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(54) FOUNDATION PILE

(57) The invention relates to a template (1) compris-
ing a plurality of guide members, preferably guide tubes
(2), for guiding foundation elements, such as piles (30),
during installation in an underwater ground formation,
and a measuring device (10) to measure the height of a
foundation element (30) in at least one of the guide mem-
bers (2). The measuring device (9) comprises a sensor

(15) that is attached to an arm (10) that is movable be-
tween a retracted position and an extended position. In
the extended position of the arm (10), the sensor (15) is
positioned inside, above or beneath the guide member
(2) and can be lowered or lifted from the arm (10) and
inside the guide member (2).
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Description

[0001] The invention relates to a template comprising
a plurality of guide members, preferably guide tubes, for
guiding foundation elements, such as piles, during instal-
lation in an underwater ground formation, e.g. a seabed,
and a measuring device for measuring the height of a
foundation element, e.g. the stickup height of a pile after
it has been driven into the underwater ground formation,
in at least one of the guide members. The invention also
relates to a measuring device for measuring the height
of a foundation element in a guide member and to a meth-
od of installing a plurality of foundation elements.
[0002] US 5,244,312 relates to a system for installing
a drilling template in a level orientation over an ocean
floor. The drilling template is supported on a plurality of
preset piles. The piles extend above the ocean floor. After
the piles are set, their elevations are accurately deter-
mined, and pile-receiving sockets in the drilling template
are finally fabricated to have depths corresponding to the
respective piles to be received therein. Once the drilling
template is lowered onto the piles, it is supported in a
level orientation.
[0003] EP 2 492 401 relates to a device for manufac-
turing a foundation for a mass located at height, such as
the jacket of a wind turbine or a jetty, wherein the foun-
dation comprises a quantity of piles driven into an under-
water bottom in a geometric pattern. As explained in EP
2 492 401, once all the piles have been arranged in the
underwater bottom in the desired geometric pattern, thus
forming the foundation, the jacket is arranged on the foun-
dation formed by the quantity of piles by arranging legs
of the jacket in the piles (also referred to as pin piling) or,
in an alternative method, around the piles (also referred
to as sleeve piling). The piles are adapted in both cases
to be able to receive the legs of the jacket, for instance
by providing hollow piles (pin piling) or hollow legs of the
jacket (sleeve piling).
[0004] In addition to the correct positions of the piles,
it is also important that the piles are arranged at the de-
sired angle, e.g. substantially vertically, and that the
height of the foundation piles arranged in the underwater
bottom is the same, or in any case precisely known, be-
fore the jacket is arranged on the foundation piles. In
order to determine the height of the piles arranged in the
underwater bottom use is generally made of a diver or
underwater robot which maps the situation in situ. This
is time-consuming.
[0005] EP 2 492 401 discloses a device comprising a
positioning framework of a number of mutually connected
guide members, in particular guide tubes, arranged in a
geometric pattern and adapted to receive and guide a
pile to be driven into the underwater bottom, wherein the
guide tubes comprise measuring means adapted to de-
termine the height of a pile present in the guide tubes. In
a preferred embodiment, the measuring means comprise
a liquid gauge (CLEM unit) adapted to measure the ver-
tical height of a stop which is movable from a lower ref-

erence height up to at least the upper edge of a pile
present in the guide tube and which can be coupled to
the pile.
[0006] It is an object of the present invention to provide
an improved template and measuring device for meas-
uring the height of a foundation element in a guide mem-
ber of a template.
[0007] To this end, the template according to the
present invention is characterised in that the measuring
device comprises a sensor that is attached to an arm that
is movable between a retracted position and an extended
position, and in that, in the extended position of the arm,
the sensor is positioned inside, above or beneath the
guide member and can be lowered or lifted from the arm
and inside the guide member. In an embodiment, in the
retracted position, the sensor is positioned outside the
guide member, at least outside guide cavity of the guide
member.
[0008] The measuring system according to the present
invention enables measuring a relatively large range, e.g.
between 1 and 10 meters, of stickup heights with rela-
tively little interference with the guide member or mem-
bers. For example, the arm can be extended above the
guide member or through a relatively small door in a guide
tube and the sensor lowered into the guide member e.g.
while suspended from the end of the arm. In another ex-
ample, the arm can be extended beneath the guide mem-
ber and the sensor lifted, e.g. by means of a telescoping
column, along the outer wall of a foundation element
present inside the guide member. In contrast, to measure
heights in such a large range with a measuring device
comprising a probe, sensor or feeler extending through
slot in a guide tube, would require a vertical slot of 9
meters in the tube wall, which would seriously compro-
mise the structural integrity of the guide tube, e.g. effec-
tively render it a bent plate rather than a true tube.
[0009] In an embodiment, the sensor is attached to the
arm via at least one flexible element, such as a cable,
cord or chain, which preferably is wound on a winch, e.g.
attached to the arm and/or with the flexible element being
guided via the arm.
[0010] Thus, when the arm is in the extended position,
the sensor can be lowered into the guide member and
into or along of a foundation element, such as a hollow
pile, inside the guide member. Also, after the sensor has
been lowered into or along the foundation element, the
sensor can be pulled or pushed, i.e. urged, against the
wall of the foundation element and hoisted along the wall
at least until the sensor signals that the upper end (rim)
of the foundation element has been reached.
[0011] In an embodiment, the flexible element is or
comprises an umbilical containing e.g. power and data
wires, to feed electric, pneumatic and/or hydraulic power
to the sensor and other components near the sensor, as
will be explained below.
[0012] In another embodiment, the sensor is mounted
on or in a frame. The frame can be employed to carry
and/or protect the sensor and/or to mount further com-
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ponents. For instance, to facilitate movement of the sen-
sor along the (inner or outer) wall of the foundation ele-
ment, in an embodiment, the frame comprises one or
more rolling or sliding elements, such as wheels or slide
pads made of a synthetic material, e.g. a low friction ma-
terial such as PTFE, preferably at least two slide ele-
ments, one of each side of the sensor.
[0013] In another embodiment, the measuring device
comprises two or more sensors for detecting the upper
rim of a foundation element, which sensors are preferably
positioned at different heights. A further sensor provides
redundancy and/or increased accuracy and if the sensors
are positioned at different heights the detection range of
the sensors is increased.
[0014] In another embodiment, in addition to one or
more sensors for detecting the upper rim of the founda-
tion element, at least one pressure sensor is mounted in
or on the frame. The pressure sensor can be employed
to measure the height (vertical) position of the (main)
sensor, e.g. by comparing the pressure measured at the
height position or at a known distance from the height
position of the sensor with a reference pressure. In a
preferred embodiment, a reference pressure is provided
by a further pressure sensor located on or in the template,
preferably near the bottom side of the template, i.e. near
the seabed. If absolute values for height are required,
the height of the reference relative to the seabed can be
measured e.g. acoustically or with a clump weight or
plummet.
[0015] In a further embodiment, a camera and prefer-
ably a light source is mounted in or on the frame. The
camera can serve as the sensor for detecting the upper
rim of the foundation element and/or provide a back-up
system. I.e., the camera can be used to optically find the
upper rim of the foundation element or a marker that is
located at a known distance from the upper rim of the
foundation element.
[0016] In another embodiment, the measuring device
comprises one or more proximity sensors for detecting
the upper rim of the foundation element. Proximity sen-
sors were found to provide an accurate reading of the
height of foundation elements, in particular of the upper
rim, i.e. the transition from matter to no matter, also in
the presence of dirt on the foundation element or in the
water surrounding the foundation element.
[0017] In an embodiment, the measuring device com-
prises a main sensor, e.g. one or more proximity sensors,
and a back-up sensor, e.g. a camera, for detecting di-
rectly or via a marker the upper rim of the foundation
element. If the main sensor or sensors fail, the back-up
sensor or sensors take over. Similarly, in another em-
bodiment, the measuring device comprises a main sen-
sor, e.g. a pressure sensor, for measuring the height (ver-
tical) position of the (main) sensor and a back-up sensor,
e.g. a sensor arranged to derive the height position of
the (main) sensor from the paid out length of the flexible
element from which the (main) sensor is suspended.
[0018] Although in principle a single measuring device

can be used for measuring the stickup height in two or
more guide members, it is preferred that each of the guide
elements is provided with a measuring device to measure
the height of a foundation element.
[0019] The invention further relates to a measuring de-
vice for measuring the height of a foundation element in
a guide member for guiding foundation elements, such
as piles, during installation in an underwater ground for-
mation, comprising a sensor, characterised in that the
sensor is attached to an arm that is movable between a
retracted position and an extended position and in that,
in the extended position of the arm, the sensor can be
lowered or lifted from the arm.
[0020] Various embodiments of the measuring device
comprise one or more elements described above. E.g.,
in an embodiment, the sensor is attached to the arm via
at least one flexible element, such as a cable, cord or
chain, and the at least one flexible element is wound on
a winch.
[0021] The invention also relates to a method of meas-
uring the height of a foundation element in a guide mem-
ber, such as a guide tube, after the foundation element
has been driven into an underwater ground formation,
e.g. a seabed, the method comprising the steps of ex-
tending a sensor, preferably a proximity sensor or e.g. a
camera, inside, above or beneath the guide member,
lowering or lifting the sensor in the guide member along-
side a wall of the foundation element, establishing with
the sensor the location of the upper rim of the foundation
element.
[0022] In an embodiment, the method comprises the
further step of urging the sensor towards or against the
(inner or outer) wall of the foundation element and pulling
the sensor up at least until it reaches the upper rim of the
foundation element.
[0023] The invention will now be explained in more de-
tail with reference to the Figures, which show a preferred
embodiment of the measuring device according to the
present invention.

Figure 1 is a perspective view of a template compris-
ing four guide tubes and a stickup height measuring
device for each guide tube.
Figure 2 is a perspective view of a measuring device
as used in the template shown in Figure 1.
Figure 3 is a perspective view of the sensor unit that
is part of the measuring device shown in Figure 2.
Figures 4A to 4C are cross-sections illustrating a
method of measuring stickup height with the device
shown in Figure 2.

[0024] It is noted that the Figures are schematic in na-
ture and that details, which are not necessary for under-
standing the present invention, may have been omitted.
[0025] Figure 1 shows a template 1 comprising a plu-
rality of guide tubes 2 fixed in a geometric pattern by
means of beams or trusses 3. The pattern of the cen-
trelines of the guide tubes corresponds to that of foun-
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dation piles for e.g. a jacket for a wind turbine to be in-
stalled. In this example, the guide tubes are arranged in
a square. The template is provided with at least a pres-
sure sensor (not shown) to establish depth and with an
inclination sensor.
[0026] The guide tubes 2 have a circular cross-section,
an inner diameter larger than 1 meter, e.g. 2 meters, and
are provided with internal guide elements 5 to center and
support the piles during insertion in the guide tubes.
[0027] Each of the guide tubes 2 comprises at its upper
halve, e.g. near its top end, a measuring device 9, shown
in detail in Figures 2, 3A, and 3B, to measure the height
of a pile in the tube, i.e. after it has been driven into the
underwater ground formation. The measuring devices
are positioned outside the guide tubes, behind a door or
panel 11 in the wall of each of the tubes.
[0028] The measuring device 9 comprises a mounting
frame 12 with which it is mounted in the template and an
arm 10 that is movable, i.c. slidable, on or in the frame
by means of e.g. an hydraulic cylinder 13, between a
retracted position (Figure 4A) and an extended position
(Figures 4B and 4C). The measuring device further com-
prises two proximity sensors 15, in this example SICK
IMA30-40NE1ZC0K, located next to each other in a car-
rying frame 16, with one of the sensors positioned slightly
higher, e.g. 1 to 50 millimeters higher, than the other.
The frame further carries two pressure sensors 17, po-
sitioned a calibrated distance below the proximity sen-
sors 15, a camera 18 at exactly the same height position
as the proximity sensors 15, and a lamp integrated in the
camera. A reticle 19 is positioned in front of the camera
to facilitate optically measuring the height position of a
rim or marker of or on a foundation element inside the
guide tube 2. Guide wheels 20 are mounted on either
side and in the middle, at the bottom side, of the frame
16. The frame is suspended from the arm via a pair of
cables 25 that are guided over pulleys 26 at the front end
of the arm, i.e. the end closest to the guide tube, and
towards winches 27 at the rear end of the arm. The cables
are wound on the winches. Also, the cables contain pow-
er wires to feed electricity to the sensor, camera, lamp,
and pressure sensor and data wires to transmit data from
the sensors and camera.
[0029] During operation, illustrated in Figures 4A, 4B,
and 4C, after piles 30 have been driven into the under-
water ground formation, the arm 10 is extended until the
frame 16 carrying the proximity sensors 15 is above the
space between the pile and the inner wall of the guide
tube. Next, the frame and sensors are lowered by paying
out the cables 25 with the winches 27, alongside the outer
wall the pile. Next, the arm 10 is extended further until
the wheels 20 on the frame 16 rest under some bias
against the outer wall of the pile. After the wall of the pile
has been detected by the proximity sensors, the frame
and sensors are pulled up. When the upper sensor of the
two proximity sensors reaches the upper rim of the pile,
the sensor will generate a signal. For instance, the output
voltage or current of the proximity sensor decreases and

a decrease of 50% is considered to correspond to a po-
sition of the upper sensor at the rim. At this position, the
pressure measured with the pressure sensor 17 on the
frame 16 is compared to a reference, in this example the
pressure measured by the pressure sensor on the tem-
plate, to establish the height of the upper rim of the pile.
When the stickup height of the first pile has been meas-
ured, the other piles are driven into the seabed to the
same stickup height as the first. After the heights of these
piles have been measured and compared to the stickup
height of the first pile, it is decided whether further pile
driving, e.g. to achieve an equal height for all piles, is
necessary.
[0030] The measuring system according to the present
invention enables measuring a relatively large range, e.g.
between 1 and 10 meters, of stickup heights with rela-
tively little interference with the guide member or mem-
bers.
[0031] The invention is not restricted to the embodi-
ment described above and can be varied in numerous
ways within the scope of the claims. For example, the
arm can be extended beneath the guide member and the
sensor lifted, e.g. by means of a telescoping column,
along the outer wall of a foundation element present in-
side a guide member. In another example, the measuring
device comprises three or four proximity sensors, e.g. all
at different heights.

Claims

1. Template (1) comprising a plurality of guide mem-
bers, preferably guide tubes (2), for guiding founda-
tion elements, such as piles (30), during installation
in an underwater ground formation, and a measuring
device (9) for measuring the height of a foundation
element (30) in at least one of the guide members
(2), characterised in that the measuring device (9)
comprises a sensor (15) that is attached to an arm
(10) that is movable between a retracted position
(Figure 4A) and an extended position (Figure 4B),
and in that, in the extended position of the arm (10),
the sensor (15) is positioned inside, above or be-
neath the guide member (2) and can be lowered or
lifted from the arm (10) and inside the guide member
(2).

2. Template (1) according to claim 1, wherein the sen-
sor (15) is attached to the arm (10) via at least one
flexible element (25).

3. Template (1) according to claim 2, wherein the at
least one flexible element (25) is wound on a winch
(27).

4. Template (1) according to claim 2 of 3, wherein the
at least one flexible element (25) is or comprises an
umbilical.
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5. Template (1) according to any one of the preceding
claims, wherein the sensor (15) is mounted on or in
a frame (16).

6. Template (1) according to claim 5, wherein the frame
(16) comprises one or more rolling or sliding ele-
ments (20), preferably at least two such elements
(20), one of each side of the sensor (15).

7. Template (1) according to any one of the preceding
claims, comprising two sensors (15), preferably po-
sitioned at different heights.

8. Template (1) according to any one of the preceding
claims, wherein at least one pressure sensor (17) is
mounted in or on the frame (16).

9. Template (1) according to any one of the preceding
claims, wherein a camera (18) is mounted in or on
the frame (16).

10. Template (1) according to any one of the preceding
claims, wherein the measuring device (9) comprises
one or more proximity sensors (15).

11. Template (1) according to any one of the preceding
claims, wherein each of the guide elements (2) is
provided with a measuring device (9) to measure the
height of a foundation element (30).

12. Measuring device (9) for measuring the height of a
foundation element (30) in a guide member (2) for
guiding foundation elements, such as piles (30), dur-
ing installation in an underwater ground formation,
comprising a sensor (15), characterised in that the
sensor (15) is attached to an arm (10) that is movable
between a retracted position (Figure 4A) and an ex-
tended position (Figure 4B) and in that, in the ex-
tended position of the arm (10), the sensor (15) can
be lowered or lifted from the arm (10).

13. Measuring device (9) according to claim 12, wherein
the sensor (15) is attached to the arm (10) via at least
one flexible element (25) and the at least one flexible
element (25) is wound on a winch (27).

14. Method of measuring the height of a foundation el-
ement (30) in a guide member, such as a guide tube
(2), after the foundation element (30) has been driv-
en into an underwater ground formation, the method
comprising the steps of
extending a sensor (15) in, above or beneath the
guide member (2),
lowering or lifting the sensor in the guide member
(30) alongside a wall of the foundation element (30),
establishing with the sensor (15) the location of the
upper rim of the foundation element (30).

15. Method according to claim 14, comprising the step
of urging the sensor (15) towards or against the wall
of the foundation element (30) and
pulling the sensor (15) up at least until it reaches the
upper rim of the foundation element (30).
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