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(57) Abstract

The invention provides that an underground pipeline or passageway (12) is lined by everting a flexible lining tube into
same, the flexible lining tube being applied immediately behind a means (24) which either increases the diameter of an existing
pipeline or passageway or forms a new pipeline or passageway underground. The flexible lining tube may include a resin impreg-
nated layer and the resin subsequently hardens to form a rigid lining on the pipeline or passageway surface.
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IMPROVEMENTS RELATING TO THE LINING OF PIPELINES OR

PASSAGEWAYS

This 1invention relates to the lining of pipelines or
passageways wherein the known technique of everting a
Elexible 1lining tube into the pipeline or passageway is
adopted. This technique however is used in combination
with a technique either for the increasing of the
pipeline or passageway diameter or for a creation of a

pipeline or passageway with considerable novel effect.

With existing pipelines or passageways, when they have
reached a particular state of disrepair, it 1is often
required that the repair of such pipeline or passageway
involves the increasing of the size of the pipeline or
passageway. For example in the case of a pipeline, a
technigue involving bursting of the existing pipe by
means of a hydraulic expander or impacter may be
involved, and following the bursting of the existing
pipeline, it is known to jack new pipeline sections ‘into
the enlarged passageway to form a new pipe therein. A
call for pipeline expansion may also take place where an
existing pipeline is of insufficient capacity to handle
certain conditions. For example, a Sewer pipeline may
be of insufficient capacity to handle flood conditions,
and such problem may be capable of solution by a
relatively small increase in the pipeline or passageway
diameter. ‘

It so happens that 1in the United Kingdom, public
authority funds allocated to the sewerage systems in the
country are largely allocated to projects which have as
their object to relieve flooding conditions, and’ a
relatively small proportion 1is in fact allocated to
repair and renovation of existing sewers, although the

need for effecting repair and renovation is in fact
acute.

The Insituform (registered trademark) process for
effecting renovation and repair of existing sewers has

shown 1itself to be extremely effective and successful,
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and it involves everting a flexible lining material into
and along a sewer pipe. The 1lining material is
absorbent felt and is impregnated with a curable
synthetic resin. When the lining has been everted into
position it is held by a fluid pressure against the
sewer inner surface, until the resin cures, when the
lining becomes a free-standing pipe lining the sewer
surface. '

It is also known to form underground passageways using
mould tools, drills, or plough devices, and when such
passageways are formed, it is conventional to insert in
such passageways suitable lining pipes. However, the
technique involves creating a passageway which is
substantially larger in diameter than the pipe to be
inserted and consequently the method has difficulties
especially if the pipe is to be pulled into position in
the passageway. 1In any event when the pipe is installed
there will be a clearance between the pipe and the
created passageway which may have to be filled with
grouting material or the like.

To increase the applicability of Insituform,
considerable advantage results when a pipe increasing
(expanding or excavating) or a passageway creating
technique is used in conjunction with an eversion
lining technique such as Insituform, and in accordance
with the present invention, a pipeline or passageway is
lined by a process involving the increase or creation of
the pipeline or passageway by suitable means, followed
immediately by the application of a flexible lining tube
by everting same along theincreased or created pipeline
or passageway immediately behind the said means.

Where an existing pipe is burst by a hydraulic expander
or impact expander, the advantage of following the
expanding means is that broken pieces of pipe which
result from the expanding operation, are held in

PCT/GB90/00322
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position by the everted tube and the 1lining operation
such as an Insituform 1lining operation can take place
readily so that the broken pieces of pipe will not be
able to alter the base of the pipeline or passageway.

5
Instead of expanding the pipeline or passageway diameter
by the utilisation of an expanding tool, an excavating
type tool may be used which serves to break or cut the
existing pipeline or passageway, and in such case there
10 is preferably there is also means for removing the

resulting debris ahead of the cutting
or excavating tool. Immediately behind the tool follows
a lining operation whereby a flexible lining tube is
everted onto the new pipeline or passageway surface.

15 The 1lining tube may be a flexible film which is everted
into the pipeline or passageway by air-pressure, or it
may be a resin impregnated Insituform type tube which is
held in position until the resin cures, completing the
lining operation. Where a flexible film is wused, this

20 may be followed by the application of a resin
impregnated 1lining tube which is caused to cure hard in
order to complete the lining operation.

Where the cut debris is removed ahead of the cutting or

25 excavating tool this may be effected by pumping a
viscous high specific gravity fluid or material into the
pipeline or passageway in order to force the debris out
of the pipeline or passageway by floatation method.

30 The cutting or excavating tool or hydraulic or impacted
expander may be pulled through the pipeline or

passageway by means of a winch and appropriate rope or
cable.

35 In the case where the passageway 1is created, the
flexible 1lining may be everted into the passageway
created by the tool immediately after creation of the

passageway by the tool, or alternatively following
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behind the tool there may be inserted by eversion a
flexible 1lining tube which serves as a temporary lining
layer, this being followed by the inversion of the
impregnated lining layer or layers.

In one example, where the tool created an underground
passageway, a first lining tubular film is everted into
the passageway behind the tool, and that is followed by
the pooling into the passageway of an impregnated lining
tube, which is followed by the eversion into the inside
of the lining tube 1in order to inflate same by fluid
pressure of an inflation tube. The inflating medium may
be gaseous or liquid or a combination of gaseous and
liquid mediums. This technigue can also be used where

an existing pipeline or passageway is increased.

In one example the tool is a mole or plough former which
is driven or pulled through the ground, whilst in
another arrangement an elongated drill drilled a hole
underground from a first location to a second location.
The drill is retracted so that its free end moves from
the second location back to the first location, leaving
the passageway free, and as the drill is retracted, so

the everting lining tube is applied to the passageway
surface.

The invention is not 1limited to the utilisation of a
flexible 1lining tube which 1is an Insituform tube
although it is preferred that a resin impregnated tube
be used to form the lining pipe after the expansion or
creation of the pipeline or passageway.

Various embodiments of the invention will now be

described by way of example, with reference to the
accompanying diagramatic drawings wherein;-

Fig 1 shows a cross-sectionsl view of a pipeline or
passageway which is being enlarged and re-lined;

PCT/GB90/00322
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Fig 2 1is a view similar to Fig 1, but showing an
alternative arrangement;

Fig 3 shows the cutting apparatus of Fig* 1 in
perspective elevation;

Fig 4 is a perspective view showing another method of
enlarging and lining a pipeline or passageway.*

Fig 5 is a sectional elevation of the arrangement shown
in Fig 4;

Fig 6 is a perspective view also showing the arrangement
of Fig 4, but in addition indicating the ground 1level
equipment used in the method;

Figs 7 to 10 illustrate in a step-wise fashion a

preferred process of expanding and lining an underground
pipeline or passageway;

Fig 11 illustrates a method according to another
embodiment of the invention; and Fig 12 illustrates
another method according to vyet another ambodiment of
the invention. '

Referring now to the drawing in detail, in Fig 1 an
underground pipeline (10) is formed by a plurality of
pipe lengths (10A) (10B) (Fig 2) etc. each of which has
a bell mouth (12) so that the pipe lengths can - interfit
at joints as shown. It is assumed that the pipeline
(10) requires to be expanded, and to effect this an
expanding tool (14) is pulled along the inside of the
pipeline by a suitable cord (16) cable or the like. The
cord or cable (16) also provides a hydraulic connection
or an air connection to the expander (14), and the
expander (14) either operates on the principle of being
expanded hydraulically or it may embody air hammers
which are operated by compressed air. 1In any event the

PCT/GB90/00322
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expander (14) has the effect of increasing the size of
the pipeline (10) to the extent indicated by reference
(18), and in this embodiment of the invention the
portions of the broken pipelength are held in position
in that immediately following the expander (14) along
the pipeline or passageway is an everting flexible
tubular member (20) which may be an Insituform lining or
may simply be a flexible film. This everting tube is
inserted by fluid pressure which may be gaseous or
liquid. The entire assembly moves along the pipeline
(10) in the direction of the arrow (22).

In the arrangement of Fig 2, instead of the expander
(14) being used, a driven cutting head (24) is used, and
the cutting head as shown in Fig 3 comprises a rotary
drum (26) provided with cutting blades (28A) which cut
the pipe lengths (10A) (10B) in order to expand the
pipeline or passageway diameter. The resulting debris
is in this example allowed to fall into the pipeline or
passageway and is displaced by the use of a jet cleaner
(27) which is attached to the cutting assembly which is
indicated in perspective elevation 1in Fig 3. The
cutting assembly has rollers or wheels (28) to enable it
to be supported by and to roll on the pipe lengths (10A)
(10B).

The jet cleaner (27) 1is supplied by feeding water
through pipe (30), and oil go and return pipes (32) and
(34) are supplied to a hydraulic motor in the drum (26)
for the driving of same to rotate the cutter blades (28)
about the axis of the pipe (10). When the drum rotates
in a cutting direction the blades (28) move outwardly to
perform the cutting, but when the drum rotation is
reversed the blades retract to enable the drum to be
removed from the pipe 10.

Following behind the cutting head (24) is a lining tube
(20) which is everted into position lining wusing £fluid

PCT/GB90/00322



WO 90/10173 _ g PCT/GB90/00322

pressure in the new enlarged pipeline or passageway.

In the arrangement of Fig 4 an enlarging head (34) has a
plurality of reciprocal hammers (36) which are driven
5 back and forward in the direction of the arrow (38) in
order to punch and break the old pipe sections (lOA)-énd
(10B) from the pipeline in order to increase the
pipeline diameter. The hammers (36) are driven by
pressure air through a high pressure air line (40) which
10 also forms the means for pulling the head (34) along the
pipeline or passageway. A jetting head (42) similar to
the head (26) serves for the cleaning of the pipe of
debris and for the forcing of the debris along the
pipeline or passageway (10) to an outlet ahead of the
15 breaking operation.

Fig 5 shows the arrangement of Fig 4 in sectional
elevation, and the following everting flexible tube (20)
is shown. The area of the head (34) may be shaped as

20 indicated at (44) so that the tube (20) will smoothly
evert,

It 1is to be noted that the front of the excavating head
(34) is cup shaped so that the ends of the pipe seétions
25 (10A) (10B) will effectively enter the recess and be
engaged by and destroyed by the hammers (36). The
hammer ends are scalloped as shown in order to " provide
the bursting effect, and to push the portions of the
broken pipe towards the pipeline or passageway access.
30 )
Fig 6 shows the operation as it proceeds between two
manholes (46) and (48). A vehicle (50) provideé the
means - to enable the lining (20) to be everted along the
pipeline or passageway (10) after expansion of same by
35 the head (34), and the vehicle (52) provides'for the
winching of the head (34) along the pipeline or
passageway (10), for the supply of suction through the
suction head (54) to remove the jetted debris, and a
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compressor (56) provides for the supply of compressed
air through the pipe (40).

It is to be noted that in each case the bursting or
cutting head is such as to enable the enlargement of the
diameter of the pipeline or passageway (10) to an extent
greater than the diameter of the pipe joint (12),
expecially where the pipe is excavated as in the cases
of Figs 2 to 6.

Furthermore, instead of wusing a water jet for the
cleaning of the debris in such embodiments, it is
possible to use bentonite which is a viscous liquid of
high specific gravity which will cause the debris to
float thereon and be ejected from the manhole. The
pipeline can in effect be flooded with bentonite.

In the arrangement shown in Figs 7 to 10, the expander
or excavator is indicated generally by a reference
numeral (60), and lining is taking place again between
manholes (48) and (46). The expander (60) increases the
size of the pipeline or passageway (10) as shown, and
the 1lining operation involves following the expander
with a lining tube (20) which may be a flexible film,
and when the lining tube (20) is fully inserted, a main
Insituform lining tube (62) is pulled in by virtue of
the attachment of a pulley (64) to the trailing end of
the tube (20) as shown in Fig 8. When the tube (62) has
been fully inserted as shown in Fig 9, an inflating tube
(66) is everted into the tube (62) in order to inflate
same. The everting tube (66) may be a flexible plastics
material film, or it could Le a second Insituform lining
tube impregnated with synthetic resin.

Fig 10 shows the arrangement wherein the inflating tube
(66) has been fully inserted, and Fig 10 shows that
illumination sources (68) have positioned inside the

lining tubes for the curing of the impregnating resin,
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which will be a light cure resin. The light curing
resin, the 1lights used and the materials for the

Insituform 1lining tubes may be as set forth in our U.S.
patent 4581247,

The embodiments described provide improved methods for
the enlargement and lining of underground pipelines or
passageways. It is to be noted from Fig 5 that the
lateral connection (70) preferably is cut as indicated
at (72) prior to the pipe removal operation described.
This can be performed with a cutting machine proVided
with a robot arm to enable the cut (72) to be effected
from inside the pipeline or passageway.

Several other embodiments are shown in Figs 11 and 12,
Referring to Fig 11, the ground level is indicated by
reference (110), and the apparatus indicated is to setve
to produce an underground passageway (112) which passes
under a culvert or other waterway ' (114). This is
achieved by wusing a drilling apparatus (116). The
drilling apparatus (116) 1is provided with a guided
drill which can form the passageway (112) and the end of
the drill bit emerges through ground level in the region
(118). As the drill 1is pulled back by the apparatus
(116), a tubular lining 1is everted into the resulting
passageway from the inversion tower (120) so that the
tubular 1lining will line the passageway. If the lining
is impregnated with synthetic resin, it is held in
inflated condition until the resin cures whereby a regid
resin pipe lines the passageway rendering same permanent
as described in previous embodiments.

In the arrangement of Fig 12, a similar objective 1is
achieved. The ground 1level is again indicated by
reference (110), and a tractor vehicle (122) is provided
with a trailing hitch (124) to which is connected a
plough sheer (126) having a mole blade (128) on the
lower end thereof, and the mole blade is followed by an

PCT/GB90/00322
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expander (130). As this assembly proceeds 1in the
direction of arrow (132) so a passageway (134) is
created. In order to line this passageway, following
behind the expander (130) is an everting 1lining tube
(126) which is a tube impregnated with synthetic resin
and which is held in inflated condition until the resin
cures thereby forming a hard lining tube in the
passageway (134) resulting in a permanent underground

passageway.

It is to be noted that any of the features in any of the
embodiements described in relation to Figs 1 to 10 can
be embodied in the arrangements of Figs 11 and 12 if

appropriate.

PCT/GB90/00322
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CLAIMS
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1. Method of lining a pipeline or passageway‘
comprising increasing or creating an underground
pipeline or passageway by suitable means, followed
immediately by the application of a flexible lining
tube by everting same along the increased or
created pipeline or passageway immediately behind
said means.

2, A method according to Claim 1, wherein an existing
pipe is burst by a hydraulic expander and the
broken pieces of pipe which result from  the
expanding operation are held in position by the
everted tube.

3. A method according to Claim 1, wherein said means
comprises an excavating tool which serves to break
or cut an existing pipeline or passageway, and
including a means for removing the resulting debris

ahead of the cutting or excavating tool.

4. A method according to Claim 3, wherein the debris
is removed ahead of the cutting or excavating tool
by pumping a viscous high specific fluid or
material into the pipeline or passageway in order
to force the debris out of the pipeline or
passageway by a flotation.

5. A method according to any of Claims 2, 3 and 4
wherein the cutting or excavating tool is pulled
through the pipeline or passageway by means of a

winch and appropriate rope or cable.
6. A method according to Claim 1, wherein sald means
comprises a tool which creates an underground

pipeline or passageway.

7. A method according to Claim 6, wherein the flexible
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lining tube is applied immediately behind the tool
after it is withdrawn from the pipeline or

passageway which it has created.

A method according to any preceeding Claim, wherein
said flexible 1lining tube comprises a resin
impregnated tube which forms a hard lining tube on
the increased or created pipeline or passageway
when the resin cures to a hard condition.

A method according to any of Claims 1 to 7 wherein
the flexible lining tube 1is a flexible film, and
the method includes the additional step of
introducing a resin impregnated tube into the
flexible lining tube aftér it has been applied to
the passageway or pipeline surface enforcing the
resin impregnated tube onto the flexible lining
tube until the resin cures forming a hard lining

tube in the pipeline or passageway surface.

PCT/GB90/00322
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