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[0001] The present invention concerns a method according to the preamble of

claim 1 for weighting plastic pipes having a hollow wall.

[0002] WO 02/088587 A1 discloses a method of weighting a plastic pipe with a
hollow, air-filled wall, wherein the hollow is filled with a flowing medium which
displaces the air, said flowing medium used comprising a mass which can be
pumped and which has a density of 1100 - 2500 kg/m?® wherein the weighting
mass is pumped into the hollow wall of the pipe under pressure while simultane-

ously evacuating air from the wall.

[0003] According to a method of the aforementioned kind, the hollow wall of the
plastic pipe is filled with a flowing medium which displaces air contained therein

and which therefore increases the weight of the pipe.

[0004] For submerging or sinking of pipelines at sea or in lakes, the convention-
al procedure is typically to seal both ends of a longish, weighted pipe and to tow
the pipe to the location where it is to be submerged. The pipe is controllably filled
with water by opening valves at the ends of the pipeline and by allowing water to
flow into the pipe. When buoyancy is no more sufficient to keep the pipe floating
on the surface of the sea, the pipe will sink to the bottom. Occasionally, the pipe
is further covered with covering masses to secure the pipe against wave forces

and sea streams, if any, and external loadings, such as anchors.

[0005] Thermoplastic pipes which have a density of less than 1000 kg/m? (e.qg.
polyethylene and polypropylene pipes) have to be weighted more than, for exam-
ple, reinforced thermoplastic pipes (glass fibre pipes) during submerging of ma-
rine pipelines. Typical weights are formed by cast concrete weights which are
bolted to the pipes at even spaces to achieve a suitable total weight of the pipe to

allow for controlled sinking.

[0006] In addition to conventional pipes with massive (solid) walls, also light-
weight pipes having pipe walls formed by hollow profiles are used for marine in-
stallations. These pipes naturally have a greater buoyancy than compact-wall
pipes and this extra buoyancy has to be compensated for with additional weights.
The buoyancy of the pipe can somewhat be reduced by filling the hollow profile
with water but this is not sufficient for immobilizing the pipe on the bottom of the

sea; for this purpose, the density of water is too small. Furthermore, air pockets
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are easily formed in the profiles when water is allowed freely to flow inside the

hollow profile.

[0007] Weights (i.e. the submerging weights) cause extra costs and for example
the concrete weights conventionally used cause point loadings on the pipes. In
particular when combined with said lightweight pipes having hollow pipe walls, the
point loadings can be critical, since the wall thickness of the profile is much small-

er than for pipes of the same dimensions having a solid pipe wall.

[0008] Clamping of the weights to the pipe has to be very reliable so as to avoid
a shifting of the weights in axial direction during sinking of the pipe because the
pipe takes up an S-shape during submerging of the pipe, particularly, in deep wa-

ter from the surface to the bottom.

[0009] It is an aim of the present invention to eliminate at least a part of the
problems which are related to the known art and to provide a reliable and eco-
nomically viable way to weight plastic (i.e. thermoplastic) pipes, in particular
lightweight pipes having wall formed by a hollow profile, to allow for submerging
of the pipes during marine pipelining and for efficient immobilization of the pipes

at terrestrial installations.

[0010] The invention is based on the idea that the hollow walls of a pipe of the
afore-said kind are filled with a flowing material (in the following also called fluid)
which displaces the gas, usually air, which is present in the wall. The material has
a density substantially greater than that of water. Preferably, the density of the
weighting mass is so large that the final weighting percentage for the pipe is be-
tween about 1 and 25 %, in particular about 5 to 15 %. Weighting percentage
means the ratio between the extra weights and the buoyancy of an air-filled pipe.
An exemplifying embodiment of a suitable flowing weighting material comprises a

concrete mix which can be pumped and which has an extended hardening time.

[0011] A lightweight pipe comprises a pipe wall formed by one or several con-
tinuous, hollow thermoplastic profiles of a suitable thermoplastic material, e.g.
polyolefin, which are spirally wound to form the jacket of a cylinder which defines
the central, axial cavity of the pipe. The wall-forming plastic profiles are welded

together to form a tight pipe wall.

[0012] A pipeline has usually a large number of individual pipes of the present



10

15

20

25

30

35

DK/EP 2179206 T3

kind which are joined together e.g. by welding or through flange joints to form a

continuous pipeline.

[0013] More specifically, the method according to the present invention is char-

acterized by what is stated in the characterizing part of claim 1.

[0014] Considerable advantages are obtained with the present invention. The
preferred weighting mass, i.e. concrete mix, is generally readily available at pipe
installation sites, it is inexpensive and, when injected into the pipe wall, it pro-
vides reliable weighting of the pipe which does not give rise to point loadings. The
need for anchoring weights is reduced or totally eliminated. The binder of the
mass prevents segregation of the aggregate which could otherwise lead to an un-

even weight distribution inside the pipe wall.

[0015] Preferably a weighting material is used which has a long hardening time
and which exhibits a final strength which is small compared to the strength of the
material of the plastic pipe. The long hardening time ensure fluidity of the filling
material until the pipe is submerged and lies on the bottom of the sea or lake.
The final low strength ensures that during any movements that the pipeline can
be subjected to the pipe will exhibit the viscoelastatic behavior typical of thermo-
plastic pipes. The filling material used thereby causes no such stiffening of the

wall that could give cause to a break of the pipe during any loadings thereof.

[0016] The invention will be examined more closely with the aid of the following

detailed description.

[0017] As will appear from the above, the invention concerns a method of
weighting plastic pipes having a hollow, air-filled wall, according to which method,
the hollow wall is filled with a flowing weighting/injection mass which displaces air
from the pipe wall. The pipe thereby becomes heavier and easier to submerge

during marine installations.

[0018] The hollow pipes which are weighted according to the present invention
comprise preferably a pipe with a double wall jacket (i.e. a double-walled pipe).
The double walls give the pipes good ring stiffness at the same time as the weight
becomes lower than for corresponding pipes with solid walls. Such lightweight

pipes are comprised of, for example, a wall formed by a spirally wound plastic
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profile having a cylindrical or rectangular cross-section, wherein adjacent profile

windings are welded together to form a hollow wall.

[0019] In addition to profiles having a cylindrical or rectangular cross-section,
also profiles having other geometries and open cross-sections can be used. As an
example of such pipes, the Weholite pipe manufactured and supplied by Oy KWH
Pipe Ab, Vaasa, Finland, can be mentioned. The pipe has dimensions up to 3.5 m
and is suitable for construction of pipelines for transporting and conducting liquids

or air in on the ground, in water and in air.

[0020] The method according to the invention for filling hollow walls of plastic
pipes is carried out by
e providing both ends of the pipe with an aperture which opens on the sur-
face of the pipe and which is in contact with the air space of the wall, and
o filling the aperture with a weighting/injection mass, which penetrates into

the cavity and fills it at the same time as the mass is pumped in.

[0021] The material is pumped into the profile via a nozzle which is construed in
such a way that a minimum of flowing resistance is generated. To facilitate filling
of the cavity of the profile, reduced pressure can be created at the other end of
the pipe, i.e. application of a partial vacuum promotes filling and the pressure
difference inside the profile becomes larger. The injection (pumping) pressure and
the vacuum level used are selected in such a way that the hollow profile is not
deformed. Too great a pumping pressure will cause swelling of the profile and a
too great vacuum will flatten the profile. The deformations must not be so large
that the continuous welding joints which keeps the pipe wall together become

overloaded.

[0022] Depending on the viscosity of the weighting mass, the injection pressure
varies in the range of about 1.2 to 3 bar (abs.), usually a pressure of about 1.5 to
2 bar is sufficient. Similarly, a reduced pressure of about 0.9 to 0.1, preferably

0.6 to 0.5 bar (abs.) is applied on the evacuation side of the pipe.

[0023] The injection pumps used for generating the required pressure can be

double-acting piston pumps or screw pumps.

[0024] For monitoring the progress of the filling of the profile, small openings

can be drilled in the profile. These holes are plugged before filling and, during
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pumping of the material, the holes are temporarily opened to allow for visual in-
spection of the location of the front of the flowing medium. The dimension of the
inspection holes is so small that the pressure difference inside the hollow profile is

not essentially reduced.

[0025] The pipe is preferably weighted such that it exhibits a weighting per-
centage of 1 to 25 %, preferably about 5 to 20 %, in particular about 7.5 to 15
%, calculated in relation to the buoyancy of an air-filled pipe. A particularly ad-
vantageous weighting is about 10 %. A pipe with a weighting of such kind can be
readily controlled during submerging and simultaneously provides a suitable an-
choring on the bottom of the water. At terrestrial installations, reliable immobili-

sation of the pipe is achieved.

[0026] The pipeline can comprise a plurality of pipes which are weighted in the
manner discussed above. It is also possible to join together (by welding and/or by
using flange coupling) weighted and unweighted pipe, which however requires
that the weighting is sufficiently large to allow for reliable submerging of the

whole pipeline.

[0027] The pipe can be used in a manner known per se, for example, for marine
installations. The pipe is weighted preferably on land by forming apertures in both
ends of the hollow pipe wall and by injecting concrete mix in the cavity of the
wall. When air is displaced from the pipe, its potential buoyancy is reduced in
aquatic systems. According to the present invention, the wall cavity is filled with
concrete mass which takes up at least 50 %, in particular at least 95 % of the

volume of the wall cavity.

[0028] During sinking of pipelines at sea on in lakes a typical way of setting
about is to plug both ends of a longish part of the pipeline, e.g. formed by two or
more pipes which have been welded together, at least one of which is weighted as
explained above, and to tow the pipe to the submersion site. The plugs of the
pipe ends are provided with valves to allow for introduction of water. The pipe is
controllably filled by opening the valves at the ends of the pipes and by allowing
water to flow into the pipe. When buoyancy is no more sufficient to keep the pipe

floating it will sink to the bottom.

[0029] When desired the pipe can still additionally be covered with covering
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masses to secure the installation against, e.g., any forces of the waves exerted

upon the pipeline.

[0030] The weighting is preferably carried out with a plastic, flowing mass which
can be pumped and which has a density of about 1,100 to 2,500 kg/m?® and which
hardens and stiffens after a longish time, amounting usually to at least 10 hours,
preferably at least 24 hours, advantageously at least 48 hours and about 16
weeks at the most, preferably about 12 weeks maximum, usually 4 weeks maxi-
mum. Advantageously, the mass looses it fluidity and capability of being pumped
at the earliest after about 4 hours, preferably at the earliest after about 10, in

particular at the earliest after about 24 hours.

[0031] A mass of the present kind usually comprises an aggregate which is
formed by particulate or granular material in mixture with a fluid. Usually, com-
ponents which are capable of keeping together the aggregate (binders) are in-
cluded as are components which regulate the consistency of the mass. The mass
is preferably "injectable"” which term refers to the fact that the mass should be
capable of being sprayed inside the wall of the pipe from a nozzle.

[0032] The final strength of the hardened weighting or injection mass is prefer-

ably smaller than that of the pipe.

[0033] According to a preferred embodiment, the weighting or injection mass

comprises a concrete mix, i.e. a mixture of aggregate and a hydraulic binder.

[0034] Generally speaking, a suitable concrete mix comprises the following
components:
e a hydraulic binder, such as cement or iron furnace slag,
e aggregate with a suitable particle size,
e additives and auxiliary components which are capable of modifying the
consistency, viscosity and similar properties of the mix and

o water for mixing of the mass.

[0035] When slag is being used as a binder, an alkaline agent, such as a hy-
droxide, a carbonate or a bicarbonate of an alkali metal or earth alkaline metal or

an alkaline silicate (e.g. water glass) is incorporated into the mixture.
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[0036] In the mix, the concentration of the binder is about 10 to 60 %, prefera-
bly about 15 to 40 %, of the total weight of the binder and the aggregate

[0037] The cement can be of a conventional quality, such as Portland cement or
rapid cement. The slag can be formed by, in particular, ground and granulated
slag. For the hydraulic binder, it is generally required that it has a specific surface
(Blaine) of between about 100 and 1,000 m?/kg, in particular about 200 to 800
m?/kg.

[0038] The aggregate is preferably a mineral, based on aluminium silicate. Ad-
vantageously it consists of gravel having a coarseness of 0 to 16 mm, of finely
divided gravel with a coarseness of 0 to 8 mm or, for example, with two different
coarsenesses of 0 to 2 mm and 0.5 to 8 mm, generally of finely divided gravel
with an (average) particle size smaller than 2.5 mm, in particular less than 2.2
mm, or of sand with a corresponding (average) particle size. Instead of the grav-
el, the finely divided gravel or the sand, or preferably in mixture therewith, it is
possible to incorporate into the mix also traditional fillers, such as natural fillers (d
<@ 0.25 mm), fly ash (PFA) or some other, synthetic filler. Fly ash imparts to the
mix improved fluidity which can be attributed to the spherical form of the fly ash

particles.

[0039] Other fillers, which can be used instead of or in addition to the mineral
aggregate, are formed by heavy particles of metal oxides or metal salts, such as

barium sulphate, magnetite or similar.

[0040] As pointed out, the aggregate can consist of particles of different
coarseness. Usually the finest divided class (d <@ 2.5 mm) forms the majority of
the aggregate; the ratio between the more finely divided and the coarser class
can, thus, be about 100:1 to 1.1:1.

[0041] Beside the afore-mentioned components, the concrete mix can according
to the present invention also contain components which give the desired con-
sistency and which control viscosity of the material (additives and auxiliary

agents) having as main task e.g. a regulation of the properties of the mix.

[0042] In the mix, modifying agents of the cellulose derivative type and stea-
rate type can further be used. With cellulosic derivatives, such as cellulose ethers

and esters, viscosity can be controlled. The derivatives give additional toughness
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and inner cohesion. Of the cellulosic derivatives, in particular the following can be
mentioned: hydroxyethyl and hydroxylpropyl cellulose, carboxy methylcellulose
and ethylcellylose and methylcellulose and hydroxyalkylated derivatives thereof
(e.g. hydroxypropyl methylcellulose, hydroxyethyl methylcellulose and hydroxy-

butyl methylcellulose).

[0043] Stearic acid salts, e.g. alkali metal or earth alkaline metal salts, can also
be used as additives. Calcium stearate is an example of a suitable viscosity regu-

lating substance.

[0044] Of the above modifying agents one or several can be used, the total
added amount being about 0.01 to 10 %, preferably 0.1 to 5 %, of the dry weight
of the binder and aggregate.

[0045] Additives are exemplified by plasticizing agents, such as lignosulphonate
or other sulphonated polyelectrolytes and condensation products of formaldhyde
and melanine, formaldehyde and naphthalene. The purpose of adding plasticizing
agents is to reduce the water-to-binder ratio. The use of a plasticizing agent is
particularly important for avoiding premature hardening of the mix. The amount

of the plasticizing agent is about 0.1 to 5.0 weight % of the binder.

[0046] Important components further used are the retarding agents with which
the hardening of the mix can be delayed. Typical retarding agents are phosphate-
based, e.g. of the sodium pyrophosphate type. The concentration is suitably about
0.1 to 7.5 % of the weight of the binder. An example of a suitable retarding agent

is Lentan 77 which is supplied by Basf Admixtures Deutschland, Germany.

[0047] Another preferred, although optional, component is a foaming agent,
e.g. a foaming agent based on polystyrene. The amount can be 0.01 to 10 % of
the weight of the binder. The foaming agent can be added to the mix in the form
of a foam which is formed by foaming of an aqueous mixture containing the foam-

ing agent in a concentration of about 0.1 to 20 % of the weight of the mixture.

[0048] In the concrete mix used according to the invention, the ratio w/c, i.e.
water (w) to binder (c), amounts to about 0.1 to 0.7, in particular the ratio w/c =
0.20 - 0.5.
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[0049] As a specific example of a suitable concrete mix, a weighting mass hav-
ing the following composition can be mentioned:
e 80 kg sand with a particle size of about 2 mm and a density of 1,350
kg/m?®
e 40 kg cement (standard Portland cement),
e 16 litre water (tap water and not salt water),
e 8 litre foam (formed e.g. with a foaming agent, Neopor, in a 2 % water
mixture, foamed with compressed air) and 2.5 litre of a retardator additive

(e.g. Lentan 77)

[0050] The consistency of the mass is usually plastic to totally fluid and it has
good cohesion. The composition of the mass can be further modified to suit

pumping and injection.

[0051] A mix which can be injected at a pressure of at least about 0.1 MPa
through nozzles with small apertures (diameter of about 10 to 50 mm) contains
for example 2 to 10 parts by weight of an aggregate having a particle size of 0 to
2.5 mm, 1 to 3 parts by weight of a binder, the aggregate-to-binder ratio being
about 1.5 to 3. For slag binder an activator of the above kind (such as sodium
hydroxide or carbonate) can be further incorporated into the mix in an amount of
0.01 to 1 part by weight. In addition, the mix usually contains 0.01 to 1 parts by
weight of additives and auxiliary components and 0.5 to 1.0 parts of mixing wa-

ter.

[0052] A concrete mix suitable for the present invention has a density of about
1,200 to 2,000 kg/m?, preferably about 1,700 to 1,900 kg/dm?.

[0053] As noted above, the mass has to have a long hardening time, preferably
the mass should be plastic during at least 24 hours, in particular at least 48
hours, and the final strength properties of mass, e.g. compression strength,

should be inferior to those of the thermoplastic pipe

[0054] A suitable level for the final compression strength of the
weighting/injection mass, in particular a concrete mass, (hardening time longer
than 7 days) is <5 kN/m?, preferably about ca 0.1 to 4 kN/m?, in particular about

0.5 to 2 kN/ m?, for example at maximum about 1 kN/mm?.
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10

Patentkrav

1. Fremgangsmade til at forsyne et plastrar med en hul, luftfyldt veeg med bal-
last, hvori den hule veeg fyldes med et flydende medium, som fortreenger luften,
hvor det anvendte flydende medium omfatter en pumpbar masse, som har en
massefylde pa 1100 — 2500 kg/m®, og ballastmassen pumpes ind i rerets hule
veeg under tryk, mens luft samtidig evakueres fra veeggen, kendetegnet ved, at
luften inde i rgrets hule veeg evakueres ved at skabe et reduceret tryk ved den

anden ende af ragret for at skabe en gget trykforskel inde i rgrets hule veeg.

2. Fremgangsmade ifalge krav 1, hvori den anvendte ballastmasse omfatter et

tilslag tillige med et bindemiddel for tilslaget, f.eks. en betonblanding.

3. Fremgangsmade ifglge krav 1 eller 2, hvori ballastmassen, isser en betonblan-

ding, har en heerdetid pad mere end 24 timer, fortrinsvis mere end 48 timer.

4. Fremgangsmade ifglge ethvert af de foregaende krav, hvori ballastmassen har
en massefylde pa ca. 1200 til 2000 kg/m?, fortrinsvis ca. 1700 til 1900 kg/m?.

5. Fremgangsmade ifglge ethvert af de foregaende krav, hvori rgret forsynes med
ballast for at opna en ballastprocentdel pa 1 til 25%, fortrinsvis ca. 5 til 50%,

iseer ca. 7,5 til 15%, beregnet af opdriften i vand for det tilsvarende luftfyldte rar.

6. Fremgangsmade ifglge ethvert af de foregadende krav, omfattende at forsyne et

dobbeltveegget rgr med ballast.

7. Fremgangsmade ifglge krav 6, hvori det dobbeltveeggede ragr er en letveegts-
veeg dannet af spiralviklede termoplastprofiler med et rektanguleert, kvadratisk,
elliptisk eller cylindrisk tveersnit, hvor tilstgdende profilvindinger svejses sammen

for at danne rgrets hule veeg.

8. Fremgangsmade ifalge ethvert af de foregaende krav, hvori massens endelige

styrkeegenskaber er ringere end termoplastrgrets.
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