, positive x-coordinats in forward directions

• Y = 0 at centre line of vessel(CL), positive y-coordinates towards starboard side(SB).

• Z = 0 at baseline of the vessel(BL), positive z-coordinates in upward direction

The wave direction in AQWA and Orcaflex is defined as the angle from the positive global
X axis to the direction in which the wave is travelling, measured anti-clockwise when seen
from the top. An example of wave/current/wind heading is shown in figure 4.2

• 0 degrees = Stern waves (following waves)

• 90 degrees = SB beam waves

• 180 degrees = Head Waves (Head Seas)

• 270 degrees = PS beam waves

Figure 4.2: Wave conventions

4.2 Definitions
This section contains all the information regarding definitions of the parameters used in

this thesis.
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4.2.1 Significant Wave Height

The significant wave height is the average of the highest one third of the wave peaks in an
irregular sea. In the following, wave height refers to the significant wave height Hs (crest to
trough) unless mentioned otherwise.

4.2.2 Wave Period

The peak period, Tp, is defined as the irregular wave period where the wave spectrum energy
is maximum. Unless mentioned otherwise, the wave period refers to the irregular peak wave
period. The zero up-crossing period, Tz, is the mean irregular wave period between two
consecutive upward wave crossings with the static water level.

4.2.3 Natural Period

The natural periods can be calculated with the following formula:

Tn = 2 ∗ π ∗
√

m + a

c
(s) (4.1)

Where

Tn: The undamped natural period of a certain mode of motion.
m: The coresponding element from the mass matrix.
a: The corresponding element from the added mass matrix.
c: The corresponding element from the stiffness matrix.

4.3 Vessel Specifications

This study is performed for the monopile installation at Borkum Riffgrund offshore wind-
farm. The lifting vessel for this project is Jan de Nul’s Les Alizés. "Les Alizés", is a DP2
Heavy Lift Crane Vessel, which is classified as an Offshore Construction Vessel designed for
lifting operations [36]. It is equipped for unrestricted navigation and carries certifications like
DYNAPOS-AM/AT-R (DP Class 2), Clean Ship ND07, and a Green passport EU, indicating
high environmental standards.

The vessel sails under the Luxembourg flag and has following dimensions, including a
length overall of 236.8 meters, a breadth of 52 meters, and a maximum draft of 10.5 meters.
Its deadweight tonnage (DWT) is 61,000 tons.

Key to its operations is the crane system, manufactured by Huisman, which boasts a
maximum lifting capacity of 5,000 tons at 36 meters with the main block, and an auxiliary
block that can lift 1,500 tons at 46 meters radius. The auxiliary block is also capable of
operating at significant depths, supporting operations up to 440 meters underwater.

The vessel’s propulsion system includes Main Gen. Sets featuring Diesel Engines by MAN,
capable of generating 6 x 7,200 kW, and supports environmental compliance with IMO Tier

15



Shielding Effect for workability improvement in offshore lifting operations

III and Euro stage V standards. It has a maximum speed of 13 knots, supported by azimuth
and bow thrusters for enhanced maneuverability.

Accommodation on the vessel is provided for crew, with 120 single and 15 double cabins.
It also includes a heli deck capable of supporting helicopters like the Sikorsky S-61N, S-92,
and Agusta-Westland EH-101.

Figure 4.3: Les Alizes loaded with monopiles

Figure 4.4: Les Alizes Sideview

4.4 Lifting Plan

Lifting plan for this study is taken from offshore renewables department of JDN, it contains
the configuration in which monopile is to be lowered in the splash zone. From lifting plan,
the important information to extract is crane slew angle, crane radius, and crane boom angle.
Figure ?? shows the visual representation of lifting plan.
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4.5 Deck Layout

The deck layout of a vessel serves as an input data for stability software, defining the current
loading conditions. This layout includes every component on board, along with its weight,
contingency percentage, and the coordinates of its LCG, TCG, and VCG. It is important
to ensure that the sign conventions for these coordinates in the deck layout align perfectly
with those used by the stability software. If the conventions do not match, the data must be
converted to a compatible form before being input into the software to ensure correctness of
results.

The current thesis studies the deck layout of Les Alizes. This layout is provided by offshore
renewables department at JDN. There is a difference in the convention of this layout and
stability software SARC Pias. The transverse coordinate of COG are positive towards the
PS in this layout but SARC considers positive coordinates towards SB side. So signs of these
coordinates are reversed before feeding them into SARC.

4.6 Work Flowchart

Figure 4.5 shows the flow chart representing the whole workflow in an organized manner step
by step. It depicts that the very first step is to determine the limiting criterias against which
the effectiveness of shielding is to be studied. Once, this is established, vessel hydrostatic
stability parameters are evaluated using stability software SARC PIAS.

After hydrostatic stability step, vessel sea keeping analysis is necessary for further proceed-
ings. RAOs are calculated using diffraction solvers from ANSYS AQWA/(Orcawave). After
RAOs evaluation, disturbance in the sea state (sea state RAOs) are determined in order to
have a realistic modelling of the variation in sea state due to vessel presence.

The next step is the dynamic time domain simulations in Orcaflex to actually calcuate the
results of monopile movement and all other limiting criterias to be evaluated.

After all the simulations performed, post processing of results is done in order to have mean-
ingful conclusions regarding the objective. Post processing is done using Orcaflex spreadsheet
to retrieve results simultaneously.

Finally, based on the retrieved results, the data will be used to make workability plots to
convey proper information about the allowable wave heights for specific combination of wave
peak periods and wave directions.
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Start

Limiting Criteria Definition

Hydrostatic Stability of vessel using SARC PIAS

RAOs using Ansys aqwa/Orcawave

Viscous Roll Damping 
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Add Roll Damping

Damped RAOs
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Sea State Disturbance RAOs

Dynamic Analysis in Orcaflex

Results Processing

Workability Plot Creation

Comparison between shielded and unshielded case

End

Figure 4.5: Workflow explanation flowchart

4.7 Limiting Criteria Definition

Limiting criteria are a necessary standard to check the effectiveness of shielding as to whether
it is working or not. These limiting criteria are derived based on the operational limits of
the equipments involved in the installation process. For example the horizontal motion of
monopile is being limited by the gripper motion. Monopile gripper is the device which holds
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the monopile in its place while lowering into the sea bed to maintain accurate positioning and
to avoid vibrations. It stabilizes the monopile against lateral movements. In order to avoid
monopile damage because of slam between monopile and gripper, limiting criteria is defined
to monopile that will make sure that it shouldn’t move more than specified gripper motion.
Gripper can move 3 m in either horizontal direction, based on this, monopile horizontal
motion is limited to 2.5 m in both horizontal directions. Generally whole operation is limited
by a number of different criteria. Figure 4.6 shows the lowering of monopile while inside the
gripper.

Figure 4.6: Monopile placed inside gripper and being lowered using Lez Alizes

Apart from monopile motion, crane leads(offlead and side lead) are also the limiting criteria
because of their direct effect on monopile movement. DAF of crane is the last limiting criteria.
This has been enforced because of crane load carrying capacity.

The results are analyzed against these comprehensive limiting criteria, which include the
monopile horizontal motion (gripper’s movement capacity), crane offlead, side lead, and DAF.

The results of dynamic simulations are evaluated against the said limiting criteria. These
limiting criteria are tabulated in 4.1, providing a structured method for comparing the op-
erational effectiveness under various conditions. This approach offers a clear, quantifiable
measure of how effectively shielding enhances overall operational workability, ensuring a as-
sessment of the operational dynamics.
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Table 4.1: Limiting Criteria for this study

Limiting Criteria Limiting Value
Monopile Horizontal Motion(m) 2.5
Crane Offlead(o) 2
Crane Sidelead(o) 3
Crane DAF(-) 1.15

4.8 Hydrostatic Stability Evaluation

For the assessment of hydrostatic stability within this study, the SARC PIAS software was
utilized. Initially, to conduct a thorough stability analysis, it was good to establish an accu-
rate loading condition and lifting plan. The loading condition is based on deck layout. These
elements were sourced from the offshore renewable department. The loading condition speci-
fies the components present on board, detailing their weights (inclusive of a 5% contingency)
and the locations of their longitudinal, transverse, and vertical COG(LCG, TCG, and VCG).

The formulas to calculate local moment of inertia of each component having length (l),
breadth(b), and height(h) can be calculated using formulas given in equations 4.2 to 4.4

Ixx,local = 1
12 ∗ (b2 + h2) ∗ m (4.2)

Iyy,local = 1
12 ∗ (l2 + h2) ∗ m (4.3)

Izz,local = 1
12 ∗ (b2 + b2) ∗ m (4.4)

To ensure the vessel’s stability, ballast water tanks are there. These tanks require precise
management to maintain stability throughout the operations. Figure 4.7 shows the general
interface of SARC PIAS. The data input into SARC PIAS included a complete list of all
components, their weights, and the coordinates for their COG based on the loading conditions.
The lifting plan also dictated the crane’s slew angle and radius, which were inputs for the
stability software.
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Figure 4.7: Sarc Pias general interface to interactively ballast the tanks

Interactive ballasting within the SARC software was conducted to achieve a balanced state
where the vessel exhibited neither heel nor trim. Following these adjustments, the intact
stability module of the SARC PIAS was engaged. This module evaluated the vessel’s intact
stability and provided output on the moment of inertia for all tanks and LCG, VCG, and TCG
of vessel. These inertia calculations, alongside the previously determined inertias of other
components, were then compiled into a spreadsheet. The moment of inertias with respect
to vessel COG were calculated using steiner component/parallel axis theorem. Formulas are
given in equation 4.5 to 4.7

Ixx,G = m[(V CG − V CGship)2 + (TCG − TCGship)2] + Ixx,local (4.5)

Iyy,G = m[(V CG − V CGship)2 + (LCG − LCGship)2] + Iyy,local (4.6)

Izz,G = m[(LCG − LCGship)2 + (TCG − TCGship)2] + Izz,local (4.7)

The radius of gyration about x, y, and z axes are calculated using formulas given in equa-
tions 4.8 to 4.9

Kxx =

√
Ixx,G

m
(4.8)

Kyy =

√
Iyy,G

m
(4.9)
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Kzz =

√
Izz,G

m
(4.10)

After all these calculations, summary of hydrostatic paramteres was compiled and tabulated
in table ??. For further calculations, GMfluid was calculated because of the fact that all the
ballast tanks were not fully filled and due to this, there will be free surface moment effect
which will reduce the metacentric height.

4.9 Sea Keeping Analysis

Seakeeping analysis is required to understand the motion responses of a vessel in reaction
to waves. For this purpose, the hydrodynamic database of the vessel is determined using
ANSYS-AQWA. AQWA is a 3D diffraction analysis suite used to investigate the effects
of wave, wind, and current on floating and fixed offshore and marine structures. These
structures include spars, FPSO systems, semi-submersibles, TLPs, ships, renewable energy
systems, and breakwater designs. This software package is well recognized in the offshore and
marine industry. Since the study involves lowering operations, no forward speed is included
in the hydrodynamic database. Additionally, no heel and trim are included in the geometric
model.

4.9.1 Hydrodynamic Model

The AQWA model of the vessel is created based on the 3D STEP model of Les Alizes. The
mesh consists of approximately 4762 elements. An internal lid is specified to prevent irregular
frequency problems. Figure 4.8 and 4.9 shows the AQWA model with the mesh elements.

Figure 4.8: AQWA Mesh,isometric view
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Figure 4.9: AQWA Mesh,profile view of the vessel.

4.9.2 Mesh Sensitivity Analysis

Mesh sensitivity analysis is usually performed in order to achieve convergence of the results so
that an acceptable mesh size can be used for analysis. It indicates how changes in mesh size
affect the result. A large mesh size can miss important details and results can be inaccurate.
In contrast, very fine mesh size is able to capture excessive details at the expense of high
computational time and processing power.

For this study, an acceptable mesh size is determined based on the tolerance limit of 0.1%.
Maximum value of pitch RAOs at 0o is calculated for different mesh sizes starting from a
coarse mesh of 3.5 m and reducing mesh size till a very fine mesh of 1 m. Results are evaluated
and mesh size against which tolerance limit is achieved is used for further analysis. Details of
this mesh independence study is mentioned in table 4.2. It can be seen that relative difference
in pitch RAO results against mesh size of 2.5 m and 2 m reduces below 0.1%. So, mesh size
having maximum cell length of 2 m is used for all further analysis. Roll RAOs are not used
for mesh sensitivity analysis because potential solvers calculate undamped roll RAOs and
values are unrealistic. So, pitch RAOs are calculated for wave angle of 0o.
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Table 4.2: Mesh independence study details

Mesh Size(m) Pitch RAO(degree/m) % difference

3.5 0.7291 -

3 0.72993 0.114%

2.5 0.73069 0.104%

2 0.73116 0.064%

1.5 0.73135 0.026%

1 0.73144 0.012%

4.9.3 Hydrostatic Validation

The AQWA model mesh is validated for the given loading condition by comparing the hy-
drostatic data from the stability calculations (SARC) to the hydrostatic data of the AQWA
model. The values are presented in the table below.

Table 4.3: Validation of the hydrostatic model in ANSYS AQWA

Parameter Sarc AQWA Difference(%)
Displacement(t) 80003 80389 0.48
LCG(m) 106.42 106.80 0.35

4.9.4 Analyzed Wave Directions and Periods

Hydrodynamic analysis is performed for periods ranging from 3.5 seconds to 30 seconds in
steps of 0.25 seconds. The wave directions considered range from -180◦ to 180◦ in steps of
15◦.

4.9.5 Natural Period

Table ?? shows the natural periods of vessel for heave, roll, and pitch. These natural
periods are calculated using the hydrodynamic diffraction model in ANSYS AQWA. Modal
analysis of the model for the whole lifting arrangement is also done in Orcaflex. This analysis
made clear that natural period of vessel and the whole lifting system does not coincide and
there is no chance of resonance between them.

4.9.6 Potential and Viscous Damping

Hydrodynamic analysis in AQWA is conducted using 3D diffraction theory based on potential
flow theory. This theory provides linear damping related to wave-making. For linear theory,
horizontal modes of motion (surge, sway, and yaw) are typically out of resonance in common
sea conditions, making damping less significant. Therefore, potential flow theory accurately
evaluates the linear amplitudes of these motions.

Vertical modes of motion (heave, pitch, and roll) can enter linear resonance. The wave-
making part of the damping is dominant for heave and pitch, resulting in good agreement
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between experimental and numerical results from potential flow theory. However, for roll
motion, nonlinear damping needs to be added to the analysis.

Whether to add additional roll damping depends on the likelihood of roll resonance occur-
ring. This determination is based on comparing roll RAOs in beam seas with the natural
sea state where the offshore operation will be performed. If the natural sea state coincides
with the roll resonance period in beam sea conditions, additional roll damping is necessary
and should be incorporated using the Ikeda method. If these conditions do not coincide, the
analysis can proceed without adding viscous roll damping.

4.9.7 RAO Plots

The Roll RAO is computed for the center of gravity (COG) of the vessel, considering the
cargo component list. This data is derived from the deck layout of the vessel, as detailed in
appendix ??, where the positions of all other components can also be verified.

The natural sea state at Borkum Riffgrund, where monopiles are to be installed, have
waves with Tp ranging from 4 to 12 seconds. RAOs for each degree of freedom in various
directions can be seen in appendix ??. Figure 4.10 shows roll RAOs separately for beam sea
condition and it can be seen that the resonance period for roll is approximately 22 seconds.
As the natural sea state and the natural roll period do not align, there is no likelihood of
resonance occurring. Therefore, there is no requirement for additional viscous damping in
AQWA/ORCAWave.

5 10 15 20 25 30
Wave Periods (s)

0

20

40

60

80

100

120

140

Ro
ll 

Am
pl

itu
de

 [d
eg

/m
]

Wave Period
Range

Roll RAOs of Les Alizes at beam seas

Figure 4.10: Vessel Roll RAOs at beam seas

4.10 Sea-state RAOs

Any object in the sea disturbs the sea conditions due to interactions with passing waves, such
as wave radiation and diffraction. While small objects like buoys have minimal impact on
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Figure 4.11: Sea State RAOs location

the sea state, large objects like vessels can significantly disturb nearby sea conditions.

We can model the disturbance effects of a vessel, referred to as the disturbance vessel, using
sea state RAO data specific to the vessel type. These disturbance effects can be applied to
nearby objects (monopile in this case). This feature is useful for modeling phenomenon like
wave shielding, where objects behind a large vessel experience reduced wave action.

The sea state RAOs define the amplitude scaling and phase shift of the disturbed wave
components relative to the incoming undisturbed waves, considering factors like position,
wave direction, and period relative to the vessel. For dynamic analysis, Orcaflex requires
velocity potential disturbance RAOs as input, as they provide more convenient manual data
entry and ensure better interpolation performance [37].

We can obtain sea state RAO data from vessel motion diffraction analysis programs or input
simple RAO data manually. For instance, we can model uniform scaling of wave amplitudes
by entering a single RAO amplitude, which applies to all wave components and positions
for objects linked to the disturbance vessel. Orcaflex utilizes interpolation to determine the
appropriate sea state disturbance RAO for each wave component at any given position.

Sea state RAOs can be determined using either ANSYS AQWA Flow or Orcawave. For
this work, sea state RAOs are computed for the splash zone where the monopile is intended
to be positioned. These RAOs are derived for an area covering the entirety of the monopile’s
designated location, as indicated in the lifting plan provided earlier. The sea state disturbance
is assessed at the waterline (z = 0) within the region defined by 45 ≤ x ≤ 75 and 27 ≤ y ≤ 54.
Here, x, y, and z represent the positions relative to the vessel’s origin, with x denoting the
longitudinal position and y representing the transverse position. Specific points for evaluating
sea state disturbance are depicted in Figure 4.11.

The presence of a vessel causes disturbances in the velocity potential of incoming waves due
to diffraction and radiation effects. An analysis using a potential solver like ANSYS AQWA
or Orcawave provides this disturbance potential, which is a combination of diffraction and
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radiation effects. To distinguish between these effects, the analysis is conducted twice. First,
the vessel is allowed to move freely, capturing the combined diffraction and radiation effects.
Then, all degrees of freedom of the vessel are fixed, isolating the diffraction effect. The
difference between these two analyses reveals the change in velocity potential attributed to
radiation alone.

Figure ?? and ?? shows the change in velocity potential of incoming waves due to effect
of radiation and diffraction separately. It can be seen that major contribution to alter the
potential of incoming waves is due to diffraction and very minor contribution is due to radia-
tion by the vessel. For any combinations of wave period and direction, we see an interference
between diffracted and radiated waves and combined effect we see in the form of total distur-
bance experienced by the sea state in the splash zone location. But the major contribution
in disturbing the sea state is due to diffraction.

Figure ?? illustrates the disturbance in velocity potential caused by the combined effect of
diffraction and radiation resulting from the presence of the vessel. These sea state RAOs are
computed for wave peak periods ranging from 4s to 12s and for heading angles between 135o

and 225o. For incoming wave angles from 135o to 180o, there is a decrease in the amplitude
of incoming waves, while for other heading angles, there is an increase in amplitude ratio.
This phenomenon forms the basis of the shielding effect, demonstrating how the presence
of the vessel alters the sea state and provides protection to the operational location against
incoming waves.

4.11 Dynamic Analysis in Orcaflex

Orcaflex is the software package for the design and analysis of a wide range of marine sys-
tems. Typical applications in offshore dynamics include riser systems(SCRs, TTRs, hybrids,
flexibles, umbilical, hoses), mooring systems(spread,turret,SPM,etty,etc.), marine renewables,
installation planning with capabilities across the full range of scenarios, towed systems(bundle
dynamics, seismic arrays, towed bodies, etc.), defence, seabed stability and many other types
of systems. [38]

Time domain dynamic simulations have been performed in Orcaflex in order to simulate
the complete behaviour of lowering oprations. These simulations require complete modeling
of the system in Orcafle. Major modelling steps are discussed here.

4.11.1 Vessel Modelling in Orcafle

In Orcafle, a vessel is modeled using a set of data including the vessel’s length, mass, COG
location, moment of inertia tensor, displacement RAOs, load RAOs, sea state RAOs for
the splash zone, stiffness, added mass, and damping matrices for all analyzed wave periods.
Additionally, any other damping, such as viscous roll damping if required, as well as current
loads, wind loads, and vessel drawings are included. This data is derived from previous
diffraction analysis using a potential solver.

Subsequently, Orcafle needs to be informed about the types of loads the vessel will be
evaluated against. In this study, the vessel was evaluated only against wave loads, added
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mass, and damping. Wind loads are not included, as the goal is to compare shielded and
unshielded sea states. Wind and current loads are second order slow drifting forces but
this study is focused on first order loads (waves), so wind and current loads are neglected.
Furthermore, neglecting wind loads in both cases ensures a consistent comparison, which is
why they are omitted. Figure 4.12 shows the Orcaflex menu where this data is to be entered.

Figure 4.12: Vessel Data Form in Orcaflex

4.11.2 Monopile Modelling in Orcaflex

Monopile modeling in Orcaflex is carried out by inputting the accurate geometry of the
monopile, including the correct section length and diameter. The monopile is represented as
a spar buoy (circular cross-section) with multiple sections in Orcaflex. For this, the outside
diameter of each section, inside diameter of each section, and length of each section are input
into Orcaflex. Additionally, the added mass and drag coefficients are included, based on DNV
RP C205 [39].

The moment of inertia for each section of the monopile is calculated individually and then
adjusted to the global centroid of the monopile using the following formulas.

The local moment of inertia for each cylinder, given its length (l), breadth (b), and height
(h), is calculated using the formulas in equations 4.11 to 4.13.

Ixx,local = 1
12(b2 + h2)m (4.11)

Iyy,local = 1
12(l2 + h2)m (4.12)

Izz,local = 1
12(l2 + b2)m (4.13)

The moments of inertia with respect to the monopile’s center of gravity (COG) are calcu-
lated using the parallel axis theorem, as shown in equations 4.14 to 4.7.

Ixx,COG = m[(V CG − V CGmp)2 + (TCG − TCGmp)2] + Ixx,local (4.14)
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Iyy,COG = m[(V CG − V CGmp)2 + (LCG − LCGmp)2] + Iyy,local (4.15)

Izz,COG = m[(LCG − LCGmp)2 + (TCG − TCGmp)2] + Izz,local (4.16)

Next, the connection of the monopile in Orcaflex is specified as free, and the disturbance
vessel for the monopile, which in this case is Les Alizes, is selected. This ensures that Orcaflex
accurately models and transmits the disturbances created by the vessel’s presence in the sea
state to the monopile being lowered into the splash zone. Figure ?? shows the monopile
drawing.

4.11.3 Jacket Modelling in Orcaflex

Jacket modeling in Orcaflex is carried out by inputting the accurate geometry of the jacket.
The members of the jacket are represented by line objects in Orcaflex. For these line objects,
outside and inside diameter, youngs modulus, bending stiffness, axial stiffness, poisson ratio,
torsional stiffness, normal and axial drag coefficients, and added mass coefficients are specified
in Orcaflex. The mass of the whole jacket and mass moments of inertias are respresented by
a reference buoy and every line object is connecte to this reference buoy in Orcaflex. The
mass and moment of inertias of jacket are tabulated in ??
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4.11.4 Environment Modelling

After completing the equipment modeling and inputting the required values for dynamic
analysis in Orcaflex, the next step involves environmental modeling to accurately replicate
the realistic sea state where the operation is performed. This process includes inputting
various wave parameters such as wave spectrum, wave direction, wave height, and wave peak
period.

To accurately reflect the actual sea state and its impact on the lowering operation, it
is necessary to incorporate waves with all possible peak periods, wave headings, and wave
heights that are likely to occur. This way of applying the probable sea state will make sure
that analysis incorporates all the possible scenarios which can occur during the operation.

To take this into account, various parameters that suggest the type of environment are used
in the simulations to make sure that realistic operational analysis is performed. JONSWAP
spectrum is used and it is realistic for this study because Borkum Riffgrund 3 is located in
german north sea and JONSWAP spectrum is also valid for north sea.

Following environmental parameters are used to asses the lowering in Orcaflex

Table 4.4: Wave Parameters Summary

Parameter Value

Directions 135o to 225o

Maximum Wave Height 2.5m

Wave Spectrum JONSWAP

Peak Periods 4s to 12s

Peak enhancement factor γ Variable

Water Depth 33.5m

Sea Bed Flat

While modeling the wave spectrum itself, Orcaflex uses the formula from isherwood [40]
in order to evaluate the peak enhancement factor γ. But in this thesis, γ is evaluated by
using the formulas stated in the recommended practice by DNV RP C205 [39]. Based on
this recommended practice, value of γ is dependent on the ratio of wave peak period Tp to
the square root of significant wave height Hs. Formulas in equation 4.17 to 4.19 state the
guidelines for γ value.

γ = 5 for Tp√
Hs

≤ 3.6 (4.17)

γ = exp(5.75 − 1.15 · Tp√
Hs

) for 3.6 ≤ Tp√
Hs

≤ 5 (4.18)

γ = 1 for Tp√
Hs

≥ 5 (4.19)
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Dynamic simulations in Orcaflex are run at a maximum wave height of 2.5 m. Other than
2.5 m, simulations are run at 1.5 m as well. By using results at these two wave heights, if
needed, results can be evaluated at any other intermediate wave height using interpolation.
The type and relevant formulas for interpolation are discussed in results processing.

For these two wave heights, seven different wave directions and nine different wave peak
periods are utilized for dynamic simulations. Moreover, having all these environmental con-
ditions combinations, three different monopile drafts are used for which simulations are run.
And for each draft, all the simulations are run for both shielded and unshielded splash zone.
Summing up all these combinations, a total of 750 simulations are performed.

To run these 750 simulations one by one, the data file of Orcaflex needs to be updated
everytime before running the simulation. Because of the fact that γ also changes for different
values of Tp√

Hs
, it also needs to be varied everytime. Doing these changes before running every

simulation is a cumbersome task and involves a lot of manual labour.

To speed up this process and lessen the manual data entry, a python script is employed to
get this job done. The script on its own updates the data file by changing the environmental
parameters and γ values according to equations 4.17 to 4.19 and saves individual data files
for every case. In this way the file generation process becomes faster and much time can be
saved.

Although generating all the simulation cases using python script makes the task easier but
still opening Orcaflex and running each file and then closing it and running again the next
file needs constant attention and it will take a lot of time to finish all these simulations. To
overcome this batch processing feature in Orcaflex is used in which all the simulation files
can be loaded all at once and Orcaflex uses all the processing cores to solve the dynamics
for 12 cases simultaneously and then next 12 until all finish. This doesn’t require constant
human attention.

Figures 4.13 and 4.14 shows the Orcaflex model with all the equipments in case case of
monopile and jacket installation.

Figure 4.13: Orcaflex monopile installation shaded graphics model
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Figure 4.14: Orcaflex jacket installation shaded graphics model

4.12 Results Processing

Orcaflex spreadsheet is employed in order to extract results of monopile motion, crane DAF,
and crane leads. These results are retrieved against wave Tp and directions specified in table
4.4. This spreadsheet works by first taking any simulation file as an input and then user
can specify which results are needed and then these required results can be duplicated for
each case. Parallel processing can also be used in Orcaflex spreadsheet so as to speed up the
process of results extraction to save time.

Once all the results are done, they can be compiled according to different classes. For
example, based on monopile draft, based on significant wave height, based on splash zone
i.e. shielded or not shielded. The data is compiled in this manner in order to have proper
reference to use it afterwards.

The simulations are conducted for wave heights of 1.5 m and 2.5 m. After obtaining the
results, each value is compared against its corresponding limit value as specified in table 4.1.
If the results exceeded the permissible limits, the significant wave height is adjusted down-
wards to comply with the limiting criteria. This adjustment is achieved through quadratic
interpolation, using results from the static state (0 m wave height), 1.5m wave height, and
2.5m wave height as input data.

Rather than rerunning the simulations for a lower wave height each time to check if the
results meet the corresponding limits, the interpolation method is used to determine the
necessary reduction in wave height to ensure all results are within their limits. Specifically,
simulations are conducted for wave heights of 1.5m and 2.5m, and we also have the static
state results corresponding to a wave height of 0m. This provides us with three data points
to work with. For instance, when evaluating the crane DAF results, the three data points
would be: (0, daf0), (1.5, daf1.5), and (2.5, daf2.5). If DAF becomes more than its limiting
criteria of 1.15, because we have three points to interpolate, quadratic interpolation can be
utilized in order to correctly approximate the value of allowable wave height for which DAF
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doesn’t exceed 1.15.

So to have quadratic interpolation, a quadratic equation is needed which should satify the
three points stated above. This equation can have the form y = ax2 + bx + c. To derive this
equation value of coefficients a, b, and c are needed. These coefficients can be determined
using the following formulas derived from the given points as shown in equations 4.20 to 4.22

a = x1 · (y3 − y2) + x2 · (y1 − y3) + x3 · (y2 − y1)
(x1 − x2)(x1 − x3)(x2 − x3) (4.20)

b = y2 − y1
x2 − x1

− a · (x1 + x2) (4.21)

c = y1 − ax2
1 − bx1 (4.22)

Benefit of using this interpolation method is that it will approximate the results better
than linear interpolation and also because no need to run simulations for intermediate values
of Hs. This will save considerable amount of time as extra simulations need not to be run.

At this step, the significant wave height is already calculated against each of the limiting
criteria separately. But we know that during operation, all of the stated limiting criteria will
effect the lifting operation. So, it is needed that significant wave height should be calculated
which should incorporate all the three limiting criteria simultaneously. For this purpose, it
is required to find out the governing criterion among all the limiting criteria.

To find the governing limiting criterion, we need to study results for each case separately
and check the result against which significant allowable wave height is least. This particular
result is governing the wave height for that specific period and wave direction. This dictates
how high should be wave in order to limit the operation within limits. If these steps are taken
into account and taken care of while planning the operation, the whole installation operation
is well within its safe limits.

After compiling all the results for each scenario, workability pivot tables are created for
both shielded and unshielded splash zones. The effectiveness of employing shielding during
operation planning is evaluated by calculating the ratio of allowable wave heights for shielded
versus unshielded splash zones. This analysis is repeated for all three monopile drafts to
ensure comprehensive coverage.

At this step, workability plots can be created for every case. Workability plots are created
based on the classification of results as discussed above. Most important is to make these
pivot plots for shielded splash zone and unshielded splash zone. Then in order to make a
compatible comparison, the ratio of significant wave height is taken in case of shielded to
unshielded splash zone. Similarly these pivot tables of workability are made for each draft
separately. The advantage of data representation using pivot table is the clear understanding
of the results for every individual wave height and wave peak period combination. It also
simplifies the comparison.

By comparing the ratios of allowable wave heights, we can tell pin point that at which sea
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state, sheilding is assisting the operation. The pivot tables and heat maps provide a detailed
yet accessible way to interpret the data, ensuring that all aspects of the analysis are easily
understood.
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5
Conclusion and Future Scope

In this section, the main points and findings of the study are put togeher. This provides a clear
summary of the steps that are taken and what is learned becuase of this study. By gathering
all this information in one place, the overall significance of this work can be appreciated. In
the end, future scope is written as to what more can be done in this regard.

Conclusions
• The challenges in offshore lifting operations, such as the exposure of lifting systems

to wave-generated forces during foundation installation and the risk of pendulum-like
movements during turbine installations, necessitate the importance of detailed response
analysis and proper operational planning. Any methods to improve the workability also
improves the safety of the operation.

• This thesis investigated the effect of vessel shielding thoroughly to enhance the work-
ability of offshore lifting operations. The findings show that positioning the vessel in
such a way so as to block the impact of incoming waves produce quite calmer sea state
which is quite feasible for offhosre lifting and installation operations.

• It can be concluded that shielding effect reduces the effect of incoming waves by reducing
the monopile response in shorter waves. But in shorter waves, vessel itself does not move
so much.

• If shielding effect is considered, the best heading angle that increases the workability
limit ranges from bow quartering waves incoming from starboard side to nearly head
seas(specific according to lifting plan considered in this thesis).

• Vessel shielding is more effective for diagonal waves because of the fact that diagonal
waves encounter longer length of the vessel as compared to beam waves. So, for higher
peak periods, shielding effect will be more effective for waves incoming from diagonal
direction.

• Shielding decreases the workability limit(Hs) for waves ranging from head seas to bow
quartering portside. So it has positive as well as negative effect depending on heading
condition.

• The effect of vessel shielding is also dependent on monopile submergence height. More
the submergence, less will be the workability enhancement for wave angles 135o to 165o

and more will be the workability enhancement for wave angles of 195o to 225o. So,
depending on what draft at which monopile is to be lowered, vessel position can be
adjusted to have the highest allowable significant wave height.
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• The workability is most sensitive to changes in crane offlead and sideleads. So these
paramteres are governing the allowable wave height in this study.

• Shielding happens due to change in velocity potential of the incoming waves due to
presence of vessel. Sea state changes because waves get diffracted due to vessel in their
way and radiated because of the vessel motion.

• The predominant factor affecting changes in sea state is diffraction, because of the
presence of the vessel, with a more pronounced effect observed for shorter wave periods.
On the other hand, radiation effects are considerably less significant in altering sea
state conditions. These effects primarily manifest during longer wave periods when the
vessel’s motion is more.

• As compared to monopiles, shielding effect is quite insignificant for jacket installation
except for very few wave periods and directions because of the unequal distribution of
sea state disturbance around the jacket geometry. So shielding can be ignored for jacket
installation.

Future Work

• The approach followed in this thesis is based on Morison’s formula in which monopile
is treated as hydrodynamically transparent structure. But for bigger sizes, it would
not behave as a morison element. For that, MP is to be treated as a diffracting body.
Separate RAOs for monopile also needs to be calculated and multi-body analysis needs
to be done in Orcaflex. So, in future, multi-body analysis in which vessel and MP both
interact with each other can be analyzed to extend this study for larger structure sizes.

• In this study, only waves loads are studied. Wind and current loads are ignored. These
loads can alter the average inclination of MP during operation. This can be modelled
and analyzed to make the lowering operation more realistic in future.

• Furthermore, this study only incorporates one loading condition of the vessel (one ves-
sel draft only). Multiple drafts of vessel can be studied in future to have the effect of
vessel draft on shielding performance. In this way, optimal draft of the vessel can be
ascertained which will react best to the shielding performance of the vessel.

• This analysis is based only on the foundation installation. It can be extended to turbine
rotor and nacelle installation as well. Installation analysis of all these components in-
cluding foundation and RNA can help in planning the installation of complete windfarm.
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