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Description
[0001] The invention relates to a method for forming a pile wall in ground, in which

- several parallel essentially vertical drill holes are drilled in the ground using a drilling device,

- non-rotating pipe piles are placed after the drilling device into each drill hole in connection with the drilling, which
pipe piles are joined together by interlocking, and are smaller in diameter than the drill hole,

- the drill hole is flushed with a medium to remove drilling waste from the drill hole, and

- concrete is cast in each pipe pile.

The invention also relates to a corresponding pile wall.

[0002] A pipe pile wall is a watertight retaining-wall structure used generally in soft subsoil or often also in non-cohesive
soil. Pipe pile walls are often built from pipe piles drilled or driven into the ground, which include steel interlocks to join
them together to form an abutment-wall structure. The lower ends of the individual pipe piles are usually supported by
drilling them into rock. Interlocking pipe pile walls and/or Combiwalls are made, for example, by SSAB, whose pipe piles,
known under the product names RD RM/RF or with an E21 interlock, are suitable for building pipe pile walls. When the
wall structure is made, SSAB’s round pipe piles are drilled into the ground, cast full of concrete, and finally compacted,
for example along the RF interlock channel. The problem with such a structure is its expensive construction, as the
square-metre cost of pipe piles to the width of the finished wall structure is several hundred euros, and sometimes even
more than a thousand euros. Pile walls known from the prior art are for example described in US 3 420 067 A, KR 2011
0136258 A, US 2011/142550 A1, KR 101 846 455 B1, GB 2 315 086 A and WO 2010/032485 A1.

[0003] The structure according to the invention is intended to create a cheaper method than those of the prior art for
forming a pipe pile wall in ground. The characteristic features of the present invention are stated in the accompanying
Claim 1. The invention is also intended to create a cheaper and more easily made pile wall than those of the prior art.
The characteristic features of the present invention are stated in the accompanying Claim 11.

[0004] The intention of the method according to the invention can be achieved by means of the method for forming a
pile wall in ground, in which several parallel essentially vertical drill holes are drilled using a drill device, moving a non-
rotating pipe pile, equipped with longitudinal interlocking, into each hole after the drill device, which parallel pipe piles
are joined together with the aid of the interlocking, and are smaller in diameter than the drill hole, and the drill hole is
flushed with a medium to remove drilling waste from the drill hole. In addition, in the method reinforcements are installed
to reinforce the wall structure, concrete being cast in each pipe pile and at least some of the parallel pipe piles are lifted
at least partly out of the drill holes after the concrete has been cast but before it has hardened to bind the fluid concrete
paste to become stiff. The concrete compacted to form a concrete pile in each drill hole then expands laterally into the
concrete of the adjacent drill hole and forms a unified watertight pile wall with the concrete piles of the adjacent drill holes.
[0005] The advantages of the method according to the invention are excellent economy and a good result in the case
of the pile wall. By lifting at least some of the pipe piles at least partly out of the drill holes and using them, or at least
some of them, again, the same pipe piles can be used as formwork several times over and a large materials cost arising
from the pipe piles will be saved in making the pile wall. Instead of the pipe piles, the price of the reinforcement left in
the pile wall is only a fraction of the cost of the pipe piles. On the other hand, by means of the method according to the
invention an extremely strong and advantageously watertight pile wall is achieved, which can also be easily made even
in hard ground, unlike in situ piles. Piling using pipe piles is also cheaper in soft ground than drilling an in situ pile or
using in situ piles to build a so-called "Secant" in situ pile wall. By means of the method according to the invention, the
interlocks used in the pipe piles ensure the correct distance of the holes in drilling to a depth of even 50 m, in which it
would be extremely difficult, if not impossible to align drilled pipe piles without interlocks precisely enough to achieve a
watertight and continuous pile wall.

[0006] Using the method according to the invention it is not necessary to drill down to the bedrock, as the concrete
pile remaining in the pile wall locks through its outer surface directly to the ground, and does not slip downwards by
gravity. Pile walls according to the prior art must always be drilled down to bedrock, as the slippery outer surface of the
pipe pile remaining in the pile wall causes the pipe pile to creep downwards by gravity, unless the pipe pile is supported
from beneath by the bedrock.

[0007] In other words, in the method a pipe pile is used as temporary formwork in the manner of in situ piles. Thus
with the aid of pipe piles a reliable and strong formwork is easily formed for the pile wall being cast and advantageously
permits the formation of a watertight pile wall even beneath the surface of the groundwater, where it would be impossible
to cast concrete without formwork. On the other hand, the method according to the invention is considerably simpler
than the use of in situ piles, in which there are considerably more method stages in making an individual in situ pile.
[0008] In the method the pipe piles are preferably drilled down to non-cohesive soil. Non-cohesive soil locks the
structure in place by its lower end, so that movements in the topsoil layers are not able to move the structure horizontally.
[0009] Alternatively in the method the pipe piles are drilled down to bedrock. The bedrock too locks the lower edge of
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the structure firmly in place, provided bedrock can be found at the drilling site.

[0010] According to one embodiment, the pipe piles are drilled down to a layer of stable ground. This ensures that the
lower ends of the pipe piles cannot move horizontally.

[0011] According to one embodiment, the pipe piles are only drilled down to the surface of the bedrock, and after the
lifting of the pipe piles and hardening of the concrete pile a locking hole is drilled into the bedrock through a reserve
hole, in which arock bolt is installed to lock the wall structure to the bedrock. Such an implementation is a very economical
way to create a foundation for the wall structure in ground with bedrock, in which drilling a hole is expensive and laborious.
[0012] According to one embodiment, it is possible in the method to drill the adjacent drill holes in such a way that the
cross-sections of the adjacent drill holes intersect each other at at least one point, thus permitting the interlocks of the
pipe piles to attach to each other. At the same time, the adjacent drill holes fill with concrete to join the concrete piles to
each other, thus advantageously forming a watertight structure.

[0013] Alternatively, the drill holes can also touch each other, without intersecting each other, but then the thin soil
layer remaining between the drill holes is broken with the aid of the interlock by pushing when installing the pipe pile.
[0014] The drill hole’s diameter can be 200 - 2000 mm, preferably 600 - 1200 mm. With such a drill hole diameter a
sufficient number of reinforcements can be fitted into the drill hole to make the structure sufficiently strong against the
forces acting on it.

[0015] The pipe pileis preferably moved by pulling or pushing after the drilling device, with the aid of a transfer shoulder.
Thus, the pipe pile can be placed in the hole without rotation.

[0016] Most preferably in the method the pipe piles are flushed using water as the medium leading the drilling waste
upwards outside the pipe pile. Water flushing causes very little loading on the soil outside the drill hole. In addition, the
interior of the pipe pile remains clean.

[0017] Alternatively, in the method the pipe piles are flushed using water as the medium, leading the drilling waste up
inside the pipe pile. Water flushing causes very little loading on the soil outside the drill hole.

[0018] Further, alternatively in the method the pipe piles are flushed using air as the medium, leading the drilling waste
upwards inside the pipe pile.

[0019] In the method, brackets are preferably welded to the end of each drilled pipe pile going first into the drill hole,
before the pipe pile is drilled into the ground, which brackets are welded on the side of the drilled pipe pile next to the
already drilled drill hole, each on one side relative to the intersection with the adjacent drill hole, to support the pipe pile
in the drill hole with the aid of the bracket, to hold the pipe pile straight during drilling. When drilling a drill hole next to
an existing drill hole, a sector of the reamer of the drilling device can rotate in the already existing drill hole, so that at
that point there is no resistance to its progression. On the other hand, most of the reamer runs against the ground, which
resists the progression of the bit. As a result, the pipe pile being pulled behind the drilling device can turn towards the
adjacent drill hole, particularly when it is drilling in rock. With the aid of the brackets, the pipe pile is now supported in
the unbroken ground, for example in rock, so that the pipe pile cannot tilt towards the adjacent drill hole, but instead
progresses in a straight line.

[0020] According to a firstembodiment, the interlocks of each drilled pipe pile include a male interlocking member and
female interlocking member, or both, of which the female interlocking member is dimensioned to be relatively loose
relative to the male interlocking member, leaving an open space in the female interlocking member for the injection of
a medium. In the method, concrete is injected through the female interlocking member at the same time as each pipe
pile is lifted out of the drill hole preferably by vibration, thus ensuring that the concrete piles in adjacent drill holes join
to each other, after the lifting of the pipe piles, to form a uniform watertight pile wall. In this way, the water-tightness of
the pile wall can be ensured by injecting concrete where the pile wall would otherwise be weakest. The connective
surface area of the adjacent drilled pipe piles can be as small as possible and thus the effective dimension of the pile
wall are great as possible, as the tightness of the joints of the concrete piles can be ensured with the aid of injection.
[0021] According to a second embodiment, in the method an injection hose is connected to the outer surface of each
pipe pile, using locking means to lock the injection hose to the bottom of the drill hole, thus exploiting the mass of the
concrete coming on top of the locking means, and injecting compaction mass into the drill hole after lifting the drilled
pipe pile, to ensure the tightness of the pile wall. In such a way the tightness of the pile wall can also be ensured, but
by using a separate injection hose, which is less likely than the female interlocking members to become blocked.
[0022] Alternatively, in the method at least one hollow reinforcement, in which there is a reserve pipe, is installed in
the reinforcements, and is left empty during the concrete casting. The reserve pipe permits, for example, the injection
of a sealing mass to improve the tightness of the pile wall or continued drilling through the reserve pipe.

[0023] The reinforcements are set inside the pipe piles, preferably before the casting of the concrete, when they are
easy to install.

[0024] The reinforcements are preferably fitted inside each pipe pile. An extremely strong pile wall is then achieved.
[0025] Alternatively, the reinforcements can be vibrated into the pipe piles when the concrete already cast. Such an
operating procedure can require special arrangements, due to the pushing of the reinforcements.

[0026] The reinforcements are preferably steel reinforcements. With the aid of the steel reinforcements plenty of
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strength is obtained in the concrete pile, at quite low cost.

[0027] Alternatively, the reinforcements can be, for example, composite reinforcements, fibre-composite reinforce-
ments, fibre reinforcements, or other reinforcements suitable for the purpose.

[0028] In the method, a transverse support structure can be installed between the concrete piles after the lifting of the
pipe piles, to reinforce the pile wall by vibration.

[0029] According to one embodiment, vibration can be used to spread into transverse reinforcements the reinforce-
ments installed at a slant inside the pipe pile.

[0030] According to one embodiment, in the method a guide support, preferably an H beam, can be set inside two
pipe piles in connection with reinforcement, and after the lifting of the pipe piles a support plate, which is supported on
the guiding of each concrete pile, is set between the concrete piles. Such a structure can also be used to increase the
tightness and sturdiness of the pile wall.

[0031] Alternatively, the transverse support structure can also be, for example, transversely placed reinforcement
steel, which is placed between the vertical reinforcements in the pile wall.

[0032] According to one embodiment, in the method slanting reinforcements are used, which are placed at an angle
of 45 - 70° relative to the longitudinal direction of the pipe piles in the longitudinal direction of the pile wall, before casting
the concrete, which slanting reinforcements lie partly on the web between the pile wall’s pipe piles, due to the pressure
caused by the concrete casting and preferably also to the effect of the vibration. Thus, the part of the pile wall between
the concrete piles is reinforced.

[0033] According to one embodiment, the thickness of the ribbed reinforcement used as reinforcement can be 10 -
25 mm, preferably 12 - 18 mm. This will give the structure sufficient strength.

[0034] Preferably all the pipe piles are cast full of concrete before they are lifted. Thus, the concrete of adjacent pipe
piles can spread into each other before the concrete sets, i.e. the cement paste stiffens into a state in which the paste
changes from fluid to rigid.

[0035] According to one embodiment, the reinforcements include vertical reinforcements and spring reinforcements
connecting to the vertical straight reinforcements, which are arranged to compress inside the pipe pile and to spread in
essentially the transverse direction of the pipe piles and in the pile wall’s longitudinal direction, when lifting the pipe pile
to reinforce the pile wall. Such a construction ensures that there are also reinforcements in the pile wall between the
vertical straight reinforcements, where reinforcement cannot otherwise be placed in connection with the installation of
the pipe piles.

[0036] All the pipe piles are preferably lifted out of the drill holes. The consumption of pipe piles is then minimized.
[0037] Preferably the pipe piles are lifted completely out of the drill holes, so that they can be reused.

[0038] Alternatively, the pipe piles are lifted at least partly out of the drill holes. The pipe piles can, however, be left
for that distance inside the drill hole for which a concrete pile could not be used without a protective pipe pile, for example,
in an area of flowing seawater, in which, after lifting the pipe pile the seawater would prevent the concrete pile from
hardening and drying and would destroy the structure without a pipe pile. The pipe pile is preferably then lifted out of
the drill hole by enough that the pipe pile still extends to a layer of stable ground. When lifting only part of the pipe pile
from the drill hole it is preferable that the part of the pipe pile lifted from the drill hole is cut away and can be reused. On
the other hand, at least part of the pipe pile can be partly lifted out, part of the pipe pile can also remain as part of pile wall.
[0039] The pipe piles are preferably lifted out by vibrating, resulting in the compaction of the concrete in the concrete
piles. This is the most cost-effective and easy way to lift the pipe piles out of the drill holes, while at the same time the
vibration makes the compaction of the concrete more effective.

[0040] The frequency of the vibration during the raising of the drilled pipe piles can be 33 - 45 Hz. At such a frequency
the vibration is best for the compaction of the concrete and creates a watertight concrete pile when the concrete hardens.
If the frequency is reduced, the wavelength acting on the ground increases and also the force, i.e. the vibration of the
concrete can be performed at the desired force to achieve the best result and penetration of the concrete.

[0041] Alternatively, the pipe piles can be lifted out using a great force without vibration, if on the pipe piles’ inner
surfaces an integrated or separate friction reducing material layer is used between the concrete and the pipe pile.
[0042] According to one embodiment, in the method, a liquid lubricant is preferably fed into the drill hole, outside the
pipe pile, between the drill hole and the pipe pile, to reduce friction between the drill hole and the pipe pile. Water or
some other liquid lubricant will reduce the friction between the pipe pile and the drill hole during lifting and thus help the
pipe piles to be lifted out of the drill hole. Particularly when drilling in limestone or volcanic rock the rock itself is ground
finely and, when reacting with moisture, seeks to harden like concrete on the surface of the pipe pile, hindering drilling
and the lifting of the pipe piles. The feed of a liquid lubricant has particular significance at such sites.

[0043] Theliquid lubricantis preferably water but can also be a mixture of water and polymer, or, for example, bentonite.
Water is naturally the cheapest alternative.

[0044] The liquid lubricant can be fed to the drill hole through a separate channel attached to the outer surface of the
pipe pile, or through the pipe pile’s female interlocking member. The use of a separate channel is possible because the
drilled pipe pile’s diameter is less than the drill hole’s diameter and thus space remains between the pipe pile and the
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drill hole for a separate channel.

[0045] The pipe piles can also be lifted hydraulically with the aid of a cylinder. This is a known functioning way to lift
drilling devices.

[0046] The pipe piles are preferably raised in the order of concreting. The concrete cannot then bond to the pipe piles
that were concreted first before the lifting of the pipe piles, which facilitates the lifting of the pipe piles.

[0047] In this context, the term lifting refers to raising a pipe pile by at least 0.5 m or more out of the drill hole, and not,
for example, the possible upwards and downwards movement caused by impact drilling.

[0048] According to one embodiment, after the lifting of the pipe piles and the hardening of the concrete pile, sealing
agent is fed through to the said reserve pipe to ensure tightness. Thus, it can be ensured that fractures or other similar
non-tight points do not remain in the hardened concrete pile.

[0049] In this context, the hardening of the concrete refers to the hardening of the concrete to at least 60 % of its final
strength.

[0050] According to one embodiment, in the method at least one plough protrusion is welded next to the interlock to
the end of each pipe pile that goes into the drill hole first before the pipe pile is drilled into the ground, which plough
protrusion is for a continuous sector’s distance on the pipe pile’s outer circumference and protrudes from the pipe pile
at least as much as the reamer used in the drilling device, which plough protrusion displaces the soil when lifting the
pipe pile to boost the connection of the concrete piles. The plough protrusion thus 'ploughs’ the soil to the side from in
front, thus expanding the connection between two adjacent drill holes and permitting the effective spreading of the
concrete from one drill hole to the other thus joining the adjacent concrete piles to each other effectively. At the same
time, the plough protrusion can create a vacuum behind it surrounding the concrete and filling when lifting and vibrating
the pipe pile. The vacuum in turn sucks the concrete effectively between the drill holes, thus joining the concrete piles.
[0051] According to one embodiment, there are two plough protrusions, one attached to each side of the interlock, or
nearly attached to the interlock in question.

[0052] According to one embodiment, in the method according to the invention pipe piles are used, in which plough
protrusions are attached on each side of each interlock.

[0053] According to one embodiment, the plough protrusions are structures welded from steel plate, which have two
ends, of which the first end is attached or nearly attached to the interlock and the other end is farther from the interlock,
of which the first end is farther from that end of the pipe pile which attaches to the end of the drilling device, and the
other end is closer to the relevant end of the pipe pile. In other words, the plough protrusions form a wedge-like plough
shape in the direction of the lifting of the pipe pile. The plough-like plough protrusion causes less resistance against the
soil when lifting the pipe pile.

[0054] Alternatively, the plough protrusion can also be, for example, a casing structure.

[0055] Accordingto one embodiment, an intermediate interlock formed of two female interlocks between the pipe piles
can be used to join the pipe piles to each other, in which the pipe piles only include male interlocks. Each pipe pile can
then be symmetrical.

[0056] Each pipe pile includes interlocks, of which one is a long interlock extending outside the diameter of the drilling
device’s reamer to the adjacent pipe pile’s interlock in the adjacent drill hole, and the other is a short interlock, to which
the adjacent pipe pile’s long interlock attaches.

[0057] The pile wall can be formed of 2 - 100, preferably 5 - 50 pipe piles in a casting sequence before the pipe piles
are lifted. In this way a pile wall of maximum length can be made before the pipe piles must be lifted before the concrete
bonds.

[0058] Preferably the length of the interlocks of the pipe piles used to form the pile wall is 3 - 50 % of the diameter of
a pipe pile. The web between the pipe piles will then not remain so long that it would weaken the totality of the pile wall.
[0059] Preferably the drill hole’s diameter is 100 - 120 % of the total diameter of the pipe pile and the associated
interlock. Thus, the pipe pile settles firmly in the drill hole and the concrete placed inside the drill hole fills the drill hole
after the lifting of the pipe pile.

[0060] According to one embodiment, a retardant is used in the casting of at least some of the concrete piles, to slow
the bonding of the concrete. Thanks to the use of the retardant, longer casting sequences can be made at one time in
the pile wall. On the other hand, retardant can be used, for example, in the last of the pipe piles of the casting sequence,
which can be left not lifted before the commencement of the next casting sequence to be joined to the pipe piles of the
previous casting sequence. Thus, the part of the pile wall formed during the casting sequences can reliably joined to
each other.

[0061] The consistency of the concrete used can be S2 or S3 according to standard BY50, so that it can be easily
pumped and permits the embedding of possible reinforcements after the concrete casting. On the other hand, the
concrete is sufficiently consistent that the raising of the pipe piles takes place without problems.

[0062] In the method, a transverse support beam can be formed in the exposed pile wall on the side of the pile wall
being constructed. Thus, for example, with the aid of the support beam, a structure can be attached to the pile wall and
through it to the ground.
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[0063] The pile wall can be anchored to a stable ground layer on the opposite side of the pile wall relative to the
transverse support beam. With the aid of anchoring, the stable structure of the pile wall can be ensured in all situations
by ways known from the prior art.

[0064] The intention of the pile wall according to the invention can be achieved by a pile wall, which includes several
parallel concrete piles connected together on a stable ground layer, which concrete piles includes reinforcement set
inside at least one concrete pile, and the concrete piles an essentially circular cross-sectional shape, and in which the
concrete piles form the pile wall’s outer surface, and each of which concrete pile has an outer surface. Each concrete
pile connects by a fully integrated concrete structure to each adjacent concrete pile by a sector of 1° - 50°, preferably
5° - 15°, of the concrete pile’s cross-section. The concrete structure has a contact surface formed on the outer surface
of both sides of the pile wall directly to a stable ground layer, and the contact surface is integrated with the stable ground
layer. Such a structure is very cheap to make because the expensive pipe piles do not remain in the finished pile wall.
In the pile wall according to the invention, the connection surface area of the adjacent concrete piles to each other is
considerably smaller than in pile walls of the prior art and, thanks to the pipe piles utilizing interlocks, is always the same,
i.e. constant. Thanks to the small connection surface area, the concrete piles’ effective dimension is the pile wall is large
and the pile wall can be formed with less drilling than pile walls of the prior art. Thanks to the contact surface in direct
contact with the ground the pile wall need not necessarily extend to the bedrock, as the contact surface locks the pile
wall to the surrounding ground, thus preventing it from slipping down.

[0065] In this context, the term integrated concrete structure refers to the concrete of the adjacent concrete piles joining
to form a unified concrete structure.

[0066] In this context, the term integration of the contact surface with the stable layer refers to the fact that, when it
hardens the concrete adheres directly to the stable ground layer, locking the pile wall in place in such a way that the
pile wall cannot slip down, unlike a slippery pile wall formed of pipe piles.

[0067] In other words, the pile wall according to the invention is formed preferably only of adjacent concrete piles and
reinforcement fitted inside at least one concrete pile. The metal pipe piles do not remain in the pile wall.

[0068] In other words, the concrete piles of the said pile wall are in direct contact with the ground. Thus in the method
there is no need for separate shield pipes, which would form the outer surface of the concrete pile, instead the concrete
is firmly bound to the ground over the whole length of the concrete pile.

[0069] The stable ground layer advantageously forms the formwork of the pile wall.

[0070] The pile wall is preferably watertight. This is achieved by vibrating the lifted pipe piles, which compact the
concrete to become watertight.

[0071] The concrete piles of the pile wall preferably extend only to the upper surface of the rock that forms a stable
layer and the pile wall includes, in addition, a reserve pipe fitted inside a reinforcement, a locking hole drilled into the
rock through the reserve pipe, and a rock bolt fitted through the reserve pipe, to lock the concrete piles to the rock
horizontally. Using such a construction, the pipe piles need not be drilled into the rock, but only to the surface of the
rock, after which each concrete pile is attached to the rock with the aid of the rock bolt.

[0072] Preferably the concrete piles of the pile wall are in a single row. Thus, the length of the pile wall can be maximized
with a minimum number of concrete piles. This is possible due to the use of interlocking pipe piles, because then the
concrete piles can be formed with sufficient precision at the correct distance from each other to form a unified and durable
pile wall.

[0073] According to one embodiment, the pipe piles’ interlocks include male interlocks expanding from the main shape
of the pipe pile and female interlocks attached to the male interlocks by welding. Preferably the male interlocks are part
of the pipe pile’s internal volume. The width of the male interlock can 20 - 30 % of the diameter of the pipe pile. Using
such a pipe pile creates a very sturdy pile wall, the webs between the pipe piles being also quite thick and sturdy.
[0074] The concrete piles’ diameter can be 200 - 2000 mm, preferably 600 - 1200 mm. With such a diameter a sufficient
number of reinforcements can be fitted to the concrete pile for the pile wall to become sufficiently strong against the
forces acting on it.

[0075] The pile wall’s height can be 1 - 50 m, preferably 5 - 30 m, 20 - 30 m, depending on the drilling equipment used.
[0076] Preferably the pile wall includes as reinforcement vertical reinforcements and slanting reinforcements, which
are arranged at an angle of 45 - 70° to the pipe piles’ longitudinal direction in the longitudinal direction of the pile wall
before concrete casting, which slanting reinforcements settle partly on the webs between the pile wall’s pipe piles as a
result of the pressure caused by the concrete casting. Thus, a reinforced pile wall is obtained in the case of the pile wall
between the concrete piles.

[0077] The pile wall includes as reinforcement vertical reinforcements and transverse reinforcements which bind the
vertical reinforcements in the various concrete piles to each other to reinforce the pile wall. With the aid of the transverse
reinforcements a strong pile wall is created, even if the pipe piles are removed completely.

[0078] According to one embodiment, the transverse reinforcements are spring reinforcements attached to the vertical
reinforcements, which are arranged to compress on the inside of the pipe pile and the expand essentially in the transverse
direction of the pipe piles and in the longitudinal direction of the pile wall, to reinforce the pile wall when the pipe piles
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are lifted. The spring reinforcements can be installed already when installing the other reinforcements, so that their
installation does not demand a separate work stage after concrete casting.

[0079] According to a second embodiment, the transverse reinforcements are reinforcements to be spread with the
aid of vibration, which are installed inside the pipe pile before concrete casting. Such transverse reinforcements need
not be welded onto the vertical reinforcements, nor does their placing in the operating position demand a separate stage,
if the pipe pile is raised with the aid of vibration.

[0080] According to a third embodiment, the transverse reinforcements are reinforcements embedded in the cast
concrete by vibration.

[0081] The concrete of the concrete piles can be ordinary concrete, which is reinforced with various reinforcements,
but alternatively it can also be macro- or steel fibre concrete, in which macro- or steel fibres form at least part of the
reinforcements. Macro-fibre concrete refers to concrete, in which there are evenly distributed plastic fibres, the length
of which can be, for example, 10 - 50 mm, depending on the type of fibre. Steel-fibre concrete refers to concrete in which
there are evenly distributed steel-wire lengths, which can be, for example, 25 - 60 mm in length and 0.4 - 1.05 mm in
diameter.

[0082] Preferably the pipe pile has a round cross-section in both the method according to the invention and the pile
wall, when a hollow volume forms inside it for concrete and reinforcements. Thus, the pipe pile acts as temporary
formwork in the method according to the invention for forming a pile wall according to the invention.

[0083] According to one embodiment, the pile wall includes a transverse support beam joined to the outer surfaces
of the concrete piles on the side to be constructed of the exposed pile wall.

[0084] The pile wall can include anchors for anchoring the pile wall to a stable ground layer on the opposite side of
the pile wall to the transverse support beam.

[0085] Preferred applications of the method and pile wall according to the invention are abutment-wall structures,
building foundations, car-park buildings, harbour piers, road and railway structures, bridges, and cut-out walls for sep-
arating contaminated soil.

[0086] In the following, the invention is described in detail with reference to the accompanying drawings showing some
embodiments of the invention, in which

Figure 1a shows the first stage of the method according to the invention, in which a drill hole is drilled in
the ground and a non-rotating pipe pile is pulled after the drilling device,
Figure 1b shows the second stage of the method according to the invention, in which the pile wall is

widened by drilling adjacent drill holes and installing adjacent pipe piles in the drill hole, locked
to each other with the aid of interlocks,

Figure 1c shows the third stage of the method according to the invention, in which reinforcement s installed
inside the pipe piles fitted in the drill holes,

Figure 1d shows the fourth stage of the method according to the invention, in which concrete is cast inside
the pipe piles fitted in the drill holes,

Figure 1e shows the fifth stage of the method according to the invention, in which the pipe piles are lifted
out of the drill holes by vibration,

Figure 2 shows an axonometric front view of the finished pile wall according to the invention, with the
ground in front of wall removed,

Figure 3 shows the totality of one embodiment of the drilling device used in the method,

Figures 4a - 4e show the wall structure of a pilot bit according to one embodiment of the drilling device used to
drill the drilled pipe piles, and the stages of the method, in cross-section,

Figures 5a and 5b show various interlocks between the pipe piles,

Figure 6 shows a top view of the use of transverse rein-forcements, according to one embodiment of the
pile wall,

Figure 7 shows a top view of extra compaction according to another embodiment of the pile wall,

Figure 8 shows an embodiment of the pile wall, in which the reinforcementincludes hollow reinforcement
and a reserve pipe,

Figure 9 shows an embodiment of the method, in which the pipe pile’s outer surface includes a separate

channel for feeding liquid lubricant,
Figures 10a and 10b  show a pile wall, in which a rock bolt is used for attachment to rock,

Figure 11 shows a stage of the method according to the invention in making a pile wall according to the
invention,
Figure 12 shows the plough-protrusions of the pipe pile and its surface, formed according to one embod-

iment, seen in the longitudinal direction of the pile wall,
Figures 13aand 13b  show the formation of a pile wall ac-cording to the invention using pipe piles according to the
second embodiment,
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Figures 14a and 14b  show slanting reinforcements according to a second embodiment.

[0087] In the method and pile wall in the embodiments of Figures 1a - 14b the reinforcement used is the most usual
embodiment, i.e. steel reinforcement. It should be understood, however, that the embodiments shown in the figures can
also be implemented correspondingly using composite reinforcement.

[0088] According to Figures 1a and 4a, the erection of the pile wall 10 according to the invention starts by drilling pipe
piles 16 into the ground 100. As the drilling device 102, a drill using a medium for flushing can be used, which can be
any device whatever intended for drilling pipe piles, with the aid of which a non-rotating pipe pile can be pulled or pushed.
The medium is preferably a liquid, with the aid of which drilling waste is flushed along the outside of the pipe pile and
out of the drill hole. Alternatively, the drilling waste can be flushed with the aid of a liquid or air inside the pipe pile.
Preferably the drilling device is a hammer drill, but it can also be only a rotary drill. Figure 3 shows an example of a
drilling device 102, which includes the following main parts: bit 70, reamer 56, drill bar 72, rotating device 74, and a
pressurized-medium pumping unit 76. The drill can be, for example, a drill made by the Finnish company Epiroc Oy.
The pipe pile should be such that it is able to move the pipe pile in the drill hole without rotating the pipe pile 16, because
the pipe pile 16 includes longitudinal interlocks 14 in it, which prevent the rotation of the pipe pile 16.

[0089] Preferably in the drilling device 102, the pipe pile is pulled after the pilot bit 52, the pipe pile 16 being connected
after the rotating pilot bit 52 with the aid of a casing shoe nonrotatingly according to Figure 4. The pipe pile 16 includes
according to Figure 4a a transfer shoulder 55, with the aid of which the pipe pile is, depending on the drilling device,
either pulled or pushed after the drill into the drill hole. The drilling device can also include other means for pressing the
pipe pile by its end into the drill hole. The drill hole 12 is expanded with the aid of a reamer 56 in addition to the pilot bit,
so that the pipe pile 16 equipped with an interlock 14 will fit to come after the pilot bit 52 into the drill hole without damaging
the interlock 14 or pushing it against the ground 100, when, for example, the female interlocking member 30 would be
filled with soil. The reamer 56 can be, for example, a reamer bit or a ring-auger bit.

[0090] The drill hole 12 is drilled preferably so deeply into the ground 100 that the drill hole 12 reaches a so-called
stable layer in the ground 100, which remains in place and does not move horizontally. The stable layer is shown in
Figure 2 with the reference number 60. Such as layer can be a non-cohesive soil layer or alternatively rock. A sufficient
depth, to which the drill hole should preferably extend to the stable layer, is at least one metre, preferably 2 - 4 m. In all
cases, however, this is not necessary. In connection with the drilling, the drill hole is flushed at the same time, to remove
drilling waste from the drill hole. Flushing is preferably performed with the aid of a liquid along the pipe pile’s outer surface
and out of the drill hole, but the liquid and drilling waste can also be led inside the pipe pile. Air can also be used as an
alternative to liquid in flushing. Once the drill hole 12 has been drilled to a sufficient depth, the pilot bit 52 is detached
from the casing shoe 54, for example with the aid of bayonet locking, and is lifted out of the drill hole 12 while the drilled
pipe pile 16 remains in the drill hole 12. Depending on the construction of the reamer 56, the reamer 56 either remains
with the pipe pile in the drill hole or is lifted out of the drill hole.

[0091] According to Figures 1b and 4b, in the method according to the invention, when the pile wall 10 is made, several
adjacent drill holes 12 are formed in parallel, into each of which a pipe pile 16 is pulled after the pilot bit 52. At the
adjacent pipe piles 16, a new pipe pile 16 is set in the ground with the pipe pile 16 already in the ground, in such a way
that the pipe piles 16 are connected to each other with the aid of interlocks 14. The interlocks 14 are aligned when pulling
the new pipe pile 16, in such a way that the new pipe pile 16 slides longitudinally into the interlocks 14 of the already
drilled pipe pile 16. Thus, temporary formwork for the pile wall 10 to be cast is created with the aid of the pipe piles 16
locking into each other.

[0092] The interlocks 14 of each pipe pile 16 include, according to Figures 1a - 1e, a long interlocking member 44 and
a short interlocking member 46. When drilling a new pipe pile 16 next to a previously drilled pipe pile 16, the long
interlocking member 44 of the new pipe pile extends farther than the diameter of the reamer from the centre line of the
pipe pile 16. The long interlocking member 44 is set in such a way that it connects to the short interlocking member of
the already drilled pipe pile 16. Thus, the reamer can expand the drill hole 12 during drilling, so that adjacent drill holes
12 intersect each other at the intersection point 50, thus forming a link between the drill holes 12. Using this connection,
the long interlocking member 44 travels after the reamer along the adjacent drilled pipe pile’s 16 short interlocking
member 46 while the reamer does not strike either interlocking member of the interlock 14. The first pipe pile can have
a different structure, in that there can be only two short interlocking members, as there are no adjacent drill holes, and
the interlock thus cannot extend farther from the pipe pile’s centre line than the drilling device’s reamer. Alternatively,
there can be only one short interlock in the first pipe pile.

[0093] Alternatively, the pipe piles’ 16 interlocks 14 can be according to Figures 13a and 13b, in which the interlocks
14 include male interlocks 86 and female interlocks 88 welded to the male interlocks. According to the figure, the female
interlock 88 can be attached to the pipe pile’s 16 outer surface’s male interlock 86 by welding 90. The advantage of such
a pipe pile is the bulge in the interior of the pipe pile 16 formed by the male interlocks 86, so that the cast concrete is
quite wide also on the webs 35 between the main shape of the pipe pile. This leads to a sturdier pile wall.

[0094] The adjacent drill holes 12 can also be drilled in such a way that a thin soil layer remains between them, which
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is arranged to be broken by the pipe pile’s 16 interlock 14 (not shown) . The largest dimension of the ground layer
depends on the ground’s properties. In soft soil the interlock 14 can penetrate through even a wide ground layer and
nevertheless bind the adjacent pipe piles to each other. The interlock can then too be channelled, for example, for steel
reinforcement or for injection. The web 35 remaining between the main shapes of the pipe piles can even be in the order
of the pipe’s diameter D, i.e. the web’s dimension would be 0 - D, however preferably 0 - D/2. Naturally, the dimension
can be limited by the fact that the concrete cast into each pipe pile should join the concrete mass of the adjacent pipe
pile when the pipe piles are raised.

[0095] According to Figures 1b - 1d, the pipe piles 16 can include brackets 26, which support the pipe pile 16 against
the inner surface of the drill hole 12 and thus prevent the pipe pile turning in the direction of the adjacent drill hole 12.
The brackets 26 can be of such a height that they extend slightly farther radially than the reamer from the centre line of
the pipe pile. If the reamer makes, for example a drill hole 54-mm larger than the diameter of the pipe pile at the brackets,
the diameter can be up to 56 - 58-mm larger than the pipe pile’s diameter. The brackets then travel against the ground
and wear slightly, settling securely against the ground. The brackets 26 can have a side profile like a shark’s fin according
to Figure 4, when they travel smoothly in the drill hole after the drilling device. It should be understood that differing from
1b - 1d the brackets may also be blunt, with, for example, a semi-circularly shaped side profile, or otherwise be suitably
shaped for the purpose.

[0096] Once the desired width of the pile wall 10 being formed has been achieved by drilling into the ground 100, the
desired number of pipe piles 16 being connected together by interlocks 14, the reinforcements 20 can be placed inside
the pipe piles 16, according to Figures 1c and 4c. If resources permit, the placing of the reinforcements 20 can be started
in some of the pipe piles 16 simultaneously with the drilling of the other pipe piles 16 into the ground 100 according to
Figure 4b. In reinforcement, ribbed bar, or some other similar reinforcing steel, is lowered inside the pipe pile 16. The
reinforcement is preferably of a flat ribbed-steel mesh welded into a circular structure. The amount of reinforcement is
determined by the strength required in the pile wall 10, which in turn depends on the demands of the operating environment.
[0097] Preferably after the placing of the reinforcements 20, concrete 18 is cast inside the pipe piles 16 according to
Figure 1d, inside which the reinforcements 20 remain. The pipe pile 16 acts as formwork for the concrete 18. The concrete
18 fills the interior of the pipe pile 16, thus forming a reinforced concrete pile 22. If necessary, a selected binder can be
mixed with the concrete 18 to improve the water-tightness of the concrete 18.

[0098] Alternatively, the concrete can be cast into the pipe piles already before the installation of the reinforcements,
but then the reinforcements must be vibrated to press through the freshly cast concrete.

[0099] According to Figures 4b - 4e, in addition to the vertical straight reinforcements 21, the reinforcements 20 can
also include transverse reinforcements 19 creating a slanting support. The transverse reinforcements are preferably
spring reinforcements 92, which can be welded onto the vertical reinforcements 21. The spring reinforcements are an
embodiment of the transverse reinforcements. The spring reinforcements 92 can include a weld part 91 and a transverse-
support part 93 transverse to the concrete piles in the final pile wall, and a joint between them. In Figures 4b - 4e the
spring reinforcements 92 are torsion springs, in which the weld part 91 is welded onto the vertical reinforcements 21
and the transverse-support part 93 tensions when the reinforcements are installed inside the pipe pile 16, being released
finally during the lifting of the pipe pile 16 to become transverse to the pipe piles 16, thus forming reinforcements also
in the area of the pipe piles’ 16 interlocks in the area between the concrete piles 22.

[0100] As an alternative to the torsion springs shown in Figures 4b - 4e, it can be contemplated that the spring
reinforcement 92 can also be a straight spring 95 according to Figures 14a - 14b, which can be attached to a corral 96
surrounding the vertical reinforcements 21. Here, the vertical reinforcements too 21 are bound together with the aid of
an installation band 94.

[0101] 2 - 100, preferably 5 - 50 pipe piles can be drilled into the ground together in an essentially unbroken casting
sequence, until the lifting of the pipe piles is commenced. The pipe piles are lifted before the concrete binds, in which
the concrete paste changes from fluid to rigid, after which the concrete begins to harden and the lifting of a pipe pile
becomes very difficult or even impossible, without breaking the structure of the concrete pile. The length of the casting
sequence can be influenced by using retardants in the concrete mix, which slow the binding of the concrete and thus
lengthen the time for lifting the pipe piles.

[0102] Once the pipe piles 16 have been cast full of concrete 18, the pipe piles 16 can be begun to be lifted one at a
time partly or completely out of the drill holes 12, before the concrete 18 bonds inside the pipe piles, changing from a
fluid, workable concrete mass into a rigid one, according to Figures 4c and 4d. The pipe pile 16 is attached at its upper
end to a lifting device, which lifts the pipe pile 16 out slowly, while preferably vibrating the pipe pile 16. As a lifting device,
the vibrating lifting device made by the German manufacturer ABI GmbH under the product name MRZV-VV, or Liebherr’s
LRB255 lifting device can be used. The lifting device grips the end of the pipe pile and lifts it upwards out of the drill hole
while vibrating it. The vibration of the pipe pile 16 also vibrates and compacts the concrete 18 inside the pipe pile 16. At
the same time as the pipe pile 16 is removed, the still fluid concrete between the concrete 18 and the drill hole 12 spreads
laterally by gravity, filling the drill hole 12 and forming a concrete pile 22 and spreading between the drill holes 12
connected to each other to form a unified pile wall 10. At the same time, the vibration of the pipe pile 16 compacts the
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still fluid concrete 18 in the drill hole 12 against the ground 100. In other words, the outer surface 23 of the concrete pile
22 forms a contact surface 25 against the ground 100, which is shown in Figures 1e and 2. If spring reinforcements are
used in the pile wall, the spring reinforcements are able to spread between the concrete piles, thus reinforcing the entire
pile wall. Alternatively, the pipe piles can also be raised without vibration, but the use of vibration is the preferred manner
of implementation, as it compacts the concrete at the same time.

[0103] According to Figure 2, the pile wall 10 can also include transverse reinforcements 19 to be vibrated after the
concrete casting and the lifting of the pipe piles, which are preferably arranged between the vertical reinforcements, in
such a way that the vertical reinforcements 21 act as guides when installing the transverse reinforcements 19.

[0104] According to Figure 2, a preferably cast transverse support beam 71 can also be formed on the exposed pile
wall 10 in connection with the pile wall, on the construction 73 side of the pile wall 10. The construction 73 side of the
pile wall 10 refers to the side on which the building or similar is created, the opposite side of the pile wall 10 being, in
turn, the stable side 75. The pile wall 10 can also be anchored in the stable layer 60 of the ground 100 on the opposite
side of the pile wall 10 relative to the support beam 71, with the aid of anchors 77. The anchor 77 then penetrates both
the support beam 71 and the pile wall’s 10 concrete pile 22 and further extends to the ground’s 100 stable layer 60, thus
locking the pile wall 10 in place even more firmly.

[0105] According to Figures 5a and 5b, various interlocks 14 can be used when drilling the pipe piles to connect the
pipe piles 16. In Figure 5a, there is both a male interlocking member 28 and a female interlocking member 30 in each
pipe pile. In Figure 5b, there are, in turn, pipe piles 16, in which there are only male interlocking members 28 and the
pipe piles 16 are connected with the aid of an intermediate interlocking member 42. The intermediate interlocking member
42 includes two female interlocking members 30.

[0106] If it is wished to improve the tightness of the pile wall other than by altering the mix of the concrete, concrete
injection can be used during the lifting of the pipe piles, according to a first embodiment in the method. Concrete can
be injected through a female interlocking member as the pipe pile is being lifted. The pile wall then receives additional
concrete in the area between the concrete piles, which reinforces the structure and improves its tightness.

[0107] According to another embodiment, an injection pipe can be temporarily locked to the pipe pile by a locking
means, which is released from the pipe pile when concrete is cast into the pipe pile or when the pipe pile is lifted, and
remains in the bottom of the drill hole from the weight of the concrete. The injection pipe 34 is shown in Figure 7 and
can be located, according to Figure 7, either inside the concrete 18 of the concrete pile 22, or outside the concrete pile
18. The injection hose 34 can be split over its length, except for the ends, when during injection the concrete is able to
fill possible cavities remaining in the concrete piles. The injection hose’s diameter can be, for example, 15 - 25 mm. The
locking means can be, for example, a metal sheet welded lightly to the side of the pipe pile, which presses the injection
hose against the pipe pile while the pipe pile is drilled and detaches by the concrete’s weight or when the pipe pile is
lifted, pressing the injection hose under it in the drill hole. After the pipe pile is lifted, additional concrete or sealant can
still be injected into the drill hole, which ensures the water-tightness of the pile wall. The injection pipe can be, for example,
a steel reserve pipe.

[0108] Figure 6 shows a third embodiment, in which the durability and water-tightness of the pile wall 10 is improved
with the aid of a separate support plate 40. For the support plate 40 there are inside the pipe piles, for example, H beams
or other similar guide supports 48 placed inside the pipe piles in connection with reinforcement, which remain inside the
concrete cast in the pipe pile. When the pipe piles are lifted out of the drill holes, the support plate 40 connecting the
concrete piles 22 can be driven between the H beams 48, when the H beams or similar supports guide the support
plate’s 40 impacts inside the concrete pile 22. In this embodiment, the support plates act as transverse reinforcements
in the pile wall.

[0109] In this connection, it should be understood that the brackets described in the present application can also be
used generally as part of the drilled pipe piles in connection with the construction of pile walls, and their use is not
restricted only to the method according to the invention. The brackets can thus be part of the pipe pile, which are joined
to the pipe pile’s outer surface at the end of the pipe pile next to the drilling device’s ring bit and at the brackets the pipe
pile’s diameter is 1 - 4 mm larger than the drill hole being drilled. Thus, the brackets stabilize the pipe pile being placed,
particularly in its rock-drilled portion, so that lateral loads, acting in the direction of the previously drilled pipe pile, are
larger for the placed pipe pile.

[0110] According to Figures 1a- 1d and 12, in one embodiment of the method according to the invention, at least one
plough protrusion 82 is welded next to the interlock 14 at the end 84 of the pipe pile 16 entering the drill hole 12 first,
before the pipe pile 16 is drilled into the ground 100, which plough protrusion 82 is a continuous distance of a sector on
the pipe pile’s 16 outer circumference and protrudes from the pipe pile 16 by at most by the same amount as the reamer
used in the drilling device 102. The plough protrusion 82 is intended to displace ground 100 when lifting the pipe pile 16
to make the joining of the concrete piles 22 more effective. The plough protrusion thus ’ploughs’ the ground 100 from
in front to the side, thus enlarging the connection between two adjacent drill holes 12, which can, in some cases be only
the width of the interlock, and permit the concrete to effectively spread from one drill hole 12 to another, effectively joining
the adjacent concrete piles 22 to each other. At the same time, the plough protrusion 82 can form a vacuum behind
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itself, as the concrete surrounds and fills the space left in the pipe pile’s drill hole as the pipe pile is raised and vibrated.
The vacuum in turn sucks concrete effectively between the drill holes, thus joining the concrete piles.

[0111] In the embodiment shown in Figure 12, the plough protrusions 82 are plates welded to the pipe pile 16, which
are at an angle of, for example, 30 - 60°, preferably 40 - 50° to the longitudinal direction of the pipe pile 16. This is s
preferred form of implementation, but it should be understood that the plough protrusion can also be a casing structure
transversely to the pipe pile, or some other protrusion that displaces ground from in front when raising the pipe pile. The
plough protrusion can be formed in a sector of the pipe pile of a minimum of 1°, preferably 5° of the pipe pile’s perimeter
and a sector of a maximum of 50°, preferably 15°.

[0112] Figure 8 shows an embodiment of the method according to the invention, in which the reinforcements 20
preferably include at least one hollow reinforcement in each pipe pile 16, inside which a reserve pipe 72 is fitted. The
reserve pipe 72 is protected during the casting of concrete in the pipe pile 16, so that the reserve pipe 72 remains empty.
Once the pipe piles have been lifted, compaction mass or concrete can be fed through the reserve pipe, to ensure the
pile wall’'s tightness. Alternatively, the pipe piles can be drilled only down to the rock surface, when a locking holes can
be drilled into the rock through the reserve pipe, through which the concrete pile can be locked to the reinforcement by
a rock bolt to the locking hole and through it to the rock.

[0113] Figure 9 shows one form of implementation of the method according to the invention, in which separate channels
80 are formed in the outer surfaces of the pipe piles 16, through which liquid lubricant can be fed into the drill hole 12
outside the pipe piles 16. The liquid lubricant remaining between the drill hole 12 and the pipe pile 16 facilitates the lifting
of the pipe piles by reducing the friction between the pipe piles and the drill hole. Instead of separate channels, the liquid
lubricant can also be fed, for example, through the female interlocking members of the pipe piles’ interlocking members,
or using a separate channel formed in connection with the interlocking members.

[0114] Asan alternative to using lubricant a separate material layer 29, which is arranged to reduce the friction between
the concrete and the pipe pile, on the inner surface 27 of the pipe pile can, according to Figure 1c be used. The material
layer 29 can be, for example, of Teflon.

[0115] According to the embodiment shown in Figures 10a and 10b, in the case of the pipe piles, the pile wall can be
drilled down to the upper surface of the rock 65 forming the stable layer 60. The reinforcement 20 includes a hollow
reserve pipe 72, which is left empty when casting the concrete, and through which a locking hole 62 can be drilled into
the rock, according to Figure 10a. Finally, the pile wall is locked by setting a rock bolt 64 in the locking hole 62 through
the reserve pipe 72, which holds the concrete piles 22 horizontally in place in the rock 65.

[0116] According to Figure 11, the pile wall can also be formed in such a way that the pipe pile 16 between the upper
and lower pipe piles 16 in the line is drilled to the side of the line, on that side of the line in which the soil pressure acting
on the pile wall is greater. This single offset pipe pile 16 can have a smaller diameter than the other pipe piles. When
the pipe piles are removed from the drill holes 12, the soil pressure presses this control pile outside the line tightly against
the concrete piles in the line, thus ensuring the pile wall’s tightness. The offset pipe pile can be otherwise the same in
structure as the other pipe piles and the interlocks of the pipe piles joined to it should be compatibly located in the circle
of pipe piles, relative to each other.

[0117] Though it does not belong to the invention, it can be envisaged that the idea of the method and pile wall
according to the invention can also be implemented without the reinforcements fitted inside at least one pipe pile.
[0118] Further not belonging to the invention, it can be envisaged that the idea of the method and pile wall according
to the invention can also be implemented in such a way that only some of the pipe piles are lifted up and some remain
to reinforce the pile wall. The metal pipe pile than acts as a stronger part of the pile wall at critical points.

Claims
1. Method for forming a drilled pile wall (10) in ground (100), in which

- several essentially vertical drill holes (12) are drilled side by side in the ground (100) using a drilling device (102),
- several pipe piles (16) for casting are installed in a row into the drill holes (12),

- the drill hole (12) is flushed using a medium to remove drilling waste from the drill hole (12),

- reinforcements (20) are installed to reinforce the pile wall structure (10) to be formed

- concrete (18) is cast into each pipe pile (16) installed in the drill hole (12),

- at least some of the parallel pipe piles (16) are lifted at least partly out of the drill hole (12) after the concrete
(18) has been cast, but before the concrete (18) has bonded from a fluid concrete paste to a rigid one, when
the concrete (18) compacted in each drill hole (12) to form a concrete pile (22) expands laterally onto the concrete
(18) of the adjacent pipe pile (16) and forms together with the concrete piles (22) of the adjacent drill holes (12)
a unified watertight pile wall (10), characterized in that the drill holes (12) are drilled using a drilling device
(102) with a reamer (56), and the pipe piles (16) are non-rotating pipe piles (16) equipped with longitudinal
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interlocks, of which interlocks one is a long interlocking member (44) extending outside the diameter of the
drilling device’s (102) reamer (56) into the adjacent drill hole (12) into the interlocking member (46) of the
adjacent pipe pile (16) and the other a short interlocking member (46), to which the long interlocking member
(44) of the adjacent pipe pile (16) attaches, which pipe piles (16) are placed after the drilling device (102) in
each drill hole (12) in connection with the drilling, which parallel pipe piles (16) are joined together by the
interlocks (14), and are smaller in diameter than the drill hole (12).

Method according to Claim 1, characterized in that in the method the pipe piles (16) are flushed, using water as
a medium, to lead drilling water out of the drill hole (12), on the outside of the pipe pile (16).

Method according to Claim 1 or 2, characterized in that in the method at least some of the pipe piles (16) are drilled
to non-cohesive soil, bedrock (65), or a stable layer of ground (60), to anchor the pile wall (10) in place.

Method according to any of Claims 1 - 3, characterized in that the pile wall (10) is formed of 2 - 100, preferably 5
- 50 pipe piles in a casting sequence, before the lifting of the pipe piles (16).

Method according to any of Claims 1 - 4, in which the interlocks (14) of each said pipe pile (16) include a male
interlocking member (28) or a female interlocking member (30) or both, of which the female interlocking members
(30) are dimensioned to be partly loose relative to the male interlocking members (28), thus leaving an open space
(32) in the female interlocking members (30) for injecting a medium, characterized in that, in the method concrete
(18) is injected through the female interlocking member (30) into the drill hole (12) at the same time as each pipe
pile (16) is lifted with vibration out of the drill hole (12), thus ensuring that the concrete piles (22) in adjacent drill
holes (12) join together after the lifting of the pipe piles (16), to form a unified watertight pile wall (10).

Method according to any of Claims 1 - 5, characterized in that in the method, after the lifting of the pipe piles (16),
a transverse support structure is installed between the concrete piles (22) to reinforce the pile wall (10).

Method according to any of Claims 1 -6, characterized in that vertical reinforcements (21) and spring reinforcements
(92), which are arranged to be compressed inside the pipe pile (16) and to spread essentially in the transverse
direction of the pipe piles (16) and the longitudinal direction of the pile wall (10), joined to the vertical reinforcements
(21) are used as the reinforcements (20) in order to reinforce the pile wall (10) when lifting the pipe piles (16).

Method according to any of Claims 1 - 7, characterized in that the adjacent drill holes (12) are drilled in such a
way that a web remains in the ground between them, which is arranged to be broken by the interlock (14) of the

pipe pile (16).

Method according to any of Claims 1 - 8, characterized in that the pipe piles (16) are lifted out of the drill holes
(12) by vibration, at the same time compacting the concrete (18) of the concrete piles (22).

Method according to any of Claims 1 - 9, characterized in that a transverse support beam (71) is formed on the
exposed pile wall (10) on the constructed (73) side of the pile wall (10) .

Pile wall (10), which includes several parallel concrete piles (22) connected to each other in a row, attached to a
stable layer (60) of ground (100), which concrete piles (22) include as reinforcements (20), vertical reinforcements
(21) set inside the concrete piles (22) and the concrete piles (22) are essentially circularly shaped in cross-section,
in which the concrete piles (18) form the outer surface of the pile wall (10), and each concrete pile (22) has an outer
surface (23), wherein each concrete pile (18) is connected by a fully integrated concrete structure to each adjacent
concrete pile (18) by a sector of 1° - 50°, preferably 5° - 15° of the concrete pile’s (18) cross-section, in which the
concrete structure has a contact surface (25) formed on the outer surface (23) of the pile wall (10) directly to the
stable layer (60) of the ground (100), which contact surface (25) is integrated with the stable layer (60) of the ground
(100), characterized in that the contact surface (25) is integrated with a drilled ground (100) and the adjacent
concrete piles (18) are at a constant distance from each other at a whole depth forming a unified pile wall, wherein
the pile wall (10) includes also transverse reinforcements (19) which bind the vertical reinforcements (21) in the
different concrete piles (22) of the row to each other and the pile wall (10) is formed in the ground by use of a method
for forming a drilled pile wall (10) in ground (100), in which

- several essentially vertical drill holes (12) are drilled side by side in the ground (100) using a drilling device
(102) with a reamer (56),
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- several non-rotating pipe piles (16) equipped with longitudinal interlocks for casting are installed in a row into
the drill holes (12), of which interlocks one is a long interlocking member (44) extending outside the diameter
of the drilling device’s (102) reamer (56) into the adjacent drill hole (12) into the interlocking member (46) of the
adjacent pipe pile (16) and the other a short interlocking member (46), to which the long interlocking member
(44) of the adjacent pipe pile (16) attaches, which pipe piles (16) are placed after the drilling device (102) in
each drill hole (12) in connection with the drilling, which parallel pipe piles (16) are joined together by the
interlocks (14), and are smaller in diameter than the drill hole (12),

- the drill hole (12) is flushed using a medium to remove drilling waste from the drill hole (12),

- reinforcements (20) are installed to reinforce the pile wall structure (10) to be formed,

- concrete (18) is cast into each pipe pile (16) installed in the drill hole (12),

- at least some of the parallel pipe piles (16) are lifted at least partly out of the drill hole (12) after the concrete
(18) has been cast, but before the concrete (18) has bonded from a fluid concrete paste to a rigid one, when
the concrete (18) compacted in each drill hole (12) to form a concrete pile (22) expands laterally onto the concrete
(18) of the adjacent pipe pile (16) and forms together with the concrete piles (22) of the adjacent drill holes (12)
a unified watertight pile wall (10).

Pile wall according to Claim 11, characterized in that the pile wall's (10) concrete piles (18) extend only down to
the upper surface of the rock (65) as a stable layer (60) and the pile wall (10) includes, in addition

- areserve pipe (72) fitted inside a reinforcement (20),

- a locking hole (62) drilled into the rock (65) through the reserve pipe (72), and

- a rock bolt (64) fitted through the reserve pipe (72) into the locking hole (62) to lock the concrete piles (22)
into the rock (65) horizontally.

Pile wall according to Claim 11 or 12, characterized in that the height of the pile wall (10) is 1 - 50 m, preferably
5 - 30 m, and most preferably 20 - 30 m.

Pile wall according to any of Claims 11 - 13, characterized in that the said transverse reinforcements (19) are
spring reinforcements (92) joined to the vertical reinforcements (21), which are arranged to be compressed inside
a pipe pile (16) and to spread in essentially the transverse direction of the pipe piles (16) and in the longitudinal
direction of the pile wall (10), to reinforce the pile wall (10) when lifting the pipe pile (16).

Pile wall according to any of Claims 11 - 14, characterized in that the transverse reinforcements (19) are reinforce-
ments embedded in the cast concrete by vibration.

Pile wall according to any of Claims 11 - 15, characterized in that the concrete of the concrete piles (22) is macro-
or steel-fibre concrete, in which the macro- or steel-fibres form at least part of the reinforcements (20).

Patentanspriiche

1.

Verfahren zur Herstellung einer Bohrpfahlwand (10) im Boden (100), bei dem

- mehrere im Wesentlichen vertikale Bohrlécher (12) nebeneinander in den Boden (100) gebohrt werden, wobei
eine Bohrvorrichtung (102) verwendet wird,

- mehrere Rohrpfahle (16) zum GielRen in einer Reihe in die Bohrldcher (12) installiert werden,

- das Bohrloch (12) unter Verwendung eines Mediums gespuilt wird, um Bohrmehl aus dem Bohrloch (12) zu
entfernen,

- Verstarkungen (20) installiert werden, um die zu bildende Pfahlwandstruktur (10) zu verstarken,

- Beton (18) in jeden im Bohrloch (12) installierten Rohrpfahl (16) gegossen wird,

- mindestens einige der parallelen Rohrpfahle (16) mindestens teilweise aus dem Bohrloch (12) herausgehoben
werden, nachdem der Beton (18) gegossen wurde, aber bevor der Beton (18) sich von einer fluiden zu einer
festen Betonmasse verbunden hat, wenn sich der in jedem Bohrloch (12) zu einem Betonpfahl (22) verdichtete
Beton (18) seitlich auf den Beton (18) des benachbarten Rohrpfahls (16) ausdehnt und zusammen mit den
Betonpfahlen (22) der benachbarten Bohrlécher (12) eine einheitliche, wasserdichte Pfahlwand (10) bildet,
dadurch gekennzeichnet, dass die Bohrlécher (12) unter Verwendung einer Bohrvorrichtung (102) mit einer
Reibahle (56) gebohrt werden und die Rohrpfahle (16) nicht drehende Rohrpfahle (16) sind, die mit Langs-
schldssern ausgestattet sind, von denen eines ein langes Schlosselement (44) ist, das sich auRerhalb des
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Durchmessers der Reibahle (56) der Bohrvorrichtung (102) in das benachbarte Bohrloch (12) in das Schloss-
element (46) des benachbarten Rohrpfahls (16) erstreckt, und das andere ein kurzes Schlosselement (46), an
dem das lange Schlosselement (44) des benachbarten Rohrpfahls (16) angebracht ist, wobei die Rohrpfahle
(16) in Verbindung mit dem Bohren nach der Bohrvorrichtung (102) in jedes Bohrloch (12) eingebracht werden,
wobei die parallelen Rohrpfahle (16) durch die Schldsser (14) miteinander verbunden sind und einen kleineren
Durchmesser als das Bohrloch (12) aufweisen.

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass bei dem Verfahren die Rohrpfahle (16) unter Ver-
wendung von Wasser als Medium gesplilt werden, um Bohrwasser aus dem Bohrloch (12) an der Auf3enseite des
Rohrpfahls (16) herauszufiihren.

Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass bei dem Verfahren mindestens einige der
Rohrpfahle (16) in nichtbindigen Boden, Felsgestein (65) oder eine stabile Schicht des Bodens (60) gebohrt werden,
um die Pfahlwand (10) zu verankern.

Verfahren nach einem der Anspriiche 1 bis 3, dadurch gekennzeichnet, dass die Pfahlwand (10) vor dem Heben
der Rohrpfahle (16) aus 2 bis 100, vorzugsweise 5 bis 50 Rohrpfahlen in einer Sequenz gebildet wird.

Verfahren nach einem der Anspriiche 1 bis 4, bei dem die Schiésser (14) jedes Rohrpfahls (16) ein mannliches
Schlosselement (28) oder ein weibliches Schlosselement (30) oder beide einschlieRen, wobeidie weiblichen Schlos-
selemente (30) so dimensioniert sind, dass sie relativ zu den mannlichen Schlosselementen (28) teilweise lose sind,
wodurch in den weiblichen Schlosselementen (30) ein offener Raum (32) zum Einspritzen eines Mediums verbleibt,
dadurch gekennzeichnet, dass bei dem Verfahren Beton (18) durch das weibliche Schlosselement (30) in das
Bohrloch (12) zur gleichen Zeit eingespritzt wird, zu der jeder Rohrpfahl (16) mit Vibration aus dem Bohrloch (12)
herausgehoben wird, wodurch sichergestellt wird, dass sich die Betonpfahle (22) in benachbarten Bohrldchern (12)
nach dem Heben der Rohrpfahle (16) miteinander verbinden, um eine einheitliche wasserdichte Pfahlwand (10) zu
bilden.

Verfahren nach einem der Anspriiche 1 bis 5, dadurch gekennzeichnet, dass bei dem Verfahren nach dem Heben
der Rohrpfahle (16) eine querliegende Stitzstruktur zwischen den Betonpféhlen (22) installiert wird, um die Pfahl-
wand (10) zu verstarken.

Verfahren nach einem der Anspriiche 1 bis 6, dadurch gekennzeichnet, dass vertikale Verstarkungen (21) und
Federverstarkungen (92), die so angeordnet sind, dass sie im Inneren des Rohrpfahls (16) zusammengedriickt
werden und sich im Wesentlichen in der Querrichtung der Rohrpféhle (16) und der Langsrichtung der Pfahlwand
(10) ausbreiten, die mit den vertikalen Verstarkungen (21) verbunden sind, als die Verstarkungen (20) verwendet
werden, um die Pfahlwand (10) beim Heben der Rohrpfahle (16) zu verstarken.

Verfahren nach einem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dass die benachbarten Bohrlécher (12)
so gebohrt werden, dass zwischen ihnen ein Steg im Boden verbleibt, der so angeordnet ist, dass er durch das
Schloss (14) des Rohrpfahls (16) durchbrochen wird.

Verfahren nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, dass die Rohrpfahle (16) durch Vibration
aus den Bohrléchern (12) gehoben werden, wobei gleichzeitig der Beton (18) der Betonpfahle (22) verdichtet wird.

Verfahren nach einem der Anspriiche 1 bis 9, dadurch gekennzeichnet, dass an der freiliegenden Pfahlwand (10)
auf der konstruierten (73) Seite der Pfahlwand (10) ein quer verlaufender Stltzbalken (71) ausgebildet wird.

Pfahlwand (10), die mehrere parallele, in einer Reihe miteinander verbundene Betonpfahle (22) umfasst, die an
einer stabilen Schicht (60) des Bodens (100) angebracht sind, wobei die Betonpfahle (22) als Verstarkungen (20)
eingeschlossen sind, vertikale Verstarkungen (21) aufweisen, die im Inneren der Betonpfahle (22) eingerichtet sind,
und die Betonpfahle (22) im Querschnitt im Wesentlichen kreisférmig sind, wobei die Betonpfahle (18) die duflere
Oberflache der Pfahlwand (10) bilden, und jeder Betonpfahl (22) eine dufRere Oberflache (23) aufweist, wobei jeder
Betonpfahl (18) durch eine vollsténdig integrierte Betonstruktur mit jedem benachbarten Betonpfahl (18) Giber einen
Abschnitt von 1° bis 50°, vorzugsweise 5° bis 15° des Querschnitts des Betonpfahls (18) verbunden ist, wobei die
Betonstruktur eine Kontaktoberflache (25) aufweist, die auf der auReren Oberflache (23) der Pfahlwand (10) direkt
mit der stabilen Schicht (60) des Bodens (100) ausgebildet ist, wobei die Kontaktoberflache (25) mit der stabilen
Schicht (60) des Bodens (100) integriert ist, dadurch gekennzeichnet, dass die Kontaktoberflache (25) in einen
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Bohrboden (100) integriert ist und die benachbarten Betonpfahle (18) in einem konstanten Abstand voneinander in
der gesamten Tiefe eine einheitliche Pfahlwand bilden, wobei die Pfahlwand (10) auch Querverstarkungen (19)
einschlief3t, die die vertikalen Verstarkungen (21) in den verschiedenen Betonpfahlen (22) der Reihe miteinander
verbinden, und die Pfahlwand (10) im Boden unter Verwendung eines Verfahrens zur Bildung einer Bohrpfahlwand
(10) im Boden (100) gebildet wird, bei dem

- mehrere im Wesentlichen vertikale Bohrlécher (12) nebeneinander in den Boden (100) gebohrt werden, wobei
eine Bohrvorrichtung (102) mit einer Reibahle (56) verwendet wird,

- mehrere nicht drehbare Rohrpféahle (16), die mit Langsschléssern zum GielRen ausgestattet sind, in einer
Reihe in die Bohrlocher (12) installiert werden, von denen eines ein langes Schlosselement (44) ist, das sich
aulerhalb des Durchmessers der Reibahle (56) der Bohrvorrichtung (102) in das benachbarte Bohrloch (12)
in das Schlosselement (46) des benachbarten Rohrpfahls (16) erstreckt, und das andere ein kurzes Schloss-
element (46), an dem das lange Schlosselement (44) des benachbarten Rohrpfahls (16) angebracht ist, wobei
die Rohrpfahle (16) nach der Bohrvorrichtung (102) in jedem Bohrloch (12) in Verbindung mit dem Bohren
platziert werden, wobei die parallelen Rohrpfahle (16) durch die Schlésser (14) miteinander verbunden sind
und einen kleineren Durchmesser als das Bohrloch (12) haben,

- das Bohrloch (12) unter Verwendung eines Mediums gespiilt wird, um Bohrmehl aus dem Bohrloch (12) zu
entfernen,

- Verstarkungen (20) installiert werden, um die zu bildende Pfahlwandstruktur (10) zu verstarken,

- Beton (18) in jeden im Bohrloch (12) installierten Rohrpfahl (16) gegossen wird,

- mindestens einige der parallelen Rohrpfahle (16) mindestens teilweise aus dem Bohrloch (12) herausgehoben
werden, nachdem der Beton (18) gegossen wurde, aber bevor der Beton (18) sich von einer fluiden zu einer
festen Betonmasse verbunden hat, wenn sich der in jedem Bohrloch (12) zu einem Betonpfahl (22) verdichtete
Beton (18) seitlich auf den Beton (18) des benachbarten Rohrpfahls (16) ausdehnt und zusammen mit den
Betonpfahlen (22) der benachbarten Bohrlécher (12) eine einheitliche, wasserdichte Pfahlwand (10) bildet.

Pfahlwand nach Anspruch 11, dadurch gekennzeichnet, dass die Betonpfahle (18) der Pfahlwand (10) nur bis
zur oberen Oberflache des Gesteins (65) als stabile Schicht (60) reichen und die Pfahlwand (10) zusatzlich Folgendes
einschlief3t:

- ein Reserverohr (72), das im Inneren einer Verstarkung (20) angeschlossen ist,

- ein Schlossloch (62), das durch das Reserverohr (72) in das Gestein (65) gebohrt wird, und

- einen Gesteinsbolzen (64), der durch das Reserverohr (72) in das Schlossloch (62) angeschlossen ist, um
die Betonpfahle (22) horizontal im Gestein (65) zu verriegeln.

Pfahlwand nach Anspruch 11 oder 12, dadurch gekennzeichnet, dass die Hohe der Pfahlwand (10) 1-50 m,
vorzugsweise 5-30 m, und am meisten bevorzugt 20-30 m betragt.

Pfahlwand nach einem der Anspriiche 11 bis 13, dadurch gekennzeichnet, dass die Querverstarkungen (19)
Federverstarkungen (92) sind, die mit den vertikalen Verstarkungen (21) verbunden sind, die so angeordnet sind,
dass sie im Inneren eines Rohrpfahls (16) zusammengedriickt werden und sich im Wesentlichen in der Querrichtung
der Rohrpfahle (16) und in der Langsrichtung der Pfahlwand (10) ausbreiten, um die Pfahlwand (10) beim Heben
des Rohrpfahls (16) zu verstarken.

Pfahlwand nach einemder Anspriiche 11 bis 14, dadurch gekennzeichnet, dass es sich beiden Querverstarkungen
(19) um Verstarkungen handelt, die durch Vibration in den Gussbeton eingebettet werden.

Pfahlwand nach einem der Anspriiche 11 bis 15, dadurch gekennzeichnet, dass der Beton der Betonpfahle (22)
Makro- oder Stahlfaserbeton ist, bei dem die Makro- oder Stahlfasern mindestens einen Teil der Verstarkungen
(20) bilden.

Revendications

1.

Procédé de formation d’'une paroi de pieu (10) forée dans le sol (100), dans lequel

- plusieurs trous de forage (12) essentiellement verticaux sont forés cote a cote dans le sol (100) a I'aide d’'un
appareil de forage (102),
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- plusieurs pieux tubulaires (16) pour le coulage sont installés a la suite dans les trous de forage (12),

- le trou de forage (12) est nettoyé a I'aide d'un fluide pour éliminer les résidus du forage du trou de forage (12),
- des renforcements (20) sont installés pour renforcer la structure de la paroi de pieu (10) a former,

- du béton (18) est coulé dans chaque pieu tubulaire (16) installé dans le trou de forage (12),

- au moins certains des pieux tubulaires paralléles (16) sont soulevés au moins partiellement hors du trou de
forage (12) apres que le béton (18) a été coulé, mais avant que le béton (18) soit passé de I'état de pate de
béton fluide a pate de béton rigide, lorsque le béton (18) compacté dans chaque trou de forage (12) pour former
un pieu en béton (22) s’étend latéralement sur le béton (18) du pieu tubulaire adjacent (16) et forme avec les
pieux de béton (22) des trous de forage adjacents (12) une paroi de pieu étanche unifiée (10), caractérisé en
ce que les trous de forage (12) sont forés a I'aide d’un appareil de forage (102) équipé d’'un alésoir (56), et les
pieux tubulaires (16) sont des pieux tubulaires non rotatifs (16) équipés de dispositifs d’accrochage longitudinaux,
dontl'un estun élément d’accrochage long (44) se prolongeant au-dela du diametre de I'alésoir (56) de I'appareil
de forage (102) jusque dans le trou de forage adjacent (12) dans I’élément d’accrochage (46) du pieu tubulaire
adjacent (16) et I'autre est un élément d’accrochage court (46), auquel s’accroche I'élément d’accrochage long
(44) du pieu tubulaire adjacent (16), lesdits pieux tubulaires (16) étant placés aprés I'appareil de forage (102)
dans chaque trou de forage (12) dans le cadre du forage, et lesdits pieux tubulaires paralléles (16) étant reliés
entre eux par les dispositifs d’accrochage (14) et présentant un diametre inférieur au trou de forage (12).

Procédé conformément a la revendication 1, caractérisé en ce que les pieux tubulaires (16) sont nettoyés a l'aide
d’eau en tant que fluide pour guider I'eau de forage hors du trou de forage (12), sur I'extérieur du pieu tubulaire (16).

Procédé conformément a la revendication 1 ou 2, caractérisé en ce qu’au moins certains des pieux tubulaires (16)
sont forés dans un sol sans cohésion, un substrat rocheux (65) ou une couche stable de sol (60) pour maintenir la
paroi de pieu (10) en place.

Procédé conformément a 'une quelconque des revendications 1 a 3, caractérisé en ce que la paroi de pieu (10)
est formée de 2 a 100, de préférence de 5 a 50 pieux tubulaires dans un ordre de coulage, avant que les pieux
tubulaires soient soulevés (16).

Procédé conformément a I'une quelconque des revendications 1 a 4, dans lequel les dispositifs d’accrochage (14)
de chaque pieu tubulaire (16) comprennent un élément d’accrochage male (28) ou un élément d’accrochage femelle
(30) ou les deux, les éléments d’accrochage femelle (30) étant dimensionnés de fagon a étre en partie laches par
rapport aux éléments d’accrochage males (28), ce qui laisse un espace ouvert (32) dans les éléments d’accrochage
femelle (30) pour injecter un fluide, caractérisé en ce que, dans le procédé, le béton (18) est injecté a travers
I'élément d’accrochage femelle (30) dans le trou de forage (12) au moment ou chaque pieu tubulaire (16) est soulevé
au moyen de vibrations hors du trou de forage (12), ce qui garantit que les pieux en béton (22) situés dans les trous
de forage adjacents (12) s’assemblent une fois les pieux tubulaires (16) soulevés, pour former une paroi de pieu
étanche unifiée (10).

Procédé conformément a I'une quelconque des revendications 1 a 5, caractérisé en ce que dans le procédé, une
fois les pieux tubulaires (16) soulevés, une structure de soutien transversale est installée entre les pieux en béton
(22) pour renforcer la paroi de pieu (10).

Procédé conformément a 'une quelconque des revendications 1 a 6, caractérisé en ce que des renforcements
verticaux (21) et des renforcements a ressort (92), prévus pour étre comprimés a I'intérieur du pieu tubulaire (16)
et pour s’étendre essentiellement dans le sens transversal des pieux tubulaires (16) et dans le sens longitudinal de
la paroi de pieu (10), attachés aux renforcements verticaux (21) sont utilisés en tant que renforcements (20) afin
de renforcer la paroi de pieu (10) lorsque les pieux tubulaires (16) sont soulevés.

Procédé conformément a I'une quelconque des revendications 1 a 7, caractérisé en ce que les trous de forage
adjacents (12) sont forés de maniére a ce qu'une membrane reste dans le sol entre eux, laquelle sera cassée par
le dispositif d’accrochage (14) du pieu tubulaire (16).

Procédé conformément a I'une quelconque des revendications 1 a 8, caractérisé en ce que les pieux tubulaires
(16) sont soulevés hors des trous de forage (12) au moyen de vibrations, ce qui compacte en méme temps le béton
(18) des pieux en béton (22).

10. Procédé conformément a I'une quelconque des revendications 1 a 9, caractérisé en ce qu’une poutre de soutien
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transversale (71) est formée sur la paroi de pieu exposée (10) sur le cété construit (73) de la paroi de pieu (10).

Paroi de pieu (10), qui comprend plusieurs pieux en béton paralleles (22) reliés les uns aux autres a la suite, fixés
a une couche stable (60) de sol (100), lesdits pieux en béton (22) comprenant en tant que renforcements (20) des
renforcements verticaux (21) placés a l'intérieur des pieux en béton (22) et les pieux en béton (22) étant essentiel-
lement de forme circulaire en coupe transversale, dans laquelle les pieux en béton (18) forment la surface extérieure
de la paroi de pieu (10), et chaque pieu en béton (22) présente une surface extérieure (23), dans laquelle chaque
pieu en béton (18) est relié par une structure en béton complétement intégrée a chaque pieu en béton adjacent
(18) par un secteur de 1° a 50°, de préférence de 5° a 15° de la coupe transversale du pieu en béton (18), dans
laquelle la structure en béton présente une surface de contact (25) formée sur la surface extérieure (23) de la paroi
de pieu (10) directement sur la couche stable (60) de sol (100), ladite surface de contact (25) étant intégrée a la
couche stable (60) de sol (100), caractérisée en ce que la surface de contact (25) est intégrée a un sol foré (100)
et les pieux en béton adjacents (18) se trouvent a une distance constante les uns des autres sur toute la profondeur,
formant ainsi une paroi de pieu unifiée, dans laquelle la paroi de pieu (10) comprend également des renforcements
transversaux (19) qui relient les renforcements verticaux (21) dans les différents pieux en béton (22) de la ligne les
uns aux autres et la paroi de pieu (10) est formée dans le sol au moyen d’un procédé pour former une paroi de pieu
forée (10) dans le sol (100), dans laquelle

- plusieurs trous de forage essentiellement verticaux (12) sont forés cote a cote dans le sol (100) a I'aide d’'un
appareil de forage (102) équipé d’un alésoir (56),

- plusieurs pieux tubulaires non rotatifs (16) équipés de dispositifs d’accrochage longitudinaux pour le coulage
sont installés a la suite dans les trous de forage (12), dont I'un est un élément d’accrochage long (44) se
prolongeant au-dela du diameétre de I'alésoir (56) de I'appareil de forage (102) jusque dans le trou de forage
adjacent (12) dans I'élément d’accrochage (46) du pieu tubulaire adjacent (16) et I'autre est un élément d’ac-
crochage court (46), auquel s’accroche I'élément d’accrochage long (44) du pieu tubulaire adjacent (16), lesdits
pieux tubulaires (16) étant placés apres I'appareil de forage (102) dans chaque trou de forage (12) dans le
cadre du forage, et lesdits pieux tubulaires paralléles (16) étant reliés entre eux par les dispositifs d’accrochage
(14) et présentant un diamétre inférieur au trou de forage (12).

- le trou de forage (12) est nettoyé a I'aide d'un fluide pour éliminer les résidus du forage du trou de forage (12),
- des renforcements (20) sont installés pour renforcer la structure de la paroi de pieu (10) a former,

- du béton (18) est coulé dans chaque pieu tubulaire (16) installé dans le trou de forage (12),

- au moins certains des pieux tubulaires paralléles (16) sont soulevés au moins partiellement hors du trou de
forage (12) apres que le béton (18) a été coulé, mais avant que le béton (18) soit passé de I'état de pate de
béton fluide a pate de béton rigide, lorsque le béton (18) compacté dans chaque trou de forage (12) pour former
un pieu en béton (22) s’étend latéralement sur le béton (18) du pieu tubulaire adjacent (16) et forme avec les
pieux de béton (22) des trous de forage adjacents (12) une paroi de pieu étanche unifiée (10).

Paroi de pieu conformément a la revendication 11, caractérisé en ce que les pieux en béton (18) de la paroi de
pieu (10) s’étendent uniquement vers le bas sur la surface supérieure de la roche (65) en tant que couche stable
(60) et la paroi de pieu (10) comprend, en plus

- un tuyau de réserve (72) installé a I'intérieur d’un renforcement (20),

- un trou de fixation (62) foré dans la roche (65) a travers le tuyau de réserve (72), et

- un boulon d’ancrage (64) installé a travers le tuyau de réserve (72) dans le trou de fixation (62) pour maintenir
les pieux en béton (22) horizontalement dans la roche (65).

Paroi de pieu conformément a la revendication 11 ou 12, caractérisée en ce que la hauteur de la paroi de pieu
(10) est comprise entre 1 et 50 m, de préférence entre 5 et 30 m, et mieux encore entre 20 et 30 m.

Paroi de pieu conformément a I'une quelconque des revendications 11 a 13, caractérisée en ce que lesdits ren-
forcements transversaux (19) sont des renforcements a ressort (92) attachés aux renforcements verticaux (21),
lesquels sont prévus pour étre comprimés a l'intérieur d’un pieu tubulaire (16) et pour s’étendre essentiellement
dans le sens transversal des pieux tubulaires (16) et dans le sens longitudinal de la paroi de pieu (10), pour renforcer
la paroi de pieu (10) lorsque le pieu tubulaire (16) est soulevé.

Paroi de pieu conformément a I'une quelconque des revendications 11 a 14, caractérisée en ce que les renforce-
ments transversaux (19) sont des renforcements scellés dans le béton coulé par les vibrations.
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16. Paroi de pieu conformément a I'une quelconque des revendications 11 a 15, caractérisée en ce que le béton des

pieux en béton (22) est un béton fibré avec des fibres d’acier ou des macrofibres, dans lequel les fibres d’acier ou
les macrofibres forment au moins une partie des renforcements (20).
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