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Pile driver and method of driving a pile into an underwater bed

Octrooischrift uitgegeven: ir. P.J. Hylarides c.s. te Den Haag.

The present invention relates to a pile driver, configured to drive a pile into an underwater bed, comprising a
floatable body with a pile guide configured for guiding said pile in a downward direction, and an actuator that is
fixed to the floatable body and that is configured to drive the pile from the floatable body into the underwater bed.

The invention furthermore relates to a method of driving a pile into an underwater bed, comprising the steps of:

- positioning a floatable body;

- arranging a pile in a pile guide configured to guide said pile in a downward direction; and

- driving said pile from the floatable body into the underwater bed by an actuator that is fixed to the floatable body.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de
techniek en schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende
stukken.
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Pile driver and method of driving a pile into an underwater bed

The present invention relates to pile driver and to a method of driving a pile into
an underwater bed.

In offshore wind and oil and gas, large tubular members are used as a foundation
for the support of the wind turbine or the top side of the installation. Typically, one or more
elongated steel members are used as direct support in the soil (e.g. a monopile) on which the
remainder of the structure is positioned. The installation of these piles is done by driving them into
the soil.

In conventional pile driving, an impulse-like force is applied to the top end of the
pile by the impact weight of a hammer. The resulting compressive stress wave propagates
downwards, towards the tip of the pile. If resistance at the tip is high, such that the possible motion
of the pile tip is close to zero, it will be reflected as a compressive stress wave back up the pile. If
the tip resistance is very low, such that no force can be exerted from the pile to the soil, the
reflection will be a tensile stress wave. In practice, the soil resistance will vary between these
extremes. This variation, waves and the impacts of the hammer itself induce fatigue in the pile. The
fluctuation of compressive and especially tensile stresses accelerate the growth of voids and micro
cracks in the material of the pile. This significantly reduces its lifetime and/or requires a very large
wall thickness.

In addition, impact pile driving imposes a limit on the speed of driving and sets
high requirements on the pile as there is a limit on the maximum force of impact without damaging
the top end of the pile and/or buckling the pile.

During such impact driving with a hammer, the pile is continuously loaded with
alternating compressive and tensile stresses. This causes lateral vibrations of the outer surface of
the pile, in turn resulting in the emission of sound pressure. As a consequence, noise-mitigation
measures need to be applied during the pile driving in order to reduce these noise levels to an
allowable level.

An object of the present invention is to provide a pile driver and a method, that is
improved relative to the prior art, and wherein at least one of the above stated problems is
obviated. In particular it is desired to reduce the negative effects on fatigue life, to increase the
allowable driving forces on the pile, to reduce driving time and/or to reduce sound emissions
especially when installing a foundation element in an underwater ground formation,

Said object is achieved with the pile driver according to the invention, wherein
said pile driver is configured to drive a pile into an underwater bed, said pile driver comprising:

- a floatable body with a pile guide configured for guiding said pile in a downward

direction; and
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- an actuator that is fixed to the floatable body and that is configured to drive the
pile from the floatable body into the underwater bed.

Contrary to a (free) falling hammer, the present invention comprises an actuator
that is fixed to the floatable body. In this way, the pile may be displaced relative to the floatable
body, wherein the weight of said floatable body is used to drive said pile into the underwater bed.
This allows a very gradual driving of said pile into the underwater bed, which has some significant
advantages:

- low impact on the top of the pile, i.e. where a conventional hammer impacts the
pile;

- less dynamic loads while driving the pile into the soil, thereby reducing fatigue
and allowing a smaller wall thickness of said pile;

- eliminating tensile stresses, thereby allowing the use of concrete piles that have a
low tolerance for tension stresses; and

- possibly faster driving of a pile into the soil, because the driving force may be
applied substantially continuously.

Said object is furthermore achieved with the method according to the invention,
comprising the steps of:

- positioning a floatable body;

- arranging a pile in a pile guide configured to guide said pile in a downward
direction; and

- driving said pile from the floatable body into the underwater bed by an actuator
that is fixed to the floatable body.

According to a first aspect of the present invention, the pile driver comprises a
floatable body with a pile guide configured for guiding said pile in a downward direction and an
actuator, fixed to the floatable body and configured to drive the pile from said floatable body into
an underwater bed. Said pile guide is displaceable relative to the floatable body and is configured
to provide motion compensation — preferably for both translational motion and rotational motion —
thus, allowing the floatable body to remain in motion during driving without affecting the
verticality and position of said pile. Said pile guide preferably comprises a positioning platform, a
friction element and a positioning means configured to change the position of said positioning
platform relative to the floatable body by sliding on said friction element providing motion
compensation. Said pile actuator is preferably connected to said positioning platform (and not the
floatable body directly), which allows the pile driver to drive the pile downwards and at the same
time compensate for any lateral motion of the floatable body simultaneously.

In a preferred embodiment, said positioning means is configured with cylinders

which have one chamber filled with a viscous fluid (e.g. oil) and a further chamber filled with a gas
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(e.g. air). This allows the cylinders to exercise the required large force in the action stroke (using
the chamber with the high viscosity fluid) and go back to their initial position quickly (using the
chamber with the gas).

In another embodiment, said positioning platform is configured in a star shape
providing a better support for larger pile driving forces by distributing the loads evenly.

In yet another embodiment of the pile actuator, the driving of the pile is performed
without said friction element. This eliminates one element from the pile actuator assembly, but
requires the positioning means of the pile to be able to support the larger driving force.

According to a further preferred embodiment according to the invention, said pile
guide further comprises a guide frame connected to said positioning frame and a gripper
configured with a pivot. The gripper is configured around the pile and said pivot is configured to
provide rotational freedom of motion of said pile relative to the positioning platform, which
provides verticality of said pile in case the positioning platform is in motion during the driving of
said pile for example when mounted on a ship or barge. Verticality of the pile is in particular the
deviation of the pile, specifically the longitudinal axis of the pile, from the true vertical.

According to a further preferred embodiment, said actuator comprises a pulley
assembly comprising a first set of pulleys arranged on said floatable body and/or a second set of
pulleys arranged on said pile. Said pulley assembly further comprises a single tensioner and a force
tool (e.g. a winch) replacing the impact blows from a conventional hammer by a gradual driving
force on said pile that forces it into the soil relative to said floatable body.

The tensioner is configured to span between the top of the pile and a positioning
platform. By gradually winding it up, the pile is forced into the soil in a gradual and continuous
manner without sudden impacts by setting off from the positioning platform. The pile driver is thus
configured to drive said pile without sudden impacts and has the benefit that the top flange of the
pile, where usually the contact is made between a conventional hammer and the pile is better
protected in the process of driving. It incurs no damage. In contrast, conventional pile driving
causes the impact damage to the pile. The single tensioner, by means of the freely rotating pulleys
of the pulley assembly, allows for self-adjustment and axial symmetry of the driving force on the
pile. When the force tool pulls on said tensioner, the tensioner slides downwards and is guided over
all said pulleys, thereby distributing the force equally.

In addition, this embodiment of the invention eliminates the fatigue from pile
driving because there are no impacts on the pile and the force it is subjected to is constant with no
dynamic effects. Thus a smaller wall thickness of the pile is possible or a longer lifetime during

operation. The wall thickness of the pile is further reduced due to the reduced impact load.
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This embodiment of the invention also eliminates the tension stress from pile
driving as there is no reflected tensile wave propagation in the longitude of the pile due to impacts.
Thus concrete piles can be used (which have low tolerance for tension stresses).

Furthermore, the elimination of impact on the pile also eliminates the noise of pile
driving. Compared to the impact pile driving which generates significant noise in the ground, water
and atmosphere with every blow of the hammer on the pile.

According to the invention, the pile is driven into the ground by applying a gradual
driving force. This reduces the required driving force as the friction coefficient with the soil, that
governs the reaction force, is lower once the pile is in motion and stays in motion — utilizing
kinetic friction instead of static friction that can be 10% lower. Compared to impact driven
movement with a stop-and-go behavior that always remains in the static friction range, the
continuous movement of the pile according to the current invention also increases the speed of
driving as there is no time lost between the individual blows of the conventional hammer.

In an alternative embodiment of the invention, the pile actuator comprises a brake
near the second set of pulleys, which are configured near the top of the pile. Said brake is
configured to restrain the speed of the tensioner going over the pulleys (either by means of all
pulleys at the same time or by means of a specific set of said pulleys). In this embodiment, the
second set of pulleys and said brake are configured as an aiming means for the pile driving
direction. By activating said brake at the desired time and side of the pile, that specific side of the
pile is pulled with a greater force from the force tool. This allows a correction to be done of the
direction the pile is driven in, defined by the line between the attachment point of the second set of
pulleys, the driving force rotation point, and the contact point of said pile in the underwater bed,
the underwater bed rotation point. Additionally, in the case the second set of pulleys is configured
at a significant distance from said pile gripper, a balance rotation point is created at the contact
point of said gripper to the pile. This allows the pile driving direction to be rotated around the
gripper and said pivot. By aligning said driving force rotation point, said underwater bed rotation
point and said balance rotation point, the pile can be driven in any specified direction without
creating unwanted lateral forces or moments.

In an alternative embodiment, the load on the set of pulleys connected to the
positing platform is reduced by an additional vertical support, which is configured to support the
vertical load from said tensioner directly. Said vertical support is kept in a vertical position, only
under compression under the vertical load from driving of said actuator without bending, by a
secondary positioning means (e.g. hydraulic cylinder). Said secondary positioning means may be
configured to be attached either to the floatable body or said positioning platform.

In a further preferred embodiment, said second set of pulleys is arranged on a pile

cover, arranged on the top of the pile, to which said tensioner is connected. In this way, the need
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for a gripper for applying the driving force on the pile is avoided, which would normally be
connected somewhere in the middle of the pile to drive said pile in pieces. Applying said pile cover
directly on the top of the pile reduces the time for driving by eliminating the steps of re-gripping
said pile. In addition, there is no damage to the pile from the contact with the gripper and the
power requirements for the pile driver are lower as a gripper relies on friction forces, which are
much higher than the compression achieved with said pile cover.

Furthermore, said pile cover is much lighter than a conventional hammer, as it
does not rely on its mass for driving, and thus there is no need of a crane for the placement of said
pile cover. That is done already when the pile is on the deck of the floatable body and not at a later
stage when the pile is already in an upright position.

In an alternative embodiment of the invention, the actuator comprises a hydraulic
extender (e.g. an hydraulic cylinder) configured to converts it extension and pushing itself off the
floatable body into a vertical driving force on the pile. Said extender is configured to be separate
from the positioning means of said pile guide. In this configuration, the pile driver according to the
invention benefits from the division of tasks over two subsystems — the pile actuator assembly
configured with heavy cylinders which are configured with high capacity, but are inherently slow
moving, and the pile guide assembly configured with quickly reacting cylinders, which are less
powerful — to avoid the expensive requirement for heavy cylinders that are also quick.

In another preferred embodiment, the actuator further comprises a weight
configured to be displaceable relative to said floatable body and which is configured to drive said
pile with its gravitational force by being gradually lowered in a controlled manner, putting the pile
tensioner under tension and pushing said pile into the underwater bed. Said weight is thus
configured to store potential energy by being lifted, which can be easily released in a controlled
manner on the pile to drive it in contract to a kinetic energy utilized by a conventional hammer.

In another embodiment of the pile actuator assembly, the driving of the pile is
performed with a force from reverse acting hydraulic cylinders connected to the pile by arod and a
pivot point. When said cylinder pushes the rod upwards from the positioning platform said rod
forces the pile downwards into the underwater bed.

The pile driver according to the invention may further comprise a pile booster
assembly providing a boost in the driving performance for said pile and said pile driver. In, one of
the preferred embodiments, said pile booster assembly comprises a substantially fluid tight seal
positioned on said pile, a compressor (e.g. pump) and a pressurized fluid (e.g. sea water) enclosed
in the inner space of said pile between the bottom end in the underwater bed and the pile cover on
the top of the pile. Said compressor is configured to pressurize said fluid to a desired pressure
level. The pressurization of said fluid inside the pile increases the allowable buckling stress of the

pile allowing it to handle a larger pile driving force and thus be driven faster. Boosting the pile
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performance in this way also allows said pile to be driven as a whole, without having to grip it at
short intermediary sections, and without buckling.

Furthermore, said pile booster assembly also provides a boost in the performance
of the pile driver according to the invention by means of said pressurized fluid inside the pile. Said
fluid inside said pile is configured to reduce the friction forces between the inside surface of said
pile and the soil by increasing the pore pressure in the soil and creating local soil liquefaction.
Thus, the resistance during pile driving is reduced significantly allowing for an increased speed of
driving and reduced stresses in the pile due to the lower driving force required.

In another embodiment of said pile booster assembly, said fluid inside the pile is
pressurized air. In this embodiment, said pile cover and said fluid tight seal close off said pile in an
air-tight way entrapping the air inside. While the pile actuator assembly presses said pile into the
underwater bed, the volume on the inside of the pile between the soil and said pile cover is reduced
and thus the pressure of the entrapped air is increased. The pile driver is thus configured to increase
the buckling strength of the pile by itself, eliminating the need for a compressor.

In a further embodiment of the invention, the pile booster assembly further
comprises a pressure relief valve which connects the fluid inside said pile to the outside and which
is configured to either maintain a certain pressure, dropping the fluid pressure by releasing excess
fluid or allowing pressure inside the pile to build up. Said pressure relief valve is configured to
close during the driving of the pile, but open again when the pressure of the inside fluid increases
too much due to the fluid volume inside said pile becoming smaller. This allows the inside pressure
of said pile booster assembly to be maintained from start to finish of the pile driving.

Said pressure relief valve is further configured to be able to remain closed for a
longer period of time and allow the compressor to build up an inside pressure higher than the
friction force between said pile and soil, as a result, pushing said pile upwards. In this way, said
pile driver is configured to reverse the pile being driven and correct any inclination errors
regarding the verticality requirements on the pile or completely decommission said pile, also a long
period after said pile has been driven.

In a further embodiment of the invention, said pile driver further comprises a
control system configured to perform the most optimal pile driving operation in terms of
requirements (e.g. pile verticality, speed of driving, ) by controlling the operation of the pile driver
based on input from sensors. Said control system comprises input sensors for the measurement and
monitoring of at least one of: a force in the pile actuator, a stress in the pile, a penetration level of
the pile, a noise level during driving, an orientation of the pile and floatable body (e.g. inclination
sensors) or a fluid pressure in the pile. Said control system is further configured to control at least
one of the actuator, the compressor, the pressure relief valve or the displacement of the pile guide

relative to the floatable body. Said control system further comprises a control unit configured to
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monitor several of the pile driving parameters and actuate the pile guide, actuator and pile booster
assembly accordingly, either based on a predefined behavior model or based on real-time input
from an operator.

In another embodiment, the pile actuator assembly is configured to drive the pile
with a force from a reverse acting hydraulic cylinders actuated by the legs of a jack-up barge. In
this embodiment, the pile is connected to the legs of the jack-up barge from which the driving is
done by a rod and a pivot point. When the barge is jacked up it forces the other end of the rod
downwards and the thus the pile is forced into the soil. In this embodiment, the existing machinery
on an installation vessel is also employed to perform the pile driving, thus, saving on the cost of
dedicated pile driving equipment.

A method for driving a pile into an underwater bed is also disclosed. The method is
suitable for use during an installation of the pile with the pile driver described above. According to
a preferred embodiment, the step of driving said pile from the floatable body into the underwater
bed comprises displacing said pile relative to the floatable body and using at least the weight of
said floatable body to drive said pile into the underwater bed.

Preferred embodiments are the subject of the dependent claims.

In the following description preferred embodiments of the present invention are
further elucidated with reference to the drawing, in which:

Figure 1 is a schematic cross sectional view of the first preferred embodiment of
the pile driver according to the disclosure;

Figure 2 shows a top plane view of the first preferred embodiment of the pile guide
assembly and the pile actuator assembly;

Figure 3 shows a cross sectional view of an alternative embodiment of the pile
guide assembly and the pile actuator assembly of the pile driver;

Figure 4 shows a top view of the pile actuator assembly from Figure 3;

Figure 5 shows a cross-sectional view of the pile guide assembly from Figure 3 at
the level of the horizon;

Figure 6 shows an alternative embodiment of the pile driver, wherein the pile
actuator assembly employs vertical supports and an extender;

Figure 7 shows a further alternative embodiment of the pile actuator assembly
without the use of pulleys to drive the pile;

Figure 8 shows an alternative embodiment of the pile actuator assembly, wherein
the downward driving force is also used for tightening of the grip on the pile;

Figure 9 shows an alternative embodiment of the pile driver, wherein the pile

actuator assembly drives the pile by using the vertical force of a weight;
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Figure 10 shows an alternative embodiment of the pile actuator assembly, wherein
the pile is driven by a driving lever and a driving pivot;

Figures 11A and 11B show an alternative embodiment of the pile actuator
assembly, according to one embodiment of the disclosure; and

Figure 12 shows an exemplary pile driving control system, according to one
embodiment of the disclosure.

Figure 1 shows a pile driver embodiment according to the present invention, which
comprises a pile guide assembly 10, connecting a pile 1 to a floatable body 2, a pile actuator
assembly 20 and a pile booster assembly 40 attached to the top end of the pile 1 and a pile driving
control system 30 connected to all said assemblies. The pile driver is configured to drive the pile 1
into an underwater bed 70 with a gradual driving force by the pile actuator assembly 20 while
keeping the pile 1 vertical with the pile guide assembly 10 within desired tolerances defined on the
pile midline 62.

In this preferred embodiment, the pile guide assembly 10 is configured to keep the
pile 1 both vertical and in the same absolute position in the horizontal plane during driving while
the floatable body 2 (e.g. sea vessel) is in motion — either translational or rotational motion (by
waves or any other external influence). The pile guide assembly 10 provides motion compensation
for the rotational motion (in one or more axis) of the floatable body horizontal 61 relative to the
absolute horizon 60 and for the translational movement (in one or more axis) of the balance
rotation point B in the pile 1 relative to the rotation point A in the underwater bed 70. Aligning the
balance rotation point B above the underwater bed rotation point A keeps the pile 1 vertical. At the
same time, the pile actuator assembly 20 is configured to keep the driving force rotation point C in
vertical alignment also with the underwater bed rotation point A, minimizing the arising of any
horizontal forces on the pile 1 from the driving.

The pile guide assembly 10 comprises a pile guide frame 11 with a positioning
platform 13 at one end and a pivot 15 at the other end, which is equipped with a gripper 17 that
grips the pile 1. The positioning platform 13 is in contact with the floatable body 2 and is
configured to slide relative to it by means of the intermediate friction element 19. The positioning
platform 13 is attached to the floatable body 2 by a positioning means 18 (e.g. hydraulic cylinder)
allowing to force the positioning platform 13 to slide relative to the floatable body 2 with a desired
force and in a desired direction, in this way absorbing any translational motion of the floatable
body 2 relative to the pile 1 and keeping pile 1 in the same position. The pivot 15 is configured to
rotate in all axis while the pile 1 is held by the gripper 17 allowing for any rotation of floatable
body horizontal 61 to be absorbed and keeping the pile 1 vertical. The pile guide frame 11 and the
pivot 15 are optionally connected by an elastic element 12 providing a dampened translation of the

motion forces between the positioning platform 13 and the pile 1.
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The pile actuator assembly 20 comprises a first set of pulleys 25, near the lower
end of the pile 1, and a second set of pulleys 22, near the top end of the pile 1, that are
interconnected by a tensioner 23 (e.g. steel cable). The first set of pulleys 25 is connected to the
positioning platform 13 and the second set of pulleys 22 is connected to a pile cover 21, which is
positioned on the top of the pile 1. The first set of pulleys 25 and the second set of pulleys 22
preferably, but not necessarily, comprise an equal number of individual pulleys that are positioned
in a plane symmetrical configuration around the circumference of the pile 1. The tensioner 23 is
laced through the pulleys in an alternating sequence — from one pulley of the first set 25, along the
length of the pile 1 and into one pulley of the second set 22 and back to the first set of pulleys 25 —
and ends up in a force tool 26 (e.g. winch) that is configured to pull it through all the pulleys and
wind the tensioner 23 up. By winding up the tensioner 23, the pile cover 21 is pulled towards the
positioning platform 13 with a gradual and plane symmetrical force. This forces the pile 1 ina
downward direction into the underwater bed 70, creating an upwards resistance force, and pushes
the positioning platform 13 upwards against the floatable body 2, creating a downward reaction
force. Since the weight of the floatable body 2 is larger than the resistance force of the pile 1 in the
underwater body 70, the pile 1 is driven into the underwater bed 70 with a gradual force regulated
by the force tool 26 to the desired depth. The first set of pulleys 25 are configured, by means of
their rotation, to accommodate for any changes in the inclination of the positioning platform 13
relative to the pile cover 21 and keeping the force from the tensioner 23 always vertical. Thus, in
this embodiment, the first set of pulleys 25 and the second set of pulleys 22 enable the driving
force rotation point C to be in vertical alignment with the balance rotation point B.

The pile cover 21 further comprises an optional brake 27 that can restrain the
speed of the tensioner 23 going through the second set of pulleys 22 by limiting their rotational
speed either individually or as a group. This allows adjustments to be made in the axial symmetry
of the forces applied on the pile cover 21 in the longitudinal direction of the pile 1. In case one side
of the pile cover 21 is needed to exercise a larger downwards force than the rest (e.g. to correct for
non-verticality), the brake 27 on that side is activated creating a fixed point of force application
increasing the driving force on that side of the pile cover 21.

In addition, the tensioner 23 also optionally comprises an elastic element 24
configured to absorb quick and/or fluctuating changes in the length of the tensioner 23 without
directly increasing the load on the force tool 26 or the pile 1.

The pile booster assembly 40 comprises a fluid 44 that fills the pile 1 between the
pile cover 21 and the underwater bed 70. The pile booster assembly 40 further comprises a seal 45,
which is positioned between the pile cover 21 and the pile 1 and is configured to be substantially
fluid tight allowing the fluid 44 to be pressurized to a desired level. Preferably, the contact layer
between the pile 1 and the underwater bed 70 is also configured to be fluid tight, depending on the
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soil type. To the pile 1 is connected a compressor 41, by a pressurization line 42, that is configured
to pump fluid under pressure inside the pile 1 from the outside environment (not shown). The pile
cover 21 comprises a pressure relief valve 43 that allows the fluid 44 to escape from the pile 1
when a certain pressure is reached.

The pile booster assembly 40 is configured to enable for a larger pile driving force
by increasing the allowable buckling stress of the pile 1 by an increased internal pressure of the
fluid 44. When the support from the pressure of the fluid 44 inside the pile is not needed any more,
or has reached the desired magnitude, the pressure relief valve 43 is opened and the excess
pressure of the fluid 44 is released.

The pile driving control system 30 comprises a controller 31 and the measurement
units for pile position 320, floatable body position 321 and fluid pressure 330. The controller 31 is
configured to receive data from and is connected to the floatable body position measurement unit
321 by the position data input line 322, to the fluid pressure measurement unit 330 by the pressure
data input line 331 and to the pile position measurement unit 320 and floatable body position
measurement unit 321 by the position control line 35. Furthermore, the controller 31 is configured
to control and is connected to the pressure relief valve 43 by the valve control line 332, to the
compressor 41 by the compressor control line 333, to the brake 27 by the brake control line 37, to
the force tool 26 by the force control line 36 and to the positioning means 18 by the position
control line 35.

Figure 2 shows a top plane view of the first preferred embodiment of the pile guide
assembly 10 and the pile actuator assembly 20. On the pile 1 is positioned the pile cover 21 with
the pulleys of the second set 22 attached in a symmetrical configuration. From the second set of
pulleys 22 extends the tensioner 23 downwards to the first set of pulleys 25, which are connected
to the positioning platform 13. In this preferred embodiment the positioning platform 13 is star
shaped for a more optimal distribution of the forces created during the driving of the pile 1. To the
positioning platform 13 are connected the friction elements 19 which are configured to slide
against the bottom part of the floatable body 2. The floatable body is further connected to the
positioning platform 13 by the positioning means 18.

Figure 3 shows one of several preferred embodiments of the pile guide assembly
10 and the pile actuator assembly 20 of the pile driver according to the invention. The pile 1, with a
pile midline 62, is positioned on the underwater bed 70 at the underwater bed rotation point A
where it is to be driven. The floatable body 2, with a floatable body horizon 61, is positioned
around the pile 1 with the pile guide assembly 10 and pile actuator assembly 20 attached to it.

The pile guide assembly 10 comprises the positioning platform 13, the positioning

means 18 and a vertical support 3. The positioning platform 13 comprises the gripper 17, which
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grips the pile 1, and is configured to move in a horizontal direction, parallel to the horizon 60, but
not in vertical direction.

In the horizontal direction, the positioning platform 13 is connected to the floatable
body 2 by the positioning means 18 with ball joints 181 at the connection points. The positioning
means 18 comprises chambers with a first fluid 14 and a second fluid 16 and a piston 141 that
separates them. The chambers of the first fluid 14 and second fluid 16 are configured to expand
and contract to regulate the position of the piston 141 and the attached positioning platform 13 in
the horizontal direction. The first fluid 14 is preferably with high viscosity (e.g. oil) and the second
fluid 16 is preferably with low viscosity (e.g. gas), which enables the push force to be large, while
the recovery to position (where no force is required) to be executed with speed.

In the vertical direction, the positioning platform 13 is connected to the floatable
body 2 by the rigid vertical support 3 with ball joints 4 at the connection points, which are
configured to allow rotation due to the horizontal shifting of the positioning platform 13, but no
vertical movement, allowing the positioning platform 13 to be supported on the floatable body 2.

The pile actuator assembly 20 comprises the pile cover 21 with the attached
second set of pulleys 22, the first set of pulleys 25, the tensioner 23 and an extender 28. The pile
cover 21 is positioned on the top of the pile 1 and is equipped with the symmetrically positioned
second set of pulleys 22. The tensioner 23 connects the second set of pulleys 22 to the extender 28
by passing over the first set of pulleys 25. The first set off pulleys 25 is configured to guide the
tensioner 23 from a vertical direction, coming from the pile cover 21, to an angular direction
towards the extender 28 to the side. Preferably, the product of length L.; and angle , is kept equal
to the product of the length L, and angle U, in order to balance the resulting horizontal forces along
the horizon 60 on the first set of pulleys 25 and positioning platform 13. This balance is performed
in combination with the corrections by the positioning means 18 allowing for the most optimal
total correction to be achieved by the most efficient combination of reaction speed and load
capacity between the positioning means 18 and the extender 28.

The extender 28 is attached to the rigid vertical support 3 with movable
connections 281 and 282 and is configured to extend and shorten the distance between the movable
connections 281 and 282 (e.g. by a hydraulic cylinder). The end of the tensioner 23 is attached to
the movable connection 282 of the extender 28 in such a way that when the extender 28 extends
the tensioner 23 is pulled downwards.

The movable connections 281 and 282 are configured to be easily released from
the vertical support 3, slide along its length and be fixed into position again. The extender 28 is
thus configured to create a downwards force and also reposition itself along the length of the
vertical support 3. By fixing the upper movable connection 281 to the vertical support 3 and

releasing the lower movable connection 282, the extender 28 is able to push downwards against the



10

15

20

25

30

35

12

vertical support 3 when it is extended. By fixing the lower movable connection 282 to the vertical
support 3 and releasing the upper movable connection 281, the extender 23 is able to reposition
itself by contracting. Repeating these extending and contracting steps, the pile cover 21 is pulled
downwards with a gradual force by the extender 28 and tensioner 23. This forces the pile 1 ina
downward direction and into the underwater bed 70, creating an upwards resistance force, and
pushes the vertical support 3 upwards pulling on the floatable body 2, creating a downward
reaction force. Since the weight of the floatable body 2 is larger than the resistance force of the pile
1 in the underwater body 70, the pile 1 is pushed into the underwater bed 70 with a gradual force
regulated by the extender 28.

Figure 4 shows a top view of the pile actuator assembly 20 from Figure 3. The
floatable body 2 supports the vertical supports 3 to which the extender 28 is connected by the
upper movable connection 281 and the lower movable connection 282. In the gap in the floatable
body 2 is positioned the pile 1. On the pile 1 is positioned the pile cover 21 with attached second
set of pulleys 22. The tensioner 23 is stretched over the second set of pulleys 22 downwards to the
lower movable connection 282.

Figure 5 shows a cross-sectional view of the pile guide assembly 10 from Figure 3
at the level of the horizon 60. The pile 1 is positioned in the gap for the floatable platform 2 and is
guided in the desired position relative to it though the positioning platform 13 and the attached
gripper 17 which grips the pile 1. The positioning platform 13 is attached to the floatable body 2 by
the positioning means 18 and the ball joints 181 at the connection points. The positioning means 18
comprises chambers with a first fluid 14 and a second fluid 16. The horizontal position of the
positioning platform 13 is adjusted by extending or contracting the positioning means 18 from all
sides in a coordinated manner.

The positioning platform 13 is supported in the vertical direction on the floatable
body 2 by the vertical support 3. The first set of pulleys 25 is attached around the positioning
platform 13 stretching the tensioner 23 coming from the top towards its attachment point on the
vertical support 3.

Figure 6 shows an alternative embodiment of the pile driver according to the
invention comprising the pile guide assembly 10 and the pile actuator assembly 20 positioned on
the pile 1. The pile 1, with the pile midline 62, is positioned in a gap of the floatable body 2 and
resting on the underwater bed 70.

The pile actuator assembly 20 comprises the positioning platform 13 which is
supported in a vertical direction and from underneath by the rigid vertical support 3. The vertical
support 3 is connected to the floatable body 2 by the ball joint 4, which allows for the rotation of
the upper part of the vertical support 3 and thus for the horizontal movement of the positioning

platform 13 along the horizon 60. The vertical support 3 is kept vertical in relation to the horizon
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60, and in parallel to the pile midline 62, by the positioning means 18 (only one side shown) which
connects the positioning platform 13 to the floatable body 2 by the ball joints 181. By extending
and contracting the positioning means 18 the positioning platform 13 is moved along the horizontal
plane 60.

The pile actuator assembly 20 further comprises the extender 28 which is
connected to the rigid vertical support 3 by the upper movable connection 281 and the lower
movable connection 282. To the lower movable connection is connected a driving support element
231 which limits the upward motion of a second driving support element 232 by the friction
element 19 in between. To the second driving support element 232 is connected the tensioner 23
which extends upwards to the pile cover 21. The pile cover 21 is placed on the top of the pile 1 and
supports the second set of pulleys 22 through which the top part of the tensioner 23 is laced. The
extender 28 forces the pile 1 into the underwater bed 70 by extending and pushing the lower
movable connection 282 downwards, which puts the tensioner 23 under tension through the first
driving support element 231 and the second driving support element 232, to finally pull the pile
cover 21 downwards.

The pile guide assembly 10 comprises the pile guide frame 11 and a secondary
positioning means 180. The pile guide frame 11 is fitted with a gripper 17 on the one end that grips
the pile 1. On the other end, the pile guide frame 11 is connected to the secondary positioning
means 180 (e.g. hydraulic cylinder) of which several are symmetrically placed (only one shown) in
the circumference of the pile. The secondary positioning means 180 is connected to the floatable
body 2 by the positioning ball joint 182. This enables the positioning of the pile 1 by means of the
gripper 17 by the secondary positioning means 182, which is configured to push and pull the pile
guide frame 11 against the floatable body 2.

Figure 7 shows an alternative embodiment of the pile actuator assembly 20
without the use of pulleys to drive the pile 1. The pile 1 is positioned on the underwater bed 70
from the floatable body 2 by the pile guide assembly 10 and ready to be driven by the pile actuator
assembly 20. The pile guide assembly 10 keeps the pile 1 vertical with the positioning platform 13
equipped with the gripper 17 and the positioning means 18 attached to the floatable body 2.

The pile actuator assembly 20 comprises the force tool 26 attached to the floatable
body 2 and the tensioner 23 which spans over the top of the pile 1 and is attached directly to the
pile cover 21 without any pulleys. The downwards driving force of the pile actuator assembly 20 is
directed by the extender 28 attached between the floatable body 2 and the tensioner 23 through the
first set of pulleys 25. By extending or contracting the extender 28, the position of bottom end of
the tensioner 23 can be regulated and thus the horizontal force components Fx and Fh acting on the

top end of the pile 1. Since the top end of the tensioner 23 is fixed to the pile cover 21 these
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changes in direction by the extender 28 is used to minimize the horizontal forces that can take the
pile 1 out of its vertical position driving.

In addition, the pile actuator assembly 20 comprises a torsion element 210
positioned between the pile 1 and the pile cover 21. The torsion element 210, comprises two
contact surfaces, one to the pile 1 and one to the pile cover 21, and is configured to allow a rotation
between said two surfaces, thus allowing the pile 1 to rotate in around its axis relative to the pile
cover 21 and floatable body 2 to which it is connected by means of the tensioner 23. Thus, in case
the floatable body 2 and the pile actuator assembly 20 are rotated (e.g. by the current or waves) the
contact to the pile 1 is kept constant and no friction or torsion is created.

Figure 8 shows an alternative embodiment of the pile actuator assembly 20 where
the downward driving force is also used for tightening of the grip on the pile 1. The pile 1 is
configured on the underwater bed 70 by the pile guide assembly 10 and is pushed downwards by
the pile actuator assembly 20. The pile actuator assembly 20 comprises the force tool 26, attached
to the floatable body 2 and is configured to pull on the one end of the tensioner 23. The other end
of the tensioner 23 is guided over the top end of the pile 1, through the second set of pulleys 22,
and is fastened to the floatable body 2 by an intermediary elastic element 24. The tensioner 23 is
directed through the first set of pulleys 25, which are attached to the floatable body 2 by means of
the extender 28, and to the pile guide frame 11. The pile guide frame 11 keeps in contact with the
pile 1 by means of the gripper 17. Thus, the pile guide frame 11 is configured between the first set
of pulleys 25 such that the force on the gripper 17 can be tightened or loosened by changing the
force in the force tool 26 and/or the position of the extender 28, eliminating in this way the need
for a separate gripped actuator.

Figure 9 shows an alternative embodiment of the pile driver where the pile
actuator assembly 20 drives the pile 1 into the underwater bed 70 by using the vertical force of a
weight 200. In this embodiment, the pile 1 is configured on the underwater bed 70 in the body of
water 80. In the body of water 80, the floatable body 2 is positioned close to the pile 1 and supports
the pile actuator assembly 20 and pile guide assembly 10 above the pile 1. The floatable body 2
may comprise several separate units that may be interconnected and each supporting part of the
pile actuator assembly 20 and the pile guide assembly 10.

The pile actuator assembly 20 comprises a weight 200 supported on the floatable
body 2 by the extenders 28. The extenders 28 are configured with sufficient capacity to lower and
raise the weight 200 in a controlled manner and the floatable body 2 is configured with sufficient
buoyancy to support the weight 200 without sinking. Under the weight 200 is attached the
positioning platform 13 which is configured to slide along the lower surface of the weight 200 by
the friction element 19. To the positioning platform 13 is attached the tensioner 23 by means of the

first set of pulleys 25. The middle section of the tensioner 23 is spanned across the top end of the
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pile 1, where the pile cover 21 is placed, and is guided through the second set of pulleys 22. The
pile actuator assembly 20 further comprises the torsion element 210 positioned between the pile 1
and the pile cover 21. In this preferred embodiment of the pile actuator assembly 20, in the event
that the pile 1 needs to be driven in the underwater bed 70, the extenders 28 are slowly contracted
allowing the weight 200 to be lowered and push downwards on the positioning platform 13 and
tensioners 23, thus, pulling the pile cover 21 and the pile 1 also in a downward direction. In this
process, the torsion element 210 allows the floatable body 2 to rotate in the body of water 80
around the pile 1 without interrupting the driving in the underwater bed 70.

The pile guide assembly 10 comprises the pile guide frame 11 attached to the
positioning platform 13 and the positioning means 18 configured to push and pull the positioning
platform 13 relative to the floatable body 2. To the pile guide frame 11 is connected the pivot 15
with gripper 17 which holds the pile 1. The pile guide assembly 10 is configured to guide the
driving direction of the pile 1 while it is pushed in the underwater bed 70 by the pile actuator
assembly 20 to achieve the desired verticality.

Figure 10 shows an alternative embodiment of the pile actuator assembly 20
comprising a driving lever 240 and a driving pivot 241. The floatable body 2 supports the driving
pivot 241 around which the driving lever 240 is configured to rotate. One end of the driving lever
240 is connected the extender 28, which is further connected to the floatable body 2, and the other
end of the driving lever 240 is connected to the weight 200. The weight 200 is positioned on top of
the pile 1 which is placed on the underwater body 70. The extender 28 is configured with sufficient
capacity as to be able to push the weight 200 downwards when extending and pivoting the driving
lever 240. In this preferred embodiment, the action stroke of the pile driver is during the extension
of the extender 28, instead of during compressing as described in the embodiment of Figure 9.
During this action stroke, the extender 28 is required to generate only a limited force, utilized for
regulating the speed of driving, whereas the major force component required for driving the pile 1
is provided by the weight 200 itself.

Figures 11A and 11B show an alternative embodiment of the pile actuator
assembly 20 where the force for driving the pile 1 is created by the vertical movement of the
floatable body itself (e.g. jack-up barge). The pile 1 is shown positioned on the underwater bed 70
in the body of water 80 with the floatable body 2 floating on the surface of the body of water 80
next to the pile 1. The floatable body 2 is equipped with legs 244 which are configured to retract
and/or extend, lifting the floatable body 2 out of the body of water 80.

The pile actuator assembly 20 comprises the driving pivot 241 positioned on the
floatable body 2 and the driving lever 240 configured to pivot on the driving pivot 241. To one end
of the driving lever 240 is connected the leg 244 of the floatable body 2 by a leg lock 243. The leg

lock 243 is configured to lock and release the connection between the leg 244 and the driving lever
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240 whenever required. To the other end of the driving lever 240 is connected the pile guide frame
11. The pile guide frame 11 is equipped with the gripper 17 that holds the pile 1 in a vertical
position. To the pile guide frame 11 is attached the first set of pulleys 25. The tensioner 23 is
connecting the first set of pulleys 25 to the second set of pulleys 22 which are attached to the pile
cover 21 positioned on the top of the pile 1. In this embodiment the pile 1 is driven into the
underwater bed 70 when the floatable body 2 is elevated out of the body of water 80 on the legs
244 in the direction of the upwards arrow. The leg lock 243 transfers, that motion to the one end of
the driving lever 240 which pivots around the driving pivot 241, pushing the other end of the
driving lever 240 downwards in the direction of the downwards arrow. The leg lock 243 can be
released and the driving pivot element 240 locked in a lower position repeating the upwards
motion. This gradual jacking up of the floatable body 2 results on the controlled driving of the pile
1 into the underwater bed 70, wherein the already existing elements for jacking up the floatable
body 2 are used.

Figure 12 illustrates an exemplary pile driving control system 30 of the pile driver
according to the invention. The pile driving control system 30 comprises a controller 31 and the
measurement units for pile position 320, floatable body position 321 and fluid pressure 330. The
controller 31 is configured to receive data from and is connected to the floatable body position
measurement unit 321 by means of the position data input line 322, to the fluid pressure
measurement unit 330 by means of the pressure data input line 331 and to the pile position
measurement unit 320 and floatable body position measurement unit 321 by means of the position
control line 35. Furthermore, the controller 31 is configured to control and is connected to the
pressure relief valve 43 by means of the valve control line 332, to the compressor 41 by the
compressor control line 333, to the brake 27 by the brake control line 37, to the force tool 26 by the
force control line 36 and to the positioning means 18 by the position control line 35. The control
signals sent by the controller 31 may be based on a pre-configured model of operation or they can
be based on the data input collected by the controller 31 in real-time.

Although they show preferred embodiments of the invention, the above described
embodiments are intended only to illustrate the invention and not to limit in any way the scope of
the invention. Accordingly, it should be understood that where features mentioned in the appended
claims are followed by reference signs, such signs are included solely for the purpose of enhancing
the intelligibility of the claims and are in no way limiting on the scope of the claims. Furthermore,
it is particularly noted that the skilled person can combine technical measures of the different

embodiments. The scope of the invention is therefore defined solely by the following claims.
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Conclusies

1. Heiinrichting, die is geconfigureerd om een paal in een onderwaterbodem te
drijven, omvattende:

- een drijfbaar lichaam met een paalgeleiding die is geconfigureerd om de paal in
neerwaartse richting te geleiden; en

- een actuator die is bevestigd aan het drijfbaar lichaam en die is geconfigureerd

om de paal vanaf het drijfbaar lichaam in de onderwaterbodem te drijven.

2. Heiinrichting volgens conclusie 1, waarbij de actuator is geconfigureerd om

tijdens het drijven van de paal een geleidelijke drijfkracht toe te passen.

3. Heiinrichting volgens conclusie 2, waarbij de paalgeleiding relatief ten opzichte

van het drijfbaar lichaam verplaatsbaar is.

4. Heiinrichting volgens conclusie 3, waarbij de paalgeleiding een scharnier

omvat,

5. Heiinrichting volgens één van de voorgaande conclusies, waarbij de actuator

een katrolsamenstel omvat.

6. Heiinrichting volgens conclusie 5, waarbij het katrolsamenstel een eerste stel
katrollen omvat die op het drijtbaar lichaam zijn aangebracht en een tweede stel katrollen die op de

paal zijn aangebracht.

7. Heiinrichting volgens conclusie 6, waarbij het katrolsamenstel een enkele

spanner omvat.

8. Heiinrichting volgens conclusie 7, waarbij het tweede stel katrollen is

aangebracht op een paaldeksel.

9. Heiinrichting volgens één van de voorgaande conclusies, waarbij de actuator

een hydraulische verlenger omvat.
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10. Heiinrichting volgens conclusie 9, waarbij de actuator verder een gewicht

omvat dat relatief ten opzichte van het drijfbaar lichaam verplaatsbaar is.

11. Heiinrichting volgens één van de voorgaande conclusies, verder omvattende
een paalhulpsamenstel dat ten minste één van het volgende omvat:

- een in hoofdzaak fluidumdichte afdichting op de paal; en

- een compressor die is geconfigureerd om een fluidum dat is opgenomen in een

inwendige ruimte van de paal onder druk te zetten.

12. Heiinrichting volgens conclusie 11, waarbij het paalhulpsamenstel verder een

overdrukventiel omvat.

13. Heiinrichting volgens één van de voorgaande conclusies, verder omvattende

cen regelsysteem.

14. Heiinrichting volgens conclusie 13, waarbij het regelsysteem is geconfigureerd
om ten minste é€n van het volgende te meten: een kracht in de heiinrichting, een oriéntatie van de

paal, een oriéntatie van het drijfbaar lichaam of een fluidumdruk in de paal.

15. Heiinrichting volgens conclusie 13 of 14, waarbij het regelsysteem is
geconfigureerd om ten minste één van de actuator, de compressor, het overdrukventiel of de

relatieve verplaatsing van de paalgeleiding ten opzichte van het drijfbaar lichaam, aan te sturen.

16. Heiinrichting volgens conclusies 13-15, waarbij het regelsysteem is
geconfigureerd om ten minste één van de actuator, de compressor, het overdrukventiel of de
relatieve verplaatsing van de paalgeleiding ten opzichte van het drijfbaar lichaam, aan te sturen op
basis van een meting van ten minste één van: een kracht in de heiinrichting, een oriéntatie van de

paal, een oriéntatie van het drijfbaar lichaam of een fluidumdruk in de paal.

17. Heiinrichting volgens één van de voorgaande conclusies, waarbij de paal een

monopile is.

18. Heiinrichting volgens één van de voorgaande conclusies, waarbij het drijfbaar

lichaam een schip of een hefplatform (Engels: jack-up barge) is.
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19. Werkwijze voor het in een onderwaterbodem drijven van een paal, omvattende
de stappen van:

- het positioneren van een drijfbaar lichaam;

- het aanbrengen van een paal in een paalgeleiding die is geconfigureerd om de
paal in een neerwaartse richting te geleiden;

- het met een actuator die is bevestigd aan het drijtbaar lichaam vanaf het drijfbaar

lichaam in de onderwaterbodem drijven van de paal.

20. Werkwijze volgens conclusie 19, waarbij de actuator tijdens het drijven van de

paal een geleidelijke drijfkracht uitoefent.

21. Werkwijze volgens conclusie 19 of 20, waarbij de stap van het vanaf het
drijfbaar lichaam in de onderwaterbodem drijven van de paal het verplaatsen van de paal relatief
ten opzichte van het drijfbaar lichaam en het gebruiken van ten minste het gewicht van het

drijfbaar lichaam voor het in de onderwaterbodem drijven van de paal omvat.

22. Werkwijze volgens één van de conclusies 21 — 23, waarbij de paal in
hoofdzaak hol is en de werkwijze de stap omvat van het afdichten en met een fluidum onder druk
brengen van de paal om de knikweerstand daarvan te verhogen en/of om de wrijving met de bodem

door voeibaarheid (Engels: liquefaction) te verlagen.

23. Werkwijze volgens conclusie 22, verder omvattende een correctiestap
omvattende het verhogen van de druk van het fluidum tot een niveau hoger dan de reactiekrachten
die er op worden uitgeoefend om de paal terugwaarts te drijven, en verder omvattende de stap van

het corrigeren van de uitlijning van de paal of de stap van een volledige ontmanteling van de paal.

24. Werkwijze volgens één van de conclusies 19-23, verder omvattende een

regelstap waarin de regeleenheid het drijven van de paal meet en regelt.

25. Werkwijze volgens één van de conclusies 19-24, waarbij een heiinrichting

volgens één van de conclusies 1-18 wordt toegepast.
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ABSTRACT

The present invention relates to a pile driver, configured to drive a pile into an
underwater bed, comprising a floatable body with a pile guide configured for guiding said pile in a
downward direction, and an actuator that is fixed to the floatable body and that is configured to
drive the pile from the floatable body into the underwater bed.

The invention furthermore relates to a method of driving a pile into an underwater
bed, comprising the steps of:

- positioning a floatable body;

- arranging a pile in a pile guide configured to guide said pile in a downward
direction; and

- driving said pile from the floatable body into the underwater bed by an actuator

that is fixed to the floatable body.



SAMENWERKINGSVERDRBAG (PCT)

RAPPORY BETREFFENDE NIEUWHEIDSONDERZOEK VAN INTERNATIONAAL YYPE

IDENTIFICATIE VAR DE NATIONALE AANVRAGE KENMERK VAN DE AANVRAGER OF VAN DE GEMACHTIGDRE -
2N/2TRO8/S
Nederlands aanveaag o Indisningsdatym
2017462 14-09-2016

Ingerospen voorrangsdatun

Aavivrager (Nasm)

VizionZ Holding B.V.

Datum van hat vardgek vooreen orderzosk van Ueor de instantie voor nternutionas! Onderzoek san
intérnationyal type hat verzoek voor sgn onderzbek van internaticnaal tyhe
vegekend or.

07-01-2017 SN68082

I GLASSIFICATIE VAN HET ONDERWERP (1 tuspassing vanverschiflends claasificativs, sffe rlessificaliesyrabalan opgeven)

Volgens.de ternationale classificatia (IPC}

EO207/02;E02D7/12;E02D13/04

i ONDERZQCHTE GEBIEDEN VAN DE TECHMIEK

Qnderzochts minimumdocumentatie

Classifinatiesysiesm Classificatiesyrabolan
PC EO2D
Cinderzostite andste dosumantatio dast dhe minttmusn doeureriatis, vowr zoves dergsiike dommamter i s onderzodite gebiodin di
RTINS
.| JREEN ONDERZOEK MOGELIJK VOOR BEPAALDE CONCLUSIES (opmerkingonopsapaiingstlasd
. GEBREK AAN EENHEID VAN UITVIRDING {opimsrkingsh.op aapvalingsbiad)

Form POTASA 200 A (1172000




ONDERZOEKSRAPPORT BETREFFENDE HET

RESULTAAT VAN HET ONDERZOEK NAAR DE STAND mivar v el vegzass cin sen ORBTHBAK RAGY
VAN DE TECHNIEK VAN HET INTERNATIONALE TYPE Nt B1TarS
NL 2017462
CLEAS F ATtE NAM HET QRDERWERP .
INV D702 EQ2D7 /12 EQ2B13/04
ADD.

‘{f‘ciyeng de imernaonads Ulazsificatie van scdrosisn {IFG) of zowsl volgens de nafinnals clsssifivalie als volgens. de PG,

B ONDERZDUIHTE GERBIEDEN VAN DE TECHNMIEN

sderzochie mimbsn dosurmeniatie lassificatie gevolgd door classificaingymbalen)

EG2D

Onderzochte mndere dosumentatie dan de mimiswim dooumentatie, voor dengeiijke docsyrmerden, vaor Zovar ::ﬁergeb;ke dosunienten in de anderzoahia
gebipdRa 2l opgenamen

Y Py

Tijders et onderzoskge e slektonizahe geg

EPG-Internal, WPl Data

sedan {Rasmvan de gagevenshestanden an, wasr wivostbazr, gebrsikte tehvoarda}

CoVAR BELANG GEAQHTE DOCUMENTEN

Categons ™| Guntesnds dosimentan, svontysesl st agoiduiding var spediaal v hetsng zinde bagtages Wan Belang veor
] B SRy Ay

A WO 00706834 Al (BIRMINGHAM CONSTRUCTION 1=25
LTD [CA]) 10 februari 2000 (2000-02-18)
* het gehele docuwwent *

A Us 3 958 647 & {QHELHXNSKI STEPHEN ¥) 1.18
25 meid 1976 {1976-05-258)
* het gehele document *

A EP 2 B27 539 Al {BAUER MASCHINEN GMBH 1
[DE1} 28 november 2012 (2012-11-28)
* samenvatting *

& JP S60 250123 A {WAQA.TERUG;_SUGIHAR& 1
HIROSHI} 16 december 1985 {1985-12-18)
* samenvatting ¥

D Verders domiriaetsn worden vermsig in ket vervolg van vali O Leden van deselide vetioalamiie sl vermsid in een bilags
peviale eatagaredn van sengehasids o ti T e de e ning sdatuns of de vosriangetaltn gesdh 4
. ) . . Brevstuur dis mistbeowarand I vass de ooirosiusnvrage
‘A niet lol de pategotie ¥ of Y behorende Hreratuur die de stand van de s wordt \;em‘se!d\tm var rseiziarmg vin da theore f}? ’
tochnhd besehiiit hef princiy datten g siagy Hgh aan de w&vmﬁmg

AN in de aoteairanvrege yvermeld
K de vanciusie wordt als sistnieuw. of nist entist beschouwd

BT esrdens oot manvta @3, gopub aeesed op o s sl ngieningedatum, ten opriohbe van deze Baratur
Wwaark deze ufwm 13 R J.sc:h rRVE

[

¥ e gonciusis wondt als niadinventisf besaho f by RS
van de combinstie van dese literaluur met dnders gestvends
taradinr van Weralide ca&zt}ane waarbi de sombinatie voar
de valenan oo de hand liges nd-wordt geanht

L ooy anders tetanen vermelds ilera

"3 et pohriftetiis stand van de technisk

"Fsgen oy coorrangsdatum en deimbsningedatint gepublivesrde fiveratuty "R I van dezelfde aatrooifaritis nt ov Ramstige ostroaipubisabis
atumrwasron het onderzoek naar de sland van de techniek dar Yerzenddatian van het mppert var hetonderzoel naards stand yan
isterationadl type Ward volteaid de teshnisl dan temsionast hige

5 oS TR Y

22 mei 2017
Naanyen adhes van-de instantic D bavoegde arvienaar

European Patert Office, P8 5213 Patentlaan
P 225}13 HV Hijswip

Tel, (43170 8202040, ‘s
Fax %»'«n cm)} BT Friedrich, Albert

-Femmdier PUTARNES Tawaade ‘mﬂd\ {lanuan "v"\_’\)u‘r



ONDERZOEKSRAPPORT BETREFFENDE HET

RESULTAAT VAN HET ONDERZOEK NAAR DE STAND B O thohieg o e andarzoek s
VAN DE TECHNIEK VAN HET INTERNATIONALE TYPE NL 2017462
nforipatie over lecher Yah dezelfds oolvaofdmiie
frebeet rappart Datumvan Dyveresnkomend{e) Datusn van
genvemdontromigesehrift publicatie geschrft{sn} prebbinntie

WO 0u06a34 Al 10-02-2080 AT 242826 1 15-06-2083
AU 751758 B2 29-08-2002
BR 9912582 A 02-05-~2081
CA 2338911 Al 19-02-26060
BE SR9GE781 bl 17-07 ~2883
DE 50908781 12 17-06-2084
BK 1162982 73 G6~10-2003
EP 1ig2902 Al 38-05-2081
1D 28720 A 28-06~2081
KO 20818517 A 36-01-2001
Us £129487 A 1g-18-2080
W 0806834 Al 10~ &2 28480

US 39386&? & a5 05 19?6 AR 211338 Al 38-11-1977
Al 504344 B2 11-18-1979
BE 840777 Al 02-08-1976
BR 7602435 A 15-02-1977
CA 1835187 A 25-07~1978
BE 2616838 Al 08~12~1976
B 180476 A 05-12~1976
ES 447122 Al 16-D6-1977
FR 2313505 Al 31-312-1978
5B 1548612 A 18-07-197%
1T 1059154 B 31-095-1982
J§ 551148283 A 28-12-15978
HL 7603983 A 07 «12-1876
NO 761242 A 07-~12~1976
NZ 180540 A 08-06-197%
SE 7604500 A 05«12-197¢6
us 3958647 A 25-05~1976

EP 258 ?539 Al EB 11~2012 CA 2??58¢4 Al 27-11-2812
CH 82797419 A 28+11-2812
BK 2527538 13 30~09~2813
EP 2527539 Al 28+11-2012
JP 5557874 B2 23-07-2614
JP 2012246751 A i3-12-2012
KR 20120132377 A 05-12-2012
Us 20127298419 K1 29-11-2818

JP Sé@2581“3 A 1@ 12-1985  GEEN

SFommwier POTARARI Teanaighiac ootraafamilisy (anuge

PO




WRITTEN OPINION

Fila N Filing date (daydrontfyiearn Priceity date: (dayinenitvesn Application Mg
ENBB082 14.08.20186 ML2OY 7462

imierrsa‘limaiﬁ Paient Classification (IPC)

V. B02D702 BO2D7/2 ES201304

Applicant
Viziond Holding B.Y.

This: opirdonoantains ingications redaling (o e following tems:;

Box N Basis of the opinion
£ Box Mool Priority
L} RoxNo L Non-establishimant of a‘piniﬂn‘ with regard to novedty, inventive steg and induatrial applicakility
L Booke 1Y Uack ofurity of inventian
B Borna Reasoned statementwith regard to novelty inventive step or industrial
applicabilty; sifations and explanations suppoding such statement
3 ‘Box No. WV Certain desumenis oited
Bowo NG Vi Cartgin delects in the application
{1 Box.No. Vil Genain observations on the application

{ Fxariner

| Friedrich, Albert

Form ML2ITR (Dekbid) (July 20083



Application numbee

WRITTEN OPINION NL2017462

Box No. i Basis of this opinion

. This opinion has bean established on the basis of the latest sotof ¢laims fied Defore tha stark of the search.

2. With regard to any niclectide andior amino acid sequence disclosedt irihé application and necessary o the

claimed invention, Hiis opinion has been established on ths basis of:
a. type of material:

1 asequence listing

L1 tablets) refateddo the sequence listing
b format of materiak

O onpaper

£ i electronic form
¢, Hme of filingfuraishing:

£l contained in the application asfiled.

L3 filed together with the application: in electranic form.

1 fumished subsequently for the purposes of search.
. B} ncaddition, in the case thal more than ong-version oy copy of a sequence listing andor table relating thersto
hag bean filed orfumishad, the required staternenis that the.nformation in the subseguent or additional
coplas isddentical to that in the gpplication as hled or doas not go beyond the application ag filad, as
gppropriate, wera furnishad

- Adgitional comments:

Box No. V' Reasoned statement with regard 10 novelty, inventive step or industrial applicability;
citations and explanations supporting such siatement

P

1. Statement
Novelty Yes: Claims 125
No: Claims
invantive step Yes: Claims 125
Mo Claims
indusirial applicability Yeog: Claims 1-25

Mo Claims

Citations and explanations

see separate shest
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Box Ne. Vit Certain defects in the application

see separate sheet
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Re ltem V
Reasoned statement with regard to novelly, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Technical domain
2(2d7/12; e02d13/04
2 Independent Claims

claim 1: a pile driver

claim 18: g method for driving a pile
3 Basis for amendments

no substantial changes
4 Closest prior art

WO 00/06834 At discloses a pile driver, wherein said pile driver is configured
1o drive a pile into an underwater bed

5 Novelty: distinguishing features
the plle driver comprises a floatable body with a pile guide configured for
guiding said pilte in a downward direction; and an actuator that is fixed 10 the
floatable body and that is configured to drive the pile from the floatable body
into the underwater bed.

8 Inventive step:
Technical effect and problem to be salved
a gradual driving of the pile into the underwater bed; low impact on the tap of
the pile; less dynamic loads while driving the pile into the soil, thereby
reducing fatigue and allowing a smaller wall thickness of said pile; eliminating
tensile stresses,; thereby allowing the use of concrete piles that have a fow
tolerance for tension stresses; and faster driving of a pile into the soil,
because the driving force may be applied substantially continuously.
Solution
by arranging a pile in a pile guide configured 1o guide said pile in a downward
direction; and drving the pile frony the floatable body into the underwater bed
by an actuater that is fixed to the floatable body.

Whyitisinventive

Forrn NL2S7-8 {separaie sheeti{duly 2O0S) {sheet 1}
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the prior art is silent about these featuras when it comes o soive the
problems above. Therefore, there is an inventive step present in claim 1,

7 independent claim 18 is directed to  a method for driving a pile into an
unclerwater bed comprises the technical featuresof claim s therefore, new
and inventive; oo,

8 Dependant claims: 2 ~ 18 and 20 - 25 relate to maodifications of the invention
of independent claims 1 and 19.

Item Vil
Certain defects in the application

The relevant background art disclosed in document WO 00/06834 At is not
menhoned in the descliption, nor is this document identified therein.

The features of all claims are not provided with reference zigns placed in
parentheses.

independent claim 1 {s not in the two-part form, which in the present cass
waould be appropriate, with those features known in combination from the prior
art being placed in the preamble and the remaining features being included in
the characterising pait.

Erri LR iseparate aheal) Lluly BHHR) (bwest 2
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