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PTPE-JOINING METHOD AND SYSTEM FOR PRODUCING UNDERWATER
PIPELINES, AND UNDERWATER-PIPELINE-LAYING VESSEL

COMPRISING SUCH A SYSTEM

TECHNICAL FIELD

The present invention relates to a pipe-joining
method for producing an underwater pipeline.

More specifically, the present invention relates to
a pipe-joining method which comprises welding the end
portions of adjacent pipes to form annular joint
portions known as cutbacks, each of which is defined by
two end portions, and by an annular weld bead between
the two end portions; and forming a protective joint
coating about each cutback.

BACKGROUND ART

Underwater pipelines comprise a number of pipes
joined to total lengths of hundreds of kilometers. The
pipes are of normally 12-metre unit length, and
relatively large diameters ranging between 0.2 and 1.5
metres, and each comprise a steel cylinder; a first
coating of polymer material to protect the steel pipe;
and possibly a second coating of Gunite or cement to
weigh down the pipe. In some applications, the pipes and
underwater pipelines do not need and therefore have no
second coating.

To weld the steel cylinders to one another, the end
portions of each pipe have no first or second coating.

The pipes are Jjoined at on-land installations into
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multiple-unit-length pipes, as well as on pipeline-
laying vessels, on which unit-length or multiple-unit-
length pipes are joined to others already joined to
other pipes to form part of tbe'underwater pipeline.

The actual joining operation comprises welding the
steel cylinders, normally in a number of weld passes,

and forming the protective joint coating, and possibly

-also a weighting joint coating. Once the annular weld

bead is formed between two steel cylinders, the cutback
extends astride the weld, along a portion with no first
or second coating. In other words, the cutback is
defined substantially by the end portions of the»pipes,
extends axially between two end portions of the first -
coating, and must be coated with the protective joint
coating to prevent corrosion.

Applying the protective Jjoint coating to the
cutback is known as "field joint coating", and comprises
coating the cutback with three coats (in some
applications, the protective joint coating comprises two
coats) to ensure protection and adhesioh of the coats to
the steel cylinders.

Applying the protective Jjoint coating to‘ the

cutback. comprises shot blasting to roughen the outer

surface of the cutback heatlng, e.g. induction heating,
Athe cutback to 250°C spraylng the cutback with powdered

epoxy (FBE - Fusion Bonded Epoxy) resin, - which, in

contact with the cutback, forms a relatively thin first

coat or "primer"; spraying the cutback, on top of the
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first coat, with a modified copolymer, which acts as
adhesive and, in contact with the first coat, forms a
relatively thin second coat; applying a third so-called
"top coat", which also extends partly over the first
coating; and then possibly applying the weighting joint
coating.

Welding, non-destructive weld testing, shot

blasting, cutback heating, and protective and weighting

.joint coating are performed at joining stations equally

spaced along the path of the pipes (or of the partly
formed pipeline, when the pipes are joined to this) on a
firing line. The pipes and the partly formed pipeline
are therefore fed in steps through the joining stations,
and are stopped at each joining station for a length of
time determined by the longest operation, which, at
present, is shot blasting the cutback.

Shot blasting provides for effectively roughening
the outer surface of the cutback, but, in addition to
being relatively time-consuming, also has other
drawbacks : it calls for‘ the use of large-size shot
conveying, recovery, and filtering' equipment; and it
produces large amounté of dust, which contaminate the

workplace and call for the installation of additional

~dust-extraction equipment.

All these drawbacks are further éompounded by the
firing line being housed in a tunnel on the vessel,
which means very little space is available in which to

install the necessary equipment, and the tunnel is
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DISCLOSURE OF INVENTION

It is an object of the present invention to provide
a pipe-joining method for producing an ‘underwater
pipeline, designed to eliminate the drawbacks of the
known art.

According to the present invention, there 1is
provided a method of joining pipes to produce an
underwater pipeline on a firing line, the method
comprising welding the end portions of adjacent pipes to
form cutbacks, each of which is defined. by two end
portions, and by an annular weld bead between the two
end portions; and forming a protective joint coating
about each cutback; the method being characterized by
supplying the firing line with pipes having previously
roughened end portions; and by cleaning, by cryogenic
blasting, the outer surface of each cutback along the
firing 1line before applying the protective joint
coating.

The present invention also relates to a pipe-
joining system for producing underwater pipelines.

According to the present invention, there is
provided a system fof joining pipes to éroduce an
undefwater pipeline; the systém comprising a firing line
for welding the end portions of adjacent pipes to form
cutbacks, each defined by two end portions and by an
annular weld bead between the two end portions, and for

forming a protective joint coating about each cutback;
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the system being‘characterized by comprising a cryogenic
blasting unit for cleaning, by cryogenic blasting, the
outer surface of each cutback along the firing 1line
before applying the protective joint toating; the end
portions of the pipes being roughened beforehand, before
being fed to the firing line.

The present | invention also relates to an
underwater-pipeline-laying vessel.

According to‘ the present invention, there is
provided an underwater-pipeline-laying vessel comprising
a pipe-joining system as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

A non-limiting embodiment of the present invention
will be described by way of example with reference to
the accbmpanying drawings, in which:

Figure 1 shows a side view; with parts removed for
clarity, of an underwater-pipeline-laying vessel
implementing - the method according to the present
invention;

Figures 2 to 5 show sections, with.parts removed
for clarity, of pipes at various joining stages; -

Figures 6 and 7 show larger-scale sections, with
parts removed for clarity, of pipes at various joining
stages;

Figure 8 shows a schematic front view, with parts
removed for clarity, of a detail of a pipe-joining

system in accordance with the present invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

Number 1 'in Figure 1 indicates a pipeline-laying
vessel in the process of producing and laying in the sea
(SL indicates sea level) an underwater pipeline 2
comprising pipes 3 Jjoined to one another. Vessel 1
comprises buoyancy hulls 4; an above-water tunnel 5; a
partly above-water, inside ramp 6; an underwater outside
ramp 7; and a firing line 8 extending inside tunnel 5.

The partly formed underwater pipeline 2 and pipes 3
aligned with it and ready for joining extend along an
axis Al on firing line 8, which comprises a number of
joiﬁing stations 9 equally spaced along axis. Al, and
each for performing a joining operation.

Firing line 8 forms part of a joining system 10,
which comprises a conveyor (not shown) for pipes 3 and
partly formed underwater pipeline 2; welding units (not
shown); non-destructive test units (not shown); a
cryogenic blasting unit 11 shown schematically in Figure
1; and joint coating units (not shown).

The distance between adjacent joining stations 9

equals the standard length, about 12 metres, of each

pipe 3, or a multiple of the standard length, when

joining, along firing line 8, multiple-standard-length
pipes 3 joined beforehand at on-land installations or
off-line on the vessel 1.

.With reference to Figure 2, each pipe 3 comprises a

steel cylinder 12; a first coating 13, normally of

polyethylene or polypropylene, contacting and for
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coating 14 of Gunite or cement for weighing down

underwater pipeline 2.

Iﬁ an alternative embodiment not shown, the pipes
have no second coating.

Each pipe 3 has two opposite end portions 15 (only
one shown in Figures 2 and 3) with no first coating 13
and no second coating 14; and first coating 13 has a
bevel 16 at each end portion 15.

Off firing line 8, each end portion 15 is roughened
by blasting it with shot 17 to remove oxidation, scale
and grease from the outer surface of end portion 15 and
achieve the surface roughness necessary for follow-up
operations. Figure 2 only shows a gun 18 of a system,
not shown in detail, for cénveying, recovering, and
filtering shot 17.

Alternatively, each end portion 15 is roughened
using meﬁal brushes;

In Figure 3, the outer surface of end portion 15 is
covered with a temporary protective sheath 19 for
temporarily protecting end portion 15, and which may be
applied in various ways, e.g. in the form of straps,
films, strips, or bindings. In the Figure 3 example,
protective sheath 19 is applied off firing line 8 in
paste form using a brush 20, éo as to form, when set, a
film on the outer surface of end portion 15.

Blasting with shot 17 (or brushing) and application

of protective sheath 19 are performed at an on-land
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installation or on the deck of laying vessel 1, where
more space is available than inside tunnel 5, and the
dust produced by blasting with shot 17 can be removed
more easily. Alternatively, the roughening process is
perfofmed in dedicated, appropriately equipped areas on
deck.

Pipes 3 on laying vessel 1 are fed to firing line 8
with end portions 15 already roughened and preferably
covered with protective sheath 19. On firing 1line 8,

two consecutive pipes 3, aligned along axis Al
(Figure 4), are positioned with end portions 15
parallel, facing, and close together, and are welded -
possibly in a number of weld passes at successive
joining stations 9 - to form an annular weld bead 21
between pipes 3 (Figure.S). With reference to Figure 5,
two welded pipes 3 form a cutback 22 extending along
axis Al, between two successive bevels 16 of first
coating 13, and comprising two end portions 15 and
annular weld bead 21. Welding normally rembves
protective sheath 19 close to annular weld bead 21.

In addition to welding cylinders 12, joining pipes
3 also comprises fqrming the protective joint coating by
coating cutback 22 with polymer material, so that
protective first coating 13 is substantially seamless
along the whole of underwater pipeline 2. Similarly, the
method also comprises forming a weighting joint coating,
SO that weighting second coating 14 is also

substantially seamless along the whole of underwater
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pipeline 2. For the thermoplastic material to adhere to
cutback 22, the outer surface of cutback 22 must be
cryogenically blasted (mechanically cleaned) (Figure 6),
and cutback 22 induction heated to a temperature of
250°C. Once these operations are performed at a joining
station 9, the method comprises applying a first coat
23, second coat 54,. and third coat 25 of polymer
material to cutback 22 in rapid succession (Figure 7).

With reference to Figure 7, first coat 23 is iOO to
500 microns thick, and is made of epoxy (FBE : Fusion
Bonded Epoxy) resin applied in poWdered form, using a
spray gun not shown, to heated cutback 22 while it is
still hot. Second coat 24 is 100 to 500 microns thick,
and is made of a modified copolymer, normally CMPE or
CMPP, applied in powdered form about cutback 22, on top
of first coat 23, using a spray -gun not shown in the
drawings. Third coat 25 is 2 to 5 mm thick and made of a
modified copolymer, normally CMPE or CMPP.

Third coat 25 is subsequently covered with a coat C
of cement or Gunite, as shown in Figure 7. |

With reference to Figure 6, cryogenic blasting

provides for removing the rest of protective sheath 19

after welding, and any grease or other extraneous

materials which may impair adhesion of first coat 23 to
cutback 22, 1is substantially a cutback 22 surface
cleaning operation, and comprises firing pellets 26 of
dry ice at high speed onto the outer surface of cutback

22 by means of a gun 27. Dry-ice pellets 26 do not have
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the mass and consistency to alter the shape of the
cutback surface, but are effective in removing the
remaining protective‘sheath 19, dirt, and scale, and,
what is more, sublimate éfter use and so do not need
recovering.

With reference to Figure 8, cryogenic blasting unit
11 is located at least partly inside tunnel 5, of which
Figure‘s shows the supporting surface 28, and comprises
a pressurized tank 29 of 1liquid. carbon dioxide; a
pellet-making device 30; a compressor 31; two mixing
devices (microblasters) 32; and a blasting device 33 for
firing pellets 26. In the example shown, tank 29 is
defined by a Dbattery of carbon dioxide chlinderé
preferably located outside tunnel 5, and which supply
pellet-making device 30, preferably also located outside
tunnel 5, along a line 34. Cryogenic blasting unit 11
also comprises a valve 35 along line 34; and pellets 26
produced by pellet-making device 30 are fed to the two
mixing devices 32 along respective lines 36.

In the Figure 8 example, compressor 31 forms part
of cryogenic blasting unit 11. In a variation, however,
cryogenic blasting unit 11 has no dedicated_coﬁpressor,
and 1is supplied with compressed air by a utility
compressor of pipe-laying vessel 1. Compressor 31 also
need not necessarily be installed in tunnel 5.

Compressor 31 supplies mixing devices 32 over
respective lineé 37; and, in each mixing device, pellets

26 are mixed with compressed air and fed to blasting
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device 33 along a respective hose 38.

Blasting device 33 comprises two rings 39 (only one
shown in Figure 8) fitted about underwater pipeline 2,
astride a cutback 22; and two blasters 40, each of whiéh
is supported by rings 39, and comprises a powered
carriage 41, and a gun 42 for firing pellets 26 onto
cutback 22. Rings 39 define an annular guide for poWered
carriages 41, which move selectively along an.annular
path defined by rings 39.

In a variation not shown, each ring comprises a
metal band fixed to the underwater pipeline; and a rim
fitted to the band to rotate about the axis of the
underwater ©pipeline, and supporting one or more
blasters, so only one drive is needed.

In another wvariation not shown, the cryogenic
blasting unit comprises only one mixing device, which
supplies both guns or comprises only one gun.

In another variation, the blasting device comprises
only one user-gripped gun, ‘and blasting is performed

manually.
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CLAIMS

1) A method of ﬁoining pipes (3) to produce an
underwater pipeline (2) oﬁ a firing line (8) comprises
welding the end portions (15) of adjacent pipes (35 to
form cutbacks (22), each of which is defined by two end
portions (15), and by an annular weld bead (21) between
the two end portions (15); and forming a protective
joint coatiﬁg (23, 24, 25) ébout each cutback (22); the
method being characterized by supplying the firing line
(8) with pipes (3) having previously roughened end
portions (15); and by cleaning, by cryogenic blasting,
the outer surface of each cutback (22) along the firing
line (8) before applying the protective joint coating
(23, 24, 25).

2) A method as claimed in Claim 1, characterized by
applying, off the firing 1line (8), a temporary
protective sheath (19) along the outer surface of each
end portion (15).

3) A method as claimed in Claim 2, characterized by
applying the protective sheath (19) in paste form.

4) A method as claimed in Claim 1 or 2,
characterized by roughening the outer surface of each
end portion (15) of the pipes (3) by shot blasting, off
the firing line (8), using metal shot (17).

5) A method as claimed in Claim 1 or 2,
characterized by roughenirig the outer surface of each

end portion (15) of the pipes (3) by brushing.
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6) A method as claimed in any one of the foregoing
Claims, characterized in that cryogenic Dblasting
comprises firing cafbon_dioxide pellets (26) onto.the
outer surface of the cutback‘(22).

7) A method as claimed in any one.of the foregoing
Claims, characterized in that the firing 1line (8)
extends inside a tunnel (5), and compriseé_a number of

joining stations (9) equally spaced inside the tunnel

'(5); cryogenic blasting being performed at a joining

station (9) inside the tunnel (5).

8) A method as claimed in Claim 7, characterized in
that the pipes (3) are joined on a joining system (10)
comprising a cryogenic blasting unit (11) located paftly
inside the tunnel (5) and partly outside the tunnel (5).

9) A method as claimed in Claim 8, characterized by
feeding 1liquid carbon dioxide from a tank (29) to a
pellet-making device (30); producing solid carbon
dioxide pellets (26) in the pellet-making device (30);
tranéferring the peilets (26) to a mixing device (32);
mixing the pellets (26) with compressed air; and firing
the pellets (26) onto the cutback (22) by means 6f a gun
(42) of a blasting device (33).

10) A method as claimed in Claim 9, characterized
in that the blasting device (33) comprises two guide
rings (39) fixable about the underwater pipeline (2)
having an axis (Al); moving a carriage (41), supported
by said guide rings (39), along an annular path about

the axis (Al); and selectively activating the gun (42)



10

15

20

WO 2008/122879 PCT/IB2008/000863

14

by means of a blaster (40) mounted on the carriage (40)
and supporting the gun (42).

11) A system for joining pipes (3) to produce an
underwater pipeiine (2) comprises a firing line (8) for
welding the end portions (15) of adjacent pipes. (3) to
form cutbacks (22), each defined by two end portions
(15) and by an annular weld bead (21) between the two
end pqrtions (15), and for forming a protective joint
coating (23, 24, 25) about each cutback (22); the system
(10) being characterized by comprising a cryogenic
blasting unit (11) for cleaning, by cryogenic blasting,
the outer surface of each cutback (22) along the firing

line (8) before forming the protective joint coating

(23, 24, 25); the end portions (15) of the pipes (3)

being roughened beforehand, before being fed to the
firing line (8). |

12) A system as claimed in Claim 11, characterized
in that the cryogenic blasting unit (11) comprises a gun
(42) for firing carbon dioxide pellets (26) onto the
outer surface of the cutback (22).

13) A system as claimed in Claim 11 or 12,
characterized in that the firing line (8) extends inside
a tunnel (5), and comprises a number of joining stations
(9) equally spaced inside the tunnel (5); cryogenic
blasting being performed at a joining station (9) inside
the tunnel (5).

14) A system as claimed in any one of Claims 11 to

13, characterized in that the cryogenic blasting unit
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(11) is located partly inside the tunnel (5) and partly
outside the tunnel (5).

15) A system as claimed in any one of Claims 11 to
14, characterized in that the cryogenic blasting unit
(11) compriseé a tank (29) of carbon dioxide; a pellet-
making device (30) connected to the tank (29) of carbon
dioxide; a mixing device (32) in which the pellets (26)
are mixed with compressed air; and a blasting device
(33) comprising at ieast one gun (42) for firing the
pellets (26) onto the cutback (22) .

16) A system as claimed in Claim 15, characterized
in that the blasting device (33) comprises two rings
(39) fixable about the underwater pipeline (2); a
carriage (41) movable along an annular path about the
axis (Al) of the underwater pipeline; and a blaster (40)
mounted on the carriage (41) and which supports and
selectively activates the gun (42).

17) An underwater-pipeline-laying vessel comprising
a system (10) for joining pipes (3) as claimed in any
one of Claims 10 to 15; the vessel comprising a tunnel
(5), and said system (10) being located partly inside

the tunnel (5).
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