
APPARATUS FOR NEAR VERTICAL LAYING OF PIPELINE The invention is generally
related to the laying of pipeline and particularly to the near vertical
laying of 5  pipeline offshore such as in deep water. The laying of
offshore pipelines has been done for many years utilizing the technique
referred to as S-lay. In the S-lay technique, joints of pipe are added to
the pipeline in a horizontal position on the deck of a lay 10  barge.   The
pipeline then curves over the stern of the barge, angles down toward the
seabed, curves back to horizontal and lays on the seabed.   The profile of
the pipeline from the lay barge to the seabed is in the form of a long "S",
which leads to the name of S-lay. 15       Although S-lay has been the
method of choice for virtually  all  pipeline  installed  to  date,  there
are physical limitations on the use of this technique.  Chief among these
is water depth. As the water depth increases, 



the ability to move the vessel on anchors becomes more and 20  more
difficult and the horizontal component of the pipe tension becomes greater
and greater. The offshore pipeline industry has been aware of this problem
for years and has as a solution, accepted the concept of near vertical lay,
called J-lay, as the system of choice for deep water pipe 25  laying.   It
should be understood that the definition of deep water, when referring to
the use of J-lay, is a direct function of pipe diameter.  This relationship
is a result of the minimum water depth required for pipe of a certain
diameter to achieve the proper flex during the vertical 30  laying
operation.  There is also a maximum practical depth for specific pipe
diameters.  As an example, pipe having a diameter of 168.3 mm (6.625
inches) requires a minimum water depth, with no water in the pipe, of 37.8
m (124 feet).  At the opposite end of the scale, pipe having a 35  diameter
of 1.07 m (42 inches) requires a minimum water 



-2- depth, with no water in the pipe, of 407.5 m (1,337 feet). Considerable
work has been done over the years on the theoretical aspects of the J-lay
concept, but very little work has been done on the actual hardware and
equipment 5  needed for this type of system.   Most of the systems proposed
have utilized existing semi-submersible drilling units.   These units,
which are capable of being modified for this service, were not built to be
used as pipe layers and cannot be made to be very efficient during pipe
laying 10  operations. Another problem area in laying pipeline offshore is
the storage, transportation, and transfer of pipe to the lay vessel.   In
normal operations, the line pipe for the 



pipeline is transported to the field in forty feet (12.2 m) 15  long
joints.   The transport vessel,  which is usually a small material barge or
a special purpose pipe haul boat, is tied to the side of the lay vessel as
the pipe is transferred to the lay vessel.  Transfer of the pipe, one joint
at a time, may take several days.   The transfer of 20  pipe from between
vessels subject to sea-induced motion is hazardous to personnel and
equipment under good sea conditions and becomes impossible to do safely
under bad conditions. Applicants are aware of a system that utilizes a ramp
25  that can be adjusted from horizontal to vertical.  It uses large
tensioners to grip the pipe and apply the necessary amount of tension to
the system.   This system has never been used for deep water pipeline
construction. Offshore pipe laying systems, those in use (S-lay) and 30
theoretical  proposals  (J-lay),  have  certain  things  in 



common. The systems may or may not use pipe add-ons that have been
multi-jointed outside the system to provide pipe joint lengths greater than
the normal forty foot (12.2 m) pipe length. Theoretical J-lay systems have
proposed joint 35   lengths of eight feet (24.4 m) or more.  A single
station    is used to accomplish the welding, NDT [err] testing), and pipe
coating of joints. In J-lay, it is necessary to have a means to  transfer
the pipe from the horizontal position on the lay vessel to a near vertical
5  position on the lay line.  It is also necessary to have some means of
lowering the pipe as the lay vessel moves forward.  A particular problem in
this area has been the issue of devising an efficient manner of
transferring the load of the pipeline to a holding mechanism so that the 



10  lowering mechanism can then be raised in preparation for receiving the
weight of the next pipe joint.   What is lacking in the art is a system
that provides an efficient, time saving  means  of  transferring  the pipe
from  the horizontal position to a near vertical position with the 15  lay
line, positioning the new pipe in alignment for welding to the existing
pipeline, lowering the pipeline with the new pipe added, and then
continuously repeating the process. UK Patent Application No. GB-A-2 095
78/ discloses a 20  pipelaying vessel in which pipe lengths to be welded to
a pipeline are fed to a owing arm which is pivoted about a transverse axis,
and used to raise the pipe lengths to an upright orientation.  A gripper
carriage holdo the pipe length and is movable in a laying tower by a cable.
25        German Patent Application No. DE-A-2 118 360 (-US-A-3 680 322)
discloses a technique for pipelaying in which an 



elongate pivotable ramp is mounted on the vessel.  The ramp has a  fixed
clamp arrangement for holding the pipeline stationary during pipeline
assembly, and a movable clamp 30  arrangement for tensioning the pipeline
during payout. An elongate pipe section loader assembly is pivotably
mounted on the vessel for  movement between  a horizontal pipe section
receiving position, and an inclined pipe section transferring position. 35
According to the present invention there is provided    apparatus for near
vertical laying of a pipeline offshore, the apparatus comprising: a support
frame; a movable deck pivotally attached to said support 5  frame; 



a tower attached to said movable deck and supported by said frame  and
said  movable deck in  a near vertical position; a strongback operable to
hold and deliver a pipe 10  section into said tower: a travel block
arranged for movement along the length of said tower and for receiving and
supporting the weight of the pipeline; a pedestal supported by said movable
deck and arranged 15  to receive and support che weight of the pipeline
from said travel block, said pedestal being movable between a first open
and a second closed position, and a clamp arranged to hold and align a pipe
section held by said strongback, in said tower with the pipeline  for 20
addition thereto, said clamp being movable between a first retracted
position and a second extended position. In a preferred embodiment of the
invention, pipe bins 



are provided that are capable of storing transporting, and transferring
between vessles up to twenty-five thousand 25  fect (7,600 m). of twelve
and three-quarter inch (325 mm) outer diameter pipe.  A pipe ready rack is
positioned on the lay vessel adjacent a pipe bin for receiving a single
prepared pipe joint.  The strongback is used to litt tho pipe joint from
the roady rack and move it into a near 30  vertical position in the tower
on the lay vessel. The pipe joint is aligned and held in position over the
pipeline by the strongback clamps (support type) and a weld clamp while the
pipe joint is welded to the pipeline. The travel block oupported by the
tower receives the weight of the pipe    joint and pipeline via a buckle
arrester on the pipe and is used to lower the pipeline while the lay vessel
moves 



forward in preparation to add another pipe joint.  The pedestal on the
movable deck receives the weight of the 5  pipeline on the buckle arrester
from the travel block and supports the pipeline while another pipe joint is
being positioned for welding to the pipeline. The strongback is capable of
being lowered to pick up and raise a pipe joint during the final welding
phases to have a new pipe  joint in 10  position for welding to the
pipeline as soon as possible after the pipeline is lowered. The invention
will now be described by way of example    -5- with reference to the
accompanying drawings, throughout which like parts are referred to by like
references, and in which: 



Fig. 1 is an elevation view of one embodiment of the 5 invention; Fig. 2 is
an elevation view of the tower shown in Fig. 1; Fig. 3 is an elevation view
of the strongback shown in Fig. 1; 10        Fig. 4 is an end view of the
strongback; Fig. 5 is a plan view of the pedestal; Fig. 6 is an elevation
view of the pedestal shown in Fig. 5; Fig. 7 is a plan view of the travel
block shown in 15  Fig. 1; Fig. 8 is an elevation view of the travel block;
Fig. 9 is an elevation partial phantom view of the internal line up clamp
and handling system in the embodiment of Fig. 1; 20        Fig. 10 is an
elevation view of a stinger shown in 



Fig. 1; Fig. 11 is an elevation facing sternward on the lay vessel that
illustrates the pipe bins, pipe ready rack, and strongback; and 25
Fig. 12 is a detail view that illustrates the movable deck. Referring to
Fig. 1, apparatus 10 for near vertical laying of pipeline is generally
comprised of a support frame 12, a movable deck 13 (seen in Fig. 12), a
tower 14, 30  a travel block 16, a pedestal 18 (seen in Figs. 5 and 6), an
internal pipe clamp 19 (seen in Fig. 9), a strongback 20, and a stinger 22.
-6- Support frame 12 is of any suitable shape and rigidly 



attached to the lay vessel 24.  In the preferred embodiment, support frame
12 is adapted to pivotally receive movable deck 13 and tower 14 such that
they may be moved between a first 5       operative pipe laying position
that includes several different angles as seen in Fig. 1 and a second
stowed position for safety purposes during rough seas or travel of the lay
vessel.   To achieve this, movable deck 13 is pivotally attached at one
side of its lower end to support frame 12 and can be rigidly attached 10
at the opposing side of the lower end to support frame 12 as seen in Fig.
12. A variety of attachment points are provided so that deck 13 and tower
14 can be set at the desired angle. A winch and cables are used to raise
and lower tower 14. As seen in the detail view of Fig. 12, tower 14 is
mounted 15      on movable deck 13.  Work deck 15 may be pivotally attached
to tower 14 or deck 13 so as to be adjustable to a horizontal position for
personnel. Tower 14, seen in Fig. 2, is a U-shaped frame open on one side
along its length and is designed to 



support the weight of the pipeline during the lowering or raising 20
of the pipeline and to receive and guide the strongback into position in
the tower so that a pipe joint may be added to the pipeline. Travel block
16 is received in tower 14 and supported by a cable sheave assembly 26
mounted on top of tower 14. Pedestal 18, seen in Fig. 5 and 6, is mounted
on an adjustable 25      work deck 38 at the lower end of tower 14.
Internal pipe clamp 19 is movably positioned adjacent the top of tower 14.
Means for guiding strongback 20 into and out of tower 14 is provided in the
-7- form of a pair of rails 28 on opposing sides of the tower that receive
rollers on the strongback. A pair of transition rails 30 extend from the
lower end of tower 14 at an angle to aid in the transition period when the
strongback is moving between a 



5       position horizontal to the deck of the lay vessel and into or out
of tower 14. A rail switch 32 is used at the junction of rail 28 and
transition rail 30 to allow downward movement of strongback 20 in tower 14
once a pipe joint has been brought into tower 14 by strongback 20.  A pair
of hydraulic cylinders 34 10      attached to the lower end of tower 14 are
positioned to receive and support strongback 20 during certain phases of
the operation. Sheave 36 on the top of tower 14 provides a support point
for a cable that is attached to one end of strongback 20 and is used in
conjunction with a winch to raise and lower strongback 20 into 15      and
out of tower 14. Strongback 20, seen in Fig. 3 and 4, is formed from a
triangular shaped frame and is provided with a plurality of clamps 40
spaced along its length. Each end of strongback 20 is provided with rollers
42 that are sized to be received in rails 20      28 and 30 on tower 14.
In its operational position, the flat portion of the triangle of strongback
20 faces the deck of the 



lay vessel on tower 14 and clamps 40 extend from the flat portion for
gripping a pipe joint 44. Clamps 40 are adjustable so as to be capable of
moving between a first retracted position and a 25      second extended
position to allow alignment of the pipe joint 44 with the pipeline for
welding. Stinger 22, seen in Fig. 1 and 10, is attached to the bottom
-8- of the movable work deck 13 (Fig. 12) and designed to provide support
to the pipeline as it is lowered during forward movement of the lay vessel.
Stinger 22 is formed from two sections that are pivotally attached to each
other.   The lower section is 5       movable between a first retracted or
folded position and a second extended position relative to the upper
section and the work deck.  In the first position, the lower section is
positioned 



substantially parallel to the hull of the lay vessel to present little or
no resistance to movement of the vessel when pipe 10      laying operations
are not underway.  This also prevents damage to the stinger.   In the
preferred embodiment, stinger 22 is provided with three clamps 46 that can
be used to support the pipeline during welding of a new pipe joint onto the
pipeline. Stinger 22 matches the angle of tower 14 during pipe laying 15
operations. Travel block 16, seen in Fig. 7 and 8, is adapted to support
the weight of a pipe joint or the pipeline. As seen in Fig. 7, travel block
16 is formed from two sections each having a cutout that defines an opening
48 with a diameter sized to receive a 20      section of pipe when the two
travel block sections are adjacent each other.  The two sections of travel
block 16 are movable between a first closed position adjacent each other
and a second open position. The diameter of opening 48 is smaller than the
diameter of buckle arresters 50, seen in elevation in Fig. 8, 



25      that  are attached to the pipe at predetermined  intervals. Opening
48 is shaped to define four rectangular extensions equally spaced apart in
an otherwise circular opening.   The    REPLACEMENT SHEET -10- 14 in
preparation for the next pipe joint to be added to the pipeline.  Base 54
is supported by two separate plates 57 that are movable relative to each
other. As seen in Fig. 12, pedestal 18 is supported by movable deck 13 and
aligned with a hole 5       provided therethrough. Internal pipe clamp 19,
the location of which is shown in Fig. 9, is retained inside a housing 58
that serves as a means for aligning and inserting clamp 19 with and into a
pipe joint 44 that is being held in tower 14 by strongback 20.   Alignment
means is 



10      necessary for the following reasons.  The pipe laying operations
are conducted in a near vertical position. As a result, it would be
extremely difficult or impossible to lower clamp 19, hanging by a cable in
a normal vertical position, into a pipe that is not in a vertical position
due to the position of tower 14 and 15      strongback 20.  Housing 58 is
sized to be received over the end of the pipe so that clamp 19 is easily
lowered into the pipe for welding operations.  Means for positioning
housing 58 over the pipe is provided in the form of hydraulic cylinders 60
that are attached to tower 14 and adapted via arms 62 to cause the desired
20     movement of housing 58 between a first retracted position and a
second extended position in alignment with the pipe joint. Fig. 11 is an
end view of pipe bins 64 that provide for the storage, transport, and
transfer between vessels of pipe joints to be used in a pipe laying
operation. Prior art containers were 25     unable to store a large
quantity of pipe without crushing the pipe at the bottom of the container
and did not provide a safe 



way of transferring large quantities of pipe from one vessel to    -10- 14
in preparation for the next pipe joint to be added to the pipeline.  Base
54 is supported by two separate plates 57 that are movable relative to each
other. As seen in Fig. 12, pedestal 18 is supported by movable deck 13 and
aligned with a hole 5      provided therethrough. Internal pipe clamp 19,
seen in phantom view in Fig. 9, is retained inside a housing 58 that serves
as a means for aligning and inserting clamp 19 with and into a pipe joint
44 that is being held in tower 14 by strongback 20.  Alignment means is 10
necessary for the following reasons. The pipe laying operations are
conducted in a near vertical position. As a result, it would be extremely
difficult or impossible to lower clamp 19, hanging 



by a cable in a normal vertical position, into a pipe that is not in a
vertical position due to the position of tower 14 and 15     strongback 20.
Housing 58 is sized to be received over the end of the pipe so that clamp
19 is easily lowered into the pipe for welding operations. Means for
positioning housing 58 over the pipe is provided in the form of hydraulic
cylinders 60 that are attached to tower 14 and adapted via arms 62 to cause
the desired 20     movement of housing 58 between a first retracted
position and a second extended position in alignment with the pipe joint.
Fig. 11 is an end view of pipe bins 64 that provide for the storage,
transport, and transfer between vessels of pipe joints to be used in a pipe
laying operation. Prior art containers were 25     unable to store a large
quantity of pipe without crushing the pipe at the bottom of the container
and did not provide a safe way of transferring large quantities of pipe
from one vessel to   



another. Pipe bins 64 solve these problems. A rectangular U- shaped frame
66 seen in Fig. 1 is divided into upper and lower storage sections and is
provided with a plurality of vertically extending horizontal spacers 70.
Horizontal supports 68 are 5       removably received in and supported by
rectangular frame 66. Each support 68 is also provided with a plurality of
vertically extending horizontal spacers 70 that are spaced apart according
to the size pipe to be used in the pipe laying operation.   As seen in the
end view of Fig. 11, horizontal supports 68 are 10      provided with a
flange 72 on each end that is received in frame 66 to place the load of
support 68 and the pipe loaded thereon on rectangular frame 66 instead of
the pipe in the lower section of frame 66.  Horizontal spacers 70 are
provided at suitable intervals along the length of supports 68 and the
bottom of frame 15      66.  Horizontal spacers 70 prevent the pipe from
rolling in the bin during rough seas and presenting a safety hazard or
damaging 



the pipe. Any suitable supporting material such as lumber may be used
between layers of pipe to evenly spread the load and prevent direct pipe
contact that could damage the ends of the 20      pipe.  Padeyes or lifting
bales 74 are provided on frame 66 to allow transfer of pipe bin 64 and all
pipe stored therein in a single operation. In operation, a single pipe
joint 44 has the ends prepared for welding to the pipeline and is
transferred to a pipe ready 25      rack 76.  As seen in the end view of
Fig. 11, strongback 20 is lowered over ready rack 76 and clamps 40 are used
to grasp pipe joint 44. As seen in the sequence of Fig. 1, strongback 20 is
-12- then pulled up and guided into tower 14 on rails 30 and 32. The tower
may be set from zero degrees to a fifteen degree angle from 



vertical in the preferred embodiment for laying of pipe in deep water.
Clamps 40 on the strongback are used to move the pipe 5       joint into
alignment with the pipeline.  Rail switch 32 is moved to allow the
strongback to move down in tower 14 and onto strongback lowering cylinders
34. The strongback is lowered by cylinders 34 until the end of the pipe
joint is the proper distance from the end of the pipeline. Housing 58 is
moved into 10      alignment with the top of the pipe joint, internal pipe
clamp 19 is lowered into the pipe joint to the proper position at the
junction of the pipe joint and pipeline, and pipe clamp 19 is actuated to
clamp the ends of the pipe joint and pipeline in the proper position for
welding. Travel block 16 is positioned below 15      the upper end of the
pipe joint and closed around the buckle arrester on the pipe joint.   In
the preferred embodiment, strongback 20 and clamps 40 are used to support
the pipe joint during the first three weld passes.  Clamps 40 are then
released from the pipe joint and retracted to allow strongback 20 to be 



20     moved out of tower 14 to pick up another pipe joint from ready rack
76. During this time, travel block 16, pedestal 18, and clamps 46 on
stinger 22 are used to support the weight of the pipe joint and pipeline
during the final welding, examination, and coating process. After the
process is completed, clamps 46 25      on the stinger are opened and
travel block 16 is lowered in tower 14 while the lay vessel 24 moves
forward. Vertically extending blocks 56 on pedestal 18 protrude through the
rectangular cut    -14- 1.   Apparatus for near vertical laying of a
pipeline offshore, the apparatus comprising: a support frame (12); a
movable deck (13) pivotally attached to said support frame (12); 



a tower (14) attached to said movable deck (13) and supported by said frame
(12) and said movable deck (13) in 10  a near vertical position; a
strongback (20) operable to hold and deliver a pipe section (44) into said
tower (14); a travel block (16) arranged for movement along the length of
said tower (14) and for receiving and supporting 15  the weight of the
pipeline; a pedestal (18) supported by said movable deck (13) and arranged
to receive and support the weight of the pipeline from said travel block
(16), said pedestal (18) being  movable between a first open and a second
closed. 20  position; and a clamp (40) arranged to hold and align a pipe
section (44) held by said strongback (20) in said tower (14) with the
pipeline for addition thereto, said clamp (40) being movable between a
first retracted position and a second 



25  extended position. 2.   Apparatus according to claim 1, wherein said
travel block (16) is movable between a first open and a second 30  closed
position. 3.   Apparatus according to claim 1 or claim 2, comprising: an
internal pipe clamp (19) supported by said tower (14) and arranged for
movement along the length of said 35 tower (14); and    -15- means (58) for
aligning said internal pipe clamp (19) with a pipe  section (44) held  in
said tower  (14) for addition to the pipeline. 5  4.   Apparatus according
to claim 3, wherein said alignment means for said internal pipe clamp (19)
comprises a housing 



(50) attached to said  tower (14) and movable between a first retracted
position and a second extended position. 10   5.   Apparatus  according  to
any  one  of  the  preceding claims, comprising a stinger (22) attached to
the lower end of said movable deck (13).    (58) attached to said tower
(14) and movable between a first retracted position and a second extended
position. 5.   Apparatus  according  to  any one of  the  preceding 5
claims, comprising a stinger (22) attached to the lower end of said movable
deck (13). 6.   Apparatus  according  to  any one of  the preceding claims,
comprising means (40) for aligning a pipe section 10  (44) held by said
strongback (20) in said tower (14) with the pipeline for addition thereto. 



7.   Apparatus according to claim 6, wherein said pipe section alignment
means comprises a clamp (40) arranged to 15  hold a pipe section (44) and
be movable between a first retracted position and a second extended
position. 8.   Apparatus for receiving and storing pipe sections, the
apparatus comprising: 20       a U-shaped rectangular frame (66) having a
plurality of vertically extending spacers (70) across its width; and a
horizontal support (68) arranged to be removably received in said frame
(66) above said spacers (70), said horizontal support (68) having a
plurality of vertically 25  extending spacers (70) across its width.    




