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A pile driving system

The present invention relates to a pile driving
system, comprising a lifting element attached or attachable to
a hoisting cable of a crane, a pile driver which is mounted to
the lifting element and movable with respect to the lifting
element in a pile driving direction and a brake for braking a
movement of the pile driver with respect to the lifting
element.

Such a pile driving system is known from WO
2018/139931 and is suitable to reduce a shock load on the
crane after the pile driver is freefalling. This typically
occurs during installing a pile in the event that the tip of
the pile reaches a ground layer providing low resistance. The
pile may start running into the ground due to its own weight
and the weight of the pile driver resting on the pile. The
pile driver must be arrested by the crane resulting in a huge
shock load. The known pile driving system brakes the movement
of the pile driver with respect to the lifting element by
means of a complex hydraulic damping and compression circuit.

An object of the invention is to provide a relatively
simple pile driving system which is suitable to minimize shock
loads caused by a free falling pile driver.

This object is accomplished with the system according
to the invention, which is characterized in that the brake
comprises cooperating sliding members at the lifting element
and the pile driver, which sliding members are pressed against
each other in a direction extending transversely to their
mutual sliding direction.

Pressing the sliding members to each other provides
the opportunity to create a relatively high static friction

between the sliding members such that the pile driver remains
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at a fixed position with respect to the lifting element up to
a certain force level of the pile driver onto the lifting
element in their mutual sliding direction. When the hoisting
cable arrests the pile driver in the event that it is in a
freefalling condition, the hoisting cable exerts a force onto
the pile driver via the lifting element and the sliding
members, hence causing a deceleration of the pile driver. When
this force overcomes the static friction between the sliding
members, the pile driver will move with respect to the lifting
member whereas dynamic friction occurs when the cooperating
sliding members rub together. Consequently, the movement of
the pile driver with respect to the lifting element is
gradually decelerated by conversion of kinetic energy into
thermal energy, hence avoiding a shock load in a relatively
simple way. Conversion into thermal energy may further lead to
thermal expansion of the sliding members, hence increasing
friction progressively.

The mutual sliding direction of the sliding members
refers to the direction of the path along which the sliding
members slide along each other. In practice the mutual sliding
direction of the sliding members and the pile driving
direction may be the same. It is noted that the pile driving
direction refers to the direction in which a pile is driven by
the pile driver under cperating conditions and the opposite
direction.

In a particular embodiment the sliding members are
configured such and the force between the sliding members is
selected such that the brake keeps the pile driver at a fixed
position with respect to the lifting element by static
friction between the sliding members up to a predetermined
force level of the pile driver on the lifting element in their
mutual sliding direction.

The predetermined force level may be at least 1.1,

and preferably at least 1.4, times the weight of the pile
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driver. This means that the static friction will be overcome
after the lifting element and the pile driver are already
decelerating due to increased tension in the hoisting cable.

At least one of the sliding members may be pressed
against the other by a hydraulic cylinder.

Alternatively, at least one of the sliding members
may be pressed against the other by a spring.

In still another embodiment at least one of the
sliding members is made of a resilient material, for example
rubber.

In a particular embodiment one of the pile driver and
the lifting element is provided with a rod extending in the
pile driving direction and guided by the other one of the pile
driver and the l1lifting element, wherein the rod forms the
sliding member at the one of the pile driver and the lifting
element which sliding member cooperates with the sliding
member at the other one of the pile driver and the lifting
element.

The sliding member at the other one of the pile
driver and the lifting element may comprise a pair of friction
blocks which engage the rod at opposite sides thereof.

The rod may be tapered such that the distance between
the friction blocks increases during a movement of the pile
driver away from the lifting element. This creates a
progressive braking behaviour. In case the friction blocks are
pressed against the rod the spring force will increase during
the movement. In case of a hydraulic force the hydraulic
pressure will be increased during the movement; in this case
the hydraulic system may be provided with an accumulator.

In an alternative embodiment the lifting element
comprises a cylindrical outer surface which is at least partly
accommodated within a cylindrical inner surface of the pile
driver, wherein one of the inner surface and the outer surface

is provided with at least a protruding rib extending in the
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pile driving direction and the other one of the inner surface
and the outer surface is provided with a pair of friction
blocks which exert a clamping force on the rib.

The invention will hereafter be elucidated with
reference to very schematic drawings showing embodiments of
the invention by way of example.

Fig. 1 is a perspective view of an embodiment of a
pile driving system according to the invention.

Fig. 2 is a similar view as Fig. 1, but showing an

alternative embodiment.

Fig. 3 is a cut-away side view of a part of the pile

driving system as shown in Fig. 2.
Fig. 4 is a similar view as Fig. 3, but showing the

pile driving system in a different condition.

Fig. 5 i1s a sectional view along the line V-V in Fig.

Fig. 6 1s an enlarged view of a part of Fig. 3.

Fig. 7 is a similar view as Fig. 1, but showing an
alternative embodiment of a pile driving system according to
the invention.

Fig. 8 is a similar view as Fig. 7, but showing the
pile driving system in a different condition.

Fig. 9 is an enlarged view of a part of Fig. 7 as
indicated by IX in Fig. 7.

Fig. 1 shows an embodiment of a pile driving system
according to the invention. The pile driving system 1 has a
lifting element 2 which is attached to a hoisting cable 3 of
crane 4 on a barge 5. The crane 4 is provided with a winch
(not shown) for paying out and taking in the hoisting cable 3
The pile driving system 1 is suitable for installing a
monopile (not shown) in an underwater ground formation, e.g.
seabed, but applying the system 1 ashore is also conceivable.

The pile driving system 1 further comprises a

hydraulic pile driver 6 and a transiticn cylinder 7 which are

a

a
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fixed to each other. A rod 8 is mounted to the pile driver 6
and the transition cylinder 7. A bottom end of the rod is
provided with a plate 8a which is movable within the
transition cylinder 7. During normal pile driving the plate 8a
can rest on a collar 7a inside the transition cylinder 7
between two successive blows of the pile driver 6. When the
pile driver 6 and a monopile together move downwardly during a
blow the transition cylinder 7 also moves downwardly. Under
normal pile driving conditions the rod 8 has a fixed position
with respect to the lifting element 2, which means that during
a blow of the pile driver 6 the transition cylinder 7 can move
downwardly with respect to the lifting element 2 including the
rod 8, whereas the lifting element 2 including the rod 8 may
follow the movement somewhat later. It is noted that under
normal pile driving conditions there is minimal or no tension
load in the hoisting cable 3, hence avoiding repetitive load
pulses onto the crane 4.

Under certain conditions the rod 8 is also movable
with respect to the lifting element 2 in a vertical pile
driving direction X within a cylinder 9 which is located
inside the 1lifting element 2, which will be explained
hereinafter. In the embodiment as shown in Fig. 1 the rod 8
has a rectangular cross section, but a different shape, for
example circular, is also conceivable.

The pile driving system 1 is provided with a brake in
the form of a friction block 10 which is pressed against the
rod 8 by means of a hydraulic pressure chamber 11. This means
that the rod 8 forms a first sliding member whereas the
friction block 11 forms a second sliding member of two
cooperating sliding members, the first sliding member being
located at the pile driver 6 and the second sliding member
being located at the lifting element 2. The sliding members

can move relative to each other in their mutual sliding
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direction, which is the same direction as the pile driving
direction X in this case.

Alternatively, the friction bleock 10 may be pressed
against the rod 8 by means of a spring or the like. It is also
conceivable that the friction block 10 is made of a resilient
material, for example a rubber block, and mounted in
compressed condition against the rod 8. Furthermore, the pile
driving system 1 may have more than one friction block 10, for
example at an opposite side of the rod 8 with respect to the
location where the friction block 10 is shown in Fig. 1.

When the pile driving system as shown in Fig. 1 is
used to drive a monopile (not shown) into the seabed the
ftransition cylinder 7 and the pile driver 6 rest on the
monopile, whereas the lifting element 2 including the rod 8
suspend from the hoisting cable 3, as illustrated in Fig. 1.
If the tip of the moncpile reaches a ground layer providing
low resistance the monopile may start running into the ground
due to its own weight and the weight of the pile driver 6
resting on the monopile; a blow of the pile driver 6 may
trigger this conditicon. The pile driving system 1 will turn in
a freefalling condition. Subsequently, the hoisting cable 3
will arrest the system 1. Initially, the transition cylinder 7
can almost freely move downwardly with respect tfo the lifting
element 2 including the rod 8 until the plate 8a contacts a
cover on top of the transition cylinder 7, since friction
between the rod 8 and the transition cylinder 7 is much lower
than friction between the rod 8 and the lifting element 2 due
to the presence of the brake. Subsequently, inertia of the
pile driver 6 causes a downward force of the rod 8 onto the
friction block 10. Depending on the friction behaviour between
the rod 8 and the friction block 10 the rod 8 including the
pile driver 6 and the transition cylinder 7 may start moving
downwardly with respect to the lifting element 2 under such

conditions.
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The hydraulic pressure chamber 11 always presses the
friction block 10 against the rod 8, i.e. in case the pile
driver 6 and the rod 8 have fixed positions with respect to
the lifting element 2 as well as in case the pile driver 6 and
the rod 8 move with respect to the lifting element 2. In the
latter case dynamic friction occurs between the friction block
10 and the rcd 8, whereas in the former case static friction
occurs between the friction block 10 and the rod 8. The pile
driving system 1 may be adapted such that a downward force of
the rod 8 onto the friction block 10 must be more than 1.4
fimes the weight of the pile driver 6 in order to overcome
static friction and to start moving the pile driver 6 with
respect to the lifting element 2. Dynamic friction will
increase quickly during moving due to heat generation causing
thermal expansion of the sliding members. In order to create a
progressive braking behaviour during movement the rod 8 may be
slightly tapered such that the pressing force of the friction
block 10 will increase during movement of the pile driver 6
and the rod 8 with respect to the lifting element 2, caused by
compressing the volume of the hydraulic pressure chamber 11.
Alternatively, additional hydraulic pressure may be generated
during movement of the pile driver 6 and the rod 8 with
respect to the lifting element 2.

Fig. 2 shows an alternative embodiment of the pile
driving system 1. In this embodiment the transition cylinder 7
is fixed to the pile driver 6, similar to the embodiment as
described hereinbefore, but it has a different shape. The
lifting element 2 is movable within the transition cylinder 7
in the pile driving direction X. In this embodiment the inner
side of the transition cylinder 7 is provided with pairs of
friction blocks 18 which engage cooperating radial ribs 19,
which project from the outer side of the lifting element 2.
The ribs 19 extend in the pile driving direction X and are

distributed at equiangular distance at the circumference of
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the lifting element 2. The pairs of friction blocks 18 exert
clamping forces on the ribs 19 in order to provide a static
friction under normal pile driving conditions and a dynamic
friction when the pile driver & moves with respect to the
lifting element 2 in the event that the system 1 is
decelerated from a freefalling condition.

Figs. 3 and 4 illustrate a movement of the pile
driver 6 with respect to the lifting element 2. Fig. 3 shows a
situation under normal pile driving conditions in which the
pile driver & has a fixed position with respect to the lifting
element 2, whereas Fig. 4 shows a condition in which the pile
driver 6 including the transition cylinder 7 are decelerated
through the friction blocks 18 and the cooperating ribs 19.
The transition cylinder 7 may be provided with additional
friction blocks at a different height in the transition
cylinder 7 in order to create a stable guidance of the ribs 19
during their movement along the friction blocks 18.

Figs. 5 and 6 show in more detail the relative
positions of the friction blocks 18 and the ribs 19. Fig. 6
shows that the ribs 19 are slightly tapered by a small angle o
in order to provide a progressive braking force when the pile
driver 6 moves downwardly with respect to the lifting element
2. Figs. 5 and 6 also show springs 20 which are fixed to the
transition cylinder 7 and press the friction blocks 18 against
the ribs 19.

Fig. 2 does not show a mechanism to freely move the
lifting element 2 with respect to the pile driver 6 under
normal pile driving conditions, i.e. when the ribs 19 stay in
the same position with respect to the friction blocks 18,
comparable to the plate 8a which is movable within the
transition cylinder 7 in the embodiment as shown in Fig. 1.
Such a mechanism may also be present in the embodiment of Fig.

2.
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Figs. 7-9 show another alternative embodiment of the
pile driving system 1. Similar to the embodiments as described
hereinbefore, in this embodiment the lifting element 2 is
attached to the hoisting cable 3 of the crane 4 on the barge
5. In this case the hydraulic pile driver 6 is coupled to the
lifting element 2 through a hammer clamp 21 which is fixed to
the pile driver 6 and a pair of sliders 22 which are slidably
mounted to the hammer clamp 21 and located at opposite sides
of the pile driver 6.

The sliders 22 have the same function as the plate 8a
inside the transition cylinder 7 in the embodiment as shown in
Fig. 1. During normal pile driving the lifting element 2 can
suspend from the hoisting cable 3 and rest on the pile driver
6 between two successive blows, as shown in Fig. 7, whereas
during a blow of the pile driver 6 the pile driver € can move
downwardly with respect tfo the lifting element 2 through the
sliders 22, after which the 1lifting element 2 including the
heoisting cable 3 may follow tThe movement.

The pile driving system 1 is provided with a brake
between the lifting element 2 and the respective sliders 22,
which brake is in the form of friction blocks 23, see Fig. 9.
The friction blocks 23 are pressed against rods 24 by means of
respective hydraulic pressure chambers 25. The pile driving
system 1 as shown in Fig. 7 has two series of three rods 24,
one series located at one side of the pile driver & and the
other series located at the opposite side thereof. Both series
0of three rods 24 are fixed to lower yokes 26 which are in turn
rotatably mounted to the respective sliders 22. The series of
cooperating friction blocks 23 and the corresponding hydraulic
pressure chambers 25 are accommodated in respective housings
27 which are in turn fixed to upper yokes 28 via bars 29. The
upper vokes 28 are rotatably mounted tc the lifting element 2.

When the pile driving system as shown in Fig. 7 1is

used to drive a monopile (not shown) into the seabed the
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lifting element 2 suspends from the hoisting cable 3 and rests
on the pile driver 6 via the brake and the sliders 22. When
the pile driving system 1 turns in a freefalling condition and
the hoisting cable 3 arrests the system 1, the pile driver 6
may initially move downwardly with respect to the lifting
element 2 and the brake through the sliders 22 only, since
friction between the six rods 24 and the respective friction
blocks 23 is much higher than friction between the sliders 22
and the hammer clamp 21. Subsequently, the rods 24 including
the sliders 22 and the pile driver 6 can move downwardly with
respect to the lifting element 2 when the inertia of the pile
driver 6 causes a downward force of the rods 24 onto the
friction blocks 23 which exceeds maximum static friction force
between the rods 24 and the friction blocks 23. During this
movement the pile driver 6 will be decelerated and eventually
stop. The resulting condition after the movement is
illustrated in Fig. 8.

From the foregoing it becomes clear that different
types of brakes are conceivable, but each type serves to allow
a movement of the pile driver 6 with respect to the lifting
element 2 after arresting the lifting element 2, on the one
hand, and to decelerate the resulting movement in a controlled
manner, on the other hand. In fact, peak acceleration creating
a shock locad on the crane 4 after the pile driver € 1is
freefalling is reduced by extending the duration of the
impact.

The invention is not limited to the embodiments shown
in the drawings and described hereinbefore, which may be
varied in different manners within the scope of the claims and

their technical egquivalents.
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CLAIMS

1. A pile driving system (1), comprising a lifting
element (2) attached or attachable to a hoisting cable (3) of
a crane (4), a pile driver (6) which is mounted to the lifting
element (2) and movable with respect to the lifting element
(2) 1n a pile driving direction (X) and a brake for braking a
movement of the pile driver (6) with respect to the lifting
element (2), characterized in that the brake comprises
cooperating sliding members (8, 10, 18, 19, 23, 24) at the
lifting element (2) and the pile driver (6), which sliding
members are pressed against each other in a direction

extending transversely to their mutual sliding direction (X).

2. The pile driving system (1) according to claim
1, wherein the sliding members (8, 10, 18, 19, 23, 24) are
configured such and the force between the sliding members (8,
10, 18, 19, 23, 24) is selected such that the brake keeps the
pile driver (6) at a fixed position with respect to the
lifting element (2) by static friction between the sliding
members (8, 10, 18, 19, 23, 24) up to a predetermined force
level of the pile driver (6) on the lifting element (2) in
their mutual sliding direction (X).

3. The pile driving system (1) according to claim
2, wherein the predetermined force level i1s at least 1.1, and
preferably at least 1.4, times the weight of the pile driver

(6).

4. The pile driving system (1) according to one of
the claims 1-3, wherein at least one of the sliding members
(8, 10, 18, 19, 23, 24) 1s pressed against the other by a
hydraulic cylinder.
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5. The pile driving system (1) according to one of
the claims 1-3, wherein at least one of the sliding members
(18) 1i1s pressed against the other by a spring (20).

6. The pile driving system (1) according to one of
the claims 1-3, wherein at least one of the sliding members
(8, 10, 18, 19, 23, 24) i1s made of a resilient material, for

example rubber.

7. The pile driving system (1) according to any
one of the preceding claims, wherein one of the pile driver
(6) and the lifting element (2) is provided with a rod (8, 24)
extending in the pile driving direction (X) and guided by the
other one of the pile driver (6) and the lifting element (2),
wherein said rod (8, 24) forms the sliding member at said one
of the pile driver (6) and the lifting element (2) which
cooperates with the sliding member (10, 23) at said other one
of the pile driver (6) and the lifting element (2).

8. The pile driving system (1) according to claim
7, wherein the sliding member at said other one of the pile
driver (6) and the lifting element (2) comprises a pair of
friction blocks (10, 23) which engage the rod (8) at opposite
sides thereof.

9. The pile driving system (1) according to claim
8, wherein the rod (8) i1s tapered such that the distance
between the friction blocks (10, 23) increases during a
movement of the pile driver (6) away from the lifting element

).
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10. The pile driving system (1) according to any
one of the claims 1-6, wherein the lifting element (2)
comprises a cylindrical outer surface which is at least partly
accommodated within a cylindrical inner surface of the pile
driver (6), wherein one of said Inner surface and said outer
surface i1s provided with at least a protruding rib (19)
extending iIn the pile driving direction (X) and the other one
of saild iInner surface and said outer surface is provided with
a pair of friction blocks (18) which exert a clamping force on
the rib (19).

11. The pile driving system (1) according to claim
10, wherein the rib (19) is tapered such that the distance
between the friction blocks (18) iIncreases during a movement

of the pile driver (6) away from the lifting element (2).

12. The pile driving system (1) according to any
one of the preceding claims, wherein the mutual sliding
direction of the sliding members (8, 10, 18, 19, 23, 24) and

the pile driving direction (X) are the same.



