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DESCRIPTION

[0001] The present invention relates to a method of installing a pile in the sea bottom by
means of a pile guide.

[0002] A method of installing a pile in the sea bottom by means of a pile guide is known from
JPS 6014 44 17 A and also from US 4,102,147. The pile guide disclosed therein has a frame
which carries radially movable inwardly extending guide members for guiding a pile. The guide
members comprise hydraulic cylinders having shoes which bear on a part of the circumference
of the pile. The pile guide keeps a pile to be driven into the ground in an upright position under
water.

[0003] An object of the invention is to provide a method for installing a pile in the sea bottom in
a fast and accurate manner.

[0004] This object is achieved by the method according to the invention wherein the pile guide
has a frame and at least an upper and a lower pair of cooperating guide members, wherein the
upper pair and the lower pair are located at a distance from each other in vertical direction,
wherein each pair of guide members comprises a passive guide member and an active guide
member, and wherein the passive guide member and active guide member are moved
towards the pile after placing the pile between each of the pairs of guide members.
Furthermore, the passive guide members are moved to respective fixed initial guiding positions
with respect to the frame and the active guide members are moved to the pile until the passive
and the active guide members engage the pile, after which the pile is held between the upper
pair of guide members and between the lower pair of guide members during driving the pile
into the sea bottom, during which the actual forces between the pile and the respective guide
members are determined.

[0005] An advantage of the method according to the invention is that the passive guide
members can be moved quickly from releasing positions thereof towards the pile to their fixed
initial guiding positions, whereas the active guide members are used for engaging the pile by
the guide members. It is possible to exert a small pressure on the pile by the active guide
members such that the pile is clamped between the upper pair of guide members as well as
between the lower pair of guide members. Measuring the actual force between the pile and the
respective guide members provides feedback signals which provide the opportunity to control
the positions of the active guide members with respect to the frame and under certain
circumstances the passive guide members, as well. In this way a relatively low pressure can be
maintained on the pile by the guide members during the pile driving process such that the
clamping force is sufficient to hold the pile whereas excessive clamping force is avoided in
order to minimize resistance between the guide members and the pile during displacing the
pile downwardly. Since a sudden excessive clamping force can be prevented, clearance
between the pile and the guide members to avoid jamming can be minimized or even omitted.
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[0006] At a final stage of a pile driving action the guide members may be moved in a direction
away from the pile, back to their releasing positions in order to form a passage for a
hammering device and/or to remove the pile guide from the pile which has been driven into the
ground.

[0007] In a practical situation before starting the process of driving the pile into the sea bottom
the pile guide is placed on the sea bottom and possibly levelled. Then, the pile is transferred by
means of a crane to the pile guide and placed between the guide members of the upper pair of
guide members and between the guide members of the lower pair of guide members. In this
situation the guide members are still in a releasing position at a radial distance from the pile in
order to provide sufficient space to receive the pile between the guide members of the
respective pairs of guide members. The pile is lowered towards the sea bottom and the crane
holds the pile just above the sea bottom or the pile rests on the sea bottom. Subsequently, the
guide members of the upper pair and the guide members of the lower pair are moved towards
each other, respectively, i.e. the guide members are moved from their respective releasing
positions towards the pile. The passive guide members are first moved to a fixed guiding
position with respect to the frame whereas the active guide members are subsequently moved
to the pile until predetermined actual forces between the pile and the respective guide
members are reached. Under ideal pile driving conditions, in case the pile is more or less
cylindrical, the passive guide members keep their initial fixed guiding positions and the
positions of the active guide members may be varied. However, under certain conditions the
positions of the passive guide members can be changed as well. The actual forces between
the pile and the respective guide members can be determined by means of strain gauges at
the respective guide members, for example.

[0008] Although the passive guide members are moved to respective fixed guiding positions
with respect to the frame after placing the pile between each of the pairs of guide members,
the respective fixed positions are not necessarily located exactly above each other. For
example, it is possible that their positions are inclined with respect to a vertical line in order to
drive the pile inclined into the bottom.

[0009] In a specific embodiment, during pile driving the active guide member of at least one
pair of guide members is initially moved in a direction away from the pile if the actual forces at
both the passive and active guide member of that pair increase without moving the passive
guide member, but the passive guide member of that pair is moved in a direction away from
the pile if the actual force at the passive guide member remains above a certain level without
increase of the actual force at the active member. This situation may typically occur if the pile
diameter is locally larger which results in increasing actual forces between the pile and the
respective guide members during pile driving, first occurring at the upper pair of guide
members. If the actual forces exceed respective predetermined threshold levels the active
guide member of the upper pair may be moved in a direction away from the pile as a first
response in order to alleviate the increasing clamping force between the corresponding guide
members. Initially the position of the passive guide member remains unchanged. However, if
the actual force at the passive guide member remains above a certain level whereas the actual
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force at the active member does not increase the passive guide member is moved in a
direction away from the pile. A similar method can be performed at the lower pair of guide
members after the portion of the pile with increased diameter has passed the upper pair.

[0010] Furthermore, during pile driving at least two guide members may be locked in their
actual positions if an actual force at one of the guide members of the upper pair and an
opposite actual force at one of the guide members of the lower pair both increase whereas the
actual forces at the remaining guide members do not increase, wherein at least the guide
members are locked where the respective actual forces increase. This situation may typically
occur in case of leaning of the pile causing increased actual forces at one of the guide
members of the upper pair and one of the guide members of the lower pair, which actual
forces are directed in opposite directions. Locking the guide members means that their
positions with respect to the frame are maintained.

[0011] In a specific embodiment, during pile driving the method comprises the following step:

if the actual force at the active guide member of one of the pairs of guide members decreases,
then the active guide member of that pair of guide members is moved in the direction of the
pile, and the following step:

if the actual force at the passive guide member of one of the pairs of guide members
decreases, then the active guide member of that pair of guide members is moved in the
direction of the pile, but if the actual force at the passive guide member of that pair of guide
members remains below a predetermined level upon moving the active guide member of that
pair of guide members in the direction of the pile, then the passive guide member of that pair
of guide members is moved in the direction of the pile. This situation may typically occur if the
pile diameter is locally smaller which results in decreasing actual forces between the pile and
the respective guide members during pile driving, first occurring at the upper pair of guide
members. Similar as in case of increasing pile diameter, it is initially attempted to compensate
the diameter variation by means of moving the active guide member.

[0012] Preferably, the guide members are operated hydraulically, since this provides the
opportunity to control the guide members rapidly, reliably and accurately.

[0013] The locations where resultant forces of the guide members engage the pile may lie in a
common plane. This results in symmetrical forces on the pile such that a torque about a
centreline of the pile is avoided, for example.

[0014] The passive guide members of both pairs of guide members may be located at the
same side of the centerline of the pile. The passive guide members of the upper and lower pair
of guide members may be located above each other and the active guide members of the
upper and lower pair of guide members may be located above each other.

[0015] In a specific embodiment the pair of upper guide members form a first pair of upper
guide members, wherein a second, similar pair of upper guide members are located in a plane
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perpendicular to the common plane, and wherein the pair of lower guide members form a first
pair of lower guide members, wherein a second, similar pair of lower guide members are
located in a plane perpendicular to the common plane. This provides the opportunity to guide
the pile accurately and at low resistance in two horizontal directions which are perpendicular to
each other.

[0016] The invention is also related to a pile guide for guiding a pile during submerged pile
driving, comprising a frame including a passage for receiving a pile, at least two pairs of guide
members for guiding a pile and located at a distance from each other in a vertical direction,
which guide members are moveable with respect to the frame between respective guiding
positions and respective releasing positions, wherein in the guiding positions the guide
members project into the passage and face each other, and wherein in the releasing positions
the guide members are located at a larger distance from each other than in the respective
guiding positions, wherein at least one of the guide members of each pair is a passive guide
member having a fixed guiding position.

[0017] The other guide member is an active guide member having a flexible guiding position.
This is advantageous in case of using piles having varying manufacturing tolerances. For
example, the pile diameter may vary from pile to pile, but it is also possible that the diameter of
the pile varies in

[0018] longitudinal direction thereof. Since the passive guide member has a fixed guiding
position it is only the active guide member which has to be controlled towards a desired guiding
position.

[0019] At least one of the passive guide member and the active guide member is be moveable
between its guiding position and releasing position by a hydraulic cylinder.

[0020] The passive guide member may be movable by a hydraulic cylinder and pushed to a
fixed end position in its guiding position. For example, the piston of the hydraulic cylinder may
achieve a stop or the piston may reach its maximum extension in the guiding position of the
passive guide member. This makes control of the hydraulic cylinder for moving the passive
guide member simple.

[0021] The active guide member may be movable by a hydraulic cylinder, whereas its guiding
position is controlled by control of actual hydraulic pressure in the corresponding hydraulic
cylinder. This provides the opportunity to select a continuously variable guiding position of the
active guide member. Besides, the pile may be clamped tighter between the passive guide
member and the active guide member by increasing hydraulic pressure in the cylinder that
moves the active guide member.

[0022] The hydraulic cylinder for moving the passive guide member may operate at a higher
pressure than the hydraulic cylinder for moving the active guide member.
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[0023] The other guide member may also be a passive guide member having a fixed guiding
position. This embodiment is typically suitable for piles having stable dimensions from pile to
pile and in longitudinal direction of each pile. After receiving a pile in the passage both passive
guide members can be quickly moved to their fixed guiding positions and a pile driving action
can be started.

[0024] The passive guide members may be moveable between their respective guiding
positions and their respective releasing positions by respective hydraulic cylinders, wherein the
passive guide members are pushed to their fixed end positions in their respective guiding
positions.

[0025] Both guide members may be located opposite to each other in their guiding positions,
forming a cooperating pair of guide members. The guiding positions may be matched to the
dimensions of the pile to be driven into the sea bottom such that a clamping force on the pile
exists after the passive guide members have reached their guiding positions.

[0026] It is noted that the guide members may also be located opposite to each other in their
releasing positions. This may be the case if the guide members are moved by means of
hydraulic cylinders which are substantially aligned such that in extended condition as well as in
retracted condition the guide members face each other.

[0027] In a specific embodiment the pair of guide members form a first pair of guide members
and a second, similar pair of guide members are located in a plane perpendicular to a plane
extending in longitudinal direction of the passage and in which said first pair of cooperating
guide members are located.

[0028] The pair of guide members may form a first pair of guide members, wherein a third,
similar pair of guide members are located at a distance from the first pair of guide members in
longitudinal direction of said passage. This provides the opportunity to support a pile in a
desired upright position in the guiding positions of the guide members. It is noted that the
guiding positions of the guide members may be selected such that the pile has an inclined
orientation rather than an exact vertical orientation.

[0029] At least one of the guide members may comprise a roller for guiding a pile. This
minimizes friction between the pile and the guide member during pile driving. Due to low
friction of rollers a higher clamping force on the pile is allowable.

[0030] The frame may comprise a cylindrical guide sleeve which envelopes the passage. In
practice the guide sleeve as well as the piles may have a circular cross-section.

[0031] At least one of the guide members may be movable by a hydraulic cylinder which is
connected to an accumulator for relieving the guide member above a predetermined hydraulic
pressure. For example, if the pile diameter increases along its length, a too high force might be
exerted onto the guide member and the pile during pile-driving. Due to the presence of the
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accumulator, any over pressure in the hydraulic system can be absorbed in order to safeguard
the pile and the pile guide.

[0032] The invention is also related to the use of the pile guide as described hereinbefore for
installing a pile in the sea bottom, wherein the pile guide is placed onto the sea bottom and the
guide members are located in their releasing positions before a pile is placed into the passage
on the sea bottom or just above the sea bottom, wherein the guide members are moved
towards the pile to their guiding positions in which they contact and guide the pile during driving
the pile into the sea bottom, wherein the passive guide member is moved to its guiding
position, independent from the other guide member.

[0033] The invention will hereafter be elucidated with reference to schematic drawings showing
an embodiment of the invention by way of example.

Fig. 1 is a cross-sectional view of a pile guide for illustrating an embodiment of the method of
installing a pile according to the invention.

Fig. 2 is a cross-sectional view of the pile guide of Fig. 1 along line ll-Il in Fig. 1.

[0034] Fig. 1 shows a pile guide 1 which is suitable for guiding a pile P during submerged pile-
driving. Under offshore operating conditions the pile guide 1 is placed on the sea bottom and a
pile P which has to be inserted into the sea bottom by means of hammering is guided by the
pile guide 1 during pile-driving. The embodiment of the pile guide 1 as shown in Fig. 1 is a
simplified representation. In reality the pile guide 1 may be part of a construction which has
feet for stable positioning and levelling the pile guide 1 on the sea bottom. The pile guide 1
may also be provided with a lifting element for lifting the pile guide 1. A surface vessel (not
shown) having a hoist crane can position and lower the pile guide 1 onto the sea bottom before
driving a pile and lift it after pile-driving.

[0035] The embodiment of the pile guide 1 as shown in Fig. 1 comprises a frame in the form of
a cylindrical guide sleeve 2 which envelopes a passage 3 for receiving the pile P. The guide
sleeve 2 has a circular cross-section. The pile guide 1 is provided with eight guide members 4,
7, each having a roller 5 which can roll along the pile P during inserting the pile P into the sea
bottom. The guide members 4, 7 are located at two parallel horizontal planes extending
perpendicularly to a centreline 6 of the guide sleeve 2. In each of the planes four guide
members 4 are disposed at equiangular distance from each other about the centreline 6, which
is shown in cross-section of the pile guide 1 in Fig. 2. In this case the centreline 6 coincides
with the centreline of the pile P.

[0036] Each of the guide members 4, 7 is moveable with respect to the pile P and the guide
sleeve 2 between a guiding position and a releasing position. Each guide member 4, 7 can be
moved by means of a hydraulic cylinder. In the embodiment as shown in Fig. 1 the guide
member 4, 7 is moveable in radial direction to and from the centreline 6. The corresponding
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hydraulic cylinders extend in radial direction with respect to the centreline 6. Fig. 1 shows the
guide members 4, 7 in their guiding positions, in which the rollers 5 project into the passage 3
and contact the pile P. When the guide members 4, 7 are in their releasing positions they are
moved radially away from the centreline 6 by the hydraulic cylinders such that the pile P is
loose from the guide members 4, 7 and the pile guide 1 can be removed from the pile P after
installing the pile P. The guide members 4, 7 are also in their releasing positions before
receiving the pile P in the passage 3 in order to facilitate inserting the pile P into the passage 3
before pile-driving.

[0037] The guide members 4, 7 of the embodiment as shown in Fig. 1 form four pairs of
opposite guide members 4a, 4b, and 7a, 7b, as illustrated in Fig. 2. Each of the horizontal
planes in which four guide members 4 are present has two pairs of passive and active guide
members 4a, 7a, 4b, 7b. As seen in vertical cross-section, as shown in Fig. 1, the pile guide 1
is provided with an upper pair 4a, 4b and a lower pair 7a, 7b of cooperating hydraulically
operated guide members 4, 7 which contact and guide the pile P. The upper and lower pair of
guide members 4, 7 are located at a distance from each other in vertical direction. The guide
members 4a and 4b of the upper pair face each other at least in their guiding positions, and
the guide members 7a and 7b of the upper pair face each other at least in their guiding
positions. In their releasing positions the guide members 4, 7 are located at a larger distance
from each other than in their guiding positions. Each pair of opposite guide members 4, 7
comprise a passive guide member 4a, 7a and an active guide member 4b, 7b. The passive
guide members 4a, 7a have fixed guiding positions with respect to the guide sleeve 2, which
means that upon activating the corresponding hydraulic cylinders the passive guide members
4a, 7a move to respective fixed locations with respect to the guide sleeve 2. The fixed guiding
position corresponds with the maximum extension of a piston of the hydraulic cylinder, for
example.

[0038] The active guide member 4b, 7b has a flexible guiding position. This means that its
position is adjustable by controlling the hydraulic cylinder. For example, if a pile P has a slightly
different diameter the passive guide member 4a, 7a of a pair of guide members will still be at
its fixed guiding position whereas the guiding position of the active guide member 4b, 7b will be
adapted to the actual different diameter such that the pile P is not deformed by a too high local
pressure or such that no gap will arise between the rollers 5 of the opposite guide members 4,
7 and the pile P. The presence of the passive guide member 4a, 7a provides a fast preparation
for pile-driving since it can be moved to its initial fixed guiding position without a complicated
hydraulic control. The guiding position of the active guide member 4b, 7b is controlled by
actual hydraulic pressure in the corresponding hydraulic cylinder. In practice, the hydraulic
cylinder for moving the passive guide member 4a, 7a can be operated at a higher pressure
than the hydraulic cylinder for moving the active guide member 4b, 7b.

[0039] Both hydraulic cylinders are connected to respective accumulators (not shown) for
relieving the guide members 4, 7 above a predetermined pressure. The accumulators prevent
over pressure or overload of the pile guide 1 and the pile P in case of guiding a pile P which
has a deviating diameter due to fabrication inaccuracy. For example, if the pile shape and
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diameter varies along its length, during pile-driving these variations must pass the rollers 5.
When a larger diameter section of pile P, for example a weld bead, ovality or the like, passes,
the rollers 5 must be moved outwardly with respect to each other. This is allowed by the
accumulators. Basically, the majority of such a movement will be done by the accumulator
cooperating with the active guide member 4b, 7b, but in case of an increase in pile diameter at
the passive guide member 4a, 7a the accumulator cooperating with the passive guide member
4a, 7a may operate. It is noted that the accumulators can safeguard the guide members 4, 7
including the rollers 5 as well as the pile P. Since the contact stresses between the pile P and
the rollers 5 are high, in practice the number of the rollers 5 and their diameter will be selected
such that the risk of damage is minimized. The accumulators may be omitted in case of fast
response times of the hydraulic cylinders. Nevertheless, in practice accumulators may still be
applied from point of view of safety.

[0040] Under operating conditions, before pile-driving, the eight guide members 4, 7 are
retracted towards the wall of the guide sleeve 2 and a pile P is lowered by means of a hoist
crane and inserted into the passage 3 of the guide sleeve 2 just above the sea bottom. The
passive guide members 4a, 7a are moved to their fixed guiding positions and the pile P is
clamped between the passive guide members 4a, 7a and the active guide members 4b, 7b by
operating and controlling the cylinders for moving the active guide members 4b, 7b. The pile P
is then lowered into the sea bottom and pile-driving is started. After installing the pile P the
guide members 4, 7 are retracted and the pile guide 1 is lifted from the pile P.

[0041] Fig. 1 illustrates that the pile P is held between the upper pair of guide members 4a, 4b
and between the lower pair of guide members 7a, 7b in a direction parallel to an upwardly
directed plane. In this case the resultant forces of the cooperating guide members 4a, 4b of
the upper pair and lower pair 7a, 7b lie in a vertical plane in which the centreline of the pile P
lies, as well. At the start of pile driving the passive guide members 4a, 7a of the upper and
lower pair have a mainly fixed guiding position in radial direction of the centerline 6 of the guide
sleeve 2 and it is intended to maintain this position during pile driving. As described above the
diameter of the pile P may vary along its length and basically it is the active guide member 4b,
7b which has a variable guiding position in radial direction of the centerline 6 of the guide
sleeve 2 in order to compensate for such variations.

[0042] In the method according to the invention the actual forces between the pile P and the
respective guide members 4, 7 are measured. The actual forces provide feedback to a control
system and on the basis of these signals the hydraulically controlled guide members 4, 7 can
be moved to and from the pile P. The method according to the invention responds to several
situations.

[0043] For example, if the actual force at the passive guide member 4a as well as at the active
guide member 4b of the cooperating upper pair of guide members 4 exceed respective
predetermined threshold levels, the active guide member 4b is moved in a direction away from
the pile P in order to compensate for a portion of the pile P with increased diameter which
passes the pair of upper guide members 4. Basically, the position of the passive guide member
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4a with respect to the guide sleeve 2 remains unchanged. However, if the actual force at the
passive guide member 4a of the upper pair 4 remains high in spite of moving the active guide
member 4b in a direction away from the pile P and the actual force at the active member 4b
does not increase, the passive guide member 4a is moved in a direction away from the pile P.
Hence, in practice the method first attempts to compensate for a diameter increase by
controlling the position of the active guide member 4b only, but also controls the position of the
passive guide member 4a if required. A similar method of control occurs at the lower pair of
guide members 7.

[0044] If, for example, during pile driving the actual force at the passive guide member 4a of
the upper pair of guide members 4 as well as the actual force at the active guide member 7b of
the lower pair of guide members 7 increase whereas the actual force at the active guide
member 4b of the upper pair of guide members 4 as well as the actual force at the passive
guide member 7a of the lower pair of guide members 7 do not increase, all of the guide
members 4, 7 remain in their actual position. VWhen the opposite actual forces at diagonally
located upper and lower guide members, in this example 4a and 7b, both increase, the pile P
is typically leaning. A similar response of the guide members 4, 7 may be performed if the pile
leans in a different direction.

[0045] If, for example, during pile driving the actual force at the active guide member 4b of the
upper pair of guide members 4 decreases, then the active guide member 4b of the upper pair
of guide members 4 is moved in the direction of the pile P. If the actual force at the passive
guide member 4a of the upper pair of guide members 4 decreases, then the active guide
member 4b of the upper pair of guide members 4 is moved in the direction of the pile P, but if
the actual force at the passive guide member 4a of the upper pair of guide members 4 remains
below a predetermined level upon moving the active guide member 4b of the upper pair of
guide members 4 in the direction of the pile P, then the passive guide member 4a of the upper
pair of guide members 4 is moved in the direction of the pile P. This situation typically occurs in
case of decreasing diameter of the pile P. A similar method of control occurs at the lower pair
of guide members 7.

[0046] From the foregoing, it will be clear that the invention provides a method for installing a
pile in the sea bottom in a fast and accurate manner, whereas resistance between the pile and
the guide members is minimized during pile driving. It is conceivable that the guide members
are moveable by alternative drive means. Furthermore, the passive guide member and the
active guide member of a pair of guide members may be out of line in their guiding positions
but still facing each other. Moreover, the guide rollers may be replaced by slide pads or the
like.
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Patentkrav

1. Fremgangsmade til installation af en peel i havbunden ved hjeelp af et peele-
styr (1), der har en ramme (2) og i det mindste et gvre og et nedre par samvir-
kende styreelementer (4, 7), hvor det gvre par (4) og det nedre par (7) er anbragt
i en afstand fra hinanden i lodret retning, kendetegnet ved, at hvert par styre-
elementer (4, 7) omfatter et passivt styreelement (4a, 7a) og et aktivt styreele-
ment (4b, 7b), der bevaeges mod peelen (P) efter placering af peaelen (P) mellem
hvert af parrene af styreelementer (4, 7), hvor de passive styreelementer (4a, 7a)
bevaeges til respektive faste startstyrepositioner i forhold til rammen (2), og de
aktive styreelementer (4b, 7b) bevaeges til paelen (P), indtil de passive og de aktive
styreelementer gar i indgreb med paelen (P), hvorefter paelen (P) holdes mellem
det gvre par styreelementer (4) og mellem det nedre par styreelementer (7) under
ramning af peelen (P) i havbunden, i Igbet af hvilket de faktiske kraefter mellem
peelen (P) og de respektive styreelementer (4,7) bestemmes.

2. Fremgangsmade ifglge krav 1, hvor det aktive styreelement (4b, 7b) af mindst
ét par styreelementer (4, 7) under paleramning indledningsvist bevaeges i en ret-
ning vaek fra paelen (P), hvis de faktiske kraefter ved bdde det passive og det aktive
styreelement af det pageseldende par (4, 7) forgges uden at bevaege det passive
styreelement (4a, 7a), men hvor det passive styreelement (4a, 7a) af det pagael-
dende par bevaeges i en retning vaek fra paelen (P), hvis den faktiske kraft ved det
passive styreelement (4a, 7a) forbliver over et vist niveau uden forggelse af den
faktiske kraft ved det aktive element (4b, 7b).

3. Fremgangsmade ifglge krav 1 eller 2, hvor mindst to styreelementer under pae-
leramning |3ses i deres faktiske positioner, hvis en faktisk kraft ved ét af det gvre
pars (4) styreelementer (4a, 4b) og en modsat faktisk kraft kraft ved ét af det
nedre pars (7) styreelementer (7a, 7b) begge forgges, mens de faktiske kraefter
ved de resterende styreelementer ikke forgges, hvor i det mindste styreelemen-
terne (4, 7) I3ses, hvor de respektive faktiske kraefter forgges.

4. Fremgangsmade ifglge et af de foregdende krav, hvor fremgangsmaden under
peeleramning omfatter fglgende trin:

hvis den faktiske kraft ved det aktive styreelement (4b, 7b) af ét af parrene af
styreelementer (4, 7) falder, s3 bevaeges det aktive styreelement (4b, 7b) af det
pagaeldende par styreelementer (4, 7) i retning af peelen (P), og falgende trin:
hvis den faktiske kraft ved det passive styreelement (4a, 7a) af ét af parrene af
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2

styreelementer (4, 7) falder, s3 bevaeges det aktive styreelement (4b, 7b) af det
p3gaeldende par styreelementer (4, 7) i retning af paelen (P), men hvis den faktiske
kraft ved det passive styreelement (4a, 7a) af det pdgaeldende par styreelemen-
ter (4, 7) forbliver under et forudbestemt niveau efter bevaegelse af det aktive sty-
reelement (4b, 7b) af det pageeldende par styreelementer (4, 7) i retning af pae-
len (P), s bevaeges det passive styreelement (4a, 7a) af det pagseldende par sty-
reelementer (4, 7) i retning af peelen (P).

5. Fremgangsmade ifglge et af de foregdende krav, hvor steder, hvor resulterende
kreefter fra styreelementerne (4, 7) gar i indgreb med paelen (P), ligger i et faelles
plan.

6. Fremgangsmade ifglge et af de foregdende krav, hvor de passive styreelemen-
ter (4a, 7a) af begge par styreelementer (4, 7) er anbragt p3 samme side af pae-
lens (P) midterlinje.

7. Fremgangsmade ifglge et af de foregdende krav og krav 5, hvor parret af gvre
styreelementer (4) danner et fgrste par gvre styreelementer, hvor et andet, lig-
nende par gvre styreelementer er anbragt i et plan vinkelret pa det feelles plan, og
hvor parret af nedre styreelementer (7) danner et fgrste par nedre styreelementer,
hvor et andet, lignende par nedre styreelementer er anbragt i et plan vinkelret pa
det feelles plan.

8. Fremgangsmade ifglge et af de foregaende krav, hvor de passive styreelemen-
ter (4a, 7a), efter placering af paelen (P) mellem hvert af parrene af styreelemen-
ter (4, 7), forst beveeges til respektive faste startstyrepositioner i forhold til ram-
men (2), og efterfglgende bevaeges de aktive styreelementer (4b, 7b) til paelen (P),
indtil de passive og de aktive styreelementer gar i indgreb med peelen (P).

9. Paelestyr (1) til styring af en pael (P) under undersgisk paeleramning, hvilket pae-
lestyr omfatter en ramme (2), der indbefatter en passage (3) til modtagelse af en
peel (P), i det mindste et gvre (4a, 4b) og et nedre (7a, 7b) par styreelemen-
ter (4, 7), der er anbragt i en afstand fra hinanden i lodret retning, hvilke styreele-
menter (4) er beveaegelige i forhold til rammen (2) mellem respektive styrepositio-
ner og respektive friggrelsespositioner, hvor styreelementerne (4) i styrepositio-
nerne rager ind i passagen (3) og vender mod hinanden, og hvor styreelemen-
terne (4) i friggrelsespositionerne er anbragt i stgrre afstand fra hinanden end i de
respektive  styrepositioner, kendetegnet ved, at mindst ét af
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styreelementerne (4) er et passivt styreelement (4a), der har en fast styreposition
og et styresystem, som er konfigureret til at udfgre fremgangsmaden ifglge krav 1.

10. Pzlestyr (1) ifglge krav 9, hvor det andet styreelement (4) er et aktivt styre-
element (4b), der har en fleksibel styreposition.

11. Palestyr (1) ifolge krav 9 eller 10, hvor mindst ét af det passive styreele-
ment (4a) og det aktive styreelement (4b) kan bevaeges mellem sin styreposition
og friggrelsesposition af en hydraulisk cylinder.

12. Pzlestyr (1) ifelge krav 11, hvor det passive styreelement (4a) kan beveeges
af en hydraulisk cylinder og skubbes til en fast endeposition i sin styreposition.

13. Paelestyr (1) ifglge krav 11 eller 12, hvor det aktive styreelement (4b) kan be-
vaeges af en hydraulisk cylinder, og dets styreposition styres ved styring af faktisk
hydraulisk tryk i den tilsvarende hydrauliske cylinder.

14. Pzlestyr (1) ifglge krav 12 og 13, hvor den hydrauliske cylinder til beveaegelse
af det passive styreelement (4a) arbejder ved et hgjere tryk end den hydrauliske
cylinder til beveegelse af det aktive styreelement (4b).

15. Paelestyr (1) ifglge krav 10, hvor det andet styreelement (4) ogsa er et passivt
styreelement, der har en fast styreposition,

hvor de passive styreelementer fortrinsvis kan bevaeges mellem deres respektive
styrepositioner og deres respektive friggrelsespositioner af respektive hydrauliske
cylindre, hvor de passive styreelementer skubbes til deres faste endepositioner i
deres respektive styrepositioner.

16. Pzlestyr (1) ifglge et af kravene 10-15, hvor begge styreelementer (4) er an-
bragt modst3ende hinanden i deres styrepositioner og derved danner et samvir-
kende par styreelementer (4a, 4b).

17. Pzlestyr (1) ifglge krav 16, hvor enten naevnte par styreelementer (4a, 4b)
danner et fgrste par styreelementer (4), og hvor et andet, lignende par styreele-
menter er anbragt i et plan vinkelret pd et plan, der streekker sig i passagens (3)
laengderetning, og i hvilket naevnte fgrste par samvirkende styreelementer er an-
bragt,

eller naevnte par styreelementer (4a, 4b) danner et fgrste par styreelementer (4),
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4

og hvor et tredje, lignende par styreelementer er anbragt i en afstand fra det fgrste
par styreelementer i naevnte passages (3) leengderetning.

18. Anvendelse af et paelestyr ifglge et hvilket som helst af kravene 9-17 til instal-
lation af en pael i havbunden, hvor peelestyret (1) placeres pa havbunden, og sty-
reelementerne (4) anbringes i deres friggrelsespositioner, fgr en pael (P) placeres i
passagen (3) pa havbunden eller lige over havbunden, hvor styreelementerne (4)
bevaeges mod paelen (P) til deres styrepositioner, i hvilke de er i kontakt med og
styrer peelen (P) under ramning af paelen (P) ned i havbunden, hvor det passive
styreelement (4a) bevaeges til sin styreposition uafhaengigt af det andet styreele-
ment (4b).
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