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Abstract. The article proposes a multi-functional innovative device for major repairs of main
pipelines. The objective is the improvement of several process technologies through designing
an innovative device for the “lean” realizing of repair works. The use of the device will enable
to exclude the involvement of pipe-layers when carrying out some work processes as a part of
major repairs techniques. The device is designed to preserve the environmental situation. With
the help of the proposed device, during the implementation of capital repair methods, several
technological processes can be performed: support of the repaired section of the pipeline,
lifting the pipe section from the laying mark, moving the repaired section to the trench edge,
laying the repaired section to the bottom of the trench. All of these processes, it is possible to
perform with a full preservation of the integrity of the pipe insulating coating and its "body"
along the entire length, without bending stresses, longitudinal and transverse forces in the areas
of welded joints. For the implementation of technological processes, the device is installed at a
certain distance from each other, which depends on the weight of the repaired section of the
pipe, its diameter and ground conditions.

1. Introduction

Annually, the major repair works are carried out by oil and gas companies along the several thousands
of kilometers of main pipelines. When performing the major repair techniques, one should strive to
minimize the stress strain state in the “body” of the main pipeline under repair [1,2].

2. Importance
Maintaining the reliability of the existing pipeline network is important. The preservation of the spatial
position of the section of the main pipeline in the trench during the overhaul is very relevant.

3. Formulation of the problem

To date, in the implementation of methods of major repairs of main pipelines, it is simply necessary to
support the repaired section of the pipeline. Currently, the production support is carried out by various
devices and technical means that are not perfect and have a number of significant shortcomings. The
issue of preserving the pipe wall and the condition of the welds is an important problem that needs to
be addressed. The issues of reducing stress-strain state is an important problem.

4. Target

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1



ICCATS 2018 I0P Publishing

IOP Conf. Series: Materials Science and Engineering451 (2018) 012076 ~ doi:10.1088/1757-899X/451/1/012076

The aim is to develop an innovative device that will eliminate damage to the pipe wall in the
performance of repair work, laying and lifting of the pipeline section.

5. Method of scientific research
As a method of scientific research the method of modeling is used. A 3D simulation model of the
proposed technical solution is developed, which gives a good visual concept.

6. Theoretical part

Out of the existing technical level, it is known that to preserve the integrity of weld joints and the
“body” of the section under repair especially on big diameters, special supports are used, for instance,
“Atlant” [1,3,4], or features special earthen prism [2]. Apart from that, there is a technology [5] which
foresees building special jumpers under the lower generating line of the pipe in the trench made of
biodegradable sacks with sand.

As a matter of experience, the scientists [6] work reveals that the actual period of pipeline
exploitation is 40-50 years and the operating life of contemporary insulation is not exceeding 15 years
which results in the multiplication of break-downs. It should be noted that the contemporary insulation
put onto the pipes factory prepared is claimed for 40-50 years of service life. By so doing, if using the
same coating under the field conditions, its durability will not exceed 15 years.

Regrettably, this result is obtained due to the fact that the field techniques of putting insulation
coating are not perfect nowadays, and the existing technical means do not ensure the needed quality
level of operating practices for insulation coating. To improve the situation, new technical means and
the introduction of new methods are needed [7,8]. It is only these that can improve the technical and
economic performance [9].

However, it should be noted that in different climatic regions of our country, different temperature
and soil conditions [10] requires the use of special technologies, machines and technical means that
will be adapted to the environment. Hence, when developing techniques and technical means, it is
needed to create engineering solutions that can be used everywhere. Only in this way, one can achieve
a “breakthrough” in major repairs of the pipeline system in this country.

The paper [11] deals with a mathematical model for strain stress state of the main pipeline section
in heat treating, during major repairs. When heating a pipeline section, there appear rather severe
bending; hence the issue of using special engineering solutions to carry out the work process of
support for a long time period plays a very important role in preserving the integrity and safety in
further exploitation. Many factors impact the reliability of a main pipeline [12] after building and
repairing among which a quality of the performed works has great significance.

Out of the existing technical level, a device [13] is known for supporting a pipeline section under
repair consisting of anchor stays joined by cross-beams. The anchors for spatial stability are screwed
into the soil. The drawback of the device is the fact that it enables only to support a pipeline section,
and there is no possibility of its fast release in the design, for instance, when moving repair machines
along the pipe for the re-insulation process.

To carry out lifting and supporting of pipeline section, there is another device [14] consisting of
movable lifting mechanism constituting inflatable bags joined by belts and a compressor.

A device is known consisting of wood lumps in each of which there are six gutters. The gutters are
laid one on another in mutually perpendicular directions. However, the device is not perfect and
manual labor is needed to use it [15].

There is a device [16] to support a pipeline the design of which enables to exclude a digging
machine. A system of hydraulic jacks is fixed on the device that supports the pipe in place. However,
the mounting and subsequent dismounting of this device is simply impossible without some manual
labor in the trench itself.

There is also another device to support the pipeline in the implementation of capital repair methods
[17], which consists of a frame with mounted gripping parts, moving relative to each other by means
of threaded connections. The device will allow to fix the pipe rigidly, but it is not possible to quickly
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remove the device from work, which will lead to a forced stop of technological processes during major
repairs. However, there are other technical solutions that allow to support the repaired section of the
main pipeline [18-20].

The aim of the work is to improve the technological processes included in the technological
sequence of the methods of overhaul on the main pipelines.

To achieve this goal it is necessary to solve the following tasks:

e develop a design that will allow the device to be used in all climatic regions of our country;

e provide the possibility of supporting the pipe section for a long time;

e develop a device that is environmentally friendly to the environment;

e develop a mechanism to reduce bending stresses arising in the™ body " of the pipeline when

performing methods of overhaul;
e develop a multi-functional device to be able to perform multiple processes.

The novelty of the work lies in the fact that for the first time a device with an original design
solution is proposed, which will allow to improve several technological processes included in the
technological sequence of traditional, currently used methods of capital repairs on the main pipelines.

For implementation of technological processes in the implementation of repair on the main pipeline
1 (Figure 1), an innovative device is offered, which is installed on the bottom of the trench 2 with the
help of a lifting device. The device consists of 3 trenches 2 twisted into the ground on both sides,
screw piles 4, on which two spatial metal frames 5 and 6 are rigidly fixed, with guiding casing 7
attached to them (Figure 1).
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Figure 1. Spatial view of the
7 proposed device for supporting a
pipeline section under major repair:
1 — main pipeline, 2 - trench, 3 -
lateral sides of the trench, 4 — screw
pile, 5, 6 — spatial metal frame, 7 —
guiding casing, 8 - system of

S~ o

18 guiding rollers, 9, 10 - spatial

13 movable frames, 11 — hydraulic jack,

16 12 — the vertical support bearing

% element, 13 — rod with thread, 14 —

telescopic shaped pipe, 15 — rubber

coating, 16 -loops , 17 — horizontal

support bar, 18 — actuator, 19 — two

rollers, 20 — insulating coating, 21 —

’ ' e : fixator, 22, 23 - hydraulic jack, 24 -
5747 121419/ 2147 454 624 lever, 25 — technological opening.

Inside of each of the guiding casing 7, a system of guiding rollers 8 are put which are fixed to the
spatial movable frames 9 and 10. Frames 9 and 10 are driven in a reciprocating horizontal motion
along the guiding casing 7, with the help of hydraulic jacks 11 installed inside them with hydraulic
return of rods. Inside of the spatial frames 9 and 10, a vertical supporting bearing element 12 is rigidly
fixed which is made of a vertical shaped rectangular pipe.

To enable an elevation to-and-fro motion for the supported pipe 1, a telescopic shaped rectangular
screw-threaded pipe 14 moves inside the element 12 with the help of the screw-threaded rod 13 (Fig.
1). To prevent the insulation damage of the supported pipe 1, the rubber coating 15 is fixed on the
vertical support bearing element 12 and telescopic shaped pipe 14. A screw-threaded rod 13 is put
inside the telescopic shaped pipe 14 to the end of which loops 16 of special design are attached. A
horizontal support bar 17 is rigidly fixed to the lower part of the loop 16. The actuator 18 (Fig. 1),
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electrically powered, is fixed on the top of the rod 13, it allows to turn the horizontal support bar 17
through a full 360. As a result, we can put the rod 16 both in the longitudinal and crosswise direction
relative to the repaired pipe 1.

To fixate the position of the pipeline section under repair, when supporting it, there are two rollers
19 on the horizontal support bar 17 excluding the damage to the pipeline wall and insulating coating
20. For a safe and reliable support of the repaired section of the main pipeline, there is fixator 21 on
the horizontal support bar 17, which moves with the help of hydraulic jacks 22 and 23.

For the true horizontal position of the guiding casing 7, when bringing them in position, there are
mechanical jacks inside the spatial metal frames 5 and 6 that move in vertical to-and-fro motion with
the help of the lever 24 which is put into specially technological opening 25 to turn it. The
management of the device’s movement is done by an operator with a distant controller.

The device works as follows.

The proposed devices are put at the intervals from one another specified by the design, the interval
depending on the diameter, weight, and length of the repaired section. The screw piles are driven in
the places pre-marked by surveyors. After that spatial metal frames 1 are fixed on them. Further, the
alternate installation of guiding casing 7 with the help of a lifting device and then perform the
installation of the remaining parts of the device.

After bringing all the devices into working condition, the repaired section of the pipeline near each
of the devices is lifted from the laying mark by one pipelayer, with the help of tick. After that, using a
remote control a vertical support bearing element 12 is brought to the pipe from the lateral side.
Therein, the telescopic shaped pipe 14 with the horizontal support bar 17 is smoothly lowered. When
sinking the telescopic shaped pipe 14, horizontal support bar 17 is brought into the parallel to the pipe
position by the actuator 18.

After the lifting of the pipe section in the area of the supporting device position to 30-40 cm by a
pipe-layer, the horizontal support bar 17 is brought under the pipe by the drive element 14 located at
the upper end of the rod with thread 13. The turning of the horizontal support bar 17 is at an angle of
90 degrees. As a result of the movement, the horizontal support bar 17 is put across the pipe 1 axis.
Further, moving the hydraulic jacks 22 and 23, up to the pipe the fixator 21 is brought which is
necessary for the additional fixation of the pipe under repair. Upon completing all the above
operations, the tongs are released, and the pipe section is smoothly given for the further support by the
device. The pipelayer with the tongs comes to the next supporting device and puts it into operation in
the same manner. The pipe-layer finishes its work after putting all the supporting devices into
operation.

7. Practical importance
The practical significance of this development lies in the fact that the device is specially designed for
field conditions when performing techniques in the overhaul of the main pipelines.

8. Conclusion
The following results were obtained owing to the development of the innovative device and the
analysis of its possibilities:
e the negative impact on the environment is reduced, due to the exclusion of pipelayers in the
implementation of technological processes;
o there is a possibility of "careful execution" of the technological process of supporting the
pipeline section;
e it excludes the occurrence of bending stresses in the areas of welded joints and the pipe body
during the entire time of technological processes (Figure 2);
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Figure 2. Spatial flow-chart of
movement of the main pipeline
repaired section with two devices to
the trench edge: 1 - electric
generator, 2 — trench, 3 — the pipeline
section under repair, 4 — dump of
inorganic backfill soil, 5 — dump of
5 \4 2 3 vegetable soil.

o the need to involve pipe-layers is avoided when moving maintenance machines along the pipe
during the major repairs technique with re-insulation, for instance (Figure 3);
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Figure 3. Spatial flow-chart for the major repair technique of the main pipeline section with
re-insulation using the innovative supporting devices: 1 — cleaning machine, 2 — machine for
secondary cleaning, 3 — cleaning machine for the final purification, 4 — machine for heating a
pipe surface for the application of prime coating, 5 — machine for the primer application, 6 —
machine for the heating the primed surface of the pipeline, 7 — insulation machine, 8 —
pipeline section under repair, 9 — trench, 10 — maintenance trailer equipped for the primer
regeneration and storing of insulation materials, 11 — mobile laboratory for weld inspection
and insulation works, 12 — electric generator, 13 — container with the insulation stuff, 14 —
maintenance crew vehicle.

e due to the design of the device, it is possible not only to perform the supporting work process
for the main pipeline section under repair, but also three more processes (laying pipe onto the
trench bottom, lifting from the bottom level, as well as the moving it to the trench edge for
further cutting up or spool replacement);

e due to the possibility of moving the section under repair to the trench edge, there appears an
opportunity to simplify the replacement of defect portions of the repaired section for new
ones, and this is especially important in repair works on big diameters;

e when repairing on the edge, a lifting device is required (pipe-layer with lesser load lifting
capacity) since the works for back placing of pipe section is done by the proposed devices
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only, and the pipe-layer moves equipment and smaller pipe sections in their direct
replacement;

¢ non-productive movements of workers and machines are reduced;

o the design of the device is done so that it can be reusable;

e there is no need to involve pipe layers in order to support repair and technological machines
for the implementation of the re-insulation processes.
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