1 MANUFACTURI NG METHOD, DRI VI NG I N AND, | NJECTI ON OF UNDERWATER PI LES
Technical Field 5This invention is enconpassed within the technical
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25  upper part of the guide pipe, from which they are conducted to deposits or, what is
more common, it is dumped to the sea. The removal of sediments makes the pile be
driven in up to the planned depth, at which time it is necessary to inject cement filler to
fasten the pile to the ground. The carrying capacity of the pile can also be improved by
making repeated and selective injections, both at the point as well as throughout the

30  entire shaft. When the driving and injection are finished, the guide pipe is removed and
a finished pile remains, extending above the level of the seabed.

So that this pile is useful, it is necessary to connect it to the structure that it has to
support, making an underwater pile cap of concrete.
All these operations are very costly, complicated to execute, of quality that is difficult to

35 ensure, produce negative environmental impacts and require very specialised

equipment and proper climate conditions.



35ensure, produce negative environnental inpacts and require very
speci al i sed equi pment and proper clinmate conditions. 2 |In short,
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Since it is interesting to recover the two covers for their reuse, a tie cable is placed
25  between both elements that allows recovering them later.

The manufacturing of the piles is done on land, in an installation attached to that

manufacturing the lattice structures, in whose vertical elements they are going to be

inserted.

A series of containers of pipes for piles arrive at this attached installation as well as the
30 following complementary pieces: steel mesh, fitting pipes in the pile cap, complete pile

shoes and plugs for the peripheral injection through the shaft, that is, all the elements

necessary for the manufacturing of the pile.

35 A bridge crane takes a pipe and places it on a turning gear. Paralle} to the turning gear
there are two guides, one on each side, on which a hydraulic punch head, provided
with rectangular interchangeable punches, is supported. On the punch, there is a pillar,
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25 inserts it in the interior of the exterior reinforcement.
The service operator folds the vertical parts of the mesh towards the interior, through
the slots, the bridge crane removes the pile to a stockpiling or storage area and the
service operator puts in place the pile shoe, the peripheral plugs for the injection of the
shaft and the ring seal and the other pieces necessary for the driving and injection of

30 the piles.

When the lattice structure that is manufactured in a parallel instailation is prepared, the
bridge crane places the finished piles on some dollies that drive them until they are
35 inserted completely in the interior of the longitudinal pipes that form part of the lattice

structure.

Once that the pipes have the piles inside, the pile-driving procedure is simple.
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pouring it and once it is set, the pipe will be solidly fastened to the foundation by its
exterior reinforcements, with the interior reinforcements remaining for the union with
the exterior of the pile with the injection of cement filler through the pipes. Placed

35  peripherally to the pile and in the space existing inside the vertical pipe and the exterior
of the pile, being solidly joined to the foundation.



In order to achieve the required resistance in the pile, it is
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being of greater diameter than that of the pile, will go opening a perforation in the
bottom of that diameter, the space up to the pile is simultaneously filled with cement

25 filler, the pile will have exterior reinforcements throughout its length which will reinforce
the filler and hold it firmly to the pipe; in this way the diameter of the pile is increased
and consequently the lateral surface, and the friction coefficient will improve and
consequenily the resistance.

It it is necessary to increase even more the shaft resistance, one can turn to the

30  injection system, at a point, radially and throughout the length of the shaft. To
accomplish this, the system considers the realisation of lines of parallel drilled holes
throughout the length of the shaft and separated from each other by a circumference
arc of the necessary degrees. In the manufacturing process, a plug of hard elastomer
material will have been inserted by pressure in each hole, to which a steel cable will

35 have been joined on its base and on which opposite end is a hook that will be hooked
to the interior reinforcement of the pile during manufacturing, with the entire cable

remaining therefore inside the pile. By injecting filler cement inside the pipe, as is done



In order to increase the resistance of .the shaft it is sufficient to
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figures SPder to conplete the description that is being made and

for the DPespAptowbf Betfigilge@ better understanding of the
char act eé_l istics of the jnvention, a set of drawings are attached
wher e t h& P8 {or cmplpte ﬁeﬁ gosaigtiorhhabis heing repdaendFeriig PuPess et aiding a

limted b@ttérh@wcfe@éthmmglw tRd chbgidtefistics B BRKABRIRT o 88 HPBRWIRA hreof
t he pi pe F ure 2: Iart] vi ew of the upper c¢losing cover
attached where the features are provided as an illustration but are not limited to the
following:

20

Figure 1: Breakdown of the upper part of the pipe
Figure 2: Plan view of the upper closing cover
Figure 3: Plan view of the load distribution cover
25  Figure 4: Plan view of the ring seal
Figure 5: Diagram of blocks of the pile-driving process
Figure 6: Diagram of blocks of the pile-injecting process
Figure 7: Elevation and plan of the central part of the pipe
Figure 8: Elevation and plan of the pipe reinforcements
30  Figure 9: Elevation of the reinforcements of the pile and pile shoe
Below is a list with the references used in the figures:
(1) Upper closing cover of the pipe
(1) Recovery cable
(2) Load distribution cover
35 (3) Ring seal
(4) Vertical pipe of the pillar
(5) Pile



Figure 3: Plan view of the load distripution cover 25Figure 4: Plan
view of the ring seal Figure 5: Diagramof blocks of the pile-driving
process Figure 6: Diagramof blocks of the pile-injecting process

Fi gure 7:(6Fveved (reesand pl an of the central part of the pipe Figure

8: El evat, and plan_of the pipe reinforcenents 30Fi gure 9:

El evat i or{%g?aﬁﬁlﬁg Fﬁ@?%ﬁobP%@%@@ﬁﬁmf‘he pile and pile shoe Belowis a
l'i st witH8yRexilizey guigeeegerused in the figures: (1) Upper closing cover
of the piB (1 iﬂrRecover%/ cable (2) Load distribution cover 35(3)
Ring seal O AoV (REAN BFBe of the pillar (5 Pile 8 (6) Valves

(hol es) ((70) Sassday waitghprof esveper i pheral injection (8) Auxiliary

ggi/g;a cmﬁa{) I!’u?% folzl?lcgﬁt§alfirﬁéct}olr:1aCt lon tests 5(10) Secondary wat er proof
(12) Principal cover with ring seal, for driving by hydraulic pressure
(13) Ring seals
(14) Pile or Pipe for embedding in the foundation with its embedding reinforcement

10 (15) Pile reinforcement
(16) Exterior reinforcement of embedding of the pipe of the pile cap
(17) Interior reinforcing of embedding of the pipe of the pile cap
(18) Space for concreting of the embedding
(19) Pile shoe

15  (20) Pile shoe plug
Detailed description of the invention
To achieve a better understanding of the invention, the manufacturing, injection and
driving method of the underwater piles that is claimed herein will be described below.
As observed in figure 1, starting with a pillar or pipe (4) to which, during manufacturing,

20  a pile (5) has been placed in its interior. The pipe (4) is closed above with a threaded
hermetic cover (1). A ring seal (3) is placed on the pile and a load distribution cover (2)
on the ring seal (3). In order to recover these covers (1, 2) a tie cable or recovery cable
is installed (1°).

As observed in figure 2, the threaded hermetic cover (1) has a series of holes (6) for

25  the insertion of pipes and valves, as will be explained later.

In figure 3 the plan view is observed of the load distribution cover (2) with a hole in the
centre, like that of the ring seal (3, figure 4) whose use will be explained later.

Before beginning to detail the pile-driving process (5), their manufacturing procedure
and their insertion inside the pipe (4) will be described (See figures 8 and 9).

30 The pile (5) manufacturing process is done on land, in an installation attached to that of
the manufacturing of the lattice structures, in whose vertical elements or pipes (4) the
piles (5) are going to be inserted, once manufactured.

A series of containers of pipes for piles (5) will arrive at this installation annex as well
as the following complementary pieces: steel mesh (15, 16, 17), pipes for embedding in

35  the pile cap, complete pile shoes (19, 20) and plugs for the peripheral injection through
the shaft, that is, all the elements necessary for the manufacturing of the pile (5). The

pile (5) manufacturing process is the following:




(11) Pipe for central injection (12) PFgincipal cover with ring seal,
for driving by hydraulic pressure (13) Ring seals (14) Pile or
Pi pe for embedding in the foundation with its embeddi ng reinforcenment
10(15) Pile rei nforcement (16) Exterior reinforcenment of enbeddi ng of
the pipe of t |Ie cap (17) Interior reinforcing of enbeddi ng of

the pipe of *t b‘#qeecféa tqke8)e Ripe &R Ik Placasct ep iy ming gerr. Batsdeldp ibe
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hernetic cover has a series of s (6) for 25the insertion o
pi pes®and val \v?sra%g"% foithg guidkpl ai ned later. In figure 3 the plan
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rocess (5), hbgid| o N their insertion inside
ltohe pi pe (4) \i;mll Bgaggggﬁdgeédda mé)@?gmagg%%%énd 9). 30 The p| | e

(5) manuf act uBinigtapeedsds dhe §“Hﬂ)n‘éhldm duégvortically avill ihase dieeatplaced in the
attaghed to tQ%b@heﬁfb%&ﬂ@ﬁ‘%@ofeté‘%ét%@aﬁégem]%lésatt'Ce structures, in

whose vertical elenents or es (5) are going to be
i nserted, oncEnpathe pefaratans andsibeipwchds bavet b&ememade),fthpmlﬂs aforaised

piles (5) Wil Ln@rifd BEndH hEdd Spbhs tRbbatil G RS g%gr,véﬁw lvhich the pipe is

located, to turn to a certain angle. The operation of punching and driliing is
repeated in the same way as many times as necessary.

20 * The operation of punching and drilling is repeated in the same way as many
times as necessary.

» When these operations have ended, the bridge crane removes the pipe (5) and
places it on a set of paraliel doliies of variable height and some motorised
dollies that serve to hold and move the pipe lengthwise.

25 » The bridge crane takes a cylinder of prefabricated steel mesh (15) that has a
diameter less than that of the interior of the pipe (5) and places it on the dollies
of variable height; the height is adjusted and they move lengthwise until the
mesh (15) is fully inserted in the pile (5).

e Then the service operator folds the vertical pieces of the mesh towards the

30 exterior, (15) along the punched slots

e The bridge crane takes another mesh cylinder (16) and places it on the
elevating dollies; their height is adjusted to permit the pile with the interior
reinforcement already in place to be driven in the opposite direction by the
motorised dollies that hold it and then inserts it in the interior of the exterior

35 reinforcement.
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the sane way as nmany tines as necessary. Wen these operations have
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Then t he r al r f

oo e {e%?fn? Olg% g}r)jﬁ%ﬁ&@ will (Pilag(% é?:‘ﬁtrﬁleurlhf %@Jn%r%ggﬁgsan% ﬂPhW%gﬂﬁggn The
crane takater pinst that feeds I¢a@|9' pllﬁh(iei‘cr ewe) aame itadies coser ¢h) whieh @l tunatweng

dol I'i es; hhheidre&d SR the ﬂ’igrl gﬁt \PatQPB?%ﬁ% ohtge Piltljoﬁuéllgdt F tltlé]gpace that

interior reinforcenent area he” 0pp
directi of?”l!ﬂinf’t W@Wﬁﬂ"bﬁh%étﬁedidpﬂid él§trlbh’am9 lpover (2) amdl théening lseelr tas) iBy

in the | pbRELAR 10 plddeu@*thE T Qthing that happens is that the seal (3) is compressed
and its closure is improved and as the pressure increases the piles (5) begin to be
driven into the ground.
The regulator allows adjusting the pressure and flow to that programmed automatically
by the process control and distribute it to all the piles (5).
30  So that the pile (5) can be driven, it has a pile shoe (cone of prefabricated concrete
with rubber joint) underneath which facilitates the driving.
The pressure continues to increase and the pile (5) continues going down. Each control
and regulation unit will send data to the central unit. In the closing cover (1) of each
pipe (4) can be installed load cells or pressure gauges to determine the actual pressure
35  inthe inside of the pipe (4) and precision flowmeters or measurements of displacement
in order to determine the progress of the pile (5). Different equipment will transmit their
data to the central unit.
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As regards the pile injection process, as explained in the description, there are different
injection phases according to the additional resistance that is required for the pile.

A first phase would correspond to carrying out the central injection of the pile and of the
bulb. If more resistance is required, then peripheral and radial injection is carried out.

25  Figure 6 shows the chart of the injection process. It is observed that the process is the
same as that of driving but in this case injecting cement filler instead of water. In the
infection process the flow and the pressure of injection can be varied independently.

In order to carry out the central injection of the piles, the closing cover (1) has a hole
with a pipe (11) through which the cement filler is injected.

30 In order to increase the structural blocking of the pipe (4) it is sufficient to inject
concrete in its interior which is provided with steel reinforcements (16, 17), as stated
previously, constituting a reinforced concrete and steel structure with greater structural
blocking than that of the pipe (4} and achieving the objective.

If it is necessary to increase the resistance of the pile (5), three alternatives are

35  possible: increasing the resistance of the shaft, of the point or both, and all are solved
with the system claimed herein.



30So that the pile (5) can be driven, j,t has a pile shoe (cone of
prefabricated concrete with rubber joint) underneath which
facilitates the driving. The pressure continues to increase and the
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i aln in the description, ere are
3: ffe é‘fl ﬁhﬁege rsgﬁ'%g%g “ﬁtjfht Bﬁevwr%draﬁeﬁreen\wth pheqtquh eaially

that is tcﬁmudigm drevind, Iperf@lahlﬁ?g it, draggmg the cable joined to its base and opening a
perforation that will be filled with filler cement reinforced by the cable and united to the
interior reinforcement and therefore to the reinforced concrete of the interior of the pile
{5). The system permits continuing to increase the amount of filler cement inside the

25  pile (5) and the pressure in order to provoke the exiting to the ground of more filler and
therefore increasing the peripheral consolidation area.
As regards increasing the resistance of the point, the pile shoe (19) has a plug (20)
with a diameter ilarger than the radial plugs of the shaft and therefore with greater
resistance to exiting. With the central injecting being finished or in the high-pressure

30 phase, the plug (20) will shoot out towards the bottom, provoking the exiting of the
cables, various in this case and forming a reinforced bulb, of the dimension that is
needed according to whether more or less filler is injected.
If the resistances of the shaft and point are needed to be increased, it is sufficient to
successively carry out the described procedures.

35  The problem that is originated when the piles (5) are injected is that it is not possible to
know directly its load capacity since this depends on the resistances of materials that

must harden.



A first phase would correspond to carrying out the central injection
of the pile and of the bulb. If nore resistance is required, then

peri pheral and radial injection is carried out. 25Figure 6 shows the
chart of Ihkedermpeveicomephiegestdem) sorhs pipes €y ae indialled thgt RHREESH dbdve
t he sanetﬁgmghgtngf grivin utthn h%g_case injecting cenent filler
i nstead of° Rater " f RIYYLSS j@?ﬁei %pﬁﬁ &i0iecird andakt wh these pes ssigad
of i nj ecttestris canubtedwethi tesdtibmdep esepratsiyn. | N order to carry out the

central injectia f t iles, the ¢losing coyer (1) has a hole with
i pe. (1P Blsosa AR REDtehband ol e dbescifery S epeded elimanadhe
to i nér easetiorheowet rwhithisahe blemeki wigerefin tHaesni aiané ga)gis brd jﬁinéé‘,f ih :ogde@rﬂ&
to inject ncrete in its interior ich is provided with stee

rei nf Jor cet?rsg[g?es{rfcf'g,m Q'ﬁeﬁ E‘ﬁge%f%?%”\éﬁgvtgﬁﬁﬁeg ,(g)c‘@l'?sbcel rertsy: gnscrewing
rei nf or celte wonar ehd taking She @lipest (W CHT o thE BpLThES, Al HHCLIdhd@nts are
bl ocki ng .t han pat of the pipe (4) and achieving the objective. | f
it is neéggggF&E?o i ncrease the resistance of the pile (5), three

al t er nat iThessfaree wlth pibissinbhefactuneg, esiRi BAviid @nd aRjesiaNs@stéth dihgndeRadibr
of tq i nt ﬂr bot h o] ved %%th t he sxsten1c|ained

po .and all ar J .
her eitf. | PS> g PHRDIE Gorhcr e olepriborerncenibnelaviitherTibe srmd has litds
suf fi ci emésisgtanct @rthatttioe loaf @cterggreant filler through a series of
peri pheral pipes (7) fromthe beginning of the pile driving. The pile
shoe (19), being of greater dianeter than that pile (5), will go
opening a perforation in the bottomthe size of its dianeter, the
space up to the pile (5) is filled 5 sinultaneously with cenent
filler, the pile (5 wll have exterior reinforcenents (15)
t hroughout its length which will reinforce the filler and hold it
firmy to the pipe (4), in this way the dianeter of the pile (5) is
i ncreased and consequently the lateral surface and the friction
coefficient will inprove and consequently the resistance. If it is
necessary to increase even nore the shaft resistance, one can turn to
the 10 injection system at a point, radially and throughout the
| ength of the shaft. For it, the system considers the realisation of
lines of parallel drilled holes throughout the length of the shaft
and separated from each other by a circunference arc of the necessary
degrees. In the manufacturing process, a plug of hard el astoner
material wll have been inserted by pressure in each hole, to which a
steel cable will have been joined in 15 its base in whose opposite
end is a hook that will be hooked to the interior reinforcenent of
the pile during manufacturing, with the entire cable remaining
therefore inside the pile. Injecting filler cenent inside the pipe,
as is done to increase the structural blocking, first the interior of
the pipe (4) is filled and the pressure continues increasing until
exceeding the pressure of insertion of the plugs. The plugs, 20 wth
the pressure exceeding that at which they were inserted, w th shoot
out radially towards the ground, perforating it, dragging the cable
joined to its base and opening a perforation that will be filled with
filler cenment reinforced by the cable and united to the interior
reinforcenent and therefore to the reinforced concrete of the
interior of the pile (5). The systempernmts continuing to increase
the amount of filler cement inside the 25pile (5) and the pressure in
order to provoke the exiting to the ground of nore filler and



therefore increasing the peripheral cqggsolidation area. As regards

I ncreasing the resistance of the point, the pile shoe (19) has a plug
(20) with a dianmeter larger than the radial plugs of the shaft and
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establlshed position, made a set of aligned holes.

20 ¢ The perforations and the punches having been made, the drills are raised and
the punch head opens to permit the turning gear, on which the pipe is located,
to turn at a certain angle.

» The operation of punching and drilling is repeated in the same way as many
times as necessary.

25 » When these operations have ended, the bridge crane removes the pipe (5) and
places it on a set of parallel dollies of variable height and some motorised
dollies that serve to hold and move the pipe lengthwise.

» The bridge crane takes a cylinder of prefabricated steel mesh (15) that has a
diameter less than the interior of the pipe (5) and places it on the dollies of

30 variable height; the height is adjusted and they move lengthwise untii the mesh
(15} is fully inserted in the pile (5).

* Then the service operator folds the vertical pieces of the mesh (15) along the
punched slots.
» The bridge crane takes another mesh cylinder (16) and places it on the raising

35 dollies, their height is adjusted to permit the pile with the interior reinforcement



A bridge crane takes a pipe (5) and pligces it on a turning gear.
Parallel to the turning gear there are two gui des, one on each side,
on which a hydraulic punch head, provided with rectangul ar
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shoe (19) (prefabrlcated concrete cone with rubber joint) underneath which
facilitates the driving;
. the pressure continues to increase and the pile (5) continues going down,
while each control and regulation unit sends data on the actual pressure
30 inside the pipe and on the advancing of the pile to the central unit;
. water continues to be introduced until the pressure that must be exercised
to fasten the pile (5) muitiplied by the surface area of the pile (5) results in

the load that is intended for the pile (5) to withstand (it is the load test).

35 3. Injection method of manufactured and driven piles as described in the previous

claims, characterised by, in order to increase the structural blocking of the pipe



10drive themuntil they are inserted cgnpletely in the interior of
the Iongitudinal pipes (4) that formpart of the lattice structure.
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pile, so that by injecting filier cement inside the pipe (4) and by exceeding the

pressure of insertion of the plugs they shoot out radially towards the ground,

25 perforating it, dragging the cable joined to its base and opening a perforation

that will be filled with filler cement reinforced by the cable and united to the
interior reinforcement and therefore to the reinforced concrete of the interior of
the pile (5).
6. Injection method of manufactured and driven piles according to claim 5,
30 characterised by, in order to increase the resistance of the point, the pile shoe
(19) having a plug (20) that by increasing the pressure of the radial injection,
the plug (20) will shoot towards the bottom, causing the exiting of the cables,
several in this case and forming a reinforced bulb, of the dimension that is

required according to whether more or less filler is injected.



10 exterior reinforcenents (15) throughout its length, which wll
reinforce the filler and hold it firmy to the pipe (4), thus

i ncreasing the dianeter of the pile (5) and consequently the | ateral
surface, and the friction coefficient will inprove and consequently
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and openi ng apn3$ﬂakmﬁmon1mhaMJmnll be filled with filler cenent
reinforced by the cable and united to the interior reinforcenent and
therefore to the reinforced concrete of the interior of the pile (5).
6. Injection method of manufactured and driven piles according to
claim5, 30 characterised by, in order to increase the resistance of
the point, the pile shoe (19) having a plug (20) that by increasing
the pressure of the radial injection, the plug (20) wll shoot
towards the bottom causing the exiting of the cables, several in
this case and formng a reinforced bulb, of the dinension that is
required according to whether nore or less filler is injected. 17 7.
I njection method of manufactured and driven piles according to claim
6, characterised by, in order to know their |oad capacity, installing
pi pes (9) that project out over the pillar with a piston ring and
once the pile (5) is injected and 5set, with these pipes a traction
and conpression | oad test is conducted. 8. Injection method of

manuf actured and driven piles according to claim?7, characterised by,
in order not to lose all the equipnent and all the pipes (9), there
is a threaded el ement, the traction cover, that is the el enent where
all the pipes are joined in the end, in order to make a traction test
and once the test is 10done the pipes (9) can be extracted by
unscrewi ng the cover and taking the pipes (9) out fromthe top.



