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this method, the replacement pipe is smith House, London, W6 9DX, England,
clamped in position with its .end members an English company, do hereby
declare the  engaging the end members. mounted on. the invention, for which
we pray that a patent  ends of the pipeline. The welds are made 5  may be
granted to us, and the method  in a welding chamber which is mounted on 50
by which it is to be performed, to be par-  the assembly of pipes before
the replace- ticularly described in and by the following  ment pipe is
clamped in position. The weld- statement: -                             ing
chamber is intended to be operated This invention relates to methods of
with a gaseous 'atmosphere inside it. In 10 repairing  underwater
pipelines. In  par-  order to make seals to maintain the gaseous 55
ticular, it relates to a method of repairing  atmosphere, cuffs or like
sealing members a pipeline situated under water, in which  are clamped
around the parts of the pipe method a damaged or sub-standard section
assembly entering the chamber and the of the pipeline is cut away and
replaced with  flanges (usually tubular) of: the chamber 15 a new length of
pipe.                    through which the pipes. enter the chamber. 60 One
known method of repairing a pipeline  The cuffs (or boots as they. are
sometimes situated under water involves the use of  called) may be made of
elastomeric material. welded ball-and-socket joints to connect the    It is
known to make all the welds fillet ends of a length of replacement pipe to
the  (or lap) welds. This is satisfactory for weld- 20 exposed ends of :the
pipeline that are formed  ing together the members that form a ball- 65
when the defective section of the pipeline  and-socket joint at the outer
mating surface has been cut away. One important advan-  of the socket
member. However, it is not tage of this method is that the ball-and-
possible always to have a reliably close fit socket joints are able to
cater for axial mis-  between the inner surface of the tubular 25 aligment
of the.-exposed ends of the pipe-  non-mating end of a ball-or-socket
member 70 line.                               and the pipe to which it is
to be welded. The cuts in the existing pipeline may be  This is: ecause the
external diameter of made and then inflatable 'pigs' or stops may  the pipe
will typically have a tolerance of be inserted within the exposed ends of
the  plus or minus one per.:cent. Unless either 30 pipeline and inflated so
as to engage the  the ball and socket members are to be 75 inner wall of
the pipeline and thereby pre-  fabricated (generally by casting) or they
are vent the ingress of water into the pipeline.  to be machined to: the
precise dimensions The exposed ends are cleaned and pre-  only after the
exact external diameters of pared for welding and socket members are  the
pipes to which they are to be welded are 35 slid onto each end. Above water
a suitable  determined it will be necessary  to. assume 80 length of the
replacement pipe may be cut  that the external diameter of each. respec-
from a spool, inflatable pigs inserted in the  tive end of: the pipeline
could be one per ends of the replacement pipe and then in-  cent greater
than that nominally specified flated, and tubular ball  members welded to
for it. It can be appreciated, that if in fact 40  the ends of. the
replacement pipe. This length  the external diameter of the pipeline is one
85 of replacement pipe is -then lowered under  per cent less than  that
specified for it there water. The two  ball-and-socket joints are  will be
a considerable radial gap between then welded  by a GMA Welding method  the
pipe and the   tubular non-mating  ends after assembling the replacement
pipe and  of the socket member In consequence, the 45 end-members.
fillet weld therebetween will be relatively 90    1,572,171
2 weak particularly, if a large diameter pipe- is not preferred to employ
two sleeves as line (eg. 3ft in external diameter) is to be  this involves
making an extra weld that is repaired.                         a fillet
weld. 



According to the present invention there    The method according to the
present in- 5   is provided a method of repairing  an under  vention offers
'the advantage that same of 70 water pipeline from which a defective or
the welds made in repairing the pipeline are damaged lengths of pipe has
been cut away. but welds (which are usually stronger than to form two
longtitudinally spaced-apart,    comparable fillet welds), while those
fillet exposed, pipe ends, which method includes    welds than need to be
made are between 10  the steps of:                             components
that may be precisely fabricated 75 (a) butt-welding to each exposed end a
such that the radial gap between com- tubular end portion of a hollow,
open-  ponents to be fillet-welded together need to ended member having an
inner or  be no more than is necessary for the com- outer part-spherical
mating surface;    ponents to be- fitted. together before being 15  (b)
butt-welding a sleeve to one end of a  welded. In,. consequence, it is
possible to  80 replacement pipe;                    avoid depositing
fillet welds which are rela- (c) mounting on the sleeve a ,tubular end
tively, weak in consequence of. their being portion of a hollow open-ended
member  formed between parts that are separated by which has a
part-spherical mating sur-  a relatively large radial distance. 20
face complementary to that of one of    When, as preferred 'just one sleeve
is 85 the open-ended members butt-welded  employed the open-ended members
to be to the exposed pipe ends and which is  welded. to the- exposed ends
of the pipeline adapted to form therewith a ball-and-  may conveniently
have respectively internal socket coupling;                      an
external part-spherical mating surfaces. 25 (d)  welding to the other end
of the replace-  However, both open-ended; members to be 90 merit pipe a
tubular end portion of a  welded to the exposed ends of the pipeline hollow
open-ended member which has  can have external mating surfaces or both a
part'spherical mating surface com- can have internal mating surfaces. In
the plementary to that of the other of the  instance mentioned in the first
sentence of 30      open-ended members butt-welded to  this paragraph the
open-ended member to 95 the exposed pipe ends and which is  be: welded to
the sleeve may have an internal adapted to form therewith. a ball-and-  or
external part-spherical mating surface, socket coupling:
though it generally more convenient for its (e) positioning the replacement
pipe be-  mating surface to be external. On the other 35     tween the,
exposed pipe ends and  hand,' if two sleeves are used it may be 100 mating.
the respective pairs of open-  convenient that both the open-ended mem-
'ended-members; and                   bers to be butt-welded to the exposed
ends (f) fillet welding the sleeve to the tubular  of the pipelines should
have internal mating  - end portion of the open-ended member  surfaces,
although, if desired, one open- 40     mounted thereupon and fillet welding
ended member may have an internal mating 105 the mating open-ended members
to  surface, and: the other an external mating each other:
surface. wherein the sleeve -and the tubular end por-  'If desired, a
sealing ring may be engaged tions of the open-ended members to be butt
between  the mating surfaces of each pair 45  welded have a radial wall
thickness and  of engaging open-ended members.         110 internal
diameter so as to be capable of   One convenient procedure for repairing
being butt-welded to the end of' the pipe or  a pipeline in accordance with
the present pipelines '(as the case -may be) to be joined  invention is to
cut away the defective or thereto irrespective of where in the range
damaged length, prepare the exposed ends 50  of external diameters
specified for the pipe  of the  pipeline ready for welding, and butt- 115
and pipeline the external diameters of the  weld the open-ended members to
the ex- pipe. and pipeline lie.    '             posed ends. Above the
surface of the water There are two possible ways of perform-  on a barge or
other support vessel or plat- ing. step (d). The preferred way is to butt-
form,  a chosen length of replacement pipe is 55 weld the tubular end
portion of the other  cut from a spool of pipe, the sleeve (or 120 end of
the replacement pipe. However, it is  sleeves) is welded to the replacement
pipe :alo. possible to butt-weld a sleeve to the  and an open-ended member
is welded to other'end of the. replacement pipe and' then  one end of the
replacement pipe, 'another fillet-weld the tubular end. portion to the
open-ended member being slidably mounted 60  sleeve. If 'the latter
alternative is performed -on the sleeve at the other end. This assem- 125
it will be possible to fillet weld both sleeves  bly is 'then lowered
underwater with the to the tubular end portions of the respective  sliding-
open-ended member in a position open-ended  members mounted' thereupon
such that the replacement pipe is able to after positioning the replacement
pipe be  be fitted between the exposed ends of the 65  tween the exposed
pipe ends. However, it pipeline. At the end of the replacement pipe 130   
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3 opposite the sliding open-ended member the    The invention will now be
described by welded open-ended member is mated with    way of example with
reference to the the adjacet complementary open-ended    accompanying
drawings of which: member welded to one of the exposed ends    Figuies 1 to
5 are schematic representa- 5    of the pipe to form a ball-and-socket
coup-   tions of a pipeline 'at different stages of an 10 ling. The balland
socket counpling is then  operation to repair it. damped reading for
welding.  e pair of   Figure 6 i's a schematic epresentation of open-ended
members at the other end are  a pipeline after it has been  repaired by a
then: mated - to  form  a balland-socket  method not using a length of
replacement 10  coupling. The fillet welds can then be made.  pipe in
addition to a sleeve and the hollow  75 Preferably each fillet wed is made
in a  members Thus, pipeline ends 6 and 8 are gaseous environment which is
created under  exposed, as shown in Figure 2. It is neces- water in a
chamber which is situated so  sary for these ends not to be deformed. as to
create around the respective parts to  If, for example it is found that the
exposed 15 be welded together a- sufficiently large gas  ends are oval it
will be necessary to cut space to permit a welder-driver to weld.   further
lengths of pipeline away. If desired, the chamber may have fume    When the
damaged section of pipeline extraction means to remove fume emitted  has
been cut away the welder-diver measures by the flux-cored wire.
the distance between the exposed ends 6 ahd 20 In some' instances the
length 'of the pipe- 8 of the pipeline. Having regard to this dis- SS line
'needing to be cut away may be so  tance, a suitable length of replacement
pipe short that no length of replacement pipe will  10 (see Figure 3) is
cut from a spool of needed. In such instances the  principle of  pipe (not
shown) on a support vessel above employing a sleeve, so as to be able to
the damaged region of pipeline. The ends 25 cater fo  any variation in the
diameter of  of the pipe 10 are then cleaned and bevelled 90 the pipeline
within the range of diameters  in order to prepare them fdr butt-welding.
specified for.it, may also be applied.  A prefabricated sleeve 12 of known
and Accordingly the present invention also  suitable dimension having one
of its ends provides a method of repairing an under  suitably bevelled such
that when placed in 30 water pipeline from which a defective or  abutment
with one ehd of the pipe 10 it 95 damaged length of pipe has:been cut away
defines a groove of V-shaped cross-section to 'form  two longitudinally
spaced-apart, is then butt-welded to the chosen end of exposed, pipe ends
which method includes  pipe 10 by any suitable arc welding method the steps
of:                    for welding together lengths of pipe. A con- 35
(i) butt-welding to one exposed pipe end  ventional internal or external
pie alig- a tubulat end portion of a first ment frame may be used to clamp
the hollow, open-ended member having  sleeve 12 to the pipe 10 prior to
welding an inner or outer part-spherical mat-  as the configuration of the
V preparation ing surface;                      may be such that an
internal or external 40'   (ii) buttwelding a sleeve to the other
butt-weld may be made. Preferably an ex- 10 exposed pipe end;
ternal butt-weld is made. (iii) mounting on the sleeve a tubular    The
next step is to weld to the other end portion of a second hollow open-  end
of the pipe 10 an open-ended (or ended member which has a part-  socket)
member 14 having an internal part- 45        spherical mating surface
comple-  spherical mating surface 16 and a tubular 110 mentary to that of
the first open-  end portion 18. The end of the portion is ended member;
and                 bevelled  so as to  define an  external (iv)  fillet
welding the sleeve to the tubular  groove of V-shaped section with the
bevelled end portion of the second open-  edge of the pipe 10. The socket
member 14 50-       ended member and the mating sur-  is then externally
butt welded to the end 115 faces of the open-ended member to  of the pipe
10 by means of an arc-welding each other;                      technique, a
conventional external pipe align- Wherein the sleeve and the tubular por-
ment frame being used to clamp the socket tions of the open-ended members
have in- member 14 to the pipe 10 prior to welding. 55 ternal diameters and
radial wall thickness  If desired the groove may be located intern- 120
such that the butt-welds are able to be made  ally of the socket member 14
and pipe 10 irrespective of where in the range of external and a
conventional internal pipe alignment diameters specified for the pipeline
the  frame used to damp these parts  gether actual external diameters of
the pipeline    prior to welding. actual external diameters of the pipeline
Inflatable backstops 20 and 22 (or 'pigs') 125 The welds may be made under
water in  are then inserted in the sleeve 12 and the a gaseous atmosphre
and choice of dimen-  end of pipe 10 opposite the sleeve 12. The 



sions for'-the sleeve and the open-ended  pigs 20 and 22 are then inflated
and there- members may be made analogously, to when  by sealingly engage
the internal walls of 65  a length of replacement pipe is required.  the
sleeve 12 and the pipe 10.   130    4                             1,572,171
.4 An open-ended (or ball) member 24 hav-  so as to heat the end 6 and ball
member 34 ing an external part-spherical mating sur-  to a temperature
defined by  the thickness face 26 and a tubular end portion 28 is then  and
geometry of the welded joint, the arc slid onto the sleeve 12. The.
combined length  energy of the welding process, and the 5 of the socket
member 14, the replacement  chemical nature of the steel. Such preheat 70
pipe 10 and the sleeve 12 is such that with  temperatures are generally
defined by well the ball member slid back to a position in  known
standards. Once the end 6 and ball which the end of portion 28 lies around
the  member 34 have  been  adequately pre- weld between the. pipe 10 and
sleeve 12  heated a butt weld therebetween can be 1.0 the replacement
assembly is able to be posi-  made. It is to be noted that  this weld is 75
tioned between the exposed  ends 6 and 8  illustrated as being an external
weld. It is of the pipeline when these ends have their  possible though
not preferred for this  butt open-ended  members welded to  them.
weld to be internal . The  welder-diver inserts While the replacement pipe
is being pre-  the top of the welding torch into the 'V' 15  pared
open-ended members may be welded  and commences to weld. The method of 80
to the exposed ends 6 and 8 of the pipe-   welding used is preferably a GMA
welding line 2. First, the ends 6 and 8 are stripped  method using a
flux-core wire. of bitumenous protective material which is    As the method
according to the present used to prevent corrosion of the pipe. Then
invention is generally suitable for welding 20  the faces of  the ends 6
and 8 are bevelled   pipes of wider diameter (e.g. 2 ft or more) 85 by
machining so as to form grooves of V-     the welder-diver has plenty of
room to insert shaped cross-section with the end faces of    his arm into
the ball or socket member and the tubular and portions of open-ended   will
have to reach no more than 1 ft in members to be welded thereto. When the
order to make the weld. It is nonetheless 25  ends 6 and 8 of the pipeline
2 have been  desirable for the 'Driweld' chamber to have 90 prepared for
welding inflatable backstops  a volume sufficiently large for the welder-
(or 'pigs) 30 and 32 may be inserted there-  diver to be able to work
entirely within in and inflated so as to engage in a fluid-  the chamber.
If desired a platform for the tight manner the inner wall of the pipeline
welder diver may be built to the chamber. 30 2. An open-ended (or ball)
member 34  However, each butt-weld is preferably pre- 95 having an outer
part-spherical mating sur-  pared with  a groove of.'V'-shaped cross- face
complementary to that of the socket  section, of  which the mouth of the V
is member 14  is  then clamped by means of  externally  situated. External
clamps are clamp (or alignment frame) 39 to the end 6  preferably used.
Each such clamp may be 35  of the pipeline 2 such that the tubular end  a
toggle clamp such that it does not ob- 100 portion 36 of the ball member 34
'is held  struct the making of the butt-welds. in  abutment with the end 6,
the bevelled    An analogous procedure to that des- faces of the end
portion 36 and end 6  cribed above may be used to weld to the defining a
groove or V-shaped cross-section.  end 8 a socket member 42 having an inner
'40  the mouth of 'the V being preferably located  part spherical mating
surface 44 comple- 105 outwards (as shown)  rather' than inwards.  mentary
to that of  the ball member 24 An open-based 'Driweld' chamber 40 (Dri-
and a tubular end portion 46. If desired the Weld is a trademark) is then
assembled  same clamps, preheat mats and the Driweld around the end 6 and
ball member 34 and  chamber described above may be used in 45 a gaseous
welding space created therearound. making this weld. When the ball member
110 One 'side opening in the chamber 40 for a  34 and socket member 42 have
been welded pipe may be sealed by e.g. a cap as the  to the respective ends
6 and 8 of the pipe- members to be welded will not extend  line 2 the
replacement pipe assembly, as through both openings at this stage of the
shown in Figure 3, may' be lowered into 50  repair. Alternatively, a
'DriWeld'  chamber  position. Before the replacement assembly 115 with only
one opening to receive a pipe  is so lowered the sliding ball member 24 may
be used. Since the sea around the pipe-  may be clamped into a position in
which line 2 acts as a heat 'sink' it may be neces-    the longitudinal
distance between the ball sary to preheat the region of the weld before
and socket ends of the members' 24. and  14 55  commencing to weld. Gas is
passed from  on the' replacement assembly is less than 120 above water into
the 'Driweld' chamber 40  that between the ball and socket ends of the so
as to create a gas 'space' therein by dis- 'members 34 and 42 welded to the
exposed 



placing water out of the open base of the  ends 6 and 8 of the pipeline 2.
When the chamber. Then, if required, pre-heat mats   replacememnt assembly
is in position the 60  (ie mats that have embedded therein elec-    socket
member 14 is mated with the ball 125 trical heaters, which heaters are
adopted to  member 34 to form a ball-and-socket coup- be connected in
electrical circuits with an  ling. The members 14 and 34 are then
above-water. electrical power  source) are  clamped in this position in
which it mates wrapped around the end 6 and the end por-  with the socket
member 42c to, form a ball- 65  tion 38 of ball member 34 and are energised
and-socket couplig. The DriWeld chamber 130    5
1,572,171                                   5 40 is then positioned :around
this coupling.  to the same (or equivalent) specification may a gaseous
space created in the chamber 40,  be chosen to provide the length of
replace the sleeve 12 ball member 24- and sockt  ment pipe 10. The radial
wall thicknesses member 42 preheated, if required, and  of the tubular end
portions of the ball and 5  then the end 50 of the socket member 42  socket
members 14, 42 and 34 are chosen 70 fillet welded  to the part spherical
outer sur-  so as to be capable of being butt welded to, face 26 of the
ball member 24, and the end  respectively, ends 6 and 8 of the pipeline 2
52 of the tubular portion 28 fillet welded  and the left hand end (as
shown) of the 52 to the outer surface of the sleeve 12.  replacement pipe
10 irrespective of what are 10  Once sufficient time has been allowed for
the external diameters of the pipeline 2 and 75 the area of the weld to
have cooled to an  pipe 10 within the specified range. Thus, acceptable
temperature gas may be released  the radial wall thickness of' the tubular
from the Driweld chamber 40. the chamber  end portions of the -members 14,
42 and 34 passed along the replacement pipe 10 and  should be such that
these end.portions are 15  positioned around the ball-and-socket mem-
capable of being adequately butt welded  80 ber 14. The gas space is then
recreated in  even if the internal diameter of the pipeline the chamber 40,
the clamp 48 is removed, 2 and probably of the replacement pipe 10 the
overlapping portions of the ball member is the minimum of 34.64 inches
and/or if 34 and the socket member 14 preheated, if  the external diameter
is. the maximum  of 20  required, and the end .54 of the socket 36.36
inches. In consequence a radial wall 85 member 14 fillet welded to the
outer thickness equal to half the differences) ne- spherical surface 26 of
the ball member 24. tween these two figures (i.e. 0.86 inches) will When
sufficient time has been allowed for  always be adequate, although in
practice it the area of the weld to have cooled to an  is possible to use a
nominally lower or 25  acceptable temperature gas may be released. greater
radial wall thickness. If the wall 90 from the Driweld chamber 40, the
chamber  thickness is such that there is too large a disassembled, any
trestles used to support step between the surfaces to be welded for and
lift from the ocean bed the ends 6 and a successfull butt weld to be made
the excess 8 of the pipeline 2 and the replacement  thickness of the sleeve
may be removed .30 -pipe.10 removed and the repaired section  by machining.
Exactly the same factors 95 of the pipe relaid on the ocean bed with, if
govern the choice of the radial wall thick- desired, a bitumenous
protective or Other  ness of the sleeve 12 which may therefore coating or.
alternative corrosion protection  be 0.86 inches. Moreover, as' the ball
mem- means, e.g. cathodic means.              ber 24 will be cast in the
same mould as 35    The repaired- length of the pipe line is that used for
casting the ball member 34 it 100 shown in Figure 5. -It is to be
appreciated  will have the. same dimensions as the ball that once flid is
passed again. through the  member 34. repaired pipeline the backstops or
pigs will   . The ball and socket members are desir- be forced by the fluid
pressure out of the  ably all cast, forged and/or machined, pre- 40
pipeline and hence these. are not shown. in  cisely such that -the part
spherical mating 105 Fig. 5. They are also for the sake of surface of each
ball member makes a pre- clarity omitted from Figure. 4.      -   cise fit
with the part spherical mating sur- In repairing the pipeline it is
desirable  face of each socket member, Analogously that the replacement
pipe 10. the sleeve 12  the sleeve 12 may be. case forged,  moulded 45. and
the ball and socket member be all of a  or machined precisely such that its
external 11.0 steel. having, physical and  mechanical pro-  surface makes.
a precise 'fit with 'the internal perties as close as possible to that of
the  surface of the tubular end member of the steel from which the pipeline
2 is fabricated. ball member 24. Before the sleeve 12 and the ball and   An
alternative design philosophy which in 50  socket members 14, 24  and 34
and 42 are  most instances will reduce the work is 115 fabricated and a
suitable spool of pipe from   machining -the parts to be welded that is
which the repacement pipe 10 is chosen a          required to . be done by
the welder-diver is 



knowledge of the dimensions of the lengths  to make the sleeve and tubular
parts of the of pipe that go to make up the pipeline 2  ball and socket
members.to - the nominal 55  is required. The. type of pipe that is used
external (or internal) diameter.  -  120 will normally have aBritish
standard or  . It will generally be desirable for  these other
specification which will quote a figure  parts to have. a greater radial
wall thickness for the external diameter of the. pipe and than that the
pipeline for them to withstand -the tolerance associated with the diameter.
the pressure to which they will be -subjected 60 The radial wall -thickness
of the pipe will to during operation of the pipeline when  125 also.
-generally be quoted. For example, the  repaired. It is not necessary for
the surfaces ' pipe may have an' external -nominal dia-  that are to be
butt welded to be in strict -meter of 3ft  1%  and a radial wall thick-
alignment with each other. On the contrary, ness of say, half an inch.
Knowing the.speci-  a small step of one between the two. parts -65 fication
of the pipe a spool of pipie fabricated   may be tolerated. It is
conceivable that the 130    external diameter of the pipe may be almost
pipe ends which method includes the steps at one end of the range. specifed
for it, of at that consequently it may in some in-   (a) butt-welding to
each exposed pipe end a stances be necessary to build up the wall
tubular end portion of a hollow, open- 5 thickness of -the member to be
welded       ended member having an inner or 70 thereto by depositing weld
metal on its   outer part-spherical mating surface; external suface before
making other pre- (b) butt-welding a sleeve to one end of a parations for
the weld.                    replacement pipe; It is to be appreciated that
in F   1  (c) mounting on the sleee a tubular end 10 to 5 of the drawings
the we ling chambers  portion of a hollow open-ended member 75 and- clamps
are illustrated only schematic-  which.has a part-spherical mating sur- .
ally and details of their construction are  face compleementary to that of
nne of not shown. Suitable cla mps and  welding   the open-ended members
butt-welded chambers are well known in the art.        to the exposed pipe
ends and which is 15  Referring to Fgure 6 of the drawings, a   adapted to
form therewith a ball-and- 80 pipeline 70 has a damaged section cut
soc et coupling: away leaving two exposed pipe ends 72  (d) welding to. the
other end of the replace- and 74. Inflatable 'pigs' (not shown) are  ment
pipe a tubular end portion of a inserted in these ends and inflated. The
pipe  hollow open-ended  member which has 20 ends 72 and 74 are prepared
for external    a part-spherical mating surface com- 85 butt-welding. The
end 72 has butt welded   plementary to that of the other of the to it the
tubular end 78 of' a hollow open  open-ended members butt-welded to ended
coupling member 76 having at its    the exposed pipe ends and which is
other end an external part-spherical mating  adapted to form therewith a
ball-and- 25 surface 80.             .                   socket. coupling;
90 The pipe end 74 has a sleeve 82 butt-  (e) positioning the replacement
pipe be- welded to it. On the other end of the sleeve  tween the exposed
pipe ends and is mounted the tubular end 86 of a hollow   mating the
respective pairs of open- o     en-ended coupling member 84 having an
ended -member; and 30  internal part-spherical mating surface 88  (f)
fillet welding the sleeve to the tubular 95 complementary to the mating
surface 80 of  end portion of the open-ended member the coupng member 76.
The length of the    moulited thereupon and fillet welding coupling cut
away is such that by using a  the mating open-ended members to sleeve and
coupling members of predeter-   each other: 35  mined length it is possible
to effect the  wherein the sleeve and ffie tubular end por- 100 repair.
Thus, the mating surface 88 of the  tions of the open-ended members to be
butt coupling member 84 should be able to be  welded each have an internal
diameter and mated with the mating surface 80 of the  radial wall thickness
so as to be capable of coupling member  76 to form a ball-and-  being
butt-welded' to the end of thepipe or 40  socket coupling without the
coupling mem-  pipeline (as the case. may be) to be joined 105 ber be
pulled off the sleeve 82. The couplig  thereto irrespective where in the
range member 84 may then be clamped in position  of external diameters.
specified for the  pipe and fillet welds made first between the sleeve  and
pipeline the external diameters of the - '82 and the tubular end 86 of the.
coupling  pipe and pipeline lie. 45  member 84 and then between the mating
2. A method  as claimed in claim 1, in 110 surfaces 80 and 88 of the
coupling members  which the tubular end portion of the end 76 and 84. If
desired, the mating  surfaces  member to be welded to the said other end 80
and 88 may be fitted with an 'O'-ring 90  of the replacement pipe is
butt-welded 



of elastomeric material before they are  thereto. 50 welded 'together.
3. A method as. claimed in lim .2, in 115 The radial wal1 thickness of the
sleeve  which the open-ended membersto be welded '82 and the coupling
members 76 and 84   to the exposed ends of the pipeline have are chosen to
be greater than that of the  respectively internal and external part mat-
pipeline 70 in accordance with the method  ing surfaces. 55 according to
the present invention..     4. A method as claimed' in. claim 3, in 1 The
welds are all made under water in  which the open-ended member'to be welded
a manner analogous to that previously des- to the -sleeve has an external
part-spherical cribed with reference to Figures 1 to 5  mating surface. for
making under water welds.             S. A method as claimed in any one of
the preceding claims in which between each 125 WHAT 'WE CLAIM IS:-
pair of mating open-ended member is en- 1. A method of repairihg an under
water    gaged a sealing ring. pipeline from which a defective or damaged
6. A method as claimed in any one of length of pipe has been cut away to
form   claims 1 to 5 in which ste[s (b), (c) and S  two longitudinally
spaced-apaft, exposed,  (d) are perfbrmed above-the surface of the   130
6                                     1,572,171
6 external diameter of the pipe may be almost pipe ends which method
includes the steps at one end of the range specified for it, of: at that
consequently it may in some in-  (a) butt-welding to each exposed pipe end
a stances be necessary to build up the wall    tubular end portion of a
hollow, open- 5 thickness of the member to be welded        ended member
having an inner or 70 thereto by depositing weld metal on its    outer
part-spherical mating surface. external surface before making other pre-
(b) butt-welding a sleeve to one end of a parations for the weld.
replacement pipe; It is to be appreciated that in Figures 1  (c) mounting
on the sleeve a tubular end 10 to 5 of the drawings the welding chambers
portion of a hollow open-ended member 75 and clamps are illustrated only
schematic-  which has a part-spherical mating sur- ally and details of
their construction are  face complementary to that of one of not shown.
Suitable clamps and welding    the open-ended members butt-welded chambers
are well known in the art.       to the exposed pipe ends and which is 15
Referring to Figure 6 of the drawings, a  adapted to form therewith a
ball-and- 80 pipeline 70 has a damaged section cut      socket coupling;
away leaving two exposed pipe ends 72  (d) welding to the other end of the
replace- and 74. Inflatable 'pigs' (not shown) are  ment pipe a tubular end
portion of a inserted in these ends and inflated. The pipe  hollow
open-ended member which has 20 ends 72 and 74 are prepared for external   a
part-spherical mating surface com- 85 butt-welding. The end 72 has butt
welded   plementary to that of the other of the to it the tubular end 78 of
a hollow open  open-ended members butt-welded to ended coupling member 76
having at its     the exposed pipe ends and which is other end an external
part-spherical mating  adapted to form therewith a ball-and- 25 surface 80.
socket coupling,                   90 The pipe end 74 has a sleeve 82 butt-
(e) positioning the replacement pipe be- welded to it. On the other end of
the sleeve  tween the exposed pipe ends and is mounted the tubular end 86
of a hollow  mating the respective pairs of open- open-ended coupling
member 84 having an   ended member; and 30 internal part-spherical mating
surface 88  (f) fillet welding the sleeve to the tubular 95 complementary
to the mating surface 80 of  end portion of the open-ended member the
coupling member 76. The length of the  mounted thereupon and fillet welding
coupling cut away is such that by using a  the mating open-ended members to
sleeve and coupling members of predeter-   each other; 35 mined length it
is possible to effect the  wherein the sleeve and the tubular end por- 100
repair. Thus, the mating surface 88 of the  tions of the open-ended members
to be butt coupling member 84 should be able to be  welded each have an
internal diameter and mated with the mating surface 80 of the  radial wall
thickness so as to be capable of coupling member 76 to form a ball-and-
being butt-welded to the end of the pipe or 40 socket coupling without the
coupling mem- pipeline (as the case may be) to be joined 105 ber be pulled
off the sleeve 82. The coupling thereto irrespective where in the range
member 84 may then be clamped in position  of external diameters specified
for the pipe and fillet welds made first between the sleeve  and pipeline
the external diameters of the 



82 and the tubular end 86 of the coupling  pipe and pipeline lie. 45 member
84 and then between the mating    2. A method as claimed in claim 1, in 110
surfaces 80 and 88 of the coupling members  which the tubular end portion
of the end 76 and 84. If desired, the mating surfaces  member to be welded
to the said other end 80 and 88 may be fitted with an 'O'-ring 90  of the
replacement pipe is butt-welded of elastomeric material before they are
thereto. 50 welded together.                         3. A method as claimed
in claim 2, in 115 The radial wall thickness of the sleeve  which the
open-ended members to be welded 82 and the coupling members 76 and 84  to
the exposed ends of the pipeline have are chosen to be greater than that of
the  respectively internal and external part mat- pipeline 70 in accordance
with the method  ing surfaces. 55 according to the present invention.
4. A method as claimed in claim 3, in 120 'The welds are all made under
water in  which the open-ended member to be welded a manner analogous to
that previously des-  to the sleeve has an external part-spherical cribed
with reference to Figures 1 to 5  mating surface. for making under water
welds.            5. A method as claimed in any one of 60
the preceding claims, in which between each 125 WHAT WE CLAIM TS: -
pair of mating open-ended member is en- 1. A method of repairing an under
water gaged a sealing ring. pipeline from which a defective or damaged
6. A method as claimed in any one of length of pipe has been cut away to
form  claims 1 to 5, in which steps (b), (c) and 65  two longitudinally
spaced-apart, exposed, (d) are performed above the surface of the 130
water, and in which the welds involved in  of the open-ended members have
internal 30 steps (a) and (f) are performed under water  diameters and
radial wall thickness such that in a welding chamber containing a gaseous
the butt welds are able to be made irrespec- atmosphere.
tive of where in the range of external dia- 5   7. A method of repairing an
under water  meters specified for the pipeline the actual pipeline from
which a defective or damaged  external diameters of the pipeline lies.
length of pipe has been cut away to form    8. A method as claimed in any
one of 35 two longitudinally spaced-apart, exposed, the preceding claims,
in which all the butt 10 pipe ends which method includes the steps  welds
are external. 9. A method of repairing an underwater (a) butt-welding to
one exposed pipe end a  pipeline, substantially as herein described tubular
end portion of a first hollow, with reference to Figures 1 to 5 of the 40
open-ended member having an inner or  accompanying drawings. outer
part-spherical mating surface;   10. A  method of repairing an under 15 (b)
butt-welding a sleeve to the other ex-  water pipeline, substantially, as
herein des- posed pipe end;                      cribed with reference to
Figure 6. (c) mounting on the sleeve a tubular end    11. A set of
sleeve(s) and open-ended 45 portion of a second hollow open-ended  members,
each open-ended member having member which has a part-spherical  an
internal or external part spherical mating 20     mating surface
complementary to that surface, and each such sleeve and open- of the first
open-ended member;     ended member being fabricated to chosen (d) mating
the first and second open-ended  dimensions such that the set is capable of
50 members; and                         being used in the repair of a
pipeline by a (e) fillet welding the sleeve to the tubular  method as
claimed in any one of the 25      end portion of the second open-ended
preceding claims. member, and the mating surfaces of             For the
Applicants, the open-ended members to each other;          L. BEN-NATHAN,
wherein the sleeve and the tubular portions      Chartered Patent Agent.
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1980. Published at The Patent Office, 25 Soutampton Buildings, London,
WC2A 1AY, from which copies may be obtained.    


