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PIPE CLAMP PROVIDED WITH A TENSION GAUGE AND USE OF A TENSION GAUGE ON
A PIPE CLAMP

The invention relates to a pipe clamp. More specifically, the invention relates to a pipe
clamp provided with a tension gauge for checking that the pipe clamp has been cor-
rectly tensioned or tightened after having been opened.

Pipe clamps are used on pipes of different diameters. It is known to use pipe clamps
to connect flanged pipes as an alternative to a bolted flange connection. It is also
known to use pipe clamps to connect a flanged pipe to a sealing end cap. Pipe clamps
that are to connect relatively large pipes, and in particular submerged pipes, must
enable closing with great force. Patent document WO 2005/116505 discloses an ex-
ample of a two-part pipe clamp for use in underwater operations. It is known within

the art that such a pipe clamp may have three parts.

Pipe clamps connecting submerged pipes may be provided with a screw mechanism on
one side of the pipe, and the screw may be oriented perpendicularly to the longitudinal
axis of the pipe. A threaded bolt is tightened or loosened by means of a so-called ROV
(Remote-Operated Vehicle) which is provided with a rotary tool with a gear transmis-
sion to apply a sufficient torque to the bolt. It is essential that the pipe clamp is ten-
sioned with the correct torque around the pipe. If the torque is too small, the connec-
tion is not reliable, and if the torque is too great, the connection may be damaged.
When a new pipe clamp is fitted, the tightening torque of the bolt is measured by
means of the rotary tool. The rotary tool is calibrated on the surface before the ROV
submerges. The ROV tightens the bolt until the desired torque is read on the rotary
tool.

Pipe clamps holding together submerged pipes that are used in the recovery of petro-
leum, for example, are dimensioned for a lifetime of at least 20 years. During the life-
time of the pipe clamp it may be necessary to perform maintenance work on the pipe-
line so that the pipe clamp must be opened to give access to the inside of the pipeline.
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After maintenance work has been performed, the pipe clamp is to be tensioned again
to the desired torque. In the course of the time during which the pipe clamp has been
submerged, sediment has covered portions of the surfaces and parts of the pipe
clamp. Corrosion may have arisen in the joints and threads of the pipe clamp. This
results in there being no guarantee, even if the measured torque of the rotary tool
corresponds to the measured torque when the bolt was tightened as the pipe clamp
was being fitted the first time, that the pipe clamp has been tensioned to the same
torque around the pipe.

The invention has for its object to remedy or reduce at least one of the drawbacks of
the prior art or at least provide a useful alternative to the prior art.

The object is achieved through features which are specified in the description below
and in the claims that follow.

In a first aspect, the invention relates to a pipe clamp for connecting submerged pipes
provided with flanges, the pipe including at least two segments connected with at least
one hinge, the pipe clamp further being provided with a tensioning member arranged
to open and close the pipe clamp, and the pipe clamp being provided with at least one
strain gauge arranged to measure the tension of the pipe clamp around the flange of
the pipe when the pipe clamp is closed by means of the tensioning member.

The at least one strain gauge may be positioned in a recess in the circumferential sur-
face of one of the segments. In an alternative embodiment, the at least one strain
gauge may be positioned in a recess in the surface of at least one of the hinge ele-
ments. In an alternative embodiment, the at least one strain gauge may be positioned
on at least one pin in the hinge. In a further alternative embodiment, the at least one
strain gauge may be positioned on at least one threaded bolt. In a further alternative
embodiment, the at least one strain gauge may be positioned on the tensioning mem-
ber.

In a second aspect, the invention relates to a method of tensioning a pipe clamp
around a submerged pipe provided with a flange, the method including the steps:

a) providing a pipe clamp;

b) providing the pipe clamp with at least one strain gauge;

¢) calculating the reading value of the strain gauge at the desired tensioning torque;
d) equipping an ROV with an apparatus arranged to read the strain gauge;

e) equipping the ROV with a tool for operating a tensioning member;

f) tensioning the pipe clamp by means of the tensioning member; and
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g) stopping the tensioning when the strain gauge shows that the correct tension in the
pipe clamp has been achieved.

In a third aspect, the invention relates to the use of at least one strain gauge to
measure the tension of a pipe clamp which is arranged to hold a submerged, flanged
pipe together.

In what follows, an example of a preferred embodiment is described, which is visual-
ized in the accompanying drawings, in which:

Figure 1 shows a perspective view of a tripartite pipe clamp provided with a ten-

sion gauge in accordance with the invention;
Figure 2 shows a side view of the pipe clamp shown in figure 1; and
Figure 3 shows a top view of the pipe clamp shown in figure 1.

In the figures, the reference numeral 1 indicates a pipe clamp arranged to connect two
flanged pipes (not shown) or a flanged pipe to a sealing end cap (not shown). The
pipe clamp 1 is shown as a tripartite pipe clamp 1, but the invention also includes oth-
er pipe clamps 1, for example bipartite pipe clamps 1, as it is known within the art. In
what follows, only the parts of the pipe clamp 1 that are necessary for the under-

standing of the invention are mentioned.

The pipe clamp 1 includes a half segment 11 and first and second quarter segments
13, 15. The three segments 11, 13, 15 are connected by a first hinge 2 and a second
hinge 3. The first hinge 2 includes a first hinge element 21 on one side of the pipe
clamp 1 and a second hinge element 23 on the opposite side of the pipe clamp 1. The
hinge element 21, 23 is provided with through-going eyes 25 in its end portions. The
hinge element 21, 23 is rotatably attached to pins 27 in one end portion of the half
segment 11 and to pins 27 in one end portion of the first quarter segment 13. The
second hinge 3 includes a first hinge element 31 on one side of the pipe clamp 1 and a
second hinge element (not shown) on the opposite side of the pipe clamp 1. In its end
portions, the hinge element 31 is provided with through-going eyes 35. The hinge el-
ement 31 is rotatably attached to a pin 37 in one end portion of the half segment 11
and to a pin 37 in one end portion of the second quarter segment 15.

The first quarter segment 13 is provided, in one end portion, with a through-going
hole 41 with an axis which is oriented substantially parallel to the pivot axis of the
hinge 2. The hole 41 accommodates a threaded bolt 43. The second quarter segment
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15 is provided, in one end portion, with a through-going hole 45 with an axis which is
oriented substantially parallel to the pivot axis of the hinge 3. The hole 45 accommo-
dates a threaded bolt 47. The first quarter segment 13 is provided, in one end portion,
with a cut-out (not shown) in a plane that is perpendicular to the pivot axis of the
hinge 2. Correspondingly, the second quarter segment 15 is provided, in one end por-
tion, with a cut-out (not shown) in a plane that is perpendicular to the pivot axis of
the hinge 3. The threaded bolts 43, 47 are provided with threaded bores (not shown)
that are oriented in the same plane as the cut-outs. A tensioning member 5 shown as
a threaded bolt 5 is positioned on one side of the inner opening 6 of the pipe clamp 1
and oriented perpendicularly to the pivot axis of the hinge 2, 3. The threaded bolt 5
extends through the cut-outs of the first and second quarter segments 13, 15. The
threaded bolt 5 is provided with right-hand threads (not shown) in one portion and is
provided with left-hand threads (not shown) in another portion. The threaded portions
cooperate with respective threaded bolts 43, 47. The pipe clamp 1 is opened or closed
by turning the threaded bolt 5. In its free end portion, the threaded bolt 5 is provided
with grooves 51 in order that a rotary tool may engage the threaded bolt 5.

The half segment 11 is provided with a recess 81 in its circumferential surface 12. In
the recess 81, a strain gauge 71 of a type known per se is positioned, which is secured
to the circumferential surface 12 of the half segment 11. The strain gauge 71 is em-
bedded in a polymer which protects the strain gauge 71 from the surrounding water.
The polymer fills out the recess 81 in such a way that the strain gauge 71 lies me-
chanically protected in the recess 81. The strain gauge 71 is provided with a contact
for the strain gauge 71 to be read with a suitable apparatus as it is known within the
art. An ROV (not shown), which is provided with a rotary tool for tightening the
threaded bolt 5, is provided with a suitable apparatus for reading the strain gauge 71.
When the strain gauge 71 indicates that the desired tension has been achieved in the
pipe clamp 1, the operator of the ROV will stop the tightening of the threaded bolt 5.

In figure 1, an alternative positioning of the strain gauge 72 in a recess 82 in a surface
of the first hinge element 21 is shown. In the figures 2 and 3, further alternative posi-
tions of strain gauges 73-76 are shown on the pins 27, 37; on the threaded bolts 43,
45; on the threaded bolt 5 and on the circumferential surfaces 14, 16 of, respectively,
the first quarter segment 13 and the second quarter segment 15.

In the figures, the pipe clamp 1 is shown schematically. The opening 6 is thus shown
with a smooth inner surface, but the person skilled in the art will know that, in the
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opening 6, the pipe clamp 1 is provided with lips and grooves necessary for holding
together pipes provided with flanges at their end portions.

In the figures, it is shown that the pipe clamp 1 is provided with a threaded bolt 5 as a
tensioning member. The person skilled in the art will know that a pipe clamp 1 may
alternatively be provided with a tensioning member 5 that includes a hydraulic cylin-
der (not shown) for tensioning the pipe clamp 1. The hydraulic cylinder may be per-
manently fixed to the pipe clamp 1, or it may be releasably fixed. The person skilled in
the art will further know that a pipe clamp 1 may alternatively be provided with a ten-
sioning member 5 that includes a torsional actuator (not shown) to tension the pipe
clamp 1. The torsional actuator may be permanently fixed to the pipe clamp 1, or it
may be releasably fixed. The invention also relates to pipe clamps 1 with other ten-

sioning members 5.

The person skilled in the art will know that strain gauges 71-76 have different designs
and can be used to measure compressive forces, strain forces and shear forces. Strain
gauges 71-76 may also be temperature-compensating or pressure-compensating. The
person skilled in the art will also know that the pipe clamp 1 may be provided with
several strain gauges 71-76 at different points. Several readings of the tension of the
pipe clamp 1 around the pipe will increase the certainty that the correct tension has
been achieved in the pipe clamp 1.
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Claims

A pipe clamp (1) for connecting submerged pipes provided with a flange, the
pipe clamp (1) including at least two segments (11, 13, 15) connected to at
least one hinge (2, 3) and the pipe clamp (1) further being provided with a
tensioning member (5) arranged to open and close the pipe clamp (1),
characterized i n thatthe pipeclamp (1) is provided with
at least one strain gauge (71-76) arranged to measure the tension of the
pipe clamp (1) around the flange of the pipe when the pipe clamp (1) is
closed by means of the tensioning member (5).

The pipe clamp (1) in accordance with claim 1, wherein the at least one
strain gauge (71, 76) is positioned in a recess (81, 86) in the circumferential
surface (12, 14, 16) of one of the segments (11, 13, 15).

The pipe clamp (1) in accordance with claim 1, wherein the at least one
strain gauge (72) is positioned in a recess (82) in the surface of at least one
of the hinge elements (21, 23; 31, 33).

The pipe clamp (1) in accordance with claim 1, wherein the at least one
strain gauge (73) is positioned on at least one pin (27) in the hinge (2, 3).

The pipe clamp (1) in accordance with claim 1, wherein the at least one
strain gauge (74) is positioned on at least one threaded bolt (43, 47).

The pipe clamp (1) in accordance with claim 1, wherein the at least one
strain gauge (75) is positioned on the tensioning member (5).

A method of tensioning a pipe clamp (1) around a submerged pipe provided
withaflange, characterized in thatthe method includes
the steps:

a) providing a pipe clamp (1);

b) providing the pipe clamp (1) with at least one strain gauge (71-76);

¢) calculating the reading value of the strain gauge (71-76) at the desired
tensioning torque;

d) equipping an ROV with an apparatus arranged to read the strain gauge
(71-76);

e) equipping the ROV with a tool for operating a tensioning member (5);

f) tensioning the pipe clamp (1) by means of the tensioning member (5);
and
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g) stopping the tensioning when the strain gauge (71-76) shows that the
correct tension in the pipe clamp (1) has been achieved.

8. Use of at least one strain gauge (71-76) to measure the tension of a pipe
clamp (1) which is arranged to hold a submerged, flanged pipe together.



