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1oL METHOD AND APPARATUS FOR REPAI RI NG CONDUI TS

Frel‘d. of the Invention 5 The present invention relates to nethods awé
apparatu repairing conduits. Mre particularly, the invention is

%Qﬁgﬁmamd apparatuses for repairing damaged, weakened, or
t - RECHODC ANDI AFPATOFFUS (FOR REPKERING tCOBDUITSI cult to

%&“& npl e, sewer pipes 10 or other conduits that are

_ ] &Y 2. Description of Related Art Condui t

systens.-for carrying water or wastewater, for '

1. Field of the Invention

5 The present invention relates to methods and apparatuses

for repairing conduits. More particularly, the invention is
directed to methods and apparatuses for repairing damaged,
weakened, or leaking conduits that are located in areas to
which it is difficult to gain access, for example, sewer pipes
10 or other conduits that are located underground. |
2. Description of Related Art
conduit systems for carrying water or wastewater, for.

example, and other liquid and fluid conveyance systems, as
well as conduit systems that house communication lines, for
15 example, are typically located underground and, in general,
are not easily accessiblelafter installation. -Over a period
of time, such conduit systems become damaged, weakened, or
otherwise begin to deteriorate and leak at the joints between
adjacent conduit sectioﬁs, for example. Such deterioration
20 is caused, for example, by the settling. of the surrounding
. earth adjacent the conduit system, by deterioration of the
joints themselves over time, and/or by the growth of roots
from trees and other plants. , | |

In wastewater systems, wastewater can begin to leak from

25 the damaged conduit and create problems of pellution, for
example. In addition) damaged conduit sections invite the
intrusiop of rainwater into the system, adding to the volume
of water carried to the treatment facility, thereby
‘overburdening it.. In conduits for communication systems,

30 damage to the conduit can result in interruption of the
service provided.

Further, deteriorated conduits for 1liquid conveyance
systems, including sewer systems, that result in leaks can
soak the surrounding terrain, sometimes creating sinkholes and

35 exacerbating drainage problems. Further, service lines for
gas, electricity, communications and other services, which
themselves are not.initially in need of repair, become damaged
due to the re-settling of the water-saturated terrain in which
they are located, thereby disabling same. still further,




exanple, and other liquid and fluid conveyance systens, as . wel | as
c®ndui t systens that house conmunication lines, for 15 exanple, are
typically | ocated underground and, in general .z~ are not easily
accessible after installation. Over a period of time, such conduit
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| eaks camno and, particularly in urban areas, it creates .additional
problems. For example, the destruction of overlying road
surfaces is frequently necessary for gaining access to the
damaged conduit section, thereby necessitating the re-routing
of traffic and the subsequent need for re-building and re-

15 surfacing the road, adding to the cost of the repair. 1In

" addition, communication lines, water lines, gas lines, and
other residential - and/or commercial services that extend
beneath the ground, can also be temporarily interrupted during
the repair. ' '

20 Methods have also been developed for repairing a damaged
conduit section from within and without the need for
excavation. Such methods include the mere application of a
grout material for sealing cracks and joints, for example.
It 'is also known in the art to re-line damaged conduit

25 sections with a 1liner that is expanded from a coiled
configuration to a final configuration in which the liner is
secured against the inner surface of the damaged conduit
section. A recent implementation of an internal conduit
repair apparatus and method is disclosed in copending allowed

30 application Serial No. 07/651,793, filed on February 7, 1991.

The latter-méntionéd implementation includes the use of
a compressible covering or gasket that is secured adjacent the
outer surface of a sleeve liner to thereby form a composite
liner/gasket combination. The sleeve and gasket combination

35 is then coiled and inserted into a damaged conduit section,
whereafter a "sewer plug", that is, an expandable air bag or,
alternatively, any other internal means for expansion, forces
the sleeve radially outwardly until the gasket is compressed
against the inner surface of the damaged conduit section.
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soak the surrounding terrain, sonetines creating sinkholes and 35

eﬁhcerbating drai nage, problens. Further, service lines for gas,
electricity, comunications and other services,zwhich t hensel ves are
not initially in need of repair, becone damaged due to the re-settling
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configuration of the edges.

oOother examples of internal conduit repair systems are
disclosed in U.S. Patent No. 3,678,560, issued on July 25,
1972; U.S. Patent No. 3,700,265, issued on October 24, 1972;
U.S. Patent No. 4,124,985, issued on November 14, 1978; U.S.
10 Patent No. 4,346,922, issued on August 31, 1982; U.S. Patent
No. 4,361,451, issued on November 30, 1981; U.S. Patent No.
4,647,072, issued on March 3, 1987; U.S. Reissue Patent No.
30,929, issued on May ‘11, 1982; and United Kingdom Patent
Application No. 2,136,912, published on September 26, 1984.
15 In U.S. Patent No. 3,678,560 and a division thereof,
namely, U.S. Patent No. 3,700,265, an internal pipe sealing
device is described in which an inner retaining member is
placed within an outer sealing member, the outer sealing
member being a cylindrical elastic member against which the
20 inner retaining member is expanded inside of a pipe -joint,
thereby to seal the joint. _
In U.S. Patent No. 4,124,985 and Reissue Patent No.
30,929, by the inventor of the instant patent, a method of
lining the interior of a conduit is disclosed in which hinged
25 collapsible sections are expanded against the conduit by means
of one or more air bags. After the collapsible liner section
has been erected and put into position, grout or other filler .
material is then inserted between the liner sectlon and the
conduit wall. _
30 A device for sealing the joint of large diameter pipes,
such as gas mains and water mains, is disclosed in U.S. Patent
No. 4,346,922. The device includes a cylindrical member made
of an elastic material for covering the inside periphery of
the pipe joint and circular expanding members for expanding
35 the cylindrical member against the pipe joint. Belt members,
impregnated with a bonding agent, such as epoxy resin, are
positioned on the outside peripheral surface of the
cylindrical member, at its ends, whereby the bonding agent is
squeezed out by pressure, thereby obtaining an airtight and
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S _ - A variety of solutions to the problemof repairing buried
condui t+ secti ons have been proposed in the art. The nost conmon

sol ution, perhaps, involves excavation around the damaged conduit
section and either the repair or replacenent =4~ of the danaged section.
However, excavation is

tipe-ingensive arti i n_urban areas
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L fout e B Bhngr yRITHE A sl R el U B, une
exanpl e. | thesraebinsk hawe ibeddre grdlymexizddne danmged conduit 25
sections 1M‘th a hig§gtehh%%rif%ﬁ?@?%%&“ﬁaﬂgéaa ﬁﬁﬂ¥§1fﬁ£ernally is also
| described in U.S. Patent No. 4,647,072. A repair sleeve is
used, primarily for-repairing damaged wastewater pipes in
which access to a damaged pipe section is difficult. The
repair sleeve is a flexible tubular member and is expanded
15 against the damaged pipe with a spiral spring positioned
within the flexible tubular member.

U.K. Patent Application No. 2,136,912 discloses the
repair of a damaged underground pipe by wrapping a sleeve
around a collapsible inflatable bag, impregnating the sleeve

20 with resin and expanding the sleeve against the damaged pipe
until the resin is set.

Although the above-mentioned methods are directed to the
repair of underground or otherwise inaccessible conduits
without significant excavation, certain disadvantages remain.

25 For example, in the systems in which resin is employed, an
expansion pressure must be applied until the resin is
sufficiently set to permit the withdrawal of the expansion
means.

In the embodiments in which a liner is not utilized, any

30 sealing of cracks or joints with resin or grout are only good
for the short term and, therefore, require subsequent
retreatment. '

Further, in certain of the embodiments in which a liner
is utilized, internal pressure is applied against the damaged

35 pipe section, during expansion of the sleeve against the
interior of the damaged pipe, thereby risking additional
damage or weakening of the conduit, which could necessitate
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configuration to a final configuration in which the liner i's secured

agai nstr the inner surface of the damaged conduit seqgtdiQn. A Fecont

i npl enentation of an internal conduit repai r appar af UBHIS Q28 i

di scl osed in copending allowed 30 applicatiomrXerial Nol__07/ &L, 78

on February 7, 1991. The latter-mentioned inpl emeny L&)

t he use of a conpressible c _ secur ed adjace

t he outer surfage i&f theté&eyee | hncbpjedthas£byhéopiesentnyosidittion to

coi Ted and | nsPPERVPY BPERIokRRRN. cHRRTHodecbPORuLE LegRLF . pbEpbdE” ana
"sewer plug", &pparaspsan Mapensidteficalbpg bhe presenttinventieh\prewjdes
other integnal aﬁﬁeasf 2hackppathtls 4RCaRternallit MEARIARUSIY ts that
outwardly Ont i I et conpresse I"nst the | nher surface o?
t he damaged CO@gg,poggC@fghc1ently 1mplemented han those known in the art.
That is, the present invention is simpler and less costly than
known methods and apparatus. Further, the present invention
provides methods and apparatus that do not require significant
10 internal pressures to be applied to the damaged conduit
- section and, therefore, that do not risk the possibility of
additional damage to the damaged and/or weakened conduit
section. Still further, conduit joints repaired with the
methods and apparatus of the present invention are stabilized,
15 are completely sealed, and the repair is long-lasting. The
present invention can be used for repairing offset joints,
separated joints, longitudinal and radial cracks, small holes
and cavities, and it serves to restore structural integrity
and to provide a water-tight seal for stopping infiltration,
20 exfiltration, and leaks.

' To these ends, the repair apparatus of the invention
includes a sleeve member movable from a coiled pre-
installation position to an uncoiled installation position in
the direction of the inner surface of the conduit under

25 repair. Compared with known methods and apparatus, the
present invention results in little or no radial force being
exerted on the inner surface of the conduit under repair.

In the installation position of the sleeve, an annular
grouting area is defined between the outer surface of the

30 sleeve, or an outer surface of a covering on the sleeve, if
used, and the inner surface of the conduit under repair.
Preferably, the grouting area is limited at the longitudinal
end portions of the sleeve by stop members. The stop members
can be structural formations made in the end portiéns of the

35 sleeves themselves, such as flared end portions, separate
‘members extending around the end portions, or a combination
thereof. For example, the ends of the sleeve could include
both flared portions and additional stop members located just
longitudinally inwardly of the flared end portions to assist
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- 3- After such conpression, the internal expansion nmeans is

delct i vat ed, whereby the sleeve is pernmitted to retract, that IS,
recoil slightly, thereby permtting the overlqgging edges of the sleeve
to becone | ocked, due to a particular structural 5 configuration of the

i S0l osed in (R prasg VA oy ediild T anCEOHER SRERG, (oRIGL T BBy ene
Patent No. 3, 7g90eo@tingiaxerd dn enyos¥ent4, prgferably, tke sheeenpers are
4,124, 985, i ssyefh 08 NoyeAbDeEnd4, réfadnadrS. o0 el edli e 4,536,422, pre-
I ssued on August 31, 1982; U. S, Patent No. 4,361,451, issued on
Novenber 30, 1bmatailatieniReeikdon. Further oip cprtaln eRPRALERNES 9fgthe
U S. Reissdle Poieaihtion, onlgothed sticks unshiserd/fpyadd, nd88Lheathtldy ttk-face
K 0900mPaC e e d908Lpl! s dPr “adged oo MBlAP TR AL 208 SRE ot
nanely, U S. Ratder repa3r700,265,.an internal pipe sealing  device is
e o emner. CpeP ABERSEC LB GPURE LiventaBhiCRA Wiy 5t
is activated in the grouting area between the sleeve and the
10 inner surface conduit section under'repair. One feature of
the expandable grout is that it provides, or assists in
providing, a force to effect the locking of the sleeve in its
uncoiled installation position. In this regard, it is also
contemplated that additional means could be provided for thé
15 purpose of effecting the locking of the sleeve. For example,
one or more elastic bands could be placed around the sleeve
in the coiled position so that, once the expanding force is
removed, after reaching a slightly over-expanded condition,
the elastic bands provide a recoil force directed toward the
20 aforementioned locking. ' |
' The means for locking the sleeve in the uncoiled
installation position can comprise any number of forms. For
example, along one edge of the coiled sleeve, a series of
punched-out projecting tangs are effective, after ' the
25 aforementioned slight over-expansion of the sleeve, for
receiving the opposite edge of the sleeve.

In a further embodiment of the invention, the locking of
the sleeve in the uncoiled position does not require an
initial over-expansion of the sleeve. For example, the

30 present invention includes the use of a thermosettable,
thermoplastic or thermofusible coating on the outer surface
of the sleeve so that, after expansion of the sleeve into the
uncoiled installation position, the coating is heated, thereby
melting same, including the melting of the coating on the

35 overlapped edges of the sleeve. Upon removal of the heating
source, the edges of the sleeve are thereby welded together..
One method of heating and melting the layer of thermoplastic
coating, for example, is by means of resistance elements
embedded in the coating layer.
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nmenber being a cylindrical elastic menber agai nst which the 20 inner

ret ai ning menber is expanded inside of a pipe joint, thereby to seal
the joint. In U S Patent No. 4,124,985 and Rei ssue Patent No.
30,929, by the inventor of the instant patent:7a nethod of l'ining the

interior of a conduit is disclosed in which hinged 25 collapsible sectlons
are expanded agai nsThe HRresaBti inBnkigRsProvides srbagimaits figr PR with
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ends, whereby d?ﬂilethénditlgaragle&ﬁdlSshouldsmmﬁdbémpﬂas@ftesﬁhlaﬁ camgictbybe

obtaimrma@n mlwlé@t Edor otherwise removed, certain embodiments of the
present invention can be best utilized to render the presence
of water irrelevant or, at least, minimally significant.

With further regard to specific structural details, the
conduit repair apparatus of the invention includes a sleeve

15 member including (i) a sheet of material having an outer
surface and being movable from a coiled pre-installation
position, in which the sheet of material generally surrounds
a longitudinal axis, to an uncoiled installation position; and
(ii) a pair of longitudinally spaced-apart stop members

20 affixed to the outer surface of the sheet of material, an
annular area thereby being 1limited, in the uncoiled
installation position, by (1) the outer surface of the sheet
of material, (2) the pair of stop members, and (3) an inner
surface of a conduit to be repaired. 1In a specific feature

25 of the repair apparafus of the invention, a quantity of grout
is placed in the annular area.

It is contemplated that the material from which the
sleeve is made can include stainless steel, plastic coated
steel, and plastic.

30 In a further aspect of the invention, the sheet of
material has a pair of longitudinally extending opposite edge
regions, and the stop members have a length extendlng
generally from one of the pair of edge regions to another of
the pair of edge regions.

35 In one embodiment of the invention, each of the pair of

| longitudinally spaced-apart stop members includes an elastic
band surrounding the sleeve member in the coiled pre-
installation position to thereby exert a force on the sleeve
member in a direction favoring the coiled pre-installation
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outwardly from an outer surface of the sheet of material for
contacting the inner surface of the conduit to be repaired in
the uncoiled installation position. More specifically, the
flared opposite end regions are radially flexible relative to
the remainder of the sleeve member, the apparatus further
including at least one layer of tape over an outer surface of
each of the flared opposite end regions.

In a'further embodiment of the invention, the conduit
repair apparatus includes a sleeve member including (i) a
sheet of material having an outer surface and being movable
from a coiled pre-installation position, in which the sheet
of material generally surrounds a longitudinal axis,-to.an
uncoiled installation position; (ii) at least ohe elastic band
surrounding the sleeve member for exerting a force on the
sleeve in a direction favoring the coiled pre-installation
position; and (iii) a first longitudinal edge portion and a
second longitudinal edge portion, the first longitudinal edge
portion and the second longitudinal edge portion overlapping
at least in the coiled pre-installation position and, in the
uncoiled installation position, having complementary means for
locking the sleeve member in the uncoiled installation
position. ' i

In a still further embodiment, the conduit repair
apparatus includes (a) a sleeve member inciuding (i) a sheet
of material having an outer surface and an inner surface and
being movable from a coiled pre-installation position, to an
uncoiled installation position, at least two edge regions of
the sheet of material overlapping in the uncoiled installation

. position; and (ii) a layer of thermoplastic material on the

outer surface and the inner surface of the sheet of material,
and (b) means for heating the thermoplastic material to
thereby fuse the overlapping edge regions of the sheet of
material together in the uncoiled installation position.
More specifically in this embodiment, the means for
heating can include an electrical resistance means embedded
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described in U S. Patéent No. 4,647,072. A repair sleeve is used,
pfimarily for repairing damaged wastewater pipes in ™= which access to a
damaged pi pe section is difficult. The repair sleeve is a flexible
t ubul ar nenber and is expanded 15 against t he”damaged pipe with a spiral

spring positiane hi t lar er.
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10 ' According to an additional embodiment of the invention,

the conduit repair apparatus includes a sleeve member
including a sheet of material made of a plastic material and
being movable from a coiled pre-installation position, to an
uncoiled installation position, at least two edge regions of

15 the sheet of material overlapping in the uncoiled installation

position, and a solvent for partially dissolving the two
overlapping edge regions for fusing the overlapping edge
regions, upon evaporation of the solvent, in the uncoiled
installation.position. '

20 Further according to this embodiment, the conduit repair
apparatus further includes pair of longitudinally spaced-apart
stop members affixed to outer surface of the sheet of
material, an annular area being defined, in the uncoiled
installation position, by (1) the outer surface of the sheet

25 of material, (2) the pair of stop members, and (3) an inner
surface of a conduit to be repaired. _

In a still further preferred embodiment of ‘the 1nventlon,
the conduit repair apparatus includes  a sleeve member
including:

30 (i) a sheet of material having an outer surface
and being movable from a coiled pre-installation position, in
which the sheet of material generally surrounds a longitudinal
axis, to an uncoiled installation position:

| (ii) a pair of opposite end portions, each of

35 the end portions having a flared portion projecting outwardly
and longitudinally away from the outer surface of the sheet
of material, wherein, in both the coiled pre-installation
position and the uncoiled installation position, the outer
surface of the sheet of material and the flared portions limit
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Further, in certain of the enbodinents in which a
utilized, internal pressure is applied against the damaged 35
during expansion of the sleeve %galnst t he i nterior of
i pe, thereby risking additional damage or meakenlng of the

%%‘éluchrﬁ%ceaszséé ate g subsequent repair.

(iii) a first longitudinal edge portlon and a
second longitudinal edge portion, the first longitudinal edge
portion and the second longitudinal edge portion extending
from one of the pair of opposite end portions to the other of
the pair of opposite end portions, the first longitudinal edge
portion and the’ second 1ong1tud1na1 edge portion overlapplng
at least in the coiled pre-installation position. A groutlng
material is located in the grouting area to complete the
repair installation.

In a specific feature of the invention, a means for
locking the first longitudinal edge portion and the second
longitudinal edge portion of the sheet to form the sheet into
a generally tubular configuration is provided.

It is contemplated that a covering could be placed upon
the outer surface of the sleeve if, for example, it were
desired to reduce the size of the grouting area and to thereby
reduce the quantity of grout needed for a given installation.

In a specific embodiment of the invention, a porous
gasket is placed around the grouting sleeve for being infused
with a quantity of grout. The porous gasket is preferably
made of an open-celled material. It is also contemplated to
provide a strengthening covering on a side of the gasket to
be placed adjacent the grouting sleeve to provide peripheral
strength to the gasket and to permit it to slide relative to
the grouting sleeve as the grouting sleeve expands from the
coiled position to the uncoiled position. . The open-celled
material can comprise cellulose and the strengthening layer
can comprise a polyethylene sheet.

Still further according to a specific embodiment of the
invention, the porous gasket is impregnated with a quantity
of grout, the porous gasket placed around the grouting sleeve.
At least one elastic band is then placed around the the porous
gasket for retaining the poroﬁs gasket upon the grouting
sleeve. .

The grout can be a member selected from the group
consisting of a water-reactive expanding polyurethane grouﬁ;
a water-reactive gel-forming grout; an epoxy hardening grout;
and a cementitious grout.’

Ths Sheet Has Been Replaced:

L B

THIS SHEET HAS BEEN
REPLACED )




SUMMARY OF THE | NVENTI ON It ks therefore an object of the present

| fvention to | mprove upon known internal conduit repair nethods and
apparatus. Mre specifically, the present inugntion provides 5 nethods
and apparatus for internally repairing conduits that are nore

efficiently inpl em%tmtif@ﬁa keipwbd ienhofrthe inverdtién| Sa I[éﬁr of
pr esent i nvention is Si

and l,ess cos t.han
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weakened conduilie sleewecisoprovidetll further condwt joints repaired wi-th

the met hods angl, pégaagheélhpe l%'i’xpes‘?{gaﬂﬂ'}fflr}ﬁ]é% ap8nStake it £okh

are conpletely seale e repa 8 present
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t hese end® t hhe epaternpparedpinsifon heeansgntfoen conductively heating the
thermoplastic coating from within.

In an alternative embodiment, the conduit repair
apparatus of the invention includes a sleeve made of a plastic
material and a quantity of solvent is provided for fusing

15 overlapping portions of the sleeve in the uncoiled
installation position.

In the conduit repair method according to a particular
embodiment of the present invention, in which the sleeve has
a layer of thermoplastic material on the outer surface and the

20 inner surface thereof, the sleeve member being movable from
a coiled pre-installation position, to an uncoiled
installation position, at least two edge regions of the sheet

. of material overlapping in the uncoiled installation position,
the method including the steps of:

25 positioning the sleeve member within a conduit to
be repaired;

expanding the sleeve member to move the sleeve
member to the uncoiled installation position:
heating the thermoplastic material; and

30 terminating the " heating, thereby fusing the
overlapping edge regions of the sheet of material together in
the uncoiled installation position.

- More specifically, the method includes the steps of (a)
placing a pair of longltudlnally spaced-apart stop members to

35 the outer surface of the sleeve member in the coiled pre-
installation position prior to the step of expanding, whereby
in the uncoiled installation position, the an annular area is
defined by (1) the outer surface of the sheet of material; (2)
the pair of stop members, and (3) an inner surface of a
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includes a sleeve nenber novable from a coiled pre-

I ‘st al lsation position to an uncoiled installation position in t he
direction of the inner surface of the conduit_ypder 25 repair. Conpar ed
wi th known net hods and apparatus, the present invention results in

little or no ragdhahitone: Bei &%palreda,xeashad @) t Beabhng’ groditiceithibhethe
conduit under repair. In accordance with a first aspect of

the present 2PNRAIXNPEEA: there is provided a condui t
repair apparatus coljprtBéengonduit repair method steevdingrberaraipremalgive

(1) a sheet of PRLALhaLeN%d thah (ULEL (S | FRe20 cove ndiflL0 TRANGRS o

froma c0|Ied re-rns oSit
mat eri al géneraheytsafrmaﬁeglall®m9QlRﬁrﬁﬂph§$§lctEaterlalaﬁn@n@@Imﬂyable

installation ppgbhi O Mided pre-installation position, to an uncoiled
installation position, at least two edge regions of the sheet
of material overlapping in the uncoiled installation position,
the method including the steps of:
10 ' positioning the sleeve member within a conduit to
be repaired;
expanding the sleeve member to move the sleeve
member to the uncoiled installation position: .
applying a solvent at least to the two overlapping
15 edge regions for fusing the overlapping edge regions of the
sheet of material together in the uncoiled installation
position.

More specifically, this embodiment of the method includes
(a) placing a pair of longitudinally spaced-apart stop members

20 to the outer surface of the sleeve member in the coiled pre-
installation position prior to the step of expanding, whereby
in the uncoiled installation position, the an annular area is
defined by (1) the outer surface of the sheet of material, (2)
the pair of stop members, and (3) an inner surface of a

25 conduit to be repaired; and (b) placing grout within the
annular area.

In a further aspect of the inventive method, in which the
grouting sleeve has an outer surface, a pair of longitudinally
extending edges and a pair of opposite end portions,.the edges

30 extending from one of the pair of end portions to the other
of the end.portions, and the pair of longitudinally extending
edges overlapped in a coiled pre-installation position and at
least one of the edges having a device for locking the one of
the edges teo a portion of the other of the edges, the method

35 including the steps of:

(a) positioning the grouting sleeve within a conduit
to be repaired in the coiled pre-installation position;

(b) forcing the grouting sleeve to expand from the
coiled pre-installation position to an uncoiled installation
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- 5a- _ | (ii) a pair of longitudinally spaced-apart stop

ménbers affixed to the outer surface of said sheet of material, an annul ar

area thereby being limted, in said uncoileddypgstallation position, by (1)

said outer surface of said sheet of material, (2) said pair of stop

nmenbers, and (Rdsppidénneswsrdl aneinhes sapface od the cepaiuviad, @add pair

of Tongitudinally Spacedzg)o%trcgtisx;aoéjinngergr))eEa)S(pandable grout between the outer
surface of the grouting sleeve and the inner surface of the
conduit, thereby activating the device for locking the at

5 least one of the edges for locking the one of the edges to the

portion of the other of the edges.

In a still further aspect of the inventive method, in
which the grouting sleeve has an outer surface, and a pair of
longltudlnally extendlng edges and a pair of opposite end

10 portions, the ‘edges extending from one of the pair of end
portions to the other of the end portions, and the pair of
longitudinally extending edges being overlapped in a coiled
pre~installation position, at least one of the edges having
a device for lockiné the one of the edges to a portion of the

.15 other of the edges, and at least one elastic band surrounding
the grouting sleeve, the method including the steps of:

(a) positioning the grouting sleeve within a conduit
to be repaired in the coiled pre-installation position;
(b) expanding the grouting sleeve. from the coiled

20 pre-installation position to an uncoiled installation position
toward an inner surface of the conduit against an elastic
opposing force of the at least one elastic band; and

(c) terminating the step of expanding, thereby
permitting the at least one elastic band to exert a force on

25 the grouting sleeve for activating the locking device for
locking the at least one of the edges to the portion of the
other of the edges. :

According'to a still further aspect of the method of the
invention, in which the grouting sleeve has outer surface, a

30 pair of longitudinally extending edges and a pair of opposite
end portions, the edges extending from one of the pair of end
portions to the other of the end portions, each of the pair
of opposite end portions having an outwardly projecting stop
member, and the pair of longitudinally extending edges being

35 overlapped in a coiled pre-installation position, the method
including the steps of:

(a) positioning the grouting sleeve within a conduit
to be repaired. in the coiled pre-installation position; and
(b) expanding the groﬁting sleeve from the coiled
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conprising opposite end regions of said sheet of material which are flared
outwardly fromsaid outer surface of said sheet of material for contacting
the inner surface of the conduit to be repairgg.in the uncoiled
instal | ation position, said flared opposite en regions being radially

flexible rela f’ee-frgstt. el ) 1tﬁfor§%bdan UYL dBIPRtallation poslition
accordance w second aspect of thefgresent i nvention, there is prOV|ded

a teRad (an é-rSHlerr SpFhaaeuic sher Fopdyit, whereby thg oupwardly
nenber conpri Yrfecting stop member at elich s hass énd npoetiishsh@omacis

out e Su 200 LG RGOV € J L0 BealigT B e hablabo8 sl o
to - 5 position, thereby forming an annular space limited length-wise
by the outwardly projecting stop members on the pair of
opposite end portions and limited thickness-wise by the outer
surface of the grouting sleeve and the inner surface of the
conduit, grout being located within the annular space.
10 According to a still further aspect of the method of the
invention, in which the grouting sleeve has an outer surface,
a pair of 1longitudinally extending edges and a pair of
opposite end portions, the edges exténding from one of the
pair of end portions'to the other of the end portions, each
15 of the pair of opposite end portions having an outwardly
projecting flexible flare, and the pair of longitudinally
extending edges being overlapped in a coiled pre-installation
position, the method including the steps of:
(a) positioning the grouting sleeve within a conduit
20 to be repaired in the coiled pre-installation position; and
(b). forcing the grouting sleeve to expand from the
coiled pre-installation position to an uncoiled installation
position toward an inner surface of the conduit, whereby the
outwardly projecting flares at each of the end portions
25 contacts the inner surface of the conduit in the uncoiled
installation position, thereby forming an annular space
extending length-wise between the outwardly projecting flares
on the pair of opposite end portions and extending thickness-
wise between the the grouting sleeve and the inner surface of
30 the conduit, grout being located in the annular space.

More specifically according to the method of the
invention, before the step of positioning the grouting sleeve,
the step of placing the grout around the grouting sleeve when
the grouting sleeve is in the coiled pre-installation position

35 is included. More specifically, according to this aspect of
the invention, the step of placing grout around the grouting
sleeve comprises the steps of placing a porous gasket around
the grouting sleeve; and infusing grout into the porous
gasket. In a still further aspect of the invention, the step
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an uncoiled installation position: and ' (i1) a stop
nenber: affixed to the outer surface of said sheet of -material approxinate
a longitudinal end of said sheet of material_,i.n both said coiled
pre-installation position and in said unc0|le5 installation position, an

annul ar

by

stop nenber,
st op jREnfo f féneEained b8rghents! eeve menber, said sleeve nenmber

further

10

15 .

20

25

30

35

area t sa.‘aspﬁ%?‘grl’sur?ﬂ% 't?%es? ¢ Shegd%ﬁ ”ééﬁbiri%b@”)the step

posi tion,

ace o of materi al
@) plaeinshéhesgrputéngrsheevadiaying the parauega @rpund

Still further, the gasket is secured to the grouting
sleeve by means of an adhesive. Alternatively, the gasket is
secured to the grouting sleeve by means of a mechanical
attachment device including a member selected from the group
consisting of at least one elastic band encircling the gasket
and grouting sleeve; at least one spring-like wire encircling
the gasket and grouting sleeve; and at least one hook fixed
to the grouting sleeve and to the gasket.

In a specific aspect of the invention, the step of
infusing grout into the porous gasket comprises the steps of
affixing a roller assembly to each end of the grouting sleeve
in the coiled pre-installation position of the grouting
sleeve, each of the roller assemblies having a handle; placing

‘the grouting sleeve having the porous gasket around it into

a container of grout; and rotating the grouting sleeve and
gasket about a longitudinal axis of the sleeve.

Still further according to the invention; after the step
of positioning the grouting sleeve within a conduit, the
method includes the step of applying water or a catalyst to
the grout .

More spec1f1cally, after the step of positioning the
grouting sleeve within a conduit, the method includes the step
of applying water to the grout during the step of forcing the

‘grouting sleeve to expand from the coiled pre-installation

position to an uncoiled installation position.

In a still further specific embodiment of the invention,
in which the sleeve is coated with a thermoplastic material,
after the step of forcing the grouting sleeve to expand from
the coiled pre-installation position to "an uncoiled
installation position, the method further includes the step
of heating the thermoplastic material.

In a specific aspect of the invention, the step of
positioning the grouting sleeve within a conduit to be
repaired includes the steps of placing the grouting sleeve
upon a vehicle and transporting the grouting sleeve to the
conduit to be repaired by means of the vehicle.

___________________—
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-5b- being adapted forTm Hmmkgdkamuabhnent to said further sleeve

nenbers said stop nenber end region of said sheet of

material which is flared sai d ter surface of said sheet

of material for contact e |nner surface 0P the conduit to be repaired

In the uncoiled in atlon 05| i on, said f.lar n eqj.an |

radial ly flexible e\fe BT s F@rmﬁ’ﬁ PS&F%%%QG Enb YrBhdiGld s 1eeve
withln a conduit comprises the step of placing the grouting

sleeve within a plurality of conduit sections, bridging a
joint between two adjacent conduit sections.
5 still further, according to a further aspect of the

invention, each of the pair of longitudinally extending edges
has a locking configuration for engagement with a
complementary locking configuration on the other of the pair
of longitudinally extending edges, the step of expanding the

10 sleeve further including the step of expanding the sleeve
until the 1locking configurations on the longitudinally
extending edges become engaged, thereby locking the sleeve
against recoil. ' '

According to a Stlll further aspect of the invention, the

15 step of expanding the sleeve further comprises the step of
expanding the sleeve until the outwardly projecting flares
contact the inner surface of the conduit, the sleeve exerting
pressure on the inner surface of the conduit only through the
outwardly projecting flares; and permitting the sleeve to

20 recoil to the uncoiled installation position.

Still further, according to an additional aspect of the
invention, before the step of positioning the grouting sleeve
within a conduit, the method includes the step of placing at
‘least one elastic band around the grouting sleeve; and the

25 step of expanding the sleeve further comprising the steps of
expanding the sleeve until the outwardly projecting flares
contact the inner surface of the conduit, the sleeve exerting
pressure on the inner surface of the conduit only through the
6utward1y projecting'flares, and permitting the sleeve to

30 recoil to the uncoiled installation position with the
assistance of the at least one elastic band. '

In an additional feature of the invention, the method
includes the step of placing a quantity of stop material
adjacent an inside surface of each of the outwardly projecting

35 flares.

According to a further embodiment of the invention, after
the step of forcing the grouting sleeve to expand from the
coiled pre~installation position to an uncoiled installation
position toward an inner surface of the conduit, the method
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sai d sl eeve nenber. In accordance with a third aspect of the
pFesent invention, there is prOV|ded a met hod of repairing a
conduit with the use of a grouting sleeve fan#l acenent within the
conduit, said grouting sleeve having an outer surface, a pair of

| ongi t udi nal | y stend n&n@dwﬁn@:ﬂ riax?rec&flr@op@&*dtﬁ anetor thens answilér
edges extendln% fromone of said pair end portions to the other of said

end portionsS of said pair of opposite end portions having an
outwardly projectiMuyre dpexibieallyarin thimdembadimephi pf thé invention,

ong. el ALY FE5SR ETRP T T B iBue within «
5 condult, the method includes the step of attachlng a syringe
to the grouting sleeve when the grouting sleeve is in the
coiled pre-installation position, wherein the step of
injecting grout into the annular space comprises injecting
grout through the syringe and into the annular space.

10 Further, before the step of positioning the grouting
sleeve within a conduit, the method includes the step of
placing at least one elastic band around the grouting sleeve.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and additional objects, characteristics, and

15 advantages of the present invention will become even more
apparent in the following detailed description of preferred
embodiments, with reference to the accompanying'drawings which
"are presented as non-limiting examples, in which:

Fig. 1 is a perspective view of a preferred embodiment

20 of the grouting sleeve of the present invention, in the
uncoiled installation position:

Fig. 2 is an end view of the grouting sleeve of Fig. 1,
taken in the direction of arrow II in Fig. 1;
Fig. 3 is a transverse cross-sectional view of the

25 grouting sleeve of Fig. 1, taken in the direction of arrow III
of Fig. 1; '

Fig. 4 is an enlarged, partial view of a detail of the
locking arrangement of the grouting sleeve of Fig. 3, taken
in the direction of arrow IV of Fig. 3;

30 Fig. 5 is a perspective view of a preferred embodiment
of the grouting sleeve of the present invention, in the coiled
pre-installation position;

Fig. 6 1is a schematic longitudinal cross-sectional
elevation view of the grouting sleeve of one embodiment of the

35 invention, in which grout is injected into the grouting area,
after the grouting sleeve 'is located in its uncoiled
installation position;

Fig. 7 1is a schematic 1longitudinal cross-sectional
elevation view of the grouting sleeve of the invention, in the
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(a) positioning said grouting sleeve within a conduit to be repaired in
sdid coiled pre-installation position; and (b) forcing said
grouting sleeve to expand fromsaid coiled pregg.nstallation position to an
uncoiled installation position toward an inner surface of the conduit,
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application of the grout;

Fig. 9 is a longitudinal cross-sectional elevation view
of the grouting sleeve having the gasket wound around it, and
placed into a container of grout;

Fig. 10 is a perspective view of the grouting sleeve in
its coiled pre-installation configuration, with the gasket
impregnated with grout and being secured toc the grouting
‘sleeve with a pair of elastic bands;

Fig. 11 is a transverse cross-sectional view of the
grouting sleeve and gasket, taken at the cross-sectional plane
indicated in Fig. 10, in the direction of arrows XI-XI;

Fig. 12 is a graph illustrating the approximate
quantities of grout, for three different sleeve lengths and
seven different sleeve diameters, in the installed position:;

Fig. 13 is schematic cross-sectional view of a conduit
system in which a joint is being sealed with the present
invention, showing the sleeve .and gasket having been
transported to the repair site means of an air plug;

Fig. 1l4a is a schematic illustration of the grouting
sleeve, with a grout—impregnated gasket thereon, being
transported to the location of a damaged conduit section;

Fig. 14b is a schematic illustration of the grouting
sleeve partially expanded at the location of the damaged
conduit section; '

Fig. 14c is a schematic illustration of the grouting
sleeve over—-expanded against the inner surface of the conduit

section;

35

Fig. 14d is a schematic illustration of the grouting
sleeve in its final installation position; '

Fig. 15 is transverse cross-sectional elevation view of
a further embodiment of the invention, in which the sleeve is
perforated, at least near the edge portions, and has a layer
of thermoplastic material, which is melted for locking the
sleeve in the expanded position:

Fig. 16 is an enlarged view of an upper portion of the
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| ocated in said annul ar space.

-5c-

In the installation-position of the sleeve, an annul ar

grouting area is defined between the outer surface of the 30 sleeve, or an

outer surface
surface of th
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of a covering on the sleeve, if used, and the inner

3 l€P : % G ,
exD Onglt Jy%quge 350 in a gAY xgaadl Pt K & the
sleeve;

Fig. 17 is a perspective view of a portion of an
alternative to the embodiment of Figs. 15 and 16, in which a
n alternative embodiment, in which a perforated sleeve has a
layer of thermoplastic material and a mat of electrically
conductive fibers is embedded in the thermoplastic layer; and

Fig. 18 is an elevational view of the general invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

With respect to the drawings, only enough of the
construction of the invention has been depicted, to simplify
the illustration, as needed for those of ordinary skill in the
art to readily understand the principles of the invention.

A significant aspect of the present invention is the
structural configuration and function of the inner conduit
liner, or sleeve member. As will be further discussed below,
due to this structural configuration of the sleeve, less
pressure is exerted on the inner surface of the damaged or
weakened conduit section under.repair during the installation
of the sleeve.

In Fig. 1, the grouting sleeve 1 of the invention is
shown in its uncoiled expanded and locked position. For the
sake of simplicity of illustration, only the sleeve is shown
in Fig. 1, no grout being located on the outer surface 2 of
the sleeve 1. At each end portion of the sleeve 1 is an
outwardly projecting flare 3, including an outer flare surface
4 which generally provides an extension of the outer surface
2 of the sleeve. Although the angle of the flares or flare
portions 3 relative to the outer surface 2 of the sleeve is
shown to be approximately 45°, other angles can be utilized
and still enable the sleeve to meet the objectives further
described below.

Further, the dimensions of the sleeve can be any of a
variety of dimensions, dependent upon the internal diameter
and the length of the damaged or weakened area.of the conduit
section to be repairéd. The invention can be used to repair
and/or seal polyvinyl chloride (PVC) and . clay pipe, for
example, including six inch PVC pipe and standard 10 inch clay

pipe, having an internal diameter of 9.75 inches.
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end portions of the sleeve by stop nenbers. The stop nenbers .can be
structural formations nade in the end portions of the 35 sleeves

thenmsel ves, such as flared end portions, sepgpate menber s ext endi ng
around the end portions, or a conbination thereof. For exanple, the

ends of the sleevegQul d phidditi®m  is th'ﬂtEb&_{eedeQVtiﬁﬁérﬂadl?dd'kbba'i%'ing
stop nenbers | ocated j ust | ongi tudipally |nmgéfl¥ of the flared end
ot tFBNE"

portions to ag@meuits, pipes, anqdReqhipngy Hher In2cBAHg ARRGe of
grout within giameter@.out Fog atmple), apy deerdontpemplatody thate St efleeve

reers 21 gl biVelht Dpbbn! PR lols 5 JoRRR b1 % Bithes, ror

' 5 example, and an outer diameter of 6, 8, 10, 12, 15, 21, or 24

inches, when expanded to the uncoiled installation position.

It is contemplated that the material from which the sleeve is

formed can have a thickness of from 26 through 18 gauge,

: preferably 22 or 24, and can be formed from stainless steel,

10 in which type 304 could be considered standard, although type

316 could also be used. Alternatively, the sleeve 1 can be

made from non-stainless steel, aluminum, plastic, such as PVC,

for example. 1In short, a range of materials and dimensions

could be used in constructing the sleeve, the selection being

15 limited only to the extent that the function of the sleeve,
as described herein, would be significantly impaired.

Fig. 2 shows the grouting sleeve of Fig. 1 viewed from
an end thereof in the direction of arrow II. As shown
therein, as well as in Fig. 1, the flared portions 3 of the

20 sleeve 1 are constructed by having made a series of spaced
cuts 7 along the end of the material from which the sleeve is
made, around the periphery of the sleeve 1 when the sheet of
material is formed into a coiled tubular configufation as
shown in Fig. 1, thereby producing a series of flare elements

25 8. Of course, as the flare elements are bent outwardly from
the outer surface 2 of the sleeve 1, the cuts 7 are
transformed into the V shape shown in the end view of Fig. 2.

Also shown Fig. 1, in which the grouting sleeve 1 appears
in its uncoiled installation position, and as shown in Figs.

300 3 and 4 in more detail, a 1locking arrangement, generally
identified with reference numeral 5, is provided by means of
which the longitudinal edge regions 9, 10 of the sleeve are
locked together as further described'below. Any adequate‘
locking arrangement can be utilized, although the present

35 invention contemplates the use of a locking arrangement which
is "self-actuable", i.e., one that is ehgaged without direct
manipulation thereof.

Specifically, as shown in Figs. 3 and 4, on one edge
region 9 of the sleeve 1, longitudinally spaced tangs or
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5 invention, only the stop menbers, and not the outer surface of the

sl’eeve <itsel f, engage the inner surface of the conduit under repair.
I n anot her aspect of the invention, an expandi g gr out is activated in
t he grouting area between the sleeve and the I6~7i nner surface conduit

brovi des. o afEPoEetirs meffids B8 can pd ISuRRARCRGR P8 SAbB L Spenr,
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posi tion sg thgkoj@Red id el 5 49& Cored. ABSBVEA, Fi§l e, r 8apBIrkqof
slightly over- %Fpanded congi ti.on, the elastic bands prOV|de r ecoj

force directedofoldidl 1PRIDBUAINEL o REGE FRREIHKP nfan Pe seen fhrgughg the
for 1 ocking thependene i5bt he Imcpigeds, thdﬁ@téj@ttbngpm@Mbarscane shown
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10 edge region 9. Alternatively, other lécking configurations

‘can be utilized, if desired.

The grouting sleeve 1 has been described as being movable
from a coiled pre-installation position. to an uncoiled
installation position. The latter position refers to the

15 configuratibn of the sleeve as shown in Figs. 1 and 3; for
example. It is clearly shown that even in the "uncoiled"
position, the longitudinal edge regions 9, 10 of the sleeve
are overlapped to a slight degree (or to a significant degree
in later described embodiments) and, therefore, could be

20 described as being "coiled" to various degrees. Nevertheless,
the sleeve in the installation position is referred herein as
being "uncoiled" relative to the pre-installation position.

Still further, the extent to which the edge portions or
regions 9 and 10 extend depend upon the type of sleeve under

25 consideration and could extend substantially around the sleeve
member if significant portions of the sleeve member are
overlapped, as will be more apparent as the description,
proceeds. The embodiment of Fig. 15 is one such example.

Also shown in Fig. 1 are a pair of elastic bands 6, one

30 or more of which can optionally be located around the grouting
sleeve for the purpose further mentioned below.

Fig. 5 illustrates the grouting sleeve 1 in its coiled
pre~installation position, without grout therearound, similar
to Fig. 1 in this regard.

35 In Fig. 6, the grouting sleeve 1 is shown positioned
within a damaged or weakened conduit section 11. When the
grouting sleeve 1 is installed in a completed installation at
the site of the conduit section, a gquantity of grout is
located in a grouting area 12 defined by the outer 2 surface
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recei ving the opposite edge of the sleeve. In a further enbodi nent
of* t he si nvention, the | ocking of the sleeve in the uncoil ed position
does not require an initial over-expansion_of the sleeve. For
exanple, the 30  present invention i ncl udes™¢hA8 use of a thernosettable,

t her nopl astic or er myf usi bl e cqating, on the_outer surfgace f the, .
sl eeve so that?fa grg;ﬁﬁ¥ i%ﬁ] €t t§¥eEV£fPﬁ%§ #héfi%h%nﬁiﬁf%dportlons
instal |l ati on pBsi tindn thehdromat isurfacéehladeft hbeebpnduitmsadtnipsabk, It

i ncludi ng the ggl L] ti V gy ggﬂga dg@ﬁ t
sl eeve. gUpon ggrr%\éggeg%lt%&%dﬁgg} it@nlgsor}égs?%tﬁggtaaq;t ﬁglég ges ]gf t _ggéfeggethe
are thereby webdeeveogeuhdr have ptacefdethegesn Acke2Yay @fdnakeriad.t fuch as

| ayer of thernppkasii ©f op&vabinglobed SR &o i fedicEEEh® &oliRfd S6ANERe
EE%E?EEEENT Sagggggggglgggyaéﬁ)}I£§E}§¥g£é, the amount of grout needed to
be applied. Nevertheless, for the purpose of this description
of the invention, the "grouting area" is defined in the
aforementioned manner, but should be considered to include an
10 embodiment having the application of the aforementioned layer

of material on the sleeve outer surface.

Fig. 6 also shows stop material 13, which is 6ptiona1,
and is provided to assist in sealing the grout within the
grouting area 12. As shown, the stop material 13 comprises

15 a pair of bands, having triangular cross-sections, for
example, for placement in the area between the outer surface
4 of the flare portions 3 and the inner surface lla of the
conduit section to be repaired. The stop material 13 can be
made from any of a number of materials, as long as the

20 material performs the function of sealing the grout within the

' grouting area and, preferably, is inert to the material or
composition thereof from which the grout is made.

Also depicted in Fig. 6 is a nozzle comprising a grout
needle 14, connected to a grout hose 15, connected to a source

25 of grout which is injected into the grouting area 12 after the
expansion of the sleeve 1 to its uncoiled installation
position, the expansion being described further below. In an
alternative embodiment, instead of the needle 14, a hose
section could extend along the entire length, or along

30 substantially the entire length of the grouting area 12, and
the hose could have perforations spaced along its length.
Thus, upon injection of grout through the hose 15 and into the
hose section within the grouting area, the grout would be
injected through the spaced perforations from the hose section

35 within the grouting area, thereby generally evenly spreading

" the grout along the length of the gfouting area.

In this embodiment in which a perforated hose section is

utilized, the surface of the sleeve could be prepared in

advance by providing an adhesively secured layer of material,
* This Sheet Has Been Replaced '
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-7- The present invention provides enbodi ments for use with
both "wet" and "dry" conduits. That is, in sone repair envi ronnents,
the conduit system of section in need of repaLg;- contains a significant
amount of water, for exanple, either 5 flowing or stagnant. |In certain

situations, thg,ugt &s 04 fbAfea mPéerhe! § e.ulvﬂaﬂﬁxr%%%uqufnatﬁ%téﬁsced

needed to perforn1t e repair and, consequent y,. the type of repair
met hod chosen annuyadl d FKACYREd BFS akBYPNidesccHRACRhe Aidenc¥ish  the

wat er . On aherehaﬁtlbaaa 1ahgt.iltdd\mtaquybepabeaepértbahtaamotmbehéohose
punped out or LW Sse r

certain e r
i nvention can 5% gégf‘ *ut |ﬁ;m§d tu(?%nﬂﬂpe? °Brg§f2n§lée grouft V\Xf'g T hose
i rrel evantsor,sattieasttheigrout Iwowsldjrexitc &ibe. perforations intoer therspaced

regard to spe 5{,;@ %ggt@;} sds&gl lbu wetnenl gg%g,wésg egfbﬁ ap&q{€t§fe8€'e

the invention 1nc eeve I NC
mat eri al havi nginausfesence “@dﬁﬁuteeaﬁb QélN@Qnﬁﬁﬁ9%9¥%3ﬁ1§r@@WF@d This

pre-installatigfibodin@At! 1W881dl Nrd@hel e ShaRfurtl &3t egirdutiengeaklly for
surrounds completlng an installation. Further, the reduced amount of
10 grouting needed makes possible the use of a conventional
manually actuated "caulking gun" for injection of the grout.
Whether the application of grout is accomplished by means
of injection with the hose 15 and needle 14 or perforated hose
section, or by means of a different method as further
15 described below, after the final installation, as shown in
Fig. 7, the grout completely fills the grouting area 12 and .
thereby seals the sleeve 1 from the inner surface 1la of the
damaged or weakened conduit section 11.

Fig. 7 schematically illustrates the final installation
20 of the grout sleeve 1 of the invention and dimensions shown
therein should not be considered as limiting or representative
of a typical installation. For example, the resulting
reduction in the effective diameter of the conduit 11 at the
area in which the sleeve is installed is not as significant
25 as shown. For example, the thickness of the'inétalled sleeve
is on the order of 0.325 inches, but could range, for example,
from approximately 0.5 inches to 0.25 inches, if desired.
Further, due to the weight of the entire assembly, that is,
the sleeve and grout, for example, and the settling of the
30 assembly as the grout cures, for example, the height of the
grouting area 12 at the bottom 17 of the conduit 11 can be
typically less than that at the top 18 of the conduit.
Therefore, the final assembly of the sleeve and grout is
effective to provide only a slight increase in the height of

35 the lower surface of the conduit. _
Figs. 8~11 schematically illustrate an embodiment of the
invention in which grout is applied to the outer surface of
the sleeve 1 prior to positioning same into the conduit to be
repaired. Specifically, Fig. 8 illustrates a blanket of
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a longitudinal axis, to an uncoiled installation position; and (i) a
pair of longitudinally spaced-apart stop nenbers 20 affixed to the outer

surface of the sheet of material, an annul ar area thereby being
limted, in the uncoiled installation po§@ﬁrbn by (1) the outer
surface of the sheet of material, (2) the pair f st p r and (3)
an i nner Faterdalor COMRIRARY 13 RRF U & t & ?TZ%FMFEO&§

of the repalrmﬁﬁﬁﬁiﬁch@ﬁ bb61Mfu§Hd(H1TBeqpanbuSygatMmﬂnﬂan bei anploaeed
in the annular ted, t a o]

whi ch the L?%el?]sa%’a% ’83%1‘#%8 %ﬁsré?a%n gcsesﬂs 1ec}e%la %@%#ckgég‘t ?5 a
steel, and pI@umyetﬁylene opénrqellmdrﬁnaM$pHCanfOth@rin@§RMMai thate can
sheet of f dipRa xt eRdiag edge
Fegi one, Sand SEGEY g ERpRLAfdnt guaRELLYCLE %ké‘x‘&ngﬁnb@ e“mg%ﬁ*e'*ri‘? y
from one of the paiSatsisfarforegrerylts éﬁﬁlh éc 1eVﬁQm9%a SofugRigeT a
regions. 35 askéﬁ1r%n%hgﬁmp%mﬁﬁaue@hé:Barrauaablene saéévefapbeo&ambt@hy

Longi L)l 1 ol oRat SO B S SealELUSER BReka e el ceve.
position to ther dlas exesnt fohndcthat tilfe thlecersis of the gasket overlap to
10 some degree, no apparent problem results. Further in this
regard, it has been found that by providing an overlap at the
upper portion of the sleeve, in the installed position, a
generally thicker amount of foam is achieved at the top and
_ a lesser, but adequate, amount of foam is achieved at the
15 bottom, thereby providing a lesser raising of the lower inner
surface of the conduit under repair, which 1is not
disadvantageous from the standpoint of ihhibiting water flow
through the conduit system.
Further, satisfactory results can be achieved in the use
~ 20 of 0.75 inch thick cellulose sponge foam, 0.75 inch thick
| polyethylene open-celled foam of approximately 20-30 pore and
0.5 inch thick polyethylene foam of approximately 80 pore.
In the present invention, the primary purpose of the
gasket is that of a grout carrier medium. Due to its
25 relatively easy compression tfansversely, a relatively
neglible amount of rebound force is provided by the porous
gasket 19 itself against either the sleeve or the inner
surface of the conduit uhder repair. '
The gasket 19 has a width sufficient to extend at least
30 approximately from one flare portion 3 to the other flare
portion 3, although this width, as well as the length around
the 51eeve and thickness of the gasket 19, can be otherwise
determined, and is only limited to the extent that an adequate
quantity of grout, in the installation positionlof the sleeve,
35 would be located in the grouting area 12.
Although stop elements could be used like those shown in
Fig. 6, it is also contemplated that, instead, the outer
surfaces of the flare portions could be sealed with a plastic
tape 13’, extending from a tape roll 13’’. 1If desired, the:
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menber in a direction favoring the coiled pre-installation

paesition. In an additional enbodi nent of the invention, the palr
of longitudinally spaced-apart stop nenbers incéude opposite end
regi ons of the sheet of material which are f1af outwardly from an

outer surface of the sheef of nmateri for
of the conduit® ?Bebé:ar’bpaoli?gd ke, usegt e UREAL | %g‘ gérﬁgﬁ%l@gnbgg?ﬁ ﬁg;}éﬁg&
]lc\/f)re EPeCIf:cahbwet, halthom‘dhar]eﬂ:bmpafeaand gegihibhbgaie rfxdingd |§o escape
exible relatjve to enal t
PEBPHB gpeﬁq% oneqﬁﬁ§ %ﬂgafﬂéﬁﬁfidgﬁﬁﬁ”of EﬁéaQPéé@éu§f

further 10 tape over an outer surface o
they are left open and untaped.

5 With reference to the figures, after the sieeve 1l is
coiled in its pre-installation position, optionally secured
in this position by means of one or more elastic bands 6, the
gasket 19 is affixed by a contact adhesive or by some
appropriate mechanical means, first at one end 20, to the

10 outer surface 2 of the sleeve 1. The other end 22 of the
gasket 19 is left loose, as illustrated in Fig. 8.

To increase: the strength of the gasket 19 in the
direction of its length, particularly to facilitate relative
sliding thereof around the sleeve as the sleeve expands to its

15 uncoiled position, a thin layer of strengthening material can
be applied to the surface of the gasket that would otherwise
come in contact with the sleeve. For example, the sheet of
strengthening material could be made of polyethylene or

.cellophane or other'plastic. The strengthening material could

20 be advantageously placed to the portion of the gasket that
will only be sliding upon an adjacent gasket layer and not
along the:entire lethh of the gasket. '

After the end 20 of the gasket 19 is secured to the outer
_ surface of the sleeve, a process is performed for impregnating
25 or substantially impregnating the gasket with grout. The
grout could be any of a class of water—reactive types that are
commercially available. For example, 3M brand 5600 Foam or
DeNeef Hydroactive Flex LV can be utilized, the latter with
or without a 5% Hydroactive Flex catalyst to speed the time

30 of final installation.

For impregnating the gasket with grout, a roller assembly
.23 is affixed to each respective end of the coiled sleeve.
As shown in Fig. 9, each roller assembly 23 includes a plug
24 that is inserted into each end of the coiled sleeve. A

35 roller 25 is affixed to each plug 24 for preventing grout from
penetrating into the interior of the coiled sleeve and for
enabling the coiled sleeve, with gasket_théreon, to be rolled
in the grout tray 26 by means of handles 27 which project
longitudinally from each of the rollers 25,
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each of the flared opposite end regions. In a-further enbodi nent

off the+invention, the conduit repair apparatus inctude ber
including (i) a sheet of material having a$ outer surfp ST s, o
movable 15 froma coiled pre-installation pos ?lon, in i u;-.;"'~

of material general urrounds_a_l ongi tudi,nal axis. t Voot

I nstall ati ongposi ti Jt[)ﬁ;g??il?e‘é? ?%‘é’%‘? %ﬁ%ge‘m%?i sh%ﬁm? %’aatneﬁfrrr% %%1‘%%' he"
sl eeve nmenber d&nd :xssllulpsefsporgens hthe gasietewmtieriall reectapplication
favoring the cQpl e- nsta ti SLARL I oaNd (14l i f gk

| ongi tugi nal e%%esg’g?{ti oﬂn&a%dh%& S%Ibs'égeonggl g%é?tgﬁgiaﬁalgde%g'\éhggrttlhc%tn,s?%nege
first |ongitudrempinggrelatiyedyi dinxdd t A sdamayalongrredeRangeddes first

portion ovgrl appiPda witAtwheast iR beeownels &dfil.e- Fititddral WiePadid iPFout

and, in the | uncoiled |nstal [ation position, having caonpl ementary neans
for 25 |ockintf IPRLIeHcE) thehafrer nl’??l%a’ﬂﬁl%oi’}}e.% C?El?rglﬁaéﬁ‘?%ﬁ dnd'"does
posi ti on. not béginatostukk ihethhtlyemodiight be td¥pecpediuit repair

t i nclud I J i ncl udi ' heet_ . f .
maror &l having an SR TR T hELEnd i An AP SO F Ak S PR LR R SRR
froma coil ed @f egrogtakBat i d3a phei tpdded:t sleeve 1 andoidasketnsithlistplaced

position @t |£ash WHR fe5uf €er3yS 24, with one end of the gasket still
extending loosely from the sleeve, as shown in Fig. 8, the
handles 27 are grasped and slowly rotated about their
longitudinal axis, thereby rolling the gasket 19 onto the
outer surface 2 of the grouting sleeve 1 and soaking the

15 gasket in the grout 28 contained in the grout tray 26. This
step is similar in principle to applying paint to a paint
roller in a paint tray, with the additional step of rolling
the gasket around the sleeve while rotating the handles.

Once the entire gasket 19 has been sufficiently immersed

20 in the grout 28, the sleeve 1 with gasket 19 thereabout is
removed from the tray 26. The roller assemblies 23 are
removed from the ends of the sleeve and, as illustrated in
Fig. 9, one or more elastic bands 29 are then placed around
the gasket 19 to retain the gasket on the sleeve 1. The use

25 of elastic bands 29 is optional. 'They are utilized merely as
a convenience to avoid the inadvertent loosening of the
gasket, having just been removed from the grout tray 26. The
grout-impregnated gasket 19/sleeve 1 combination, illustrated

_ in Figs. 10 and 11, in the coiled pre~installation position,

30 is now ready for repair of the damaged and/or leaking conduit
or conduit joint. '

Fig. 12 illustrates the approximate guantities of grout
needed for three different sleeve lengths and seven different
sleeve diameters, in the installed position.

35 Either at the repair site 30, shown in Fig. 13, for
example, or prior to reaching the repair site, a means for
expanding the sleeve from the coiled pre-installation position
to the uncoiled installation position is applied to the
gasket/sleeve combination. For example, an expandable
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the sheet of material overlapping in the uncoiled installation

pesitien; and (ii) a layer of thernoplastic material on the out er
surface and the inner surface of the sheet of jmterial, 35 and (b) neans
for heating the thernoplastic nmaterial to ereby fuse the overl apping

edge regions of the sheet of ri ther i.n | ncoll
instaILation[ﬁﬁﬁqW%ﬁfeg alr act%%$%35%§%$#§g§|P§'i%BF§P§1§n%§5F%%ﬁP,totﬁg
means for - detsewgr cpiughicl ude imsattted rintb tbei sodided lervenbeddeds

in the therno ' [ ra &+dd5 | q&g%é@%h + 1
internally ofl_q% eés egttégére aet?.a - m ) gﬁlﬁﬁﬁ urther inﬁi_gpeen‘goallgrrgr?tn
of the inventiksh uaesd The sewer plug 1is preferably sprayed with a release

5 agent, such as a silicone spray, prior to insertion into the
coiled sleeve. The sewer plug is then expanded enough to
_"grab" onto the sleeve.
Fig. 13 schematically illustrates in a cross-sectional
elevation view, a location at which a conduit systenm is being
10 repaired. As shown therein, the repair site 30 is part of a
conduit system 32, such as a sewer system, extending below
ground surface 33. Ground surface 33 could comprise a road
surface in an urban area, whereby access to the sewer systenm
is had via manholes 34, 35, for example. Since the invention
15 avoids the need for excavation in the repair of the conduit
system, the road surface 33 is not destroyed and traffic flow
is not significantly interrupted. All materials needed in the
repair are transferred through manholes 34, 35.
Prior to introduction of the sleeve assembly and
20 associated materials into the sewer system, the sewer is
preferably flushed, removing calcite and_other debris. The
locations of deterioration are inspected and recorded,
together-with any locations that might pose a.problem for
passing the sleéve assembly through and, if possible, .
25 eliminated. All cables 36, e.g., are prepared and readied in
position for pulling the sleeve, sewer plug 31, cctv camera
40, and water line 38 and spray 38a into position. The video
camera 40 is utilized to assist the positioning of the
assembly and generally to monitor the installation process
30 remotely.

The sleeve/gasket/air bag assembly, i.e., the "sleeve
assembly"” is located on skid assemblies 39 (or wheeled
dollies) or other vehicle to prevent the sleeve from dragging
along the invert and to keep it spaced away from any water.

35 It is then transported to the repair site 30.

When the sleeve assembly is correctly positioned and
ready for expansion, the water spray 38a-is activated to begin
the foaming reaction of the grout. The sewer plug is then
begun to be inflated at approximately one psi/sec to
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conduit repair apparatus includes a pair of longitudinally 5 spaced-apart

stop nenbers affixed to an outer surface of the sheet of material, an
annul ar area being defined, in the uncoi |l ed installation position, by
(1) the outer surface of the sheet of matérial, (2) the pair of stop

menbers, and (3 ..an inner. sur.fac f It & I.red.
According to %rﬁp&'d’dﬁwa&%&y ?ﬁoi’&lﬁn?hgfsgﬁég{ﬁ% t]i%r#%ee]{ %%?&gﬁ:%gok ﬁil Fhe
repair appar atleeve dsl idekedaintbelve uneoiked installakiien ressitelan of The
material mde glodalANdE {81 ehiflcRll, eithe GNP di OVl £RL! Bty
pre-instal | ati"on Position To an unéoi l'ed Tnstallati‘on position, at

| east two edgda fwify dthat theesipewe dpsmienang lndiedppi h§ Fhet Fdeeve

uncoi | ed ighst YJAtHBE bechHRS| i¥ikedNdod SOFVaie f 8lebdel | RALY rHBitsSBlevioh@
the two overlappln%redge regions for fUSIfﬁ t he overhgpqéng.e?ge
regi ons, upon SERIGERILNMOFReRe EBPySRVeT PIVE GABoAGAGN Peiuflptsf &e

position. 20 accomﬂﬂﬂgﬁugam@pording to.this enbodi nent, the conduit repair
monber s af fixed to O CHFrscalt TRIRRELPALY JRIGEEARY ‘ene oELER in
area bei ng defriavechy | thé heslwevs/gasket combinkitiosn fownt the, ¢yiled phe-
outer supigace ;Qfs+ld18 ANehH position to the uncoiled installation position.
For the sake of simplicity, the sewer plug is shown only in
Fig. 14a, but is not shown in Figs. 14b - 14d. ' _

In Fig. 14a, the sleeve 1 is shown in transport to the
repair site, mouted on sewer plug 31. The sewer plug supports

15 the sleeve and is mounted on skids 39 via supports 41 that
surround the ends of the sewer plug 31.

In Fig. 14b, the sleeve 1 is shown with the gasket 19
thereon, positioned on the bottom of the inside surface lla
of the conduit section 11 to be repaired. Alfernatively, of

20 course, the sleeve/gasket coﬁld_be located at the site of a
joint between two adjacent conduit sections to be sealed. The
sleeve 1 in Fig. 14b is partially expanded, as depicted in the
slightly enlarged internal diameter of sleeve 1 in Fig. 14b.

As mentioned above, before and/or during the expansion

25 - of the sleeve 1 and gasket 19, illustrated in Fig. 14b, when
water-reactive grout is used, water can be sprayed, or
otherwise applied, onto the gasket 19, by means of water line
38 and nozzle 38a. This facilitates the foaming or reacting
of the grout around the sleeve 1.

30 Alternatively, the step of applying water cén be omitted,
permitting the grout to react with the moisture or water
resident in the surrounding soil and/or environment at the
repair site. This latter-mentioned alternative method would
lengthen the total process but, however, inasmuch as the

35 sleeve is locked in place by means of the present invention,
it would remain secured until the grout completely cures.

As mentioned above, the skid assemblies 39 or other
vehicle can support the sleeve. For example, skid assemblies
39 can be located on either each end of the sleeve beneath end
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25 of material, (2) the pair of stop members, and (3) an inner

surface of a conduit to be repaired. , In a still further preferred
enbodi ment of the invention, t he conduit lf&gir apparatus includes a
sl eeve nmenber i ncl udi ng: 30 : (i) a sheet of materia

T O o e er, B Y Rl Ry B oSk papaion, g5 the
surrounds a | osbeeve nhd supparits theo sieenrof rew thet dbveri sunfesie iash;the
(11) apair ofGRaget! aceRddifl U1 #fiss s SehatharPdaegaiten andRintto R
flared -portion progepthgg%oyt%?rd y an ongi tudi nal | . away, fromthe
outer surface @touhdlsmahiained genpatd thie shpeve an thepbinpl Hastallakion
pre-instaldatigfsitioRO8E! tAB 21delBeandCqld Gfbt NshaddAéd Gbuposi tion, the
outer  surface of the SHEeLed" dHSg Axfiisifs bEALRE RIEEV)S gildld i
squeezed into the cracks and spaces in the conduit wall.
In Fig. 14c, the sleeve 1 is shown in a slightly over-
expanded position, a position that is attained prior to the
10 deflation and removal of the air bag. The slight over-
expansion of the sleeve is necessary to effect the 1bcking of
the edge portions of the sleeve, i.e., as mentioned above with
regard to Figs. 3 and 4, the locking assembly 5 being located
along the length of the sleeve.
15 That is, as the sleeve is over-expanded, the edge region
10 is withdrawn from beneath the members projecting inwardly
from edge region 9. Thereaftér, upon deflation of the sewer
plug, the edge of the edge region 10 is moved toward the
coiled position, but is captured by the longitudinally spaced 
20 members on edge region 9. _
By virtue of the flare portions 3 of the sleeve 1, as the
sleeve/gasket expands to the inner surface 1la of the conduit
11 under repair, the only forces opposing the expansion are
localized forces at the areas of the ends of the flare
25 elements 8 of the flare portions 3 and, if utilized, the
elastic bands 6, 29 that'encircle the sleeve 1 and/or gasket
19. That is, unlike the method employed in the aforementioned
allowed application, Serial No. 07/651,793, in which the
entire gasket is compressed against the inner'wali of the
30 conduit section under repair, to thereby provide a recoil or
rebounding force for effecting the locking of the edges of the
sleeve, in the present invention, as described in the
immediately preceding paragraph, it is not necessary to
compress gasket 19 against the inner surface 1lla of the
35 conduit. Further, due to the nature of the material from
which the gasket 19 is made, only a neglible rebound force can
be generated. COnsequently, to effect the installation of the
grouting sleeve 1 of the present invention, only a relatively
minor pressure is necessary to be exerted by means of the
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a grouting area; and (ti1) a first |ongitudinal edge

poertiom and a - second | ongi tudi nal edge portion, the first |ongitudinal "
edge portion and the second | ongitudi nal gge portion extending 5 from
one of the pair of opposite end portions to the”ot her of the pair of

t d t { | t4
cbbond Tongi ¢ (APHEF BNYE BArt| SReSORACRIAYHg PP rChinatadly (AS hEN 3d Hepaed
pre-installatiba pogandnthe gseweimgplug ndteritsels. | ocanedefﬁecheng the
grouting area iﬂsE?TEhEESntQ? ife éf@@%é 6@3Eﬁ¢|§¥ééE¥F lnventloﬂrhékcrlbed

specific feature o e I nvention, king the first
| ongi t udi nal ehgléebavtiibrﬁ%ﬁﬁt%%’éa%ét'omj psi imeaded nafbeagBtEafty obn gihe

the sheet &o foBkEﬂSnEﬁSﬁEd'ﬁ&Qor a H%ﬁ%ﬁiﬂﬂS/éﬂﬂaddﬁtiﬁﬁﬁlﬁnbéﬁ5 isis
provi ded. 15 I S conte ate @ ﬁ covering could be placed upon

t he outer surfﬁﬁédSF Fﬂee§f§€$ Wit were desired to
reduce the size of rhaagoeytFig. ama .ﬁnﬂuhﬁrhhesebhe sleeve in the uncoiled

installation position, in which the sleeve 1 has recoiled
slightly from the overexpanded position shown in Fig. 14c.

10 The complete installation can be ﬁerformed in as little as
thirty minutes.

It is contemplated that instead of utilizing the above-
mentioned blanket~grouting system, in which a gasket 19 is
placed around the sleeve 1, or the injection system in which

15 a nozzle 14 injects grout into the grouting area 12 after
installation of the sleeve itself, in which the steps
described in relation to Figs. 14a - 14d are performed prior
to injection of the grout, alternative methods and apparatus
can be employed. '

20 For example, Figs. 15-17 schematically illustrate an
embodiment in which the sleeve is coated with a layer of
thermoplastic material 44. The sleeve has perforations 45
within which the thermoplastic layer can flow when heated,
thereby fusing adjacent layers of the sleeve when cooled or,

25 alternatively, through which solvents can flow for fusing the

| adjacent sleeve layers in the final installation position.
These perforations can be located merely near the edge
portions 9’ and 10’, as shown, or, preferably, they extend
throughout the extent of the sleeve. Further, it is

30 contemplated that projecting "teeth" can be formed iﬁ the
sleeve, e.g., every 0.75 inches around the circumference of
the sleeve, the sleeve being made of a steel mesh to catch the
teeth upon a slight recoil movement.

In this embodiment, the length of~the sleeve 1’ can be

35 made to be somewhat longer than sleeve 1. For example, it is
contemplated that in the installed position, two overlapping
layers of the sleeve are located throughout the circumference
thereof, or sustantially throughout the circumference, to
facilitate fﬁsing thereof.
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reduce the quantity of grout needed for a given installation. : In a
speci fi.c enbodi nent of the invention, a porous 20 gasket is placed around
the grouting sleeve for being infused with a quantity of grout. The
porous gasket is preferably made of an opedlctelled material. It is also

contenplated to provi de a streﬁgéhenlng covering on a side of the:
gasket to be pl Beegxp@nstdite t HkegyYBut ARg 2dreRAY tOF pPBYPYe PR¥T pHer als

25 strength tﬁrébfdaaskgaman@ﬁ eoP8leicly phu 3s.l Ipd@meiﬁlweiészznbedt hsut
grouting sl eeve_a

t |
position to th@dGhEprégagg?;ap a e’éﬁg% 1;%?*%@ 43¢ there Cl()lé’lndcaﬁf’r the

conprise cell U%ﬁﬁﬁoéédothﬁeatliﬁqgthénIth@rhr@palastlc legrerc @yyrirge expansion.
polyethylene

f h
enbodi ment° of tﬁgt an Pﬁ\?@ntﬁ%’f’lqﬁfgrt 2 ’é geggpggle rﬁ‘%g:%a a&‘-om?% the

q:Jant ity séwgropingt Baltpcammbeﬁiam ?ekeul 42otied msgzﬁm L:ﬂg;talnmg
sl eeve. Le ope selbast i qu? 55 RS pLpdri he the porous
gasket for retalnlﬁééthﬁgor%u%e%gsagﬁ Jﬁ%n @p routing 35 sleeve.

The grout can be a #&Bnbee ewbedimgnt:of Fig- g*Bupr351St%Bﬁ§|§%Fﬁ§ 7 @an be
wat er - r eact | Veeﬁl‘é@éagangdmhfﬂrQ;H@”@hai-ﬁa%alastlc amaeéLial €HY i ¥Bat, upon

gel - fprn1f9 grgfgceggn%pgéythgrgfgégg dt°the site of the conduit section to
be repaired, an electrical current is applied, via an electric
line, to thereby melt the thermoplastic material, thereby
sealing and/or strengthening the damaged and/or weakened
- conduit section as the heat is removed.

15 Fig. 17 échematically illustrates resistance wires 47
embedded in a criss-crossing arrangement within the layer of
thermoplastic material 44. Alternatively, instead of a criss-
cross arrangement of resistance wires, a non-woven fabric mat

' made of electrically conductive fibers can be embedded in the

20 layer of thermoplastic material 44 which is then connected to
a source of electric current for melting the thermoplastic
layer. |

In an alternative embodiment, the sleeve could be made
to have a shape like that described above with regard to Figs.

25 15 - 17, but made from PVC, rather than a thermqplastic coated
material, whereby, upon inflation of the sleeve to the
uncoiled installation position, a solvent, such as toluene or
other aromatic hydrocarbon, is applied to the sleeve, upon
expansion of the sleeve, flowing along the surface of the

30 sleeve, through openings thereof, thereby partially dissolving
overlapping layers, fusing same upon evaporation of the
solvent. _ -

Alternatively, the sleeve could be made of polyethylene.
In addition, it is also contemplated that the heat could be

35 applied only to the areas of overlap of the edge regions.
With regard to the resistance wire embddiments, the resistance
wires could be embedded for less than the entire length around
the circumference of the sleéve, that is, only iocally at
areas of overlap. Further, the openings or perforations in
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and a cenentitious grout. I n an addi t ead
the invention, a |ayer of t hernopl astic material ican ﬂ the
outer surface of the grouting sleeve. In this enbodi

heat i ng the thernoplastic material and. fusgpg overl appi ng regions of 5

t he sl eeve is provided. Mor e speC|f|caIIy, t he heating nmeans can
take the form the sflcesrs stcarick bal anlent ordybddsel ized dthearéms nopl asertap.

mterial. Aternall 4@l Y%nd "gnBSaLhaMIRINS vﬁﬁ’bﬁt effsp{:%@ layedls Gt the

j acket for surrounding e expan e air nt erna
expansi on neanslerye @Gﬁd@@ﬁeﬁelﬁhﬁe&mhﬁﬁhmﬁﬂ s utilizing thermoplastic or

solvent fusing, for example, a locking arrangement like that

5 described above, can be omitted, together with the need to
over-expand the sleeve to effect the locking. Thus, even less
pressure from the sewer plug is needed to complete the
installation. '

Further, the aforementioned sleeve fusion embodiments can-:

- 10 be used in place of other sleeve embodiments geherally known,
or they can be used in conjunction with certain of the
features of other embodiments of the repair apparatus,
previously descfibed. For example, upon fusion of the sleeve
by means of thermoplastic or solvent fusion, without applying

15 pressure against the inner surface of the conduit under
repair, a grout can be located in a grouting area, in the
manner described in the preceding embodiments of the
invention. That is, stop elements, either flared end portions
or separate elements attached to the sleeve, could be utilized
20 in the manner described above.

Also, in the embodiment illustrated in Fig. 1, the sleeve
1 is shown to have a flare portion on each end. It is also
contemplated that only one of the ends can be flared for
length~wise attachment to previously installed sleeves for the

25 purpose of providing continuous repairs for longer lengths,
for example. :

In Fig. 18, the present invention is depicted in a
general schematic illustration. That is, although flares have
been described in the preferred embodiment above, it is

30 contemplated that a generally cylindrical sleeve 1’’’ could
be utilized, with annular stops 13’’’/ surrounding the ends to
retain the grout which is either injected in the grouting area

127 or placed therein via a grout-impregnated pad. The stops
13’’’ can be made of an open—éell absorbent material, as

35° described above, to lessen the rebound force upon the sleeve
during expansion thereof. Alternatively, the stop material
could be made of a denser open-cell material, compared to the
‘aforementioned gasket, or from closed-cell material, thereby
performing the function of a stop, yet providing only a



thernopl astic coating fromw thin. - ' In an alternative enbodi nent,

the conduit repair apparatus of the invention includes a sl eeve nade of
a plastic material and a quantity of solvent is provided for fusing 15
over|l apping porti ons of the sleeve in thé3~uncoiled installation
posi tion. ILn the cqonduit repair nmethod accordin particul ar

enbodi ment of Fﬁéaﬁﬂg§éﬁtSFHQ@EUQ%?°WQ¢\ﬁﬁ?ﬁ?t?ﬂaEﬂ% %%glng Shep¥@er of

thernopl asti c mat er Faha®ayt, hamube&;hsu:rtfeadmmtt:tdael% bewrerdescf 563 with
t hereof, the sle ve nenber vable from
g5, BSLEdol4

pre-i nst allati Bﬁ e58§'Ff| AL ﬂ‘r?@&ﬁ'eg'atera%arﬁ aﬂ‘gtﬁ’%%’d%‘?’ﬁ%n it
at |east two edgetpegeonsderstbedsMbem the dinvestdramlisvert doimited nte hehe

uncoi | ed i gst ablakipa)ROS! HigR1osea i BAE Qﬁaénﬁbughggé@& e 1 Evin

positioning t eeve ne thin ac ut to

expandi ng t he §h§e§€°ﬁénﬁ€rtbé ﬁéﬁémﬁhe sl eeve menber to the uncoil ed
installation position,; heating the thernoplastic materi al
and 30 : term nating t he heating, thereby fusing the

over | appi ng edge regions of the sheet of material together in
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stop nenbers to ssurface of the sleeve nenber
pre- |nstallat|on p03|t|on prior to the st3p-of expandi

the uncoiled ingtallatio More specifically, t he nethod
i'ncl udes the st@%‘m Mﬁgﬂ g“ml ng a pair of |ongitudina d- ay

in the uncoiled installation position, the an annul ar area i sZ 2

by (1) the outwHABUIS$ aCBADMEDhe sheet of material, (2) the palr of stop
menbers, and (3) an,inngr % t mprisi

-12- condui t t%‘bégrgggéﬁe r8 8§fb?P8F§S|H§ 5?% t mnfhln the

annul ar area. | & sheezgnmamberesamprﬁéﬂwsd according to an .
alternative (i) a sheet of material having an outer surface

5 and being.movable from a coiled pre-installation position, in
which said sheet of material generally surrounds a
longitudinal axis, to an uncoiled installation position; and

(ii) a pair of longitudinally spaced-apart stop
members affixed to the outer surface of said sheet of

10 material, an annular area thereby being limited, in said
uncoiled installation position, by (1) said outer surface of
said sheet of material, (2) said pair of stop members, and (3)
an inner surface of a conduit to be repaired.

2. A conduit repair apparatus according to claim 1, said

15 sheet of material having a pair of longitudinally extending
opposite edge regions, and said stop members having a length
extending generally from one of said pair of edge regions to
another of said pair of edge regions.

3. A conduit repair apparatus according to claim 1, each

20 of said pair of 1longitudinally spaced-apart stop members
comprising an elastic band surrounding said sleeve member in
said coiled pre-installation position to thereby exert a force
on said sleeve member in a direction favoring said coiled pre-
installation position.

25 4. A conduit repair apparatus according to claim 1, said
pair of longitudinally spaced stop members comprising opposite
end regions of said sheet of material which are flared
outwardly from outer surface of said sheet of material for
contacting the inner surface of the conduit to be repaired in

30 the uncoiled installation position.

5. A conduit repair apparatus according to claim 4, said
flared opposite end regions being radially flexible relative
to the remainder of said sleeve member, said apparatus further
comprising at least one layer of tape over an outer surface

- 35 of each of the flared 6pposite end regions of said stop
members. .
6. - A conduit repair apparatus according to claim 1,

further comprising a quantity-of grout for placement into said

annular area.
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enbodi ment of the invent i}

nenber i ncludes a 5 eet Qb
mat erial made of a plasti.c s novabl e >~ from-h Tens kigekp AS BEEN
pre-installation position, installation ppsi A¢ED
| east two edge regions of the sheet ; (ﬁ med%er i al overlapplng |v'Luc
uncoil ed installation position, the method including the steps of: 10

posi tioning the sl eéve Areopduiki rapaix apRagptusoaccorgingepai ¢taim 1, saia

expandi ng the gl&eeyesFenbeeria ﬁﬁaﬁnghﬁaabe%\fe stainRE¥Isddel he uncoil ed
installation position; a solvent at least,to the

two overl apping 15 8 ed@ecPQSU&ﬁerBPlFugBHé USo3EPPR bpﬂgtgdﬁ a}@g}cnﬁ?%ﬁ
the . Sheetslﬁeﬂ%ﬂ:héﬂ:ef.@?ﬂBéﬁ.ngn%nﬁhé urfC@g.La@rtntms]Ealt Ihat i onh .
osi tion. i ca . i s_enbodi men A met ho, .
Pncludes 5 (a) ﬁ?chhﬁg étrrGPXFEnaPPBEgggﬁl?cgﬁﬁgéﬂgaggr?igfﬁp , said
nenbers 20 t sHéwt onf enaseriatebeinghmadecefemedalar in the coil ed pre-

[ 1 f ,
installation positiph priore utn{iﬁ f«%ﬁ&? a?éB?Q@'u’%g aé@lﬁ‘&m%fl neéﬂ%l %

uncoi l ed installation p05|t|on annu area is
the outer surfemid gletaie shieat off materindl haying a coatingaf t@iersrtqnalastlc
menbers, and (Reépiapner surface of a

10 11. A conduit repair apparatus comprising:
' a sleeve member comprising:

(i) a sheet of material having an outer surface
and being movable from.a coiled pre-installation position, in
which said sheet of material generally surrounds a

15 longitudinal axis, to an uncoiled installation position;

(ii) at least one elastic band surrounding said
sleeve member for exerting a force on said sleeve in a
direction favoring said coiled pre-installation position; and

(iii) a first longitudinal edge portion and a

20 second longitudinal edge portion, said first longitudinal edge
portion and said second longitudinal edge portion overlapping
at least in said coiled pre-installation position and, in said
uncoiled installation position having complementary means for
locking said sleeve member in said uncoiled installation

25 position. . _ '

12. A conduit repair apparatus comprising:
(a) a sleeve member comprising:

(i) a sheet of material having an outer surface
and an inner surface and being movable from a coiled pre-

30 installation positibh, to an uncoiled installation position,
‘at least two edge regions of said sheet of material
overlapping in said uncoiled installation position; and

(ii) a layer of thermoplastic material on said
outer surface and said inner surface of said sheet of

35. material; , |

(b) means for heating said thermoplastic material

to thereby fuse said overlapping edge regioné of said sheet
of material together in said uncoiled installation position.
13. _A conduit repair apparatus according to claim 12,

o e L Mo s %
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25 conduit to be rep Egﬁeuﬁpﬂeeﬁhapuaédam ng grout within

area. * In a u f :the inventive net m M the
grouting sl eeve has anj m mm a pair of |ongitudi l /f ’
o ;
S

ext endi ng edges and a e end poggiLons, the edges 30 &
extending fromone of the pair of end portions to the other of the en

portions, andghR@ RddnHf fb?n%'efaltd.'n@a'cidinﬁi 'nen electfigicsta DVeekappefickn
a coiled pre-install atiaon 05|t|%%%§?351 ne.oE t he edges
havi ng a devi B&afsy ermop} g k%g%% ?515 portion of the
ot her of the edgesai4t.he aratdwduB5 repaﬁ:tudppgrbltassta@;wmfing to claim 12,

(1) 2221 L7 BB ARD SLEEAE g A iAok

grouting Sl eeioternediane®f mand leeve meybew. pre-instal l ati on position to
an uncoiled instal haliop conduit repair apparatus according to claim 12,

further comprising a pair of longitudinally spaced-apart stop
members affixed to outer surface of said sheet of material,
an annular area being defined} in said uncoiled installation
10 position, by (1) said outer surface of said sheet of material,
(2) said pair of stop members, and (3) an inner surface of a
conduit to be repaired. '
16. A conduit repair apparatus comprising:
a sleeve member comprising a sheet of material made
15 of a plastic material and being movable from a coiled pre-
installation position, to an uncoiled installation position,
at least two edge regions of said sheet of material
overlapplng in said uncoiled installation position; and
a solvent for partially dissolving said two
20 overlapping edge regions for fusing said overlapping edge
regions, upon evaporation of said solvent, in said uncoiled
installation position.
17. A conduit repair apparatus accordlng to claim 16,
further comprising a pair of longitudinally spaced-apart stop
25 members affixed to outer surface of said sheet of material,
an annular area being defined, in said uncoiled installation
position, by (1) said outer surface of said sheet of material,
(2) said pair of stop members, and (3) an inner surface of a
conduit to be repaired.
30 18. A conduit repalr apparatus comprising:
. a sleeve member comprising:

(i) a sheet of material having an outer surface
and being movable from a coiled pre-installation position, in
which said sheet of material generally surrounds a

35 longitudinal axis, to an uncoiled installation position:
~ (ii) a pair of opposite end portions, each of
said end portions having a flare portion projecting outwardly .
and longitudinally away from said outer surface of said sheet
of material, wherein, in both said coiled pre-installation
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-13- p05|t|on.h9 'h&ﬂ¥& ac%urface of the conduit; ;anu

(c) activating an ex b tween the outer

grouting sl eeve and ce of the condui t, mw ,"w"l,””",
activating the deV|c ' he at 5 leppt one of th

| ocki ng the one of the edges to ‘the 1 portion of the other of the edges

In a still fur§8§itiléﬁesth&aiaeuhawmbaVanahq@t1|dm posmﬁcﬁh td¥eid outer
Ot endi g cdgeSuBrace 53 ot oBpBSt: &R SBELBh AnSh<SA Fha fidge, Portions
extendi ng edg ir r S

ext endi ng fronaepenefat geopsingokread and portions to the other of the end
portions, and the pair of I q?gg

overl apped in a coiled prékgﬁgtélgé %%hlﬁb Pﬁ*ﬁ##ﬁiﬁ ?ﬁ%ne Nl ??ﬂ!a
edges havithg secandelnmmlttuﬂlmmbled@e ploxrtden ,obaiddef bugbslong hitpwdinabredge
the 15 other 0drii6nedf8s =23l dlodihfSlonde f‘ﬁéicegéadp%%rlwcgﬁ%m%u}g

the grouting eve, e net od I ncl udi ng t eps _of
posi ti oni ng th@r@mogﬂﬁnsfsﬁééﬁePHHHNQfePERﬂﬁﬂl? end portions to the other

of said pair of opposite end portlons said first long1tud1na1
edge portion and said second longitudinal edge portion
10 overlapping at least in said coiled pre-installation position.

19. A conduit répair apparatus according to claim 18,
further comprising means for locking said first longitudinal
edge portion and said second longitudinal edge portion of said
sheet to form said sheet into a generally tubular

15 configuration. ' .

20. A conduit repair apparatus accordlng to claim 18,
further comprising a quantity of grout for placement into said
grouting area.

21. A conduit repair apparatus according to claim 20,

20 further comprising a porous gasket for placement around said
grouting sleeve and for being infused with said quantity of
grout.

22. A conduit repair apparatus according to claim 21,
said porous gasket comprising an open-celled material, and

25 said gasket having a strengthening covering on a side of said
gasket to be placed adjacent said grouting sleeve.

23. A conduit repair apparatus according to claim 22,
said open-celled material being cellulose. _

24. A conduit repair apparatus according to claim 22,

30 said strengthening layer béing a member selected from the
group consisting of a polyethylene sheet and a cellophane
sheet.

25. A conduit repair apparatus according to claim 18,
further comprising a porous gasket impregnated with a quantity

35 of grout, said porous gasket placed around said grouting
sleeve. '
' 26. A conduit repair apparatus according to claim 25,
further comprising at least one elastic band encircling said
porous gasket for retaining said porous gasket upon said
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to be repaired in the coiled pre-installation position; (b)
expandi ng the grouting sleeve fromthe coiled 20 pre-installation p05|t|dn

to an uncoiled installation position toward an |nne ﬂ

conduit against an elastic opposi ng force-3d-the at Imn mmlﬂlmgmc@?
band; and (c) - termnating the step of expandind, thesfeby
permtting theywdutiagtsbaevelastic band to exert a force on 25 the

grouting sl ceve forx#t! KGR RN GaN ud cooral lGK LR 2o,

| east one of the edges to the port
According to esaid| |qn‘cmt heﬂormmnq)f a hmemberodseleched frpmvetm orgraup

whi ch the groyldng; détfﬁgeo? WALEE - §aaf:esee axﬁgnd@ﬁgr pgﬁ.HhQ’é&!ﬁdffg Redduk ;

ext endi-ng edges an opposi t porti ofns

ext endi ng ¥ r or MRt 1‘{'#1%3%‘1’? fol-efrmpmmg rﬂ)’?‘?‘i‘bnsa"i SR &amelzﬁns 1 QU
portions, eachyd éfukn&&htxtlougf Qgpgslte end portlons havi ng an outwardly

proectino SLOb  AFTIR Gotpis s RTS8 R SO0
i ncl udi ng t he sgaispsshdet of material beiny amEnkennised adted)rfogn rithes |gpeoup
‘é"'otsr“t inoﬁ_ Cgﬂg%énsistiﬁg b&e' fBehiednbNphiAgeqe.l €d pre-installation
1 29. A conduit repair apparatus according to claim 18,
further comprising a layer of thermoplastic material being
placed upon said outer surface of said grouting sleeve.
30. A conduit repair apparatus according to claim 29,
further comprising resistance elements being embedded into
15 said thermoplastic material for transferring heat to said

thermoplastic material.

31. A conduit repair'apparatus according to claim 30,
further comprising a gasket located around said groutlng
_ sleeve over said layer of thermoplastlc material.

20 -

32. A conduit repair apparatus according to claim 31,

further comprising a quantity of grout infused in said gasket.

33, A conduit repair apparatus according to claim 18,

said sheet of material being, plastic and said apparatus

25 further comprising a gquantity of solvent for fusing saiad

overlapping first longitudinal edge portion and said second

longitudinal edge portion in said uncoiled installation
position.

34. A method of repairing a conduit with the use of a

30 -sleeve member for placement within.the conduit, said sleeve

member having an outer surface and an inner surface with a

layer of thermopiastic material on said outer surface and said

inner surface of said sheet of material, said sleeve member
being movable from a coiled pre-installation position, to an
.35 uncoiled installation position, at least two edge regions of
said sheet .of material overlapping in said uncoiled
- installation position, said method comprising the steps of:
| positioning said sleeve member within a conduit to

be repaired:
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(b) expanding the gig vgﬂeag{ammeeogcscpmthe coi | ed

«14- . pre- |nstal to an uncoil ed |hstal
toward an inner surf Lﬁ‘“[ﬂa Hmwt wher eby t he out vvarm'"ﬁ ll[fl[al.")m(ﬂm,
proj ecting stop nenb he end porsdens contacts eby_N‘;]

surface of the conduit in the uncoil ed installation 5 p05|t|on t her
form ng an annul ar spac&ﬁpandxn&Isamﬂhsheeve memgpnrmpompmer@qu sleeve

profecting st gp. HRUPELS 1 d N Ao inta RAPORY) paR DAL | ONs and

limted thickH e outer outlngﬁsleeve and

the inner surface of th@eatlngmﬁayd tRﬁﬁﬂRF%ﬁﬁ?&FI@%%ﬁﬁﬁa%wtﬁ t he
g]pn?lhéelr space. 10 LSS O said | IHedtindier soesby Of tSEnget bagda

5 overlapping edge regions of said sheet of material together
in said uncoiled 1nsta11atlon position. '
35. A method of repairing a conduit accordlng to claim
34, further comprising the steps of:
placing a pair of longitudinally spaced-apart stop
10 members to the outer surface of said sleeve member in said
coiled pre-installation position' prior to said step of
expanding, whereby in said uncoiled installation position,
. said an annular area is defined by (1) said outer surface of
~ said sheet of material, (2) said pair of stop members, and (3)
15 an inner surface of a conduit to be repaired: and
placing grout within said annular area.

36. A method of repairing a conduit with the use of
sleeve member for placement within the conduit, said sleeve

20 member having comprising a sheet of material made of a plastic
material and being movable from a coiled pre-installation
position, to an uncoiled installation position, at least two
edge regions of said sheet of material overlapping in said
uncoiled installation position, said method comprising the

25 steps ofﬁ ' | ’

positioning said sleeve member within a conduit to
be repaired;

expanding said sleeve member to move said sleeve
member to said uncoiled installation position:

30 _ applying a solvent at least to said two overlapping
edge regions for fusing said overlapping edge regions of said
sheet of material together in said uncoiled installation
position. |

37. A method of repairing a conduit according to claim

35 36, further comprising the steps of:

placing a pair of longitudinélly spaced~apart stop
members to the outer surface of said sleeve member in said
coiled pre-installation position prior to said step of
expanding, whereby in said uncoiled installation position,
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i nvention, in which thaisgheiiidsBgnRegaed has an outer surface, a pair

of longitudinally exten a palr oppos
t he edges extending fromﬁ EB‘I[‘E‘!“ pair of end port|umlmu' m"ullﬁmﬂll EN
of the end portions, eaC pair of opPpesite end pbrtfons Havisng*

an outwardly projecting flexible flare, and the pair of Iongltudlnally"*~J
ext endi ng edgesabéi ag amenlappeteanis defheedpbwLNdétﬂdhﬁ|QNter SYUHA ¢ onl

t he met hod 'ncéggénﬂhéQE &t Hial, (2) said pair(8F Q@ébtﬁémbggsthﬁhd (3)

grouting sleeve wthin a condurt 20 be repalred In COi
pre-instal l-ati®m §6§?F|§Hrf§ﬁ6 of’a conduit QJBefQﬁRﬁ%ﬁf %m?@ﬁoutlng
sl eeve to expand frO”‘thﬁlaclngogkﬁdtpMQﬂH%ﬂéﬂdﬁﬁIaﬂhdlﬁwtafﬁalo an
uncoi l ed installati Ltion toward, an innper % ? gﬁ he condU|é,
wher eby t b out rdI SF%PQ 9%;#%&3%&%%& 2 ERNARIF N HIER TRS YsH o5
contacts the i@meuttngfasbeeVethﬁoronmhacemanthewuhnbmle%he condigit) | asada
posi tion, ther %? n% %v%nn%?‘; gacgn out! e%%#gngtg WS r of
p ar e

bet ween t he ou roj ecting on -the pair, opposi te end
portions and(ﬂ@@@utng1nhlékn@¥$endlngmﬁé@eéeﬁVE%natﬂ@#ﬂu?@r@ﬁppﬁ@ eend

and the inner syrf86Rs0f s%@d b%e@r&wéndm@%rmlaﬂeleﬁahaad- paitef end
annul ar %Pace geC| |call¥ accordin net hod, of

t he portions to the other of said end port ons, an sa1 pair of

longitudinally extending edges being overlapped in a coiled

' pre-installation position and at least one of said edges

having a device for locking said one of said edges to a

portion of the other of said edges, said method comprising the

15 steps of:

(a) positioning said grouting sleeve within a
conduit to be repaired in said coiled pre-installation
position; N '

(b) forcing said grouting sleeve to expand from said

20 coiled pre-installation position to an uncoiled installation
_position toward an inner surface of the conduit; and

(c) activating an expandable grout between said
outer surface of said grouting sleeve and the inner surface
of the conduit, thereby activating said device for locking

25 said at least one of said edges for locking said one of said

edges to said portion of the other of said edges. |

39. A method of repairing a conduit with the use of a

grouting sleeve for placement within the conduit, said

grouting sleeve having an outer surface, and a pair of

30 longitudinally extending edges and a pair of opposite end

portions, said edges extending from one of said pair of end

portions to the other of said end portions, and said pair of

iongitudinally extending edges being overlapped in a coiled

~ pre-installation position, at least one of said edges'having

35 a device for locking said one of said edges to a portion of

the other of said edges, and at least one elastic band

surrounding said grouting sleeve, said method comprising the
steps of: |

(a) positioning said grouting sleeve within a
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I nventi on, before t he sThisPheef H @smﬂeelmeﬁ the grouting sl eeve,

step of pIaC|ng t he grou outing sleeve n
sleeve is in the coiled Hml nﬂwmﬁmtn position 35 whglmllluulu!'m mmt’m )
speci fically, according t I's.-aspect of -41+e inventidn,© the 8tep of
pl aci ng grout around the grouting sl eeve conprises the step AQEmCIHY
a porous gaskecbnambhndto bé herepairédg i essdid arﬂ?hhﬁ%mm‘gﬂ@m
por ous . ggﬁ F n a still further aspect of the invention, the step

N u5|

- 15- rout into the parous gasket_ conprises the.ste
of placing the grouti ng(gl)eé%fﬁaﬁé\lpﬁgsﬁh@ %B?Bgé"%%k%?ggrgﬁﬂ’a sald c‘i’fled

into a contaipgp.-9hs@hfYhtion position to an uncoiled installation position
5 toward an inner surface of the conduit against an elastic

opp051ng force of said at least one elastic band; and

(c) terminating said step of expanding, thereby
permitting said at least one elastic band to exert a force on
said grouting sleeve for activating said locking device for

10 locking said at least one of said edges to said portion of the
other of said edges.

40. A method of repairing a conduit with the use of a-
grouting sleeve for placement within the conduit, said
grouting sleeve having an outer surface, a pair of

15 longitudinally extending edges and a pair of opposite end
portions, said edges extending from one of said pair of end
portions to the other of said end portions, each of said pair
of opposite end portions having an outwardly projecting stop

- member, and said pair of lonéitudinally extending edges being

20 overlapped in a coiled pre-installation position, said method
comprising the steps of:

(a) positioning said grouting sleeve within a
conduit to be repaired in said coiled pre-installation
position; and ' .

25 (b) gxpanding said grouting sleeve from said coiled
pre-installation position to an uncoiled installation position
toward an inner surface of the conduit, whereby said outwardly
projecting stop member at each of said end portions contacts
the inner surface of the conduit in said uncoiled installation

30 position, thereby férming_an annular space limited length-wise
by said outwardly projecting stop members on said pair of
opposite end portions and limited thickness-wise by said outer
surface of said grouting sleeve and said inner surface of the
conduit, grout belng located within said annular space.

35 41. A method of repalrlng a conduit with the use of a
groutlng sleeve for placement within the conduit, said
grouting sleeve having an outer surface, a pair of
longitudinally extending edges and a pair of opposite end
portions, said edges extending from one of said pair of end
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_ .. Been Re iaced:_ . _ . .
Still further, the gas Shegt Fag 28y o the grouting 5 slpeve b
of an* adhesive. Altern Iﬂ‘\m\‘ﬂ sket is secured v
sl eeve by neans of a nec . attachnment devi ce i ncltudj hgrEe

sel ected fromthe group ‘consi sting of 7427 east one el asti@ 5D
encircling the gasket a routi ng sl eeve; at, | east one spring-Ilike
wire encircl iprﬁq'-lﬂps 4R %l{:&q’%]c?égr%%tq r?é‘dslp(?ﬁé',o%d egth] é’d“s)tsa&gjeﬂm

fixed toF t bppaedtid ngndl epuet fofist chavibngasitet outwardly projecting

speci fic aspeqgt .of the_inyention h en. o J.nf usi r gty

t he porous g éilbclo%ifp'gﬁg't h%n%tgéslso%aﬁ I’faflﬁnﬂlr#g%ﬂ%?+gr%ggst$§£§oﬁf
to each end efdgewm hyving ionprdlappasd ir6a coiled puerdnstpldatisimipositden,
positiong of (ﬁé{e}ea g{&ﬁd&'gcompri?ﬁiﬁeifﬁe geepsobgthe roller assenblies

havi ng a han acl n&) the“grouting, sl eeve having the porous gasket
around it into a tdht #erdtipnipguisaihd FRURING HeFPFdutWHP S e

and - Jadepfaiouitd Ibingivepdiitalad axins ehibhecsligewe. prélinstaliitiidn
further according to :the nvention, after the step of . positioning
t he groutingP8 N tHh a conduit, the nmet hod i ncludes the step of

applying water or a cat¢bysodaing said hgrogtduly. sleeve to expimé from said
specifig&ilybégfég ﬁé&ifﬁéihfiaﬁfékt£8£i€9o£h€o an uncoiled installation
position toward an inner surface of the conduit, whereby said
outwardly projecting flares at each of said end portions
contacts the inner surface of the conduit in said uncoiled
installation position, thereby forming an annular space

15 extending length4wise between said outwardly projecting flares
on said pair of opposite end portions and extending thickness-
wise between said said grouting sleeve and said inner surface
of the conduit, grout being located in said annular space.

42. A method according to claim 41, further comprising,

200 before the step of positioning said grouting sleeve, the step
of placing said grout around said grouting sleeve when said
grouting sleeve is in said coiled pre-installation position.

43. A method according to claim 42, said step of placing
grout around said grouting sleeve comprising the steps of:

25 placing a porous gasket around said grouting
sleeve; and _

infusing.grout into said porous gasket.

44. A method according to claim 43, said step of
infusing grout into said porous gasket comprising the step of

30 placing said grouting sleeve having said porous gasket around
it into a container of grout.

45. A method according to claim 44, further comprising
the step of securing said gasket to said grouting sleevé'by
means of an adhesive.

35 46. A method accdrding to c1aim‘44, further comprising
the step of securing said gasket to said grouting sleeve by
means of a mechanical attachment device.

' 47. A method according to claim 43, said step of
infusing grout into said porous gasket comprising the steps
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25 grouting sleeve mn&ﬂ e met hod i ncl udes of

duit —%he—s;ep________l__
appl yi ng water to the gr mtﬁ hgiﬁ step of forcing t he grouting
sl eeve to expand fromt nstallat|on J ulmm
uncoi l ed installation p |A43-still furf J" U ,’Hm””"’ ]
enbodi nent of the invention, |n whi ch the sleeve is doated Wi th

t her nopl asti cofimt eri al , after the step of forcing the groutlng sleeve

to expand fromthe coiled g Il HO0ead H808f|
instal | ation position, the né"tfﬁ'laa?"at Z-Eﬂ?%g 53‘3?“‘?95’ t.oah e §dia

heating the { GEPHBHPEs EileaYR &} Fald 3‘5'°11e PFR-ans iﬁ%g‘%#é‘ﬁlﬁo? het

i nventi on, taslat gRodting sldiad ) | eaEmgot hsagaorblners aamsembyi idd rhaving
condui t to be repaired i ncl udes t he steps of placing the grouting
sl eeve . %pBﬁnglﬁehlcle and transporting the grouting sleeve to the
~conduit to be repaired by nealacing baidefirouting sleeve having said porous

gasket around it into a container of grout; and
rotating said grouting sleeve and gasket about
a longitudinal axis of said sleeve. .

10 48. A method according to claim 41, further comprising
the sﬁep of applying a timed catalyst to said grout.

49. A method according to claim 41, further comprising,
after the step of positioning said grouting sleeve within a
conduit, the step of applying water to said grout.

15 50. A method according to claim 41, further comprising,
after the step of positioning said grouting sleeve within a
conduit, the step of applying water to said grout during said
step of forcing said grouting sleeve to expand from said
coiled pre-installation position to an uncoiled installation

20 position. '

51. A method according to claim 41, said sleeve being
coated with a layer of thermoplastic material and, after the
step of forcing said grouting sleeve to expand from said
coiled pre-installation position to an uncoiled installation

25 position, said method further comprising the step of heating
said thermoplastic material.

52. A method according to claim 41, said step of
positioning said grouting sleeve within a conduit to be
repaired comprising the steps of: '

30 ' placing said grouting sleeve upon a vehiclé;
and _

transporﬁing said grouting sleeve to the
conduit to be repaired by means of said vehicle.

53. A method according to claim 41, said step of

35 positioning said grouting sleeve within a conduit comprising
the step of placing said grouting sleeve within_a plurality
of conduit sections, bridging a joint between two adjacent
conduit sections.

54. A method according to claim 41, each of said pa1r
THIS SHEET HAS B: ]
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adj acent conduit sections St| | f urdher, accord|
_aspect of the I nvention, each of the pair of Iongltudlnally ext endi
edges hasofa jdngdtuﬂlmamiygweuﬂendiﬂ@r eaqmgenbavithha a locking

conplenentary Q [ ti f ' of .
| ongi t udi nal | yJ;%g%é{}gaEQ Ié'dgéégf21 Exga %f expan% g’?’ﬂﬁ%ﬁ"“% IOCkmg
further incl umnglgueataep @fn e'szlpanmhgaxt hef spadde palr uREi |1thu5tm¢ﬂgly

configurati Onéxeanabﬁ?l eagiekudifald Ystep @ftéﬁﬁaﬂalﬁgggaleef‘sqr&wmer
t her eby | ockin eeveé agal nst recoi | ccord

still fur® herc%ﬁ’ééﬁlﬁg e | ﬁ\F@rﬂ i 8%, e¥RANGing: §3is é;cﬁ&H&l n\j‘qFﬁ% Fatde
further conpriserih§ecéneigatationsxennshiy Idiny Hbiseally idxtdred dng edgey

projecting fIbecome engaged, thereby locking said sleeve against rec011..
55. A method according to claim 41, said step of

expanding said sleeve further comprising the steps of:
10 expanding said sleeve until said outwardly

-16- Further“’ls %ltlonlng t he groufTﬁg_Sfeeve-————————
within a conduit conpri u pIaC|ng t he grout n
within a plurality of c bridgi ng a mﬂ BIIMHEII\]

projecting flares contact the inner surface of said conduit,
said sleeve exerting pressure on the inner sﬁrface of said
conduit only through said outwardly projecting flares; and
permitting said sleeve to recoil to saiad
15 uncoiled installation position. .
56. A method according to claim 41, further comprising,
before said step of positioning said grouting sleeve within
a conduit, the step of:
placing at least one elastic band around said
20 grouting sleeve; and
| said step of expanding said sleeve further
comprising the steps of:
expanding said sleeve until said outwardly
projecting flares contact the inner surface of said conduit,
25 said sleeve exerting pressure on the inner surface of said
' .conduit only through said outwardly projecting flares; and
permitting said sleeve to recoil to said
uncoiled installation position With.the assistance of said at
least one elastic band. -
30 57. A method according to claim 41, further comprising
the step of placing a quantity of stop material adjacent an
inside surface of each of said outwardly projecting flares.

58. A method acéording to claim 41, further comprising,
35 after the step of forcing said grouting sleeve to expand from
- said coiled pre-installation position to an unéoiled
installation position toward an inner surface of the conduit,

the step of injecting grout into said annular space.
59. A method according to claim 58, further comprising,
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contact the inner surface of the conduit, the sleeve exertl Hi pressure

on the inner surface of the conduit only through the'™ mlum,m,”]

projecting flares; and permtting the sleeve to 20 reCO|I

installation position. Still furt he'r45”accor ding to an.addi t" orfal
aspect of the i nvent.ion, before the s osi tioni ng thglegg’r out | ng,
sl eeve wikefore ggidust ep[ iRE rﬂ,‘?%ﬁl‘i’lh’dﬁ% 4 HErepkingds s &g’ ihhin

| east one el astéondaint, athendtdie oF thﬁigaes/esyﬁMgéheoZ&aﬂi erdlftlng
expandi ng the_sl eeve further §] [is
e

t .
sl eeve until THeS%Tt WA v SB- Y?ﬂbgggars eve %ﬁnt’rﬂ:t s?ﬁgal ﬁﬂé?eéurﬂﬁ%e
of the condwinstdnblateenepesettibng and paddsstepooft ha:;emtmn@tgtfcm:te infto

the conduit o t g4 s dl v _prQj fdas

permtti ;‘H’g théeg%?egégu rB%epa%%oeyhﬁ?Eg%ﬁ %%%t&lﬁgdé @'gar'ﬂatl b said
position witS¥yrimge anda§§F§t sadé ennularseppegst one el astic band

|0 an additional fegl ik it dOARiRg £ RAITH ey surtned m@ztm,g ep
of placing a(ﬁﬁuﬁ\‘%’%”% of S%@Eﬁ {%{ a jac,eglt an j nsi de_surface

each of the pAof 3‘5’5##‘5&%@9 sald groy &Bgdﬁjr&ec"(? ithin
further enbodd meohdafity,hetheveteporof aplating adtheléasp @nd oelasgithdand
grouting gl ey, Pa AR P8 IgLbaT hECe1eeve. -

T,
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coiled pre-installation position to an uncoiled installation
toward an inner surface of the concuit the nethod
the step of injecting grout into the annular space. ’
spetifically, in this enbodi nent of the inventé-on, bef ore t he~s& el
' positioning the grouting sleeve mnthln ab condU|t the met hod i £
step of attaching a syringe BSTRAGE O PISE&OEHREhen t he grouting
steeve is in the yerfigh! ha pag aRakald oty PN § R 1O oIS SBE deifraie
step of |nject|ng gro 5t Re anntl ar space co Pses I njecting
grout througs¥$keny i Aje innen mleave imremploxsdcehich is con 1gured to

‘avoid undue pressure being applied to the inner surface of a

DOSi tiop

A G

5 damaged conduit section as it is expanded into position. A
grouting area is defined between the outer surface of the
sleeve and the inner surface of the conduit section or
sections being repaired. 1In one embodiment, a layer of open-
celled material is placed around the coiled sleeve, which is

10 - thereafter impregnated with a quantity of grout. In this
embodiment of the invention, each longitudinal end of the
sleeve is flared outwardly for contacting the inner surface
of the damaged conduit section and for retaining the grout as
it is squeezed out of thé_gasket upon the expansion of the

15 inner sleeve to its'expanded and locked position.
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10 . Further, Dbefore the step of positioning the grouting sl eeve
=wWithin-a conduit, the nethod includes the step of " placing at |east one
el astic band around the grouting sl eeve. BRI EF

DESCRI PTI ON OF THE DRAW NGS The above and additional objects,
characteristics, and 15 advantages of the present invention will becone
even nore apparent in the follow ng detail ed descripti -’ of preferred

enbodi nents, with [refeCpnce ';lo t he accoppanyi % dregwi ng W
. N ¢

presented as non-|nrtThg exdnpl es, in wkich: &
f o ey d Y ’ V Of
L e

perspective view of a preferred q[[pgel-i"'n"ﬁnt\gQ

. . . : :
the present invention, 0.t he uncoi | eds-rresiall
Fig. 2 is an end view g/ Qe Ol Rer ST EE e

direction of arrow II1/in Fit:==8L
cross-sectional vi ew o he”
direction of arrow Ifl | o+ g

partial view of a ddtail Jf the
sl eeve of Fig. 3, tgkerm i _—11"1he®
Fig. 5 is a perspect|live vi‘ew of a p

g eeve of\ Figh1,
\\Fi gi4is
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of the grouting sl eeve of the present invention, in the coiled

=pre-installation position; Fig. 6 is a schematic |ongitudina
cross-secti onal el evation view of the grouting sleeve of one enbodi nent
of the 35 invention, in which grout is injected into the grouting area,
after the grouting sleeve is located in its uncoiled I nstallation
posi tion; Fig. 7 is a schematic |ongitudinal cross-sectiona
el evation view of the grouting sleeve of the invention, 'in the
REPLACEMENT SHEET ' uncoi l ed installation position in which the

grout, whet her

This Sheet Has Been Replaced THIS SHEET HAs BEEN
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I njected after installation, or applied before installation; Fi g.
.8 is a. perspective view of the grouting sleeve havi ng t he gasket
af fi xed at one end thereof prior to 5 application of the grout;

Fig. 9 is a longitudinal cr 0SS- sectional elevation view of the grouting
sl eeve having the g otiye—grougpd =t 7 an praced LNt g/ a; gdnt ai ner
of grout; ggﬂ ¥ wmnmz.i}}: ot ? eeve in

et e 2 3. e e it Skt G LU Y A BN 2B O A P T 2 5 & S

10 its coiled pre | -'“ M) oo o= e T O eI B —gfs ket
i npr egnat ed WI oY | bel hg sefured fo the{groutiNg..f=—stefvdlwith a

pair of el astl h& a S a tpansvdrae ¢ross-sectional
vi ew of the grt| ng 4l eeve gas ég t ak at’te Lr 0SS-s&ctional
pl ane 15 |n { C d Kn A~ T0]"Tn the direction of &row$ Xl -Xl;

Fig. 12 i sl% graph ily ustdating the approxijmate quant {ti es of} grout,
for three different s]eevd |endths ant ~seven diffleren§ sleeve
diameters, in the insfalldqd pogEALon etk schgratf c

l_'---‘-'n——-.-mma----_'-

cross-sectional view {gb—alEee@@rT S0 SySTom Iy i CoRSSEhEmE=isubei ng
sealed with the pres -W”MMM..MMA"MM\VWM havi ng

been transported to the repair 5|| e neang of I%n ai I_ plug;

I3
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Fig. 14a is a schematic illustration of the grouting sleeve, wth a
sgrout-inpregnated gasket thereon, being 25 transported to the |ocation

of a damaged conduit section; : Fig. 14b is a schematic illustration
of the grouting sl eeve partially expanded at the |ocation of the
damaged conduit section; Fig. 14c is a schematic illustration
of the grouting 30 sleeve &er-expanded ag i}@t the inner sug ace of the
condui t sect ng i Blg 7l Pl 29ation of the
grouting Sl ey & T™N_ f/n I Pt ajff on/pogft i bBn, Fig. 15 is
transverse cros ectio ! _ ; di ment of
t he i nvention, whine W= VGRS DETA or atfed—_ar—| =St near edge
portions, and has . of{thernpplastic ruaterial. ' | ted
for |ocking the e in phe_agxpanded IO, A ig. 16 is an
enl arged view of a _portioh g@t luQ) @a _ N o8

27 g T— = . \ﬁ/ _
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-19- enbodi mrent of Fig. 15, in a partially expanded position of the

- St.eaeve; Fig. 17 is a perspective view of a portion of an
alternative to the enbodi nent of Figs. 15 and 16, in which a 5 n
alternative enbodinent, in which a perforated sl eeve has a | ayer of
thernoplastic material and a mat of electrically conductive fibers is
enbedded in the thernoplastic |ayer; and Fig. 18 is an el evationa
view of the general invention. DETAI LED DESCRI PTI ON OF
PREFERRED ENMBODI MENTS 10 Wth respect tonhe drawings, only
enough of the construction of the inventiongag.b icted, to
sinplify the illustration, as needed for thosg d&f.ordi nary skl irf{the
art to readily understand the principles o th inv¢ntion.. n
significant aspect of the present inventio 15. structural 1.’
configuration and function of the inner cogg .o gg 1l -
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liner, or sleeve nmenber. As will be further discussed bel ow, due to
«thi s structural configuration of the sleeve, |ess - pressure is exerted
on the inner surface of the damaged or weakened conduit section under
repair during the installation 20 of the sleeve. In Fig. 1, the
grouting sleeve 1 of the invention is shown in its uncoil ed expanded
and | ocked position. For the sake of sinplicity of illustration, only
t he sl eeve is shown in Fig. 1, no grout being | ocated on the outer
surface 2 of 25 the sleeve 1. At each end portion of the sleeve 1 is an
outwardly projecting flare 3, including an outer flare surface 4 whi ch
general ly provides an extension of the outer surface 2 of the sl eeve.

Al t hough the angle of tHd flareH@r flare portions 3 relative to the
outer surface 2 of thi;%&égﬁf:gizggazghomn7k67be7aﬁ r],

ot her angl ¥s—EaR—b€—ti ti | - En AR BRI 0 neet t he
obj ectives furth ee-5h Ded bel ow. h¢ |di nensi ons of
t he sl eeveeph u§é§§$zg ' '

= €§ of di nmer: prjt upon the
i nternal d 'Egii 35 ahd the Ie : # t he dan )
0

dqd area of the
condui t nto Bd@epair¢ to repair

D

T 7 7 75
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and/ or seal polyvinyl chloride (PVC) -and cIay pi pe, for exanpl e,

> iancludi ng six inch PVC pipe and standard 10 inch cl ay pi pe, having an
internal dianeter of 9.75 inches .
- 20- The invention is suitable for internally repairing
conduits, pipes, and sections thereof having a w de range of di aneters.
For exanple, it is contenplated that a sl eeve. could have a length of 12
i nches, 24 inches, or 36 inches, for 5 exanple, and an outer dianeter of
6, 8, 10, 12, 15, 21, or 24 i nches, when expanded to the uncoiled
installation position. It is contenpl at ed e material from which
the sleeve is formed can have a thi ess of fromR6 through 18 gauge,

7
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preferably- 22 or 24, and can be formed from stainless steel, 10 in.which

t ype--30sk coul d be considered standard, although type 316 could al so be
usedy Al'ternatively,--the sleeve 1 can be made from non-stainless steel,
al um-num plastic, such as PVC, for exanple. 1In short, a range of
~materials and di nensi ons coul d be used imrisonstruegfi gy the sleeve, the.
" selection being 15 limted only to the extent that the function of the

as descri be®ERHQDN AND\ABPARATYESFOR i REFAIREING CAPAVEERI. .
Fig. 2 shows the grouting sleeve of Fig. 1 viewed from an end thereof
in the direction of arrow I1. As shown - therein, as well ‘as in Fig. 1,
the flared portions 3 of th(ta: 20_ sleeve 1 are constructed by having nade a

sl eeve,

series of spacedte Ele £

sl eeve is

appears

\4 d of the material from which the

5 nmade, &heupdeshnt peniephdoy reflatée tol Bevbods dteh apheratwests of
material is forngg Habaidifg beHat Ul afiofOYakr§YERT 4 O ASthe 1n¥BA¥IOA N 0.
1, thereby produg) ne% a sg{?l[ és t_8]1‘ flare el erre#'é‘s 25_8. O .C_oursgé as & he

flare el ements dFFHEGe Kt BEUIRRSE A0 2PPREaRNsER EPTs HPRE 1D of 2PRTed,

sl eeve 1, the cwerkengde or leakisforeednitst theheakxeshapatefoim areashetcend
view of Fig. 2. yhich it iNESFSRAM ¢ Gaid ackBs¥Nireh bhamsieytsémrsg@éée 1

2b" !

15

20

55 Hnee Leda Bel ALl A 191 P95l OlnaBlgrB5n 0w 1N

2. Description of Related Art
Conduit systems for carrying water or wastewater, for
example, and other liquid and fluid conveyance systems, as

I gs..

well as conduit systems that house. communication lines, for
example, are typically located underground and, in genei‘al,
are not easily accessible after installation. Over a period
of time, such conduit systems become damaged, weakeneé, or
otherwise begin to deteriorate and leak at the joints between
adjacent conduit sections, for example. Such deterioration
is caused, for example, by the settling of the surrounding
earth adjacent the conduit system, by deterioration of the

. joints themselves over time, and/or by the growth of roots

25

30

from trees and other plants.

In wastewater systenms, wastewater can begin to leak from
the damaged conduit and create problems of pollution, for
example. In addition, damaged conduit sections invite ‘the
intrusion of rainwater into the system, adding to the volume
of water carried to the treatment 'facility, thereby
overburdening it. In conduits for communication systems,
d’amage to the conduit can re_sult_"in interruption of the

" service provided.

Further,  deteriorated conduits for liquid conveyance
systems, including sewer systems, that result in leaks can

- soak the surrounding terrain, sometimes creating sinkholes and

'35

exacerbating drainage problems. Further, service lines for
gas, electricity, communications and other services, which

themselves are not initially in need of repair, become damaged

due to the re-settling of the water-saturated terrain in which

~they are located, thereby disabling same. __ Still further,

R ] 14n0v w06
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30 3 and 4 in nore detail, a |ocking arrangenent, generally I dentified

wigth reference nuneral 5, is provided by neans of whi ch the
| ongi t udi nal edge regions.9, 10 of the sl eeve are | ocked together as
further described bel ow. Any adequat e l.ocki ng arrangement can be

utilized, although the present 35 inventionR . contenpl ates the use of a

| ocki ng arrangeme ;:tWQ [butlldﬁgssglnti gg.ggajgge fo,_L @xampf@ tﬁggvi§e§qg,aged

W t hout direc

sh
Figs. .3 and 4th§nt6ﬁ§aéﬂgén vhichf Jfadisg ?Wéd%llteé\?eifca%SH Fﬁ’asl?ﬁﬂ me

spaced tangs Qkakened, thereby risking additional property dal‘hage or more
projecting meabers 33-53Re2hL4ReGd 1 hEORLd oA 8% 1 tsel T,

5 A variety of solutions to the problem of repairing buried
conduit sections have been proposed in the art. The most
common solution, perhaps, involves excavation around the
damaged conduit section and either the repair or replacement
of the damaged section.” However, excavation is time-intensive

- 10 and, -particularly in urban areas, it creates additional
problems. For example, the _destructioh of overlying road
surfaces is frequently necessary for gaining access to the
damaged conduit section, thereby necessitating the re-routing
of traffic and the subseguent need for re-building and re-

15 surfacing the road, adding to the cost of the repair. 1In
addition, communication lines, water lines, gas 1lines, and
other residential -and/or commercial services that extend
beneath the ground, can also be temporarily interrupted during
the repair. '

20 Methods have also been developed for repairing a damaged
conduit section from within and without the need for
excavation. Such methods include the mere application of a
grout material for sealing cracks and joints, for example.
It is also known in the art to re-line damaged conduit

25 sections with a liner that is expanded from a coiled
.configuration to a final configuration in which the liner is
secured against the inner surface of the damaged conduit
section. A recent implementation of an internal conduit
repair apparatus and method is disclosed in copending allowed

30 application Serxial No. 07/651,793, filed on February 7, 1991.

The latter-mentioned implementation includes the use of
a compressible covering or gasket that is secured adjacent the
outer surface of a sleeve liner to thereby form a composite
liner/gasket combination. The sleeve and gasket combination

35 is then coiled and inserted into a damaged conduit section,
whereafter a "sewer plug", that is, an expandable air bag or, .
alternatively, any other internal means for expansion, forces
the sleeve radially outwardly until the gasket is compressed

against the inner surface of the damaged conduit sectlog. :
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t hereby projecting away fromthe surface of the sleeve. In Fig. 1,
ggnerally triangul ar openings 5b can be seen in the upper surface of
the sleeve 1, the openings from.which the 5 projecting menbers 5a are
formed. Also in Fig.- 1, a portion of the_l ongi tudi nal edge region 10

can be seen through the openi ngs 5b. Iﬁ3ﬁig. 3, the projecting nenbers

are shown

region 10 is g |
Al ternbivateg, Waereby ddig §deeBafiymemidte
" is, recoih&XHgnEing thleeehy Petimitthiarn ttes ovierddppsnpeedups -

region 9.
‘i f desired.
novabl e

ojecting inwardl y. wher 3 Lt udinal s
SR it Fpilskactic el aheekAly, bins gqonsahecdtie

' Tk Agt s it o

fro a coiled e-1nstal | 0 4 s '
i nstal | ation 853@? .ee“ﬁé:crgff:gpep%’s% |ddnalr1819§$§ #%Q-ttﬁtec'%llgqnggﬁ %%f%lt i on
‘of the' sl'-@evecanfigovationFpgsthe eddes; for exanple. It is clearly
shown that even ingthe," WneRidieE’ of iMASinalOBordiEY anghdlili spstengeare

regi 9, 10 of th I I '
T ani 11 cant dégpeacsed iR inf SN Bl chddrmenes) aned (Ph Tyl 28 °

coul d be 20 degeri ted. aBabenhgNdco3 | 200, 265 ,vdsisved oogOstoberNeder 1HE2 &ss,

the sl eeve i nUt?? pOpLak! RLLOR, P98I 689N {suuR N ReveabrinN1ag 1978beuns.

"uncoi | ed"
10

15

20

25

30.

35

rela

ve to the pre-instalTatjon positio .
Patent No. 4,326,922, ESSueé onl%ugust gl, 1982; U.S. Patent

No. 4,361,451, issued on November 30, 1981; U.S. Patent No.
4,647,072, issued on March 3,11987;.U.S. Reissue Patent No.
30,929, issued on May 11, 1982; and United Kingdom Patent
Application No. 2,136,912, published on September 26, 1984.

In U.S. Patent No. 3,678,560 and a division thereof,
namely, U.S. Patent No. 3,700,265, an internal pipe sealing
device is described in which an inner retaining member is
placed within an outer sealing member, the outer sealing
member being a cylindrical elastic member against which the
inner retaining member is expanded inside of a pipe -joint,
thereby to seal the joint.

In U.S. Patent No. 4,124,985 and Reissue Patent No.

30,929, by the inventor of the instant patent, a method of
1ining the interior of a conduit is disclosed in which hinged

collapsible sections are expanded against the conduit by means
of one or more air bags. After the collapsible liner section
has been erected and put into position, grout or other filler
materiai'is'then inserted between the liner section and the
conduit wall.

A device for sealihg'the-joint of large diameter pipes,

‘such as gas mains and water mains, is disclosed in U.S. Patent

No. 4,346,922. The device includes a cylindrical member made
of an elastic material for covering the inside periphefy of
the pipe joint and circular expanding members for expanding
the cylindrical member against the pipe joint. Belt members,
impregnated with a bonding agent, such as epoxy resin, are
positioned on the outside peripheral surface of the
cylindrical member, at its ends, whereby the bonding agent is
squeezed out by pressure, thereby obtaining an airtight and
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Still further, the extent to which the edge portions or regi ons .9 and
10rext end depend upon ‘the type of sleeve under 25 consideration and could

-extend substantially around the sleeve_...- menber if significant portions
of the sleeve nenber are overl apped, as will be nore apparent as the
description proceeds. The enbodi nent of #-g. 15 is one such exanple.

Al 'so shown in Fig. 1 are a pair of elastic bands 6, one 30 or nore of
whi ch can opt i eateriight kang detyeghnthe RV FL66t PRELPhera] iefacs afhkhe

purpose furthegyIEidi 0ier Wetoar at both ofFiigs Jonblitatinbes ende anhauthag

sleeve 1 initg_cpoiled re-installatian siilon, wthout grout
t her ear ound, s+ﬂ?*éﬁ perngé%ﬁ%qugéagﬁ%hfg Fggééééé%hi In Fig. 6, the
~grouting sleeve 1 i% Showatsrdi t Noned4,361xi%1hi Alactasaged orpyeegamedor

condui t segti ofinddrna e {1ihg a HNAMEILNBY SESVEGL tine | itiied hed ) Bthe
conpl eted 1 nstall

completed, Tt el gl Ol o kb e bab g AL a3 hh B f ALY
sur face with a second resin, thereafter expanding the sleeve against
' the inner wall of the conduit, and maintaining pressure until
_ the resins have become polymerized. ' _
i0 A system for repairing damaged pipes internally is also
described in U.S. Patent No. 4,647,072. A repair sleeve is
used, primarily for repairing damaged wastewater pipes in
which access to a damaged pipe section is difficult. The
repair sleeve is a flexible tubular member and is expanded
15 against the damaged pipe with a spiral spring positioned
within the flexible tubular member.

U.K. Patent Application No. 2,136,912 ('iisclose.s the
repair of a damaged underground pipe by wrappiné a sleeve
around a collapsible inflatable bag, impregnating the sleeve

20 with resin and expanding the sleeve against the damaged pipe
until the resin is set.

Although the abovefmentioned methods are directed to the
repair of underground or otherwise inaccessible conduits
without significant excavation, certain disadvantages remain.

25 For example, in the systems in which resin is employed, an
expansion pressure must be applied until the resin is
sufficiently set to permit the withdrawal of the expansion
means. _ |

In the embodiments in which a liner is not utilized, any

30 - sealing of cracks or joints with resin or grout are only good
for the short term and, therefore, require subsequent
retreatment.

Further, in certain of the embodiments in which a liner
is utilized, internal pressure is applied against the damaged

35 pipe section, during expansion of the sleeve against the
| interior of the damaged pipe, thereby risking additional
damage or weakening of the conduit, which could necessitate

. subsequent repair. A
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-22- of the sleeve 1, the outer surfaces 4 of the flare portions

3, @and the inner surface 1la of the conduit section 11. It IS
contenpl’ated in this regard that the outer .surface of tHfergs sHEER@WS BREM
have pl aced thereon a |ayer of material, such as 5 a f¢am of RERATEDr

R =

closed cells to reduce the volunme of the -r'-"fg'iouti ng areaand, T[nerefore,
t he anbunt of grout needed to quk.i,n? : 7 ess, for t he purpose
of ‘this description of thei area" is defined in
the . af orenment i dﬁ'edlfﬁahherefﬁﬁﬁ 3hogPdesl ebnthecPERSEDt davensian to

enbodi ment havifigrdie apRin C&Hdilﬂih of nt&enaal ocenABALtoNedphdyermethod¥ ang
material on the sle ve ou surfac

Sto Ra
material - 13, vIRRAI opt FSE&I SPeClgéﬁﬁl*%’ H‘S H%%e?%aja%‘g?%{] Vﬁpgrggﬂ
the grout &ithiethdis and gmpayatpsadfes ipterwakhowepaieing gpnduids é&haﬂ;B
conprises 15 A-P3dre Qftrikivtt1ry BABLEFeitdARAMNAENOSEORAORACIHL Al arxtOr

That is, the present invention is simpler and less costly than
known methods and apparatus. Further, the present invention
provides methods and apparatus that do not require significant

10 intern.al- pres.sures to be applied to the damaged conduit
section and, therefore, that do not risk the possibility of
additional -da:rhage to the damaged and/or weakened conduit
section. - still further, conduit joints repaired with the
methods and apparatus of the present invention are stabilized,

" 15 are completely sealed, and the repair is long-lasting. The
present invention can be used for repairing offset joints,
separated joints, longitudinal and radial cracks, small holes
and cavities, and it serves to restore structural integrity
and to provide a water-tight seal for stopping infiltration,

20 exfiltration, and leaks.

_ To these ends, the repair apparatus of the invention
includes a sleeve member movable from a coiled. pre-
installation position to an uncoiled installation position in
the direction of the inner surface of the conduit under

25 repair. Compared with known methods and apparatus, the
present invention results in little or no radial force being
exerted on the inner surface of the conduit under repair.

In the installation position of the sleeve, an annular
grouting area is defined between the outer surface. of the

30 sleeve, or an outer surface of a covering on the sleeve, if
used, and the inner surface of the conduit under repalr
Preferably, the grouting area is limited at the longltudlnal
end portions of the sleeve by stop members. The stop members
can be structural formations made in the end portions of the

35 sleeves themselves, such as flared end portions, separate
members -extending around the end portions, or a combination
‘thereof. For example, the ends of the sleeve could include
both flared portions and additional stop members located just

longitudinally 1nward1y of the flared end portions-te—esstst™
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exaﬁpl e, for placenent in the area between the outer surface =~ 4 of the’

flare.partions 3 and the inner surface 1la of the conduit section to be
repaired. The stop material 13 can be . made. from any of a nunber of
materials, as long as the 20 material perfornms the function of sealing the
grout within the grouting area and, pref'éf'ably,-is inert to the

mat erial or co Ltion.th f. fr0 ' < QL Oyt g
Al so depicted tihr? F?g.&%é&i Sg%.é ngg@%é%énﬁﬂkﬁgtém%%t Lgréérhrerg'gﬁglﬂ, the
connected to &XPUSinghaseais Ingmyeeyent+ Brafssaply, Jthe ttop HembgEScRTe s

i njected intoddiged Ouliithg ahea ¥3malh@értE theexpagsven ah t BRes| pewe 1

to its uncoiled install.ation .,. pPOSiti t he expansion..bel crd bed
further bel ow.lqsﬁ"a}sfatmnaPng‘ﬁéPF\'/e%gﬁggﬁrhé‘r?t ?ellpﬁ% réa%“%‘?égﬁee&ﬁéegfi ghi4,
a hose 5 sedmvemtdom,d cadnerithenlshop meabensi rand argt hther outengssgface

substanti al |y ddenankibevbengtbl 8f diitfig@dl eHb | {thed Burlthea®E the EBRaBPEE
coul-d have perforations .spaced along its |ength. Thus, upon injection

of grout throd§¥eFh&eREIE 15 and into the -~ hose section within the
grouting area, theIgy @nobhmn cadpect ofi thecindenhioughanhexppadéty grout

perforations fHOomdigaltese i$eehe0rdnting (dlidd bRewEEAULhRIsIeGTe hRAM ERY
general |y, everly Spreading onddit Ledtiof GMfer Fepslt N Ghe! BEaghout L0
the expandable grout is that it provides, or assists in
providing, a force to effect the locking of the sleeve in its
uncoiled installation position. In this regard, it is also
contemplated that additional means could be provided for the
15 purpose of effecting the locking of the sleeve. For example,
one or more elastic bands could be placed around the sleeve
in the coiled position so that, once the expanding force is
removed, after reaching a slightly over-expanded condition,
the elastic bands provide a recoil force directed toward the
20 aforementioned locking.

_ The means for 1locking the sleeve in +the uncoiled
installation position can comprise any number of forms. For
example, along one edge of the coiled sleeve, a series of
punched-out projecting tangs are effective, after the

25 aforementioned slight over-expansion of the sleeve, for
receiving the opposite edge of the sleeve. '

In a further embodiment of the invention, the locking of
the sleeve in the -uncoiled position does not requiré an
initial over-expansion of the slc-z_eve. For example, the

30 present-inv-ention includes the use of a .thermosettable,
" thermoplastic or fhermofusible coating on the outer surface
of the sleeve so that, after expansion of the sleeve into the
uncoiled installation position, the'coating is heated, thereby
melting same, including the.melting of the coating on the

35 overlapped edges of the sleeve. Upon removal of the heating
source, the edges of the sleeve are thereby welded together.

One method of heating and melting the layer of thermoplastic
coating, for 'example) is by means of resistance elements
embedded in the coating layer. |
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In this enbodi nent in which a perforated hose section is utilized, the

suif ace..of the sleeve could be prepared in advance by providing an
adhesi vely secured | ayer of material, . e
-23- such as a foaned material, in which;sLongitudinally spaced

annul ar grooves are provided which align wth the
af orementi oned | ongrHal bt diyt SPRgatt IR b@b@ld 88 Sembod iteitas Eor useeRitPn.

Thus, upon inj.ect.iog of ,the grqut via the.hose section,; th out woul d
exit the perfdrar -on‘s"elg:ﬁt oart'cge lséﬁgced:on%mgﬁﬁul glr‘habf(_)gﬁ@ laéldsﬂlgél %ePﬂé’ﬁ
progress arounentikomhenie, the gonswitespaten wift segtaaphinfnesk aferppairve

grooves.  Thi Sgonta f@0di 888h1 RUL AL I SHGESR (X ! fr heinpracedednbpr
Corrpl eti nggan é{lgvgfrlxgl aJr' %r‘t];'agiuarr}therin tcg%'tra?guscieéjua r&%l%‘nst' _%Le water or flow
. of water could be removed for the time needed to perform the
repair and, consequently, the type of repair method chosen
would not need to take into account the bresence of water.
on the other hand, should water be present that cannot be
10 pumped out or otherwise removed, certain embodiments of the
present invention can be best utilized to render the presence
of water irrelevant or, at least, minimally significant.

With further regard to specific structural details, the
conduit repair apparatus of the invention includes a sleeve

15 member including (i) a sheet of material having an outer
surface and being movable from a coiled pre-installation
position, in which the sheet of material generally surrounds

~ a longitudinal axis, to an uncoiled installation position; and
(ii) a pair of longitudinally spaced-apart stop members

20 affixed to the outer surface of the sheet of material, an
annular area thereby being limited, in the uncoiled
installation position, by (1) the outer surface of the sheet .
of material, (2) the pair of stop members, and (3) an inner
surface of a conduit to be repaired. In a .specific feature

25 of the repair apparatus of the invention, a quantity of grdut
is placed in the annular area. '

It is contemplated that the material from which the
sleeve is made can include stainless steel, plastic coated
.steel, and plastic. . ' _

30 In a further aspect of "the invention, the sheet of

| . material has a pair of longitudinally extending opposite edge
regioné, and the stop members have a “length extending
generally from one of the pair of edge regions to another of
the pair of edge regions. _

35 In one embodiment of the invention, each of the pair of

~ longitudinally spaced-apart stop members includes an elastic
- band surrounding the- "sleevé_._ member in the coiled pre-
installation position to thereby exert a force on the sleeve

member in a direction favoring the coiled'pre—installatio'n
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10 grouting needed nmakes possible the use of a conventi onal manual | y
actwat ed "caul king gun" for injection of the grout. ' Whet her the
application of. grout is aeconplished by neans of-i njection.with the
hose 15 and needl e 14 or perforated hose section, or by neans of a
different method as further 15 described bél%w, after the final

I nstall ation, %§ gmp I n Fig. 7, the grout conpletely fills the
grouting ar eaPP7 t her eby seal's the sleeve 1 fromthe inner surface
11a of the darré@e@l’bradﬂéé@éﬁ@d eshedineskcef o'ﬁlqllnventwn. e pHir

-Sfchehrmt icallyosl hiass J.%hainfall*iyf lspal:ean&lb&ﬁ estﬂognmaﬂbeﬁlé 1helaa@u&p§<b£ﬁséed é
of the inventiog i mensi gn the u t copsi dere
as limting anEepfggéﬂpﬁt |9g Sthe of 39Pyp|{|a1“a ‘I”]r:llsafrhgl I"a J'P%‘n Q%e ffa il
exanpl e, & heoutgauidlyngrom am@u&eroaurfaqm@fethecsheetdbﬁnm‘eercaltm

conduit 11 at cfokx%actm@r %ﬁel @nwgkc&ff@céb@emeIc%ﬂmttaltloegel §e39§ré§ in
signi ficant 25 as shown.

xaml e, the thickness of the if
sl eeve §h8n“ﬂ?€1dﬁ?erlllﬁtq}ll?§ﬂ'°Pné’ﬁ§%t1%t RN ?%?ﬁbfl‘f’% %Xaﬂiﬁ
from appr oxi mftlalr,edOobpde.hesend ﬁeg?&nmahesrad:faldqs flectible reFatfinerto due
to the we ght o t{lfmsett £ a S 1Al rehper, theh% eﬁé%é”ﬁuﬂéﬁ%

for exanpl e, t he 30 assenb as th rout cures
exanpl e, ]tone H-é‘i 16’9 2 e1east one layer of tape over an outer surface of

each of the flared opposite end regions.
In a further embodiment of the invention, the conduit
' repair apparatus includes a sleeve member including (i) a
sheet of material having an outer surface and being movable
15 from a coiled pre-installation position, in which the sheet
of material generally surrounds a longitudinal axis, to an
uncoiled installation posi_tion; (ii) at least one elastic band
surrounding the sleeve member for exerting a force on the
sleeve in a direction favoring the coiled pre-installation
20 position:; and (iii) a first longitudinal edge portion and a
second longitudinal edge portion, the first 'léngitudinal edge
portion and the second longitudinal edge portion overlapping
at least in the coiled pre-installation position and, in the
uncoiled installation position, having complementary means for
25 locking the sleeve member in the uncoiled installation
position. . |
In a still further embodiment, the conduit repair
apparatus includes (a) a sleeve member including .(i) a sheet
of material having an outer surface and an inner surface and
30 being movable -from a coiled pre-installation position, to an
uncoiled installation position, at least two edge regions of
the sheet of material overlapping in the uncoiled installation
position; and (ii) a layer of thermoplastic material on the
outer surface and the inner surface of the sheet of material,
35 and (b) means for heating the thermoplastic material to
thereby fuse the overlapping edge regions of the sheet of
materlal together in the uncoiled installation position.
More specifically in this embodiment, the means for

heating can include an electrical res:.sta1T5ﬁ.E-—€mEﬁn)gﬁ§§fd
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grouting area 12 at the bottom 17 of the conduit 11 can be typi cally-

|l ess than that at the top ,18 of the conduit. Therefore, the final
assenbly of the sleeve and grout is effective t-o provide only._a.slight
increase in the height of 35 -the |ower surfgce of the conduit.

Figs. 8-11 schematically illustrate an enbodiment of the invention in
whi ch grout isg. a i face. o : I s PLi to
posi tioni ng s%ﬁeeﬁﬁt%%@cégﬁﬁgly{:%%ééb&relﬁ ox %e%%\flrceéd%ésc%g‘éiﬁf%égélkg‘{,atﬁ g.
8 illustratesiatprankty gf the sleeve member. - 24-

material, conprisi pgidlpauithedasketthls, embbainbhthofhehgr dnventiomptiald al
can be infused, I8¢ RALAYS JASKE G B RUAY pair of longitudinally
5 spaced-apart stop members affixed to an outer surface of the
sheet of material, an annular area being defined, in the
uncoiled installation position, by (1) the outer surface of
the sheet of material, (2) the pair of stop members, and (3)
an inner surface of a conduit to be repaired.

10 According to an additional embodiment of the invention,
the conduit repair apparatus includes a sleeve member
including a sheet of material made of a plastic material and
being movable from a coiled pre-installation position, to an
uncoiled installation position, at least two edge regions of

15 the sheet of material overla'pping in the uncoiled installation
position, and a solvent for partially dissolving the two
‘overlapping edge regions for fusing the overlapping edge
regions, upon evaporation of the solvent, in the uncoiled
installation position.

20 Further according to this embodiment, the conduit repair
apparatus further includes pair of longitudinally spaced-apart
stop members affixed to outer surface of the sheet of
material, an annular area being defined, in the uncoiled
installation position, by (1) the outer surface of the sheet

25 of material, (2) the pair of stop members, and (3) an inner
surface of a conduit to be repaired. '

' - In a still further preferred embodiment of the invention,
the conduit zrepair apparatus includes a sleeve member
including: _ . | _

30 (i) a sheet of material having an outer surface

' and being movable from a coiled pré—-installation position, in

~ which the sheet of material generally surrounds a longitudinal
" axis, to an uncoiled installation position;
' (ii) a pair of opposite end portions, each of

35 the end portions having a flared portion projecting outwardly
and longitudinally away from the outer surface of the sheet
of material, wherein, in both the coiled pre-installation
position and the uncoiled installation position, the outer
surface of the sh-eet.of'material and the flared portions limit
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cell ed plasti
pal yet hyl ene

c material, such as cellul ose sponge foamor a

open- ceIIed foam or any other material that can 5 absorb a

significant quantity of grout, to be explained. Sati sfactory--—--
results can be achieved in the use of a %asket in which the sl eeve
surrounds the sleeve approxinately oncé€;*"in the uncoiled installation

position of t

gasket overlaﬁ 54 L o %é ree, no apparent problemresult Further
this regard, it has been(%b&}mFtﬂHﬂFtb§°B9 ?J) éﬂ{

he sl egve. p&s been found that if the ends of the

e?

;JEPgrk porti On?eéoﬁé‘eﬂ.&i 1hlhéll tdg@el ﬁﬁfiﬁidre,dtpesfirm l@gltuw adby
er anount of .foami chi eved at d
am)HﬂF ien; 839} 31 e Cﬁ_ﬁconda 1o§1|&t§t58?g§f ed?e mf:o'r?ﬁ%%r ex¥énding
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| esser raissin
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I nhi biting mater
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eved "at
groh ohe ¢oHvighe ipaiar of oppesitieyead pertipms Qs (othataef
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her eby prOV|d|ng a
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approxi matel y
approxi matel y
pur pose @ th

15

20

25

30

35

mégeggai’o i afgcatedon.ﬁ ll:ﬂ@h griduekngolareizhyt €neohpaerefl the
gepalr 1nsta11at10n. he present invention, the primry

In a specific feature of the ' invention, a means for
locking the first longitudinal edge portion and the second
longitudinal edge portion of the sheet to form the sheet into
a generally tubular configuration is provided.

It is contemplated that a covering could be placed upon
the outer surface of the sleeve if, for example, it were
desired to reduce the size of the grouting area and to thereby
reduce the guantity of grout needed for a given installation.

In a specific embodiment of the invention, a porous
gasket is placed around the grouting sleeve for being infused
with a quantity of grout. The porous gasket is preferably
made of an open-celled material. It is also contemplated to
provide a strengthening covering on a side of the gasket to
be placed adjacent the grouting sleeve to provide peripheral
strength to the gasket and to permit it to slide relative to
the grouting sleeve as the grouting sleeve expands from the
coiled position to the uncoiled position. The open-celled
material can comprise cellulose and the strengthening layer
can compr:.se a polyethylene sheet.

Stlll further according to a specific embodlment of the
1nvent1cm, the porous gasket is impregnated with a quantlty
of grout, the porous gasket placed around the grouting sleeve.
At least one elastic band is then placed around the the porous
gasket for retaining the porous gasket' upon the grouting
sleeve. o

The grout can be a member selected from the group
consisting of a water-reactive expanding polyurethane grout;
a water-reactive gel-forming grout; an epoxy hardening grout;

and a cementitious grout.
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gasket is that of a grout carrier nedium Due to its 25 relatively

easy canpression transversely, a relatively negl i bl e anmount of

rebound force is provided by the porous gasket 19 itself against either ......
t he sl eeve or the inner surface of the cg duit under repair.

The gasket 19 has a width sufficient to extend at |east 30 approxi mately

fromone flare portiop.3 . h : td s al tho '
w dth, as well as #hegpe%ggﬁkgrggq%dg’{bgéJ’tq‘{?ZIts geggé aln%ﬁ%@n'egsﬂg?e%ﬂég
gasket 19, cart Raskilse matexjdde CANnbE, PARECH SUBANY EREnPRERYt BUF fRCE

extent that anfdRaUGFcuting BEedvVdy Dh t@rieUbnbbainéet | nedans dorOReOHhd i ON
of the sl eeve, , 35,,wuld.be. l.ocat %d @l?lttﬂ?

Al t hough st op’t&ee&gﬁfgloé%ﬁlsa" 15e "ISEE T K Q%U%gkéﬂgﬁliﬁ%p %’%ngFFagi%?Si?f i's

hose
al so cont ehpl dthed sillegve ilsspaayidede outer ~surfaces of the flare

portions could be splee@pldiF 135t the heat@R§ réans C¥hANELRE EhEMESrH apPe
roll 13"". lfofdei'lers?g’tatnréee elements embedded into the thermoplastic
material. Alternatively, the heating means can take the form
of a jacket for surrounding the expandable air plug, that is,
10 the internal expansion means, for conductively heating the
thermoplastic coating from within. |
In an alternative embodiment, the conduit repaiz_'
apparatus of the invention includes a sleeve made of a piastic
.material and a quantity of solvent is providéd for fusing
.15 overlapping portions of the sleeve in the uncoiled
installation position.
In the conduit repair method according to a particular
embodiment of the present invention, in which the sleeve has
a layer of thermoplastic material on the outer surface and the
20 inner surface thereof, the sleeve member being movable from
a coiled pre-installation position, to an uncoiled
installation position, at least two edge regions of the sheet
of material overlapping in the uncoiled installation position,
the method including the steps of:
25 positioning the sleeve member within a conduit to
be repaired; .
expanding the sleeve member to move the sleeve
member to the uncoiled installation position; '
heating the thermoplastic material; and
30 terminating . the heating, thereby fusing the
overlappihg edge regions of the sheet of material together in
.the uncoiled installation position. '
More specifically, the method includes the steps of (a)
" placing a pair of longitudinally spaced-apart stop members to
35 the outer surface of the sleeve member in the coiled pre-
installation position prior to the step of expanding, whereby
in the uncoiled installation position, the an annular area is
defined by (1) the outer surface of the sheet of material, (2)
the pair of stop members, and (3) an inner surface of a
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- 25- tape can al so be used to seal the openings 5b, nmentioned
above, *al though little, if any, grouting is found to escape t hr ough
openi ngs 5b during the installation of the sleeve if they are |l eft open
and untaped. 5 Wth reference to the f{gures, after the sleeve 1 is
coiled inits pre-installation position, optionally secured =~ in this
position by nespaudt @ Be NMEpaieledst izhdapsls Pladimy grogaskdirthid ithe
af fi xed by a conaggg ggg sive or by sone appropri ate nechani cal neans,
first at one &Rt Re 10 . outer surface 2 of the sleeve 1. The other
end 22 of the Gnskbe confyiterepsisogethed aqaorsimg &@ pR Flkermtive

|TO Iﬂcrease bk&soaifneﬂﬁt ][bf)filzhaelngéﬁk%n,wthé nsléeve medirl]areQ‘CtJ.lrwlLﬁEsl tash
ot P SHaEl bl Qelatildl S e Kt i e Bl L R e
st rengt heni ng fmmeraalcwa)red prl?e'lasphilbelti@tnessﬁwace o Pne @mlehedt hat
woul d otherw $@stallation position, at least two edge regions of the sheet
of material overlapping in the uncoiled installation position,
the method including the steps of: | ' '
10 - positioning the sleeve member within a conduit to
be repaired; '
expanding the sleeve member to move the sleeve
membexr to the uncoiled 1nsta11at10n position:
applying a solvent at least to the two overlapping
15 edge regions fof fusing the overlapping edge regions of the
sheet of material together in the uncoiled installation
position.

More specifically, this embodiment of the method includes
(a) placing a pair of longitudinally spaced-apart stop members

20 to the outer surface of the sleeve member in the coiled pre-
installation position prior to the step of expanding, whereby
in the uncoiled installation position, the an annular area is
defined by (1) the outer surface of the sheet of material, (2)
the pair of stop members, and (3) an inner surface of a

25 conduit to be .repaired:'and (b) placing grout within the
annular area. _ :

In a further aspect of the inventive method, in which the
grouting sleeve has an outer surface, a pair of longitudinally
extending edges and a pair of opposite end portions, the edges

30 ex_tendihg from one of the .pair of end portions to the other
of the end portions, and the pair of longitudinally extending
edges overlapped in a coiled p.re—installatio-n position and at
least one of the edgee having a device for locking the one of
the edges to a portion of the other of the edges, the method

35 1nclud1ng the steps of:

' (a) positioning the grouting sleeve within a conduit
to be repaired in the coiled pre-installation position;
(b) forcing the grouting sleeve to expand from the

coiled pre-installation position to an U PR SO EERT 28 -ﬁ,icn
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cone in contact with the sleeve. For exanple, the sheet of .
st+xengthening material could be nade of polyethyl ene or cel | ophane or
ot her plastic. The strengthening materi al couI d 20 be advant ageously

pl aced to the portion of the gasket that will only be sliding upon an
adj acent gasket |ayer and not al ong the Teltire | engt h of the gasket.

L oo " pBE 1810l "Eolatklhn Inhey SARERL bF LRE GUhAie, Al ACC O

the sl eeve, a“process q;) I mpregnat i ng stantlally

i mpregnating the gasket (9 taFgkating FRExXPan %gbéatgweﬂ: cP%i’é"‘%%ﬁthF oterass

g:‘w \Qlat e(r]I r5 gggbgyeawpeﬁ that g#blting S088ReE Card |ﬁhea\/.1'a‘lr|x@b|9.1rﬁtfe @ e,
ran 0

Neef dro.actl e F &% LV d, .the
latter with gl‘l %rt FB§E €RY5 07 r%ca"ﬂ‘[gl 1B E f‘égt H%Sﬂé‘b é‘?‘t tttl me
30 of fimal ilessdl dB¢iwhthe edges fﬁnrquip.meghhelmgetcﬁé HWess ledgeai th teout |

aroller assig‘gumn o33thé g{._{,éicegftg,ga&ﬁersespectlve end of the coiled
sl eeve. each rol |l er ass 23 i.ncl udes a

shown i n | y
24 that is inserted®ft (?tég'clh BHEDSE 1aRPessi I°§d%§’leeé\7bventﬂ‘fﬁ5 ‘?’Hﬁ‘ﬁ ’g‘s is
affi xed to eawhiphugh@4gfout e \«ddveg hgsoan dutem surfeeregt matli agpaint ®ft he

interior of t ' \Y; f n [ cQqi ve,.. W th
gasket thereoggn Qfgggng#gd%x@%%dlmg ec?geg %lﬂl:l 9 {Jgfr %fl %pﬁs@ﬁ% endf
10 portlons, the edges extending from one of the pair of end

portions to the other of the end portions, and the pair of
longitudinally extending edges being overlapped in a coiled
pre-installation position, at least one of the edges having
a device for locking the one of:the edges to a portion of the
15- other of the edges, and at least one elastic band surrounding
the grouting sleeve, the method including the steps of:
(a) positioning the grouting sleeve within a conduit
to be repaired in the'coiled pre-installation position;
(b) expanding the grouting sleeve from the coiled
20 pre-installation position to an ftncoiled installation position
toward an inner surface of the conduit against an elastic
opposing force of the at least one elastic band; and
(c) .terminating the step of expanding, thereby
permitting the at least one elastic band to exert a force on
- 25 ~ the grouting sleeve for activating the locking device for
locking the at least one of the edges to the portion of the
other of the edges. _ _
According to a still further aspect of the method of the
invention, in which the grouting sleeve has outer surface, a
30 pair of longitudinally extending edges and a pair of opposite’
- end portions, the edges extending from one of the pair of end
portions to the other of the end portions, each of the pair
of opposite end portions having an outwardly projecting stop
member, and the pair of longitudinally extending edges being
35 overlapped in a coiled-pre-installatidn'position, the method
including the steps of: _ _
" (a) positioning the grouting sleeve within a conduit
to be repalred in the coiled pre-installation position; and

(b) expandlng the grouting sleeve from the c01l=d

'REPLACEMENT SHEET

14 NOV 199




in the grout ‘tray 26 by means of handl es 27 which proj ect
| orgi tugli nal ly from each of the rollers 25

REPLACEMENT SHEET - 26- It
has been found that when using a water-reactive grout and a cel lul ose
sponge as the gasket material, an appli cati oh4~ of grout to a dry sponge
I s absorbed, but tha mai ns_rel wever,
the sponge i s P& w%abcgﬁ '\Aﬁ?ﬁls\kﬁr& o3 uB%&iﬁ% lsf’o%/tt ql—a rlt%nePbs\’Aﬁ%?P t he
gr out i s doplarddanninher| aurface mft &heecomdumascmeftastt@re antivandky

not begin to 9 el N oA %néﬁ&lii aree eséaeeteéhe end ort'f@n?.hEEHtéé‘té:'
9, the grout tray, 26 contains a ¥1 & 1 e uncog.leés sg (I‘ L .
sl eeve 1 and §R&dPPes PUrSPSECH “8E ohauit £ insta ion
5 position, thereby forming an annular space limited length-wise
by the outwardly projecting stop members on the pair of
opposite end portions and limited thickness-wise by the outer '
surface of the grouting sleeve and the inner surface of the.
conduit, grout being located within the annular space.
10 According to a still further aspect of the method of the
invention, in which the grouting sleeve has an outer surface,
a pair of longitudinally extending edges and a pair of
opposite end portions, the edges extending from one of the
pair of end portions to the other of the end portions, each
15 of the pair of opposité end portions having an outwardly
projecting flexible flare, and the pair of longitudinally
extending edges being overlapped in a coiled pre-installation
position, the method inéluding the steps of:
| (a) positioning the grouting sleeve within a conduit
20 to be repaired in the coiled pre-installation position; and
(b) forcing the grouting sleeve to expand from the
coiled pre-installation position to an uncoiled installation
position toward an inner surface of the conduit, whereby the
outwardly projecting flares at each of the end portions
25 - contacts the inner surface of the conduit in the uncoiled
installation position, thereby forming an annular space
extending length-wise between the outwardly projecting flares
on the paii: of opposite end portions and extending thickness-
wise between the the grouting sleeve and the inner surface of
30 the conduit, grout being ‘located -in the annular spa;:e.

More - s'pecifi'ca-llj( according to the method of the
invention, before the step of positioning the gr.outing sleeve,
the step of placing the grout around the grouting sleeve when
the grouting sleeve is in the coiled pre-installation position

35 is included. More specifically, according to this aspect of
the invention, the step of placing grout around the grouting
sleeve comprises the step's of placing a porous-g.asket around
the grouting sleeve; and infusing grout into the porous

gasket. In a still further aspect of tl]a;inue-n-t-i-en-p—ﬂehe*‘*S':ep
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10 into the grout tray 26, with one end 'of t he gasket stil ] ext endi ng

| cosel y. fromthe sleeve, as shown in Fig. 8, the handl es 27 are grasped
~afnd slowy rotated about their | ongi tudi nal axis, thereby rolling the
gasket 19 onto the outer surface 2 of thg.grouting sleeve 1 and soaking

the 15 .gasket in the grout 28 contained in the grout tray 26. This
step is sim |af iﬂf@éixﬁ@lgkautomﬁal yhagp@mxm <jazs)aetp&tdﬁpnseg QJh|eel’stleﬁ a

pai nt tray, h .the additional . step 0 asket ound

sl eeve while %t%?ﬁ‘ﬁd“g(%‘ hgRgrEEnd’s s e LL% 8r]%'t°|%re hES ?( Arpgn as
been suffici entlyntmrtswtabnermfm@-ﬁout 28, the sl eeve 1 W|th gasket 19
thereabout is e%ufrrt@i@xi heHd ayastlt 1sTh§eé@£é&rtasw@ z%%t%% are

renmoved fromthe ends of the s|eeve as illustrated_.in one

| g.
or nore ePastFLeBUAdY eape ¢hat BFSE%HV%T odrferna N&lé'asﬁg? 9 %" |’~§t ain
t he gasket onsébterededee theTheraddngb sldeve alsy i mebasdsol9 ai sne:qharmzcab.

They are uti '%ﬁ@gcﬁ‘iﬁéﬁéyiéélc%a\l/ﬁ%g&lji‘l 'e&gﬁbgg emé éaeff E’%Fay

| ooseni ng of us een renoved romt
26. The g%n%lﬁr?pm%g%tae IpagtePneo? it slelre PENGORBFARFLARY F‘P? Fasketed
in Figs. 10 agfdldroutindesXesved sty tebstiaid aprangpikei wire 3hcirclioy

ready fot repghe 8Ls£gg ggga%%%uﬁggéogleggglr&héxggh&éast one hook fixed
to the grouting sleeve and to the gasket.
' In a specific aspect of the invention, the step of
infusing grout into the porous gasket comprises the steps of
affixing a.roller assembly to each end of the grouting sleeve

15 . in the coiled pre-installation position of the grouting
sleeve, each of the roller assemblies having a handle; placing
the grouting sleeve having the porous gasket around it into
a container of grout; and rotating the grouting sleeve and
gasket about a longitudinal axis of the sleeve,

20 still further according to the invention, after the step
of positioning the grouting sleeve within a conduit, the
method includes the step of applylng water or a catalyst to
the grout.

More specifically, after the step of positioning the

25 grouting sleeve within a conduit, the method includes the step
of applying water to the grout during the step of forcing the
‘grouting sleeve to expand from the coiled pre- 1nsta11atlon
position -to an unc011ed installation position.

. In a stlll_further specific embodiment of the invention,
30 -in which the sleeve is coated with a thermoplastic material,
after the step of forcing the grouting sleeve to expand from
the coiled preeinstallation position to an uncoiled
installation position, the method further includes the step

of heating the thermoplastic material. ,
35 In a specific aspect of the invention, the step of
| positioning the grouting sleeve within a conduit to be
repaired includes the steps of placing the grouting sleeve
upon a vehicle and transporting the grouting sleeve to the

conduit to be repaired by means of the vehi

ar
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or conduit joint. Fig. 12 illustrates the approxi mate quantities
of.. gr out needed for three different sleeve | engths and seven different
sl eeve-di-aneters, .in the installed position. 35 Either at the repair
site 30, shown in Fig. 13, for exanple, or prior to reaching the repair
site, a neans for expandi ng the sl eeve % m t he coil ed pre-installation

position to the,upgo}! ef&ﬂégsé@éﬁ-aéf Oﬁoéfléiérli‘?% iéhgpgﬂzjo%%i%% theeve
gasket /sl eeve conbi natr oh. or “exanple, an xpandapl e .
-27- - conpibBipdaarpndeitasreraisesbiie FEer AmdIaring dite R ENY |
a "sewer plugslebdei REEhiRd d NpDuLAEiEOI bLdcohdeMe. settibAs, bridging a
joint between two adjacent conduit sections.
5 Still further, according to a further aspect of the
invention, each of the pair of longitudinally extending edges
has a locking configuration for ‘engagement with a
complementary locking configuration on the other of the pair
of longitudinally extending edges, the step of expanding the
10 sleeve further inéluding the step of expanding the sleeve
until the 1locking configurations on the longitudinally
extending edges become engaged, thereby locking the sleeve'
against recoil.

According to a still'furtherfaspect of the invention, the

15 step of expanding the sleeve further comprises the step of
expanding the sleeve until the outwardly projecting flares
contact the inner surface of the conduit, the sleeve exerting
pressure on the inner surface of the conduit only through the
outwardly projecting flares; and permitting the sleeve to

20 recoil to the uncoiled installation position.

'Still further, according to an additional aspect of the
invention, before the step of positioning the grouting sleeve
within a conduit, the method includes the step of placing at
least one elastic band around the grouting sleeve; and the

25 step of expanding the sleeve further comprising the steps of
expanding the sleeve until the outwardly projecting flares
contact the inner surface of the conduit, the sleeve exerting
pressure on the inner surface of the conduit only through the
outwardly projecting flares, and permitting the sleeve to

‘30 recoil to the uncoiled installation ~position with the
assistance of the at least one elastic band.

- In an additional feature of the invention, the method’
includes the step of placing a quantity of stop material
adjacent an inside surface of each of the outwardly projecting

35 flares. | -

According to a further embodiment of the invention, after
"the step of forcing the grouting sleevé to expand from the
coiled pre-installation position to an uncoiled installation

position toward an inner surface of the ‘E°Rﬁ’{5AEEM§W SJPFEEIIWT
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contenpl ated that a standard unreinforced 5-10B type plug can be used.
The sewer plug is preferably sprayed with a rel ease 5 agent, such as a

silicone spray,- prior to insertion i-nto the coil ed sl eeve. ' The sewer
"plug is then expanded enough to "grab"_? to the sleeve. Fi g.
13 schematically illustrates in a cross-sectional el evation view, a

| ocation at i copgui t <euSt egEi S5 PRIRINE0 oF &Pl IGtko AReSNAWAML
t herei n, the%ecggid%ssi ?QESOSi si’paﬁ arga‘ mlrco%dwt slystoem 35, suc %"é a
sewer syst emSP&&€endi ng bel ow - ground surface 33. Gound surface 33

could conprise a Mra@ specSFicIAy,nianthidanaddnenthefeltheadaeantionf he
sewer system S d i . 35 o] anl.e Loge,,tbes

i nvention 15 beéf\?(ﬁ?déﬁl’t es\é:l'ne eg@fglé%%i)s(%%\%dﬁ oﬁhltangfﬁzeie?}e%aﬁ'g_gpgt Héggfjﬁdﬁi t
system the rasaduddnf dbe sethpddncdaderolhel shep nfaptit@ching a syringet

significantlyd i rgpéeeingl ls1seiver vtlen RBedetoltihGe sleeveePid I iR €he
transferred thr.ugh nanhal es 3. sition N HfatQs Nt LRduction of .the
sl eeve assent§i%t f%d ¥5e a?sré%%%aétd'%t EASAFET ow%‘ﬁ’ée%%vver Eysftﬁ? tRE
sewer is ipvieicgdalgl yoxdwis hédtor sheviangutad cépacendonphdésedebnisctineg
| ocations of fehf! itdhrdg® tHe y1SRRE adaaifts aay dathular dpgat.her with
any locaJt.tl) ons thafl:.urpt%fétr’poggfgrgr% 'lee@t]:agr of positioning the grouting
sleeve within a conduit, the method includes the step of
placing at least one elastic band around the grouting sleeve.
_ BRIEF DESCRIPTION OF THE DRAWINGS
The above and additional objects, characteristics, and
15 advantages of the present invention will become even more .
apparent in the following detailed description of preferred
embodiments, with reference to the accompanying drawings which
are presented as non-limiting examples, in which:
Fig. 1 is a perspective view of a preferred embodiment
20 of the grouting sleeve of the present invention, in the
uncoiled installation position; '
Fig. 2 is an end view of the grouting sleeve of Fig. 1,
taken in the direction of arrow II in Fig. 1:
Fig. 3 is a transverse cross—sectional view of the .
25 grouting sleeve of Fig. 1, taken in the direction of arrow III
of Fig. 1; |
Fig. 4 is an enlarged, partial view of a detail of the
‘locking arrangement of the grouting sleeve of Fig. 3, taken
in the direction of arrow IV of Fig. 3; ' '
30 ?ig. 5 is a perspective view of a preferred embodiment
of the grouting sleeve of the present invention, in the coiled
pre-installation position; '
Fig. 6 is a schematic._ longitudinal cross-sectional
elevation view of the grouting sleeve of one embodiment of the '
35 invention, in which grout is injected into the gr‘ou_i:ing area,
after the grouting sleeve is located in its uncoiled
installation position; _ '
Fig. 7 is -a schematic 1longitudinal cross-sectional
elevation view of the grouting sleeve of the invention, in the
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passi ng the sl eeve assenbly through and, if possible, 25 elimnated. All
cabl es 86, e.g., are prepared and readied in position for pulling the
sl eeve, sewer pl-ug-31, cctv canera 40, and water |ine 38 and spray 38a
into position. The video canera 40 is Utilized to assist the
positioning of the assenbly and general 'y to nonitor the installation

ItDLOC'?Sls 30 regRédiVeq :mstallaﬂ!@nSbgﬁfl@i&ﬁsgﬁtm@iéhb&ﬁeaiﬁ:@iﬁiﬂYMhe*thST,
e "sleeve i S, on ski 4 eel ed
dol lies) or ot ﬁ’é?e‘f/te%c%/%t?% ’p’?%‘?/%??t q't"f?é’ 1sPESSRP Jreo‘ﬂ:% tggiﬁ rfj’St(a(hg\égﬁﬂ ‘the
invert and to keep Figsp&ceis anapenspecaiyewatiev. o35 the geoulkdng sleeve

transported toniPend eﬂﬁ'idé' E_]'atsﬁ’(e?to affixed atWisik t eS| eaueedesS ek | 8o
correctly BOSI tioned rean%/)rqga' expansi on, the water spray 38a is
C

activated Po b%@?lrﬂcatl‘?‘l'\e°$o%1i’ﬁ tion of the grout. The sewer plug
I's then begun Fig. e is rd |adreyltwltinadppross-redetjongheelaidtsien view

of the groutlng sleeve having the gasket wound around it, and
placed into a container of grout;
Fig. 10 is a perspective view of the grouting sleeve in
10 its coiled pfe installation configuration, with the gasket
1mpregnated with grout and being secured to the grouting
sleeve with a pair of elastic bands:;
Fig. 11 is a transverse cross—-sectional view of the
grouting sleeve and gasket, taken at the cross-sectional plane
15 indicated in Fig. 10, in the direction of arrows XI-XI;
Fig. 12 is a graph illustrating the approximate
guantities of grout, for three different sleeve lengths and
seven different sleeve diameters, in the installed position;
Fig. 13 is schematic cross-sectional view of a conduit
20 system in which a joint is being sealed with the present
invention, showing the sleeve and gasket having been
transported to the repair'site means of an air plug;
Fig. -14a is a schematic illustration of the grouting
sleeve, with a grout-impregnated gasket thereon, being
25 transported to the location of a damaged conduit section;
Fig. 14b is a schematic illustration of the grouting
sleeve partially expanded at the location of the damaged
conduit section; - '
Flg. l4c is a s'chenatic illustration of 'the grouting
30 sleeve over-expanded agalnst the inner surface of the conduit
section; ' ' .
Fig. 14d is a schematic illustration of the grouting
sleeve in its final installation position; _
Fig. 15 is transverse cross-sectional elevation view of
35 a further embodiment of the invention, in which the sleeve is
perforated, at least near the edge portions, and has a layer
of thermoplastic material, which is melted for 'lockihg the
sleeve in the expanded position;
Fig. 16 is an enlarged vi_ew of an upper portion of the
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-28- approximately 35 psi. The sewer plug is then deflated and the
sl eeve t5 l'ocked into the uncoiled installation position. The
installation is inspected; either manually or via the cctyv, to verify
t hat - the sl eeve has becone |ocked. |If the sh eve 5 has not becone | ocked,
~or if the sleeve has not becone conpl etel'y | ocked, the sewer plug can

- agai n be infl %w%%dt:.%ent o2CP2 |i§h1§a£ﬂ9part1ally expadded ];f]c?sltJ.Wof the

_schenatlcally trate the Steps in novi ng the sl eeve/ gasket
" conbi nation fro®a% coiled pre- 10 installation position to the uncoiled
installation positirde. 217 Fbs tahepsnkpectiwi npleei tof whepseinken plofig as-

shown only in lte:JJ:'faQ:lv]e4Q:o @1‘% eﬁbBaaméﬂev\@f'ﬂ# gﬁﬁs 1M 16144n whlch a

In Fig. 1l4a, the Sréeve 1 trans air

mout ed on Bewdt a&lt@g’n@ﬁl%@wem:ugmuﬂb’tﬁl} $ E@rfﬂ?é‘t@ldeéaéeé{ﬁdh% a
mounted on skiigsedd of atRuppeplastict haterial SHhAOWNGidtheo£nd3 eotribel BEVEr
plug 31. conductive fibers is embedded in the thermoplastic layer; and

Fig. 18 is an elevational view of the general invention.

| QEIAlLED_DE§QBlEEE2L&ELEBEEEBBEQJ&ﬂﬂﬂHlEmI§

10 With respect to the drawings, only enough of the
- construction of the invention has been depicted, to simplify
the illustration, as needed for those of ordinary skill in the

art to readily understand the principles of the invention.

A significant aspect of the present invention is the

15 structural configuration and function of the inner conduit
liner, or sleeve member. As will be further discussed below,
due to this structural configuration of the sleeve, less
pressure is exerted on the inner surface of the damaged or
weakened conduit section under repair during the installation

20 of the sleeve.

In Fig. 1, the grouting sleeve 1 of the invention is
shown in its uncoiled expanded and locked position. For the
sake of simplicity of illustration, only the sleeve is shown
in Fig. 1, no grout being located on the outer surface 2 of

25 the sleeve 1. At each end portion of the sleeve 1 is an
outwardly projecting flare 3, including an outer flare surxface
4 which generally provides an extension of the outer surface
2 of the sleeve. Although the angle of the flares or flare
portions 3 relative to the outer surface 2 of the sleeve is

30 shown to be approximately 45°, other angles can be utilized
and still enable the sleeve to meet the objectives further
described below. ' _ |

Further, the dimensions of the sleeve can be any of a
variety of dimensions, depéndent upon the internal diameter

35 and the length of the damaged or weakened area of the conduit
section to be repaired. The invention can be used to repair
and/or seal polyvinyl chloride (PVC) and clay pipe, _for.
example, including six inch PVC pipe and standard 10 inch clay

pipe, having an internal diameter of 9.75 incHe
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In Fig. 14b, the sleeve 1 is showm with the gasket 19 t her eon,
posi ti oned on the bottom of the inside surface 1lla of the conduit
section 11 to be repaired. -A-ternatively, of 20 course, the sl eeve/ gasket
could be located at the site of a joint_bgtween two adjacent conduit
sections to be seal ed. The sleeve 1 in Fig. 14b is partially expanded,

as depicted in therphe fmgh{:hbsneni@r Gﬁﬁtbﬂlérnﬁfar dijaredaialafly skepyering n
- Fig. 14b. @s re an%/ r.duri ng ;[R%e expansi on
25 of the sl &8p8ui 3ndpg8§€e SFFFE@’P? NS AYIEE Y ge o

wat er - r eact i véigmetierss uskaely wuaapleanlbelSpmam@@mpmated thaterai skeeve

applied, ontodigqoRs¥E A Ja%n@ah BEAS PheNed erz4l menes, 88 P d e er3Ba.
Thi s faC| litates the foanin

g rea rou:;I around .t he sI eeve
1 50 218 Aeremier Vang. ARnBULPE S HMEER SFoh: vl o0 ool Do By ofir 26 0 ¢
permtting thdnghest Wheneexpawﬁbh tbetn@nskuuaem'nmﬂﬂailatiomepbdébioﬁn

the surroundi gg §8'%ern%$ia€.@¥' Eﬂg@ﬂm? Etgggﬁl frélﬁpo?ﬁ ot it s{QE§e is

| atter-nenti oned al ve et e total process
but, however, forgsfu@Pmshane 75 thiguass of OG’R@H 28 PHRcHy Haf3ves t he
present Inventprerferably b weubkd,r anai Bas Gsarfdmed ifirdrh&steinlleseospiet el y

CUresS- " 30 in éﬁlﬁﬁ“ﬁy;?@e_%i‘b&(&d 41 BKL fa 2588 T d 580 3P, Y eARSh type
316 could also be used. Alternatlvely, the sleeve 1 can be
made from non-stainless steel, aluminum, plastic, such as PVC,
for example. In short, a range of materials and dimensions
could be used in constructing the sleeve, the selection being

15 limited only to the extent that the function of the sleeve,
as described herein, would be significantly impaired. -

Fig. 2 shows the grouting sleeve of Fig. 1 viewed from
an end thereof in the direction of arrow 1II. As shown
therein, as well as in Fig. 1, the flared portions 3 of the

20 sleeve 1 are constructed by having made a series of spaced
cuts 7 along the end of the material from which the sleeve is
made, around the periphery of the sleeve 1 when the sheet of
material is formed into a coiled tubular configuration as
shown in Fig. 1, thereby producing a series of flare elements

25 8. Of course, as the flare elements are bent outwardly_from

. the outer surface 2 of the sleeve 1, the cuts 7 are
transforméd into the V shape shown in the end view of Fig. 2.

Also shown Fig. 1, in which the grouting sleeve 1 appears
in its uncoiled installation position, and as shown in Figs.

300 3 and 4 in more detail, a locking arrangeme}\_t, generally
identified with reference m_:m-eral 5, is provided by means of
which the longitudinal -"edge regions 9, 10 of the sleeve are
locked together as further described - below. Any adequa{:e
locking arrangement can be utilized, although the present

'35 invention contemplates the use of a locking arrangement which
is "self-actuable", i.e., one that is engaged without direct
manipulation thereof. | '

Specifically, as shown in Figs. 3 and 4, on one edge

region 9 of the sleeve 1, longitudinally sFa_ced tangs or
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vehicl e can support the sleeve. For exanple, skid assenblies 39 can be
| oeat ed*-on either each end of the sleeve beneath end

REPLACEVENT SHEET - 29-
assenblies 41 of the sewer pI ug dur| ng the expansi on of the sl eeve, to
support the sleeve fromthe | ower surface of the conduit section. This

ensures that apreijiecing mepaersofa can eopuncheqd cfxpPRelhBefidaeret Hesedifeeve
in the final |E§éﬁé$ftltpﬁﬁjécﬁ§2ﬁgt aedy Of réhec e o5 tRé Shewazed gut .

the 1 acks andt SBacks FRATRRLEENGEIEngRTe Cpering! siF can BEUSEEF 4 Tl
upper surface of the sleeve 1, the openings from which the

5 projecting members 5a are formed. Also in Fig. 1, a portion
of the longitudinal edge region 10 can be seen through the
openings 5b. In Fig. 3, the projecting members are shown
projecting inwardly, whereby the longitudinal edge of edge
region 10 is captured by the projecting members extending from

10 edge region 9. Alternatively, other locking configurations
can be utilized, if desired.

The grouting sleeve 1 has been described as being movable
from a coiled pre-—installai:ion position to an uncoiled

- installation position. The latter position refers to the

15 configuratién of the sleeve as shown in Figs. 1 and 3, for
example. It is clearly shown that even in the "uncoiled"
position, the longitudinal edge regions 9, 10 of the sleeve
are overlapped to a slight degree (or to a significant degree
in later described embodimenfé) and, therefore, could be

20 described as being "coiled" to various degrees. Nevertheless,
the sleeve in the installation position is referred herein as
being "uncoiled" relative to the pre-installation position.

Still further, the extent to which the edge portions or
xegions 9 and 10 extend depend upon the type of sleeve under

25 consideration and could extend substantially around the sleeve
member if significant portions of the sleeve member are
overlapped, as will be more appafent as the description
proceeds. The embodiment of Fig. 15 is one such example.

-Also shown in Fig. 1 are a pair of elastic bands 6, one

30 oxr more of which can optionall}} be located around the grouting
sleeve for the purpose further .mentioned_ below.

Fig. 5 ill'us_trat'es the grouting sleeve 1 in its coiled
pre-installation position, without grout therearound, similar
to Fig. 1 in this regard.

35 In Fig. 6, the grouting sleeve 1 is shown positioned
within a damaged or weakened conduit section 11. When the
grouting sleeve 1 is installed in a completed installation at
“the site of the conduit section, a guantity of grout is

located in a grouting area 12 defined by thfﬂ;gr 2 surface
! o REPLACEMENT - SHEET
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In Fig. 14c, the sleeve 1 is shown in a slightly over- - expanded
position, a position that is attained prior to the 10 deflation and

renoval of the air bag. The slight over-. . expansion of the sleeve is
necessary to effect the |ocking of t he ede- portions of the sleeve,
i.e., as nentioned above with regard to Figs. 3 and 4, the |ocking

assenbly 5 bei n§ tbeasddeve la| ¢hg phter esiprfnasts theof| ey ef lare portionsat

is, as the sleqveahg ensri%réan%@fa&bem@g@f raH %ndultlosé@tﬂuﬁ fﬂr awt ¢
from beneath thé ne

Thereafter, updf 88??%‘5?)%{‘8? llﬂe&g’e egardyﬁf’ﬁﬁ ﬁe"ﬁgg’g %\?9#71?&;9&:}’8
region 10 i s nsledveomantidtihave plammd sHepesntd dayepurfi matepial edswsh tlse

| ongi tudi ngf | yaS&%sﬁd %0 ﬁﬁb@fscme%d%megit@mr%duce the vdbimd rdiaHf
the flare portions, 3 t he sl eeve 1, gs t he | e ve/ askett_oﬁ‘%@B ds to

t he inner surfHEé’uiiﬁgoPrFﬁea@éndGPFre orqn U?Fd@rm T
opposi ng t he eypamspliedy eNeveﬁttb.ealassecfdmthespmtpddmoet‘reassodewmparm of

the flare 25 §|f62 s; fvehetifg f! e %‘éi %ériﬁ&ﬁll Bh%?e

el asti c bands that. encircl'e t eeve
i's, unlike theaﬁEFﬁBE“EﬁﬁPSQeﬂaFﬁe’Ehé’“é’f 6?%‘1#%‘?19?%:?@6‘51 erﬁq SRednclude an
appl i cati @, SembabibentOHA65Ag 7% aipplibation R the aforementioned layer

of material on the sleeve outer surface.

Fig. 6 also shows stop material 13, which is optional,
and is provided to assist in sealing the grout within the
grouting area 12. As shown, the stop material 13 comprises

15, a pair of bands, having triangular cross-sections, for
example, for placement in the area between the outer surface
4 of the flare portions 3 and the inner surface 1la of the
conduit section to be repaired. The stop material 13 can be
made from any of a number of materials, as long as the

20 material performs the function of sealing the grout within the
grouting area and, preferably, is inert to the material or
composition thereof from which the grout is made.

Also depicted in Fig. 6 is a nozzle comprising a grout
needle 14, connected to a grout hose 15, connected to a source

25 of grout which is injected into the grouting area 12 after the
expans:.on of the sleeve 1 to its unco:.led installation
position, the expansion being described further below. In an
alternative embodiment, instead of the _needle 14, a hose
section could extend along the entire 1length, or along

30 substantially the entire length of the grouting ‘area 12, and |
the hose could have perforations spaced along its 1length.
Thus, upon injection of grout through the hose 15 and into the
hose section within the grouting area, the grout would be
injected through the spaced perforatlons from the hose section

35 within the grouting area, thereby generally evenly spreading

the grout al-ohg ‘the length of the grouting area.

In this embodiment in which a perforated hose section is .
utilized, the surface of the sleeve could be prepared in
advance by providing an adhesively secured laver of material,
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entire gasket is conpressed against the inner wall of the 30 conduit

section under repair, to thereby provide a recoil or reboundi ng force
f or effectlng t he Iocklng of the edges of .the.... .sleeve, in the present
i nvention, as described in the |nned|atéP9 precedlng par agraph, it is

not necessary to conpr es asket 1 |n 5t the f
the 35 conduifech &Fr fhero? ’iﬁfg %t?ﬂ’eaglﬁat "ty h%oﬁgnguéliﬁfaﬁﬁgmﬁicgd
whi ch the gaskainil@r s gedeyvesnl yaxe negrobided ebduieh f orideidan Withpethe
generated. Consgquantldhodd %Tc](r@ittuhriﬂah.ﬂﬁs%alé&i' EErQBrEIEQons 18“&&5 indge

sl eeve 1 of the present 1nvention, arelatjiv no ssyre is
necessary to bee@dMed FRUfaniPHt H\{ecr’m" ot VERY grout "viaPtha® Hos

REPLACE'VENE- SHERtion, the grout would exit the perforations into the spaced
annular grooves and would then progress around the sleeve
circunference within each of the respective grooves. This
embodiment would reduce the amount of grout needed for
completing an installation. Further, the reduced amount of

10 grouting needed makes possible the use of a conventional
manually actuated "caulking gun" for injection of the grout.
Whether the application of grout is accomplished by means
of injection with the hose 15 and needle 14 or perforated hose
section, or by means of a different method as further
15 described below, after the final installation, as shown in
Fig. 7, the grout completely fills the grouting area 12 and
thereby seals the sleeve 1 from the inner surface lla of the
damaged or weakened conduit section 11.
Fig. 7 schematically illustrates the final installation
20 of the grout sleeve 1 ‘of the invention and dimensions shown
therein should not be considered as limiting or representative
of a typical dinstallation. For example, the resulting
reduction in the effective diameter of the conduit 11 at the
area in which the sleeve is installed is not as significant
25 as shown. For example, the thickness .of the installed sleeve
"is on the order of 0.325 inches, but could range, for example,
from approximately 0.5 inches to 0.25 inches, if desired.
Further, due to the weight of the entire assembly, that is,
the sleeve and grout, for example, and the settling of the
30 assembly as the grout cures, . for example, the height of the _
groutlng area 12 at the bottom 17 of the conduit 11 can be
' typically less than that at the top 18 of the conduit.
Therefore, the £final .aésembly of the sleeve and grout is
effective to provide only a-slight increase in the height of
35 the lower surface of the conduit. |
‘Figs. 8-11 schematically illustrate an embodiment of the
invention in which grout is applied to the outer surface of
the sleeve 1 prior to positioning same into the conduit to be

repaired. ~ Specifically, Fig. 8 illustrateg~—a—blanket of.
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- 30- sewer plug 31. Specifically, approximately 25 psi is needed

to~expand the sewer plug 31 itself. . In effecting the I nstallation

of the sleeve of the present invention described . ..._herein, an additional
- 3-10 psi is needed. In contrast, in the 5 alLggenentioned prior

application, an additional 20-55 psi is needed to effect the

instal lation. material Fiowmipyisfiga pdoud buskeatis, tjlm:cslvmé.wh tnetc_hmut

uncoi |l ed 4 9 ogist s I r
slightly from e ov%ﬁ exp%’gdgg gglu |on%ﬁ'€w¥w}%u§l§f k@%‘ %e corpl et e
instal lation ca-‘rﬁ]ﬂ@dpd?lfftﬁm mﬁtaélﬂ:t tSushags cell ‘P%? ﬁP‘h’Eﬂ%sta" or a
It is contenpl cﬂq(éﬂ]ﬂilér{@tc&%}xiﬁellﬂed faam,go&h@n bmlﬁsr mateFdali 8AgE can

bl anket-gro ich a | aced & und

tin st em e
sl eeve 1, FF&’%% & ﬁ)]r‘?ré e rgq'\mié %y 1% g§°ﬁ’(§12 3 Stlgeél’out
into the grouting arssdifadtery resulfss aﬂdratha)rﬁ@'flet\ﬁed siEe#éel usel fof ian

whi ch the steps;askeiﬂ%cm& 't'&er 31@&*@@&90&1&&% thyelee%dagﬁﬁoﬁﬁaé&rwed

prior toin ectlon of li ative net %s and ar af us
can be enpl oyednce, in the un ol :ms a ation position of e sleeve.

It has been found that if the ends of the gasket overlap to
‘10 some degree, no apparent problem results. Further in this
regérd, it has been found that by providing an overlap.at the
upper portion of the sleeve, in the installed position, a
generally thicker amount of foam is achieved at the top and
a lesser, but adequate, amount of foam is achieved at the
15 bottom, thereby providing a lesser raising of the lower inner-:
surface of +the conduit under repair, which 1is not
disadvantageous from the standpoint of inhibiting water flow
through the conduit systen.
Further, satisfactory results can be achieved in the use
20 of 0.75 inch thick cellulose sponge foam, 0.75 inch thick
polyethylene open-celled foam of approximately 20-30 pore and
0.5 inch thick polyethylene foam of approximately 80 pore.
In the present invention, the primafy purpose of the
gasket is that of a grout carrier medium. Due to its
25 relatively easy .compression transversely, a relatively
neglible amount: of rebound force is provided by the porous
gasket 19 itself against either the sleeve or the inner
surface of the conduit under repair. |
The gasket 19 has a width sufficient to extend at least
30 approx1mately from one flare portlon 3 to the other flare
portion 3, although this width, as well as the length around
the sleeve and _thicknéss of the gasket 19, can be otherwise
determined, and is only linited to the extent that an adeguate
guantity of grout, in the installation position of the sleeve,
35 would be located in the grouting area 12.
' Although stop elements could be used like those shown in
Fig. 6, it is also conteﬂp'lated that, instead, the outer
surfaces of the flare portions could be sealed with a plastic

tape 13/, extending from 2 tape roll 13’7 . —If-desiredp-—thre
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20 For exanple, Figs. 15-17 schematically illustrate an

enbodi ment in which the sleeve is coated with a | ayer of t her nopl ast i
material 44. The sleeve has perforations 45 - wi t hi.n whi.ch.the
thernopl astic layer can flow when heated, _,gthereby fusing adjacent

- layers of the sleeve when cooled or, 25 alternatively, through which

solvents can f{oyefeanfusisy bee usedf&:‘lu agent ts{éeeupehﬁugéssbn e tfilonat
[T0f

the edge - pRFPTSneebtnanghigtcele AR slelhg 3 TS, helaR:

c

t hr oughout t héhreugEMpeningaeSbsdm theFunsh@llati@m%f 3’€he cgreedepist ed

that projecti ey 88LE" lggg gse;‘ogﬂgqlﬂﬁﬁelae sl eeve, every 0.75
i nches around the ciycunference of t he sl eeve, the sl; eveﬁielng nade of
“a steel nme8h to cat¥hthngeferengg o, aflgl‘ﬁr@ﬁt' Petg(ﬁ REY

In this enbodicepledtir hLesgipresiinshelsaebue dosiddorhe &% ioreddyt sdmmred
somewhat | ongey, tﬁf{‘s ﬁlc?sei’&&n b)F %ea%aﬂ?'& idr hBre e159€EF@éﬁé£%,t Rak

the install ed posi two over )G/ers of eeve are
| ocated t hr ougBeeket hd %i rléunPéféﬁ% 54 Qhé"Pé potoradheebyri QK yPy some

throughout theagpréprigteénaRchahical means, first at one end 20, to the
16 outer surface 2 of the sleeve 1. The other end 22 of the
gasket 19 is left loose, as illustrated in Fig. 8.

To increase- the strength of the gasket 19 in the
direction of its length, particularly to facilitate relative
sliding thereof around the sleeve as the sleeve expands to its

15 uncoiled position, a thin layer of strengthening material can
be applied to the surface of the gasket that would otherwise
come in contact with the sleeve. For example, the sheet of
strengthening material could be made of polyethylene or
cellophane or other plastic. The strengthening material could

20 be advantageously placed to the portion of the gasket that
will only be sliding upon an adjacent gasket layer and not
along the-entire length of the gasket.

After the end 20 of the gasket 19 is secured to the outer
surface of the sleeve, a process is performed for impregnating
25 or substantially impregnating the gasket with grout. The
| grout could be any of a class of water-reactive types that are
commercially available:. For example, 3M brand 5600 Foam or
DeNeef Hydroactive Flex LV can be utilized, the latter with
or without a 5% Hydroactive Flex catalyst to speed the time

30 of final installation. |

| For impregnating the gasket with grout, a roller assembly
23 is affixed to each .re_spective end of the coiled sleeve.
As shown in Fig. 9, each roller assembly 23 includes a plug
.24 that is inserted into each end of the coiled sleeve. 2

35 roller 25 is affixed to each plug 24 for preventing grout from
penetrating into the interior of the coiled sleeve and for
enabling the coiled sleeve, with gasket thereon, to be rolled
in the grout tray 26 by means of handles 27 which projeét

longitudinally from each of the rollers 2 -
oot ' | REPLACEMENT SHEET
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provi ded, simlar to sewer plug 31 previously described, THStSHEET HAS BEE
additional |y having a heating jacket 42 therearound for{ the.REPLASHhose
heating the thernoplastic | ayer during expanggon. 5 ~"An outer

I nsul ation jacket 43 can be placed around the sewer plug 31' and
heating jacket 42 tIt &as bleedm foahdi thaig when téind eatwadrek -teagddlvet Geout
assenbly from o st e ' s N g. RES ce
Wres 47 can pad ¥ Yelaugose epopokiyd WRTHRCRLIANEE LD arl frphiFpEIaN
upon 10 pl aceer@rdit the § Bk SRONIR 1§ tabsrhede IHduFRatethpogpppae

remains relatively hard. If, however, the sponge is first

-31- .To expand the sleeve, an air bag or sewer plug 31 s ‘1
f

5 wetted with water, it becomes soft. Further, when the grout
is applied in the latter instance, it absorbs faster and does
not begin to cure instantly as might be expected. .

As shown in Fig. 9, the grout tray 26 contains a quantity

of grout 28. As the coiled sleeve 1 and gasket 19 is placed
10 into the grout tray 26, with one end of the gasket still
extending loosely from the sleeve, as shown in Fig. 8, the
handles 27 are grasped and 'slowly rotated about their
longitudinal axis, thereby rolling the gaskét 19 onto the
outer surface 2 of the grouting sleeve 1 and soaking the
15 gasket in the gr'out 28 contained in the grout tray 26. This
step is similar in principle to applying paint to a paint
roller in a paint tray, with the additional step of rolling

the gasket around the sleeve while rotating the handles.
once the entire gasket 19 has been sufficiently immersed
20 in the grout 28, the sleeve 1 with gasket 19 thereabout is
removed from the tray 26. "':I-‘he roller assemblies 23 are
removed from the ends of th.e' sleeve and, as illustrated in
Fig. 9, one or more elastic bands 29 are then placed around
the gasket 19 to retain the gasket on the sleeve 1. The use
25 of elastic bands 29 is optibnal. They are utilized merely as
a convenience to avoid the inadvertent 1loosening of the
ga'sket, having just been removed from the grout tray .26. The
grout~-impregnated gasket 19/sleeve 1 combination, illustrated
~ in Figs. 10 and 11, in the coiled pre-installation position,
30 is now ready for repair of the damaged a'nd/'or leaking conduit

or conduit joint. o '

Fig. 12 illustrates the approximate quantities of grout
needed for three different sleeve lengths and seven different
sleeve diameters, in the installed position.

35 Either at the .repair site 30, shown in Pig. 13, for
| example, or prior to reaching the repair site, a means for
expanding the sleeve from the coiled pre-installation position
to the uncoiled installation position is applied to the
gasket/sleeve combination. = For example, an e_xpandab'lé
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be repaired, an electrical current is applied, via an electric line, to

t hereby .nelt the thernoplastic material, thereby seal i ng and/ or
strengt heni ng t he damaged and/ or weakened conduit section.as..the heat
is renmoved.- 15 Fig. 17 schematically illustrates resistance wres 47

enbedded in a criss-crossing arrangenent wt W7 the | ayer of

- thernopl astic JBH éééeémalﬁié@w%ié’%%enbﬁtfﬁd éﬁmnﬂarﬁfs} S:Sefegred"‘ci?sés

~arrangement of T€sistance Wres, g non-woven of
electrically ContERYeT ePANELyS A8 NETERBe dBkY Vhet‘Fl‘él]E%d PAfEYeof It is
- thernopl asti ¢ d@rtsmsl atddd Wh£b d stehaaréamedngdrted S~1aBSoypE ©laky can

i electric curr t for r l.ast
alternative e %d‘}sr’?e%‘t LI‘hn eevégs L?Q P@i fle% bl_y éﬁ%(%( av‘él%h gﬁéefsie
that descr$becggsnive swath a%gar@lllqunaﬁpraz, psior o imgentden fingm the,

rather than aésﬁé@péﬁé&ve coair?éi sewe B3 RIJ As W eb¥paHBed epblhahi ey of
the sleeve to fhe nstallation position, a solvent, such as

unco
t ol uene or "THIRT W {"11‘% AYSFY¥Rarbon, is applied to the sleeve, upon
expansi on of the slkbye, 13| swhegatliocally hil msthratesofint lee BPsssiseeidpnal

through openi rwfewe{&@fué‘berae%a%&%a&mﬁ&s9' ¥oREuit sPYEEh AW HAIng
| ayers, fu3| ng sang u on evaporati on of :
_ 10 Yepaire As shown there:m, the repa:l.r site 30 is part of a

conduit system 32, such as a sewer system, extending below
ground surface 33. Ground surface 33 could comprise a road
surface in an urban area, whereby access to the sewer system
is had via manholes 34, 35, for example. Since the inventibn
i5 avoids the need for excavation in the repair of the conduit
system, the road surface 33 is not destroyed and traffic flow
is not significantly interrupted. All materials needed in the
repair are transferred through manholes 34,' 35.
Prior to introduction of the sleeve assembly and
20 associated materials into the sewer system, the sewer is
preferably flushed, removing calcite and other debris. The
locations of deterioration are inspected and recorded,
together with any locations that might pose a problem for
passing the sleéve_ “assembly through and, if possible,.
25 eliminated. All cables 36, e.g., are prepared and readied in
position for pulling the sleeve,- sewer plug 31, cctv camera
40, and water line 38 and spray 38a into position. The video
camera 40 is utilized to assist the positioning of the
assembly and generally to monitor the installation process
30 remotely. ' | | )
The sleeve/gasket/ai;:_bag 'assembly, i.e., the "sleeve
assembly"” is located on skid assemblies 39 (or wheeled
dollies) or other vehicle to prevent the sleeve from dragging
along the invert and to keep it spaced away from any water.
35 It is then transported to the repair site 30. _
When the sleeve assenmbly is correctly positioned and
ready for expansion, the water spray 38a is activated to begin
the foaming reaction of the grout. The sewer plug is then
begun to be inflated at approximately one psi/sec to
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sol vent. Alternatively, the sleeve could be nmade of pol yethyl ene.
In:addition, it is also contenplated that the heat could be 35 applied

only to the areas of overlap of the edge regions. Wth regard to.the .
resistance wire enbodi ments, the resistance _,g.Wres could be enbedded for
| ess than the entire | ength around the circunference of the sleeve,

that is, only hppabk¥mately 38rg&b. ofhevsdeapplufuid hren tedlapedi ays tae
performations i

sl eeve coul d b'g?gggg I AP TReS e tas ué"rcg%%egfi%svtear]lla%?ion p%%itiopﬁ %rﬂg
enbodi ment's i ninstehlatviehapsi dgspepbed, otithrr manudldd omreld (gl cative
enbodi ments ut il bpgrihehaRPkAR isGe@Ve has become locked. If the sleeve

5 has not become locked, or if the sleeve has not become
completely locked, the sewer plug can again be inflated to
accomplish same.

Figs. l4a - 14d schematically illustrate the steps in
moving the sleeve/gasket combination from the coiled pre-

10 installation position to the uncoiled installation position.
For the sake of simplicity, the sewer plug is shown only in
Fig. 14a, but is not shown in Figs. 14b - 14d.

In Fig. 1l4a, the sleeve 1 is shown in transport to the
repair site, mouted on sewer plug 31. The sewer plug supports

15 the sleeve and is mounted on skids 39 via supports 41 that
surround the ends of the sewer plug 31. _

In Fig. 14b, the sleeve 1 is shown with the gasket 19
theréon, positioned on the bottom of the inside surface lla
of the conduit section 11 to be repaired. Alternatively, of

20 course, the sleeve/gasket could be located at the site of a
joint between two adjacent conduit sections to be sealed. The
sleeve 1 in Fig. 14b is partially expanded, as depicted in the
slightly enlarged internal diameter of sleeve 1 in Fig. 14b.

As mentioned above, before and/or during the expansion

25 of the sleeve 1 and gasket 19, illustrated in Fig. 14b, when
water-reactive grout is used, water can be sprayed, or
otherwise applied, onto the gasket 19, by means of water line
38 and nozzle 38a. This facilitates the foaming or reacting
of the grout around the sleeve 1.

30 Alternatively, the step of applying water can be omitted,
permitting the grout to react with the moisture or water
resident in the surrounding soil and/or environment at the
repair site. This latter-mentioned alternative method would
lengthen the total process but, however, inasmuch as the

35 sleeve is locked in place by means of the present invention,
it would remain secured until the gfout completely cures.

As mentioned above, the skid assemblies 39 or other
vehicle can support the sleeve. For example, skid assemblies
39 can be located on either each end of the sleeve beneath end
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sol vent fusing, for exanple, a |ocking arrangenent like that 5 described

abeve, tan be omtted, together with the need to over -expand t he sl eeve
to effect the | ocking. Thus, even less - pressure fromthe sewer plug is._..-
needed to conplete the install ati on. -29- Further, the

af orenenti oned sl eeve fusion enbodi nents can 10 be used in plaée of ot her
sl eeve enbodi negkempenesakhy oenewe, sewerqslddm)urﬁ ltmm&eq:arfsmmdfmtheon
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agai nst the i n??BnEU{Q ‘i"eecéjﬂcned @%nﬁ&ﬁﬂlﬂﬁe H0ééfe in théeﬂilhél i OWat3dn be
| ocated in _a gfouting area nnelE describ the pr ecedi ng
0

embodi ment § of PPﬁétm" °Fn46€ﬁt F‘iﬁeverh%ﬁd i 19 ﬁq‘é?ﬁﬁﬁﬁt 8“ éither flared
end portions onsepgr avendl,edanisgattproiEon @ft thes| slaeve cdahthds

tilized 20 | d t
utilize . : ggthgszggnﬂﬁeg £HES Epgﬁ’éé%%ev aces ip thé' S8nabftt P&11 .

enbodi ment shovvn {o have a
flare portion on eadh Ehf: 1PC.i §hg| sbeeve 1 é@%%t’éﬂ 3 et iy &sveror
the ends can bexphaged pesition,| engbhitiae Widtademeititaingt guiiatsito the

Fnst aIIed 19 €C¥EF16050h"8na removal of the air bag. The slight over-
expansion of the sleeve is necessary to effect the locking of
the edge portions of the sleeve, i.e., as mentioned above with
regard to Figs. 3 and 4, the locking assembly 5 being located
along the length of the sleeve.

15 That ‘is, as the sleeve is over-expanded, the edge region
10 is withdrawn from beneath the members projecting inwardly
from edge region 9. Thereafter, upon deflation of the sewer
plug, the edge of the edge region 10 is moved toward the
coiled position, but is captured by the longitudinally spaced

20 members on edge region 9. _

By virtue of the flare portions 3 of the sleeve 1, as the
sleeve/gasket expands to the inner surface 1lla of the conduit
11 under repair, the only forces opposing the expansion are
localized forces at the areas of the ends of the flare

25 elements 8 of the flare portions 3 ‘and, if utilized, the
elastic bands 6, .29 that encircle the sleeve 1 and/or gasket
19. That is, unlike the method employed in the aforementioned
allowed application, Serial No. 07/651,793, in which the
entire gasket is compressed against the inner wall of the

30 conduit section under repair, to theréby provide a recoil or

' rebounding force for effecting the locking of the edges of the
- sleeve, in the preseﬁt invention, as described in the
immediately preceding paragraph, it is not necessary to
compress gasket' 19 against the inner surface 1lla of the

35 conduit. Further,..due to the nature of the material from

which the gasket 19 is made, only a neglibie rebound force can
be generated. Conséq\iently, to effect the installation of the

“grouting sleeve 1.of the present invention, only a relatively

minor pressure is necessary to be exerted by mean'sl of the
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25 purpose of providing continuous repairs for |onger |engths, for

exanpl .. In Fig. 18, the present invention is depicted in a

general schematic illustration. That is, although flares have been .

. described " in the preferred. enbodi nent aboqs it is 30 contenplated that
a generally cylindrical sleeve 1''' coul & “be utilized, with annul ar

stops 13''" suLroup f\?tff. engﬁeéf]flcall?'r e{aﬁﬁ%iﬂ@atﬁl&ﬂﬂtzé’“ﬁﬁh iisS Rl bg"
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performng the,fugehi €8 fracet €Re iﬁﬁtdﬁT&%h@hDg only a

Finally, Fig. 14d illustrates the sleeve in the uncoiled
installation position, in which the sleeve 1 has recoiled
slightly from the overexpanded position shown in Fig. 1l4c.
10 The complete installation can be performed in as little as

thirty minutes. _ _
It is contemplated that instead of utilizing the above-
mentioned blanket-grouting system, in which a gasket 19 is
placed around the sleeve 1, or the injection system in which
15 a nozzle 14 injects grout into the groutiﬁg area 12 after
 installation of the sleeve itself, in which the steps
described in relation to Figs. 14a - 14d are performed prior
to injection of the grout, alternative methods and apparatus

can be employed.

- 20 For example, Figs. 15-17 schematically illustrate an
embodiment in which the sleeve is coated with a layer of
thermoplastic material 44. The sleeve has perforations 45
within which the thermoplastic layer can flow when heated,
thereby fusing adjacent layers of the sleeve when cooled or,

25 alternatively, through which solvents can flow for fusing the
adjacent sleeve layers in the final installation position.
These perforations can be located merely near the edge
portions 9/ and 10’, as shown, oxr, preferably, they extend
throughout the extent of the sleeve. Further, it is

30 - _contemplated that'projecting "teeth" can be formed in the.
sleeve, e.g., every 0.75 inches around the circumference of
the sleeve, the sleeve being made of a steel mesh to catch the
teeth upon a slight recoil movement.

“In this embodiment, the length of the sleeve 1’ can be

35 made to be somewhat longer than sleeve 1. For example, it is
contemplated that in the installed position, two overlapping
layers of the sleeve are located throughout the circumference
thereof, or sustantially throughout the circumference, to

facilitate fusing thereof. | REPLACEMENT SHEET
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To expand 't':he sleeve., an air bag or sewer plug 31’ is
provided, similar to sewer plug 31 previously described, but
additionally having a heating jacket 42 therearound for the
purpose of heating the thermoplastic layer during expansion.

An outer insulation jacket 43 can be placed around the
sewer plug 31’ and heaf.ing jacket 42 to assist in retaining
the heat and to seal the assembly from moisture.

In the embodiment of Fig. 17, resistance wires 47 can be
embedded within the thermoplastic material so that, upon
placement of the sleeve at the site of the conduit section to
be repaired, an electrical current is applied, via an electric
line, to thereby melt the thermoplastic material, thereby
sealing and/or strengthening the damaged and/or weakened
conduit section as the heat is removed.

Fig. 17 échematically illustrates resistance wires 47
embedded in a criss-crossing arrangement within the layer of
thermoplastic material 44. Alternatively, instead of a criss-
cross arrangement of resistance wires, a non-woven fabric mat
made of electrically conductive fibers can be embedded in the
layer of thermoplastic material 44 which is then connected to
a source of electric current for melting the thermoplastic
layer.

In an alternative embodiment, the sleeve could be made
to have a shape like that described above with regafd to Figs.
15 - 17, but made from PVC, rather than a thermoplastic coated
material, whereby, uporn inflation of the sleeve to the
uncoiled installation position, a solvent, such as toluene or
other aromatic'h'ydrocarbon, is applied to the sleeve, upon

. expansion of the sleeve, flow’ing along the surface of the
sleeve, through openings thereof, thereby partially dissolving
overlapping layers, fusing same upon evaporation of the
solvent: ' | '

Alternatively, the sl'eeve_ could be made of pdlyethylene.
In addition, it is also contemplated that the heat could be

" applied only to the areas of overlap of the edge regions.
With regard to the resistance wire embodiments, the resistance
wires could be embedded for less than the entire length around
the circumference of the sleeve, that is, onlymlocally-as

-areas of overlap. 'I_-“t_:;thér, the openings or per Eoggmw SHEET
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1. Aconduit repair apparatus conprising: : a sl eeve nmenber
comprising: (i) a sheet of material having an outer surface
and being novable froma coiled pre-installation position, in which said

sheet of material generally surrounds a |ongitudinal axis, to an uncoiled
i nstallation position; and

the sleeve could be also only localized at areas of overlap.

In the embodiments in which overlapping layers of the
sleeve are fused, the embodiments utilizing thermoplastic or
solvent fusing, for example, a locking arrangement like that

5 described above, can be omitted, together with the need to

over-expand the sleeve to effect the locking. Thus, even less

 pressure from the éewer plug is needed to complete the
installation.

Further, the aforementioned sleeve fusion embodiments can

i0 be used in place of other sleeve embodiments generally known,
or they can be used in conjunction with certain of the
features of other embodiments of the repair apparatus,
previously described. For example, upon fusion of the sleeve
by means of thermoplastic or solvent fusion, without applying
15 pressure against the inner surface of the conduit under
| repair, a grout can be located in a grouting area, in the
manner described in the preceding embodiments of the
invention. That is, stop elements, either flared end portions
or separate elements attached to the sleeve, could be utilized
20 in the manner described above. '

Also, in the embodiment illustrated in Fig. 1, the sleeve
1 is shown to have a flare portion on each end. It is also
contemplated that only one of the ends can be flared for
length-wise attachment to previously installed sleeves for the

25 purpose of providing continuous repairs for longer lengths,
for example. _ '

In Fig: 18, the present invention is depicted in a
general schematic illustration. That is, although flares have
been described in the preferred., embodiment -above, it is

30 contemplated that a 'generally cylindrical sleeve 1’77 could
be utilized, with énn_ul_ar stops 13’¢’ surrounding the ends to
retain the grout which is either injected in the groufing area
12’ or pléced therein via a grout-impregnated pad. 'The stops
13/7! can be made of an open-cell absorbent material, as

35 described above, to lessen the rebound force upon the sleeve
during expansion thereof. Alternatively, the stop material
could be made of a denser open-cell material, compared to the
aforementioned gasket, or from closed-cell material, thereby

performing the function of a stop, yet pr

{44 a2
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(i1) a pair of longitudinally spaced-apart stop nenbers affixed to the
~outer surface of said sheet of material, an annular area thereby being
imted, in said uncoiled installation position, by (1) said outer surface
of said sheet of material, (2) said pair of_gfop nenbers, and (3) an inner
surface of a conduit to be repaired, said pair of longitudinally

spaced- apar t swpafrﬁr@p; SslﬁQH’értébGQn@pm%é _rERbhe w.l;mml@\t; §Qb@véheﬁt ?f
S e

mat eri al which are d ou r di rom sal out ai

of material for coﬁ%ﬁf %@ﬁﬂm rtl'é%rjf"a ﬁ?scg’ﬁ&& efﬁrb ‘féﬁé’ red.
in the uncoil eefersnce |af |m_rpbsulanmem,d;nhtaredlspppﬁ esbedimentsni dis
bei ng radial ly; &1 gxidd euifd At L¥6at fnd b e THvRdR ol i89hdt 1imited to the

5 particulars disclosed and extends to all equivalents within
the scope of the clainms. : :
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WHAT IS CLAIMED:
1. A conduit repair apparatus eomprising;
a sleeve member comprising:

(i) a sheet of material having an outer surface
and being movable from a coiled pre-installation position, in
which said sheet of material generally surrounds a
longitudinal axis, to an uncoiled installation position; and

(ii) a pair of longltudlnally spaced~-apart stop
members afflxed to the outer surface of said sheet of
materlal, an annular area thereby being limited, in said
uncoiled installation position, by (1) said outer surface of
said sheet of material, (2) said pair of stop members, and (3)
an inner surface of a conduit to be repaired.

2. A conduit repair apparatus according to claim 1, said
sheet of material having a pair of longitudinally extending
opposite edge regions, and said stop members having a length
extending generally from one of said pair of edge regions to
another of said pair of edge regions.

3. A conduit repair apparatus according to claim 1, each
of said pair of longitudinally spaced-apart stop members
comprising an elastic band surrounding said sleeve member in
said coiled pre-installation position to thereby exert a force
on said sleeve member in a direction favoring said coiled pre-
installation position.

4. A conduit repair apparatus according to claim 1, said
pair of longitudinally spaced stop members comprising opposite

~end regions of said sheet of material which are flared

outwardly from outer surface of said sheet of material for
contactlng the inner surface of the conduit to be repaired in
the uncoiled installation position.

5. A conduit repair apparatus according to claim 4, said
flared opposite end feg-ions being radially flexible relative
to the remainder of said sleeve member, said apparatus further
comprising at least one layer of tape over an outer surface
of each of the flared oppos:.te end regions of said stop
members '

6. A conduit re'pair apparatus according to claim 1,

further comprising a quant:.ty of grout for placement into said

]
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3. A conduit repair apparatus accordimgto claiml1l, further conprising a

bei ng made of stainless

quant ity of grout for pl annul ar area. T - '
condui t..repair appar at uslmgiﬁmumlml ﬁlglml sai d” sheet Hlsnsﬁpfébg‘& S BEEN

7. A conduit repair apparatus according to claim 1, said
sheet of material being made of stainless steel.
8. A conduit repair apparatus according to claim 1, said
sheet of material being made of plastic.
-5 9. .A conduit repair'apparafus according to claim 1, said
sheet of material being made of metal.
10. A conduit repair apparatus according to claim 9,
said metal sheet of material having a coating of thermoplastic
material. '
10 1l1. . A conduit fepair apparatus comprising:
a sleeve member comprising:

(i) a sheet of material having an outer surface
and being movable from a coiled pre-installation position, in
which said sheet of material generally surrounds a

15 longitudinal axis, to an uncoiled installation position;

(ii) at least one elastic band surrounding said
sleeve member for exerting a force on said sleeve in a
direction favoring said coiled pre-installation position; and

o (iii) a first longitudinal edge portion and a
20 second longitudinal edge portion, said first longitudinal edge
portion and said second longitudinal edge portion overlapping
at least in said coiled pre-installation position and, in said
uncoiled installation position having complementary means for
locking said sleeve member in said uncoiled installation
25 position. )

12. A conduit repair - apparatus comprising:

(a) a sleeve member comprising: |

(i) a sheet of material having an outer surface

and an  inner surface and being movable from a coiled pré-
30 installation positiéh; to an uncoiled installation position,

at least two edge regions of said sheet of material

overlapping in said uncoiled installation position; and.

(ii) a layer of thermoplastic material on said
outer .surface and_ sald inner surface of said sheet of

35 material; '
(b) means for heating said thermoplastic material
to thereby fuse said overlapping edge regions of said sheet
. of material together in said uncoiled installation position.

13. A conduit repair apparatus according im 12,
S  REPLACEMENT SHEET
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5. A conduit repmmcvof-dlngto claiml1, said Teét of materj gl

bei ng-made of pla conduit repair appar at ysTHIE SHEET AbASt BEEN
claim1, said.- shiﬂ'ﬂ"ﬂ"ﬂ"’ﬂ&"i&ﬂ'ﬁ@ ng made of netal. 7REBLACERd I t
repair apparatus aecording , said _npetal sheet of material having
a coating of thernoplastic material . “85~ A condui t repair apparatus
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means embedded in ‘said thermoplastic material.
14. A conduit repair apparatus according to claim 12,
said means for heating comprising a device for conducting heat
5 internally of said sleeve member.

"15. A conduit repair apparatus according to clainm 12,
further comprising a pair of 1ohgitudina11y spaced-apart stop
members affixed to outer surface of said sheet of material,
an annular area being defined, in said uncoiled installation

10 position, by (1) said outer -surface of said sheet of material,
(2) sa1d pair of stop members, and (3) an inner surface of a
condu:.t to be repaired. .

16. A conduit repair apparatus comprising:
a sleeve member comprising a sheet of material made
i5 of a plastic material and being movable from a coiled pre-
installation position, to an uncoiled installation position,
at least two edge regions of said sheet of material
overlapping in said uncoiled installation position; and
a solvent for partially dissolving said two

20 overlapping edge regions for fusing said overlapping edge
regions, upon evaporation of said solvent, in said uncoiled
installation position. '

17. A conduit repair apparatus according to claim 16,
further comprising a pair of longitudinally spaced-apart stop

25 members affixed to outer surface of said sheet of material,
an annular area being defined, in said uncoiled installation
position, by (1) said outér_surface of said sheet of material,
(2) said pair of stop members, and (3) an inner surface of a
conduit to be repaired. _

30 18. A conduit repair apparatus comprising:

' a sleeve member comprising:

(i) a sheet of material having an outer surface
and'being movable from a coiled pre-installation position, in
which said sheet of material generally surrounds a

35 longitudinal axis, to an uncoiled installation position;

(ii) a pair of 6pposite end portions, each of
said end portions having a flare portion projecting outwardly .
and longitudinally away. from said outer surface of said sheet
of material, wherein, in both said coiled pre-—installatién

eet Has Been Replaced’ REPLACEMENT SHEET
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position and said uncoiled 1nsta11ation position, said outer
surface of said sheet of material and said flare portions
define a grouting area; and

(iii) a first longitudinal edge portion and a
second longitudinal edge portion, said first longitudinal edge |
portion and said second longitudinal edge portion extending
from one of said pair of opposite end portions to the other
of said pair of opposite end portions, said first longitudinal
edge portion and said second longitudinal edge portion
overlapping at least in said coiled pre—-installation position.

19. A conduit répair apparatus according to claim 18,
further comprising means for locking said first longitudinal
edge portion and said second longitudinal edge portion of said
sheet to form said. sheet into a generally tubular
configuration. '
| 20. A conduit repair apparatus acéording to claim 18,
further comprlslng a quantlty of grout for placement into said
grouting area.

21. A conduit repair apparatus accordlng to claim 20,
further comprising a porous gasket for placement around said
grouting sleeve and for being infused with said quantity of
grout.

' 22. A conduit repair apparatus according to claim 21,
said porous gasket comprising an open-célled material, and
said gasket having a strengthening covering on a side of said
gasket to be placed adjacent said grouting sleeve.

23. A conduit repair apparatus according to claim 22,
said open—-celled material being cellulose.

24. A conduit .r_epair apparatus according to claim 22,
said strengthening layer being .a member selected from the
group consisting of a polyethylene sheet and a cellophane
sheet. “

25. A conduit repair apparatus acco.rding to claim 18,
further comprising a porous gasket impregnated with a quantity
of grout, said porous gasket placed around said grouting
sleeve, _ '

26. A conduit repair apparatus according to claim 25,
further comprising' at least one elastic band encircling said

porous gasket for reta:mlng said porous gasket upon_ said
) * REPLACEMENT SHEET
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- 36- and said fTare portlons define a grouting area, and wherein said

skeeve- menber fur flrst | ongi tudi nal edge portion and a
second IongitudinH sald first |ongitudi nal eagﬁmgﬂﬁ%k%i EEN

sai d second | ongi ESpOF ion extending fromone of] sa

opposite end portions to the other of said =P&tr of opposite—ends pcr;:cns
said first |ongitudinal e portion -and said second | ongitudinal edge
portion overI&ﬁBPﬁb“ﬂtsFéﬁgﬁ‘in said coiled pre-installation position, and
wherein said condu2?. A conduit repair apparatus according to claim 20,

said grout comprising a member selected from the group
consisting of a water-reactlve expanding polyurethane grout;

5 a water-reactive gel- formlng grout, an epoxy hardening grout;
and a cementitious grout.

28. A conduit repair apparatus according to claim 1is,
said sheet of material being a member selected from the group
.con51st1ng of metal and plastic.

10 29. A conduit’ repair apparatus accordlng to claim 18,
further comprlslng a layer of thermoplastic material being
‘placed upon said outer surface of said grouting sleeve..

30. A conduit repair apparatus according to claim 29,
further comprising resistance elements being embedded into

i5 said thermoplastic material for transferring heat to said
thermoplastic material.

31. A conduit repair apparatus aécording to claim 30,
further comprising a gasket located around said grouting
sleeve over said layer of thermoplastic material.

20 '

32. A conduit repair apparatus according to claim 31,
further comprising a guantity of grout infused in said gasket.

33. A conduit repair apparatus according to claim 18,
said sheet of material being plastic and said apparatus

25 further comprising a quantity of solvent for fusing said
overlapping first longitudinal edge portion and said second
longitudinal edge portion in said wuncoiled installation
positidn. _

- 34. A method of repairing a conduit with the use of a

30 sleeve member for placement within the conduit, said sleeve
membexr having an outer surface and an inner surface with a
layer of thermoplastic material on said outer surface and said
inner surface of said sheet of material, said sleeve member
being movable from a coiled pre-installation position, to an

35 uncoiled installation position, at least two edge regions of
said sheet of material overlapping in said uncoiled
installation position, said method comprising the steps of:

-positioning said sleeve member within a conduit to

be repaired: " REPLAGEMENT SHEET
This Sheet Has Been Replaced

||III|||I|||I|\|I|IHIII 1480V 93




repair apparatus further conprises ajporous gasket for pl geerent
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sal d sl.eeve and fon th a quantlty of_. groutj.

conduit repair appe“lmlmmu“n nrmu o-claim9, further cdoprisREE:
for |ocking said first ¢l orgifudindl edge parfdon and said second

| ongi t udi nal edge portion of said sheet to form said sheet into a

general l'y tubul ar confi gitpahiddflg said slédve Anemthshtli torl Gowier sHidAIAldéTe
according to cl aj m 9 furtlge;_‘%coqggalﬂg@aﬁa@iggtgggiggognout for being
i nfused into ‘s“s :
heat:mg said thernoplastlc material; and
terminating said heating, thereby fusing said
5 overlapping edge regions of said sheet of material together
in said uncoiled installation position. '
35. A method of repairing a conduit according to claim
34, further comprising the steps of: _
placing a pair of longitudinally spaced-apart stop
10 members to the outer surface of said sleeveé member in said
coiled pre-installation position prior to said step of
expanding, whereby in said uncoiled installation position,
said an annular area is defined by (1) said outer surface of
said sheet of material, (2) said pair of stop members, and (3)
15 an inner surface of a conduit to be repaired; and
placing grout within said annular area.

36. A method of repairing a conduit with the use of
sleeve member for placement within the conduit, said sleeve

20 member having comprising a sheet of material made of a plastic
material and being movable from a coiled pre-installation
position, to an uncoiled installation position, at least two
edge regions of said sheet of material overlapping in said
uncoiled installation position, said method comprising the

25  steps of: -

positioning said sleeve member within a conduit to
be repaired; A

expanding said sleeve member to move said sleeve
member to said uncoiled ipstallation position;

30 | applying a solvent at least to said two overlapping
edge regions for fusing said overlapping edge regions of said
sheet of material together in said uncoiled installation
position.

37. A method of repairing a conduit according to clainm

35 36, further comprising the steps of:

placing a pair of longitudinally spaced-apart stop
members to the outer surface of said sleeve member in said
coiled pre-installation position prior to said step of
expanding, whereby in said  uncoiled lnstallatlon p051t10n,
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said an annular area is defined by (1) said outer surface of

said sheet of material, (2) said pair of stop members, and (3) ’

an inner surface of a conduit to be repaired; and
placing grout within said annular area.
38. A method of repairing a conduit with the use of a
grouting sleeve for placement within the conduit, saiq

grouting sleeve having an outer surface, a pair of

longitudinally extendi'ng edges and a pair of opposite end
portions, said edges extending from one of said pair of end
portions to the other of said end portions, and said pair of
longitudinally extending edges being overlapped in a coiled
pre~-installation position and at least one of said edges
having a device for locking said one of said edges to a
portion of the other of said edges, said method comprising the
steps of: |

(a) positioning said grouting sleeve within a
conduit to be repalred in said coiled pre-—:.nstallat;on
position; '

(b) forcing said grouting sleeve to expand from said
coiled pre-installation position to an uncoiled installation
position toward an inner surface of the conduit; and

(c) activating 'an expandable grout between said
outer surface of said grouting sleeve and the inner surface
of the conduit, thereby activating said device for locking
said at least one of said edges for locking said one of said
edges to said portion of the other of said edges.

39. A method of repairing a conduit with the use of a
grouting sleeve for placement within the conduit, said

grouting sleeve having an outer .surface, and a pair of

longitudinally extending edges and a pair of opposite end
portions, said edges extending_:’_‘irom one of said pair of end
portions to the other of said end portions, and said pair of
longitudinally extending edges being overlapped in a coiled
pre-installation position, at least one of said edges having

a device for locking said one of said edges to a portion of -
the other of said edges, and at least one elastic band

surrounding said grouting sleeve, said method comprising the
steps of:

(a) __pgsitioﬁ-ing said grouting Slé?‘E?LAEE.ﬁEﬁT' SHEET

- This Sheet Has Been Replaced 1. .
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strengt heni ng coveri

ai d -gasket to be pl aced gd.liﬁPAAp Raid

13. A conduit ai ratus according to cl afm et -
por ous. gasket corrprlmlmu |%E %mzdd material, and said ggéﬂ%?}‘E%EVﬁh@L&“

sl eeve nenber. A condw t repai r-4gapparatus according to claim

13,

open-cel | ed mat erial being cellulose. 15. A conduit

repai r appar atarslwdcortdi nipet o repaimed 3, irsasdidstewiig@denmey inayailbeiog a
menber sel ectiqd f¢sQup £ he group

10

15

20

25

30

35

(b) expanding said grouting sleeve from said coiled
pre-installation position to an uncoiled installation position
toward an inner surface of the conduit against an elastic
opposing force of said at least one elastic band; and

- " (c) terminating said step of expanding, thereby
permitting said at least one elastic band to exert a force on
said grouting sleeve for activating said locking device for
locking said at least one of said edges to said portion of the
other of said edges.

40. A method of repairing a conduit with the use of a
grouting sleeve for placement within the conduit, said
grouting sleeve having an outer surface, a pair of
longitudinally extending edges and a pair of opposite ‘end
portions, said edges extending from one of said pair of end
portions to the other of said end portions, each of said pair
of opposite end portions having an outwardly projecting stop
member, and said pair of 1ongitudihally extending edges being
overlapped in a coiled pre-installation position, said method
comprising the steps of: '

(a) positioning said grouting sleeve within a
conduit to be repaired in said coiled pre-installation
position; and '

(b) expanding said grouting sleeve from said coiled
pre-installation position to an uncoiled installation position
toward an inner surface of the conduit, whereby said outwardly
projecting stop member at each of said end portions contacts
the inner surface of the conduit in said uncoiled installation
position, thereby férming an annular space limited length-wise
by said outwafdly projecting stop members on said pair of
opposite end portions and limited thickness-wise by said outer
surface of said grouting sleeve and said inner surface of the
conduit, grout being located within said annular space.

41. A method of repairing a conduit with the use of a-
grouting sleeve for placement within the conduit, said
grouting sleeve having an outer surface, a pair of
longitudinally extendihg edges and a pair of opposite end

portions, said edges extending from one of said pair of end
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conduit repair apparat o claim9, further conprIsHA
one el astic band encir ous gasket for retaini
gasket upon said sleeve e __4Q_condU|t repair

according to claiem 11, said grout conprising a nenber selected ftontt €
group Cons?éktmanef td thecbtheaCifveatupend porkdons cidaate off @atid pair

wat er - react i_ve ornt g grouf: an . epoxy hardenin

cenentitiof$ 993?951 e’ end §9 Iﬁ?l:%‘?‘t%lwhtap‘f’é%% A p SR g’F%quCCBF Sﬁ&ttlb’g

claim9, fﬁléhible flare, and said pair of longitudinally  extending
edges being overlapped in a coiled pre-installation position,

consi sting of a pol yémhiimnﬁbsgﬁeékﬂﬂﬁﬁ a cel l ophane sheet. 16. A

5 said method comprising the steps of:

(a) p051t10n1ng said grouting sleeve Wlthln a
conduit to be repaired in said coiled pre-installation
position; and . _ '

_ (b) forcing sald.grouting sleeve to expand from said

10 coiled pre-installation position to an uncoiled installation
position toward an inner surface of the conduit, whereby said
outwardly projecting flares at each of said end portions
contacts the inner surface .of the conduit in said uncoiled
installation position, thereby forming an annular space

15 extending length-wise between said outwardly projecting flares
on said pair of opposite end portions and extending thickness-
wise between said said grouting sleeve and said inner surface
of the conduit, grout being located in said annular space.

42. A method according to claim 41, further comprising,

20 before the step of positioning said grouting sleeve, the step:
of placing said grout around said grouting sleeve when said
grouting sleeve is in said_coiled pre-installation position.

43. A method according to claim 42, said step of placing
grout around said grouting sleeve comprising the steps of:

25 : placing a porous gasket around said grouting

. sleeve; and '
infusing grout into said porous gasket.

44. A method accdrding to claim 43, said step of
infusing grout into said porous 'gasket comprising the step of

30 placing said groutlng sleeve having said porous gasket around

- it into a container of grout.

45. A method according to claim 44, further comprising
the step of securing said gasket to said groutlng sleeve by
means of an adhesive.

35 46. A method according to claim 44, further comprising
the step of securing said gasket to said grouting sleeve by
means of a mechanical attachment device.

47. A method according to claim 43, sai step of
infusing grout into said porous gasket comprisihdiEPHACEMENESSHEET
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said outer

conprising 2a | ayer o thernnplastid mat eri al being blaced

Sg;ﬂf a(}ejOf Siigfj Zl‘mmmmmlr“ml)par at us accordi ng-te-—-cl&l
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of:

affixing a roller assembly to each end of said
grouting sleeve in said coiled pre-installation position of
said grouting sleeve, each of said roller assemblies having

5 a handle; _

placing said grouting sleeve having said porous
gasket around it into a container of grout; and

rotating said grouting sleeve and gasket about
a longitudinal axis of said sleeve.

10 ‘48. A method according to claim 41, further comprising
the step of applying a timed catalyst to said grout.

49. A method according to claim 41, further comprising,
after the step of positioning said grouting sleeve within a
conduit, the step of applying water to said grout. '

15 50. A method accord'ing to claim 41, further comprising,
after the step of positioning said grouting sleeve within a
conduit, the step of applying water to said grout during said
step of forcing said grouting sleeve to expand from said
coiled pre-installation position to an uncoiled installation

20 pdsition. '

51. A method according to claim 41, said sleeve being
coated with a layer of thermoplastic material and, after the
step of forcing said grouting sleeve to expand from said
coiled pre-installation position to an uncoiled installation

25 position, said method further comprising the step of heating
said thermoplastic material.

52. A method according to claim 41, said step of
positioning said grouting sleeve within a conduit to be

_ repaired comprising the steps of:
30 placing said grouting sleeve upon a vehicle;
~ and - ' .
-tr-anspori:ing said grouting sleeve to the
conduit to be repaired by means of said vehicle. ' _

53. A "method according to claim 41, said step of

'35 positioning said grouting" sleeve within a conduit comprising
the step of placing said grouting sleeve within a plurality
of conduit sections, brldglng a joint between two adjacent
conduit sections. _ '

54. A method according to claim 41, each of said pair
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conprising resist anFﬂ"lﬁl enents being enbedded into

thernoplastic materi ﬂn\mumng beat to said ther .
mat eri al . appar at us accor di ng-%e€! REp

further - conprising a gasket "ocdt el around-ssi d sl eeve over sartg
thernopl astic material . 21. A conduit repair- apparatus accordi NU=&g
claim 20, furofer longpprudimglly quaxtenging gedgesi nfh@edngn $ai dlerising .

22. A condui {833 RRBA" S BRGAEEhEE tPitl ahMdbmpPRdentary locking

configuration on the other of said pair of longitudinally

extending edges, said step of expanding said sleeve further

5 comprising the step of expanding said sleeve until said

locking configurations on said longitudinally extending edges

become engaged, thereby' locking said sleeve against recoil.

. 55, A method according to claim 41, said step of
"expanding said sleeve further comprising the steps of:

10 expanding said sleeve until said outwardly
projecting flares contact the inner surface of said conduit,
said sleeve exerting pressure on the inner surface of said
conduit ohly through said outwardly projecting flares; and

_ permitting said sleeve to recoil to said

15 uncoiled installation position.

56. A method according to claim 41, further comprising,
before said step of positioning said grouting sleeve within
a conduit, the step of:

placing at least one elastic band around said

20 - grouting sleeve; and ' ' _
said step of expanding said sleeve further

comprising the steps of: . ' '
expanding said sleeve until said outwardly
projecting flares contact the inner surface of said conduit,

25 said sleeve exerting pressure on the inner surface of said
conduit only through said outwardly projecting flares; and

permitting said sleeve to recoil to.said
uncoiled installation position with the assistance of said at
least one elastic band.

30 57. ‘A method accofding to claim 41, further comprising
the step of placing a quantity of stop material adjacent an
inside surface of each of said outwardly projecting flares.

58. A method according to ¢laim 41, further comprising,
35 after the step of forcing said grouting sleeve to expand from
said coiled pre-installation position to an uncoiled
installation position toward an inner surface of the conduit,

the step of injecting grout into said annular .space.
59. A method according to claim 58, further comprising,

This Sheet Has Been Rep laced . REPLACEMENT SHEET
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sheet of mterialMald apparatus further ~conprising a
guanti ty- of sol vej m’(ﬂ” overlapping first |ongi m@l )
portion and said s'e} nﬂl@? ~edge portion in-Said { 1 egt
installation positi on.* +A condui t repair apparatus aces

claim9, wherein each of sald flare portion5'4€>crrrprises a plurality of

di stinct fl ar el enent,s. pr.ojectin o,ut war dl | ongi.t,udi nal | f.ro“
said outer QEE G‘F‘lgaﬁ}: R BesHahaa % in%%&% Wl%@bﬁi r

appar at us corrrarlcnmﬂgl.lt, the step of attach:mg a syringe to said grouting
sleeve when said grouting sleeve is in said coiled pre-
installation position; and said step of injecting grout into
5 said annular space cemprising injecting grout through said

syringe and into said annular space.
- '60. A method according to claim 41, further comprising,
before said step of positioning said grouting sleeve within
a conduit, the step of placing at least one elastic band

10 around said grouting sleeve.
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a sl eeve menber conpri sing: : (i) a sheet
haw ng-an outer surface

10

15

-46-
METHOD AND APPARATUS FOR REPAIRING CONDULTS

ABSTRACT OF THE DISCLOSURE

Method and apparatus .for internal repair of conduit
system. An innexr sleeve is employed which is configured to
avoid undue pressure being applied to the inner surface of a
damaged conduit section as it is expanded into position. A

-grouting area is defined between the outer surface of the

sleeve and the inner surface of the conduit section or
sections being repaired. In one embodiment, a layer of open-
pelléd material is placed around the coiled sleeve, which is
thereafter impregnated with a quantity of grout. 1In this
embodiment of the invention, each longitudinal end of the
sleeve is flared outwardly for contacting the inner surface
of the damaged conduit section and for retaining the grout as
it is squeezed out of the. gasket upon the expansion of the
inner sleeve to its expanded and locked position.

Figure 10
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and being novable froma coiled pre-installation position, in which said
sheet .of material generally surrounds a longitudinal axis, to an uncoiled
i nstallation position; and : . ' {i.i) a stop nenber affixed
to the-outer surface of said sheet of material approximate a | ongitudi nal
end of said sheet of material in bothigaid coiled pre-installation
position and in .said uncoiled installation position, an annul ar area

t her eby being limted, in said uncoiled installation position, by (1)

£

sai d outer suggeeset—seaird sheet of material, (2) saja7gtQp ngnber, (3)
an inner surfact df @ c-ondhit to be repairep (4) 1 j gtop
menber affixed to a further slﬁv’e/gb.rﬂbgr, sai d\sl -:,_d; He

. R L oatS3 ‘ 7
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bei ng adapted for Iength-wise attachnent to said further sleeve menber,
sai*d stop nenber conprising an end region of said sheet of mat eri al whi ch
is flared outwardly fromsaid outer surface of said sheet of material for
contacting the inner surface of the conduit - to be repaired in the
uncoi l ed installation position, said flared and region being radially
flexible relative to the renai nder. of sai d sl eeve nenber. 25. A
conduit repair apparatus according to claim24, further ‘conprising a

por ous gasket for placenent around said sleeve and for '
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being infused with a quantity of grout. =~
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26. Aconduit repalr appar atus according:to -cialm 24, wheteiiy’ S
nmenber- Eonprises-a- first sleeve menber, wherein sai-d’ - 5t0p - MEAHET:. 15 nwt
affixed to a first end of said first sleeve nmenber, said first-sleeve -
menber conprising a second end having no stop nenber, said conduit repair
apparatus further conprising a second sleeve nenber, said second sl eeve
menber having a first end, said first 4Ad of said second sl eeve menber
being attached to said second end of said first sleeve nenber and said
second sl eeve nenber having a second end, said second end of said second
sl eeve nenber having a second stop nenber affixed thereto, whereby said

annul ar area is further linidged by said se%'stop member .

23 44, : \| 23
N NE= 17 __u._,\// | 27
T4 e, 2a— N
27 77 ' \ ) '\g - 28
A .\\ | .
- .
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27. A nethod of repairing a conduit with the use of a grOuting_sIeeve for
sl eeve having an outer
edges and a pair of opposite

ptacement w
surface, a p
end portions

portions having an outwardly proje&/img.
| ongi t udi nal | y - ext endi ng edges bei ng

pair . of

installation position, said method conpri sing e.

51
N

~ GROUT QUANTITY SELECTION

thin the conduit,
air of

sai d grouting
| ongi t udi nal | y - ext endi'ng
fromone of said pair of end portions

, said edges extending )
to the other of said end portions, each of said pair of opposite end
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f(a)_positioning said grouting sleeve within a conduit to be repaired in

said+~coiled pre-installation position; and s (b) forcing said
grouting sleeve to expand from said : _
-41- _ . o
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‘coi I'ed pre-installation position to an uncoiled installation position
toward- an i nner surface of the conduit, whereby said outwardly projecting
flares at each of said end portions contacts . the inner surface of the
-¢gonduit in-said uncoiled installation position, thereby form ng an
-annul ar space extending | ength-wi se - between said outwardly projecting
‘flares on said pair of opposite end -pgrtions and extending
.thickness-wi se between said said grouting sleeve and said i nner surface
of the conduit, grout being | ocated in said annul ar space. '
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28. A method according to claim 27, further conprising, before the step
of positioning said grouting sleeve, the step of placing said grout around
said grouting sleeve when said grouting sleeve is in said coiled
pre-installation position. ——29—__A method according to claim 28,

said step of placing grout around said. grouting sleeve conprising the
steps of; : ' pl aC| ?\Eumwm) ﬂ t around,.sajd grouting
sleeve; and | mmmm said pof AEPLARENENT SHEET

135 JAN 1999

-3~

1. A conduit repair apparatus comprising:

a'sleeve member comprising:

_ (i) a sheet of paterial having an ocuter surface and
being movable from a coiled pre—installatiup_positiun, in which
said sheet of material generally surrounds & longitudinal axis, to
an uncoiled installation position; and

{ii) 8 pailr of longitudinally =mpaced-apart stop
iembers affixed to the outer surface of said sheet of material, an
anhular area thereby being limited, in said uncoiled installation
position, by (1) said outer surface of said sheet of material, (2)
said pair of stop members, and (3) an inner suiface of a conduit to
be repaired, said pair of longitudinally spaced-apart stop members
comprising opposite end regions of sald sneét of material which are
flared outwardly from said outer surface of said sheet of material
for contacting the inner surfaca of the conduit to be repaired in
the uncpiled installation position, paid flared opposite end
regions being-radially flexible relative to the remainder of said

sleava member.

‘2. A conduit repalr apparatus according to claim 1, said
apparatds further comprising at lemst one layer of -tape over an
outer surface of each of the flared opposite end regione of said

‘stop members.



A nmet hod according to claim 29, said step of infusing grout into

30.

sai d porous gasket conprising the step of placing said grouting sleeve
havi ng sai d porous gasket around it into a cont ai ner of
grout. -

[

15 JAN 1399

3. A conduit repait apparatus according to claim 1, further
comprising a quantity of grout for placement into said annular

area.

4. A condult repair apparatus according to claim 1, said

sheet of material being made of stainless steel,

5. A conduit repair apparatus according to claim 1, said

sheet of material being made of plastic.

.6. A conduit repair apparatus according to claim ), said

‘sheet of material being made of metal.

7. A conduit repair apparatus ascording to claim 6, =aid

metal shaeet of materjal having a coating of thermoplastic material.

8. A conduit rapair apparatus according to e¢laim 1, wherein
each of said flared opposite end regions comprises a plurality of
distinct flare elaments projecting cutwardly and longitudinally

away from said outer surface of said sheet of material

9. A conduit repair apparatus according to claim 1, wherein
in both said coiled pre~installation position and said uncoiled

installation position, said outer surface of said sheet of material




31,

A nmet hod according to claim30, further conprising the step O

securing said gasket to said grouting s f an adhesive.

32.

A met hod according to claim30, further conprising the step of

securing said gasket to said grouting sl ﬂlm" mﬂ"a mechani cal
attachnment devi ce. 33. A nethod - ln131 aid step of

I nfusing grout into said porous gasket conpr|5|hg "thé steps of
affixing a roller assenbly to each end of said grouting slee
coiled pre-installation position of said

 REPLACEMENT SHEET
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and said flare portions define a grouting area, and wherein said
sleave membar further compriéeé a tirét longitudinal adge portion
and a second longitudinal edge portion, said first longitudinal
edge portion and said =econd 1ungi£udina1 edge pertion extending
from one of said pair of opposite end portions to the other of said
palr of opposite end portions, saiq firét longitudinal edge portion
and eaid second longitudinal edge portion overlapping at least in
said coiled pre-installation position, and wherein said conduit
repalyr apparatus further comprises a porous gasket for placemsnt

around said sleeve and for being infused with a gquantity of grout.

10, A conduit repair apparatus according to claim 2, further
comprieing neans for locking said first longitudinal edge portion
and said second longitudinal edge portion of said sheet to form

said sheet into a generally tubular configuration.

11, A conduit repair apparatus aceording to ¢laim 9, further

compriging a quantity of grout for being infused into said porous
gasket.

12. A conduit repair apparatus according to claim 10, said
poroue gasket being placed around said sleave member and being

infused with said guantity of grout.



L]

gFouting sl eeve, each of said roller assenblies having a handl e;
pl aci ng said grouting sleeve having said porous gasket around it into a
cont ai ner of grout, and rotating said groutlng sleeve and

gasket about a | ongitudi nal aXIS o
according to claim 27, further uﬂ ‘T“Em ‘m of appl

catalyst to
conpri si ng,

sai d grout. od maccording to clp

after

13. A conduit repair apparatus according to claim 9, said
porous gasket comprising an open—-cellad material, and said gasket
having a strengthening covering on a side of said gasket to be

placed adjacent said sleeve member.

14. A conduit repair apparatus according to claim 13, said

open~celled material being cellulose.

15, A conduit repair épparatus according to elaim 13, said
strengthening layer being a member selacted from the group

conelsting of a polyethylene sheet and a cellophane sheét,

16. A conduit repair apparatus according to claim 8, further
comprising at lsast one elastic band encircling said porous gasket

for retaining said porous gasket upon sald slesve member,

17. A conduit repair apparatus according to claim 11, said
grout comprising a member selectad from the group consisting of a
water-reactive expanding polyurethane grout; a water-reactive gel-

_forminq grout; an epoxy hardening grout:; aﬁd a cementitious grout.

18. A conduit repair apparatus according to claim 9, further
comprising a layer of thermoplastic material being placed upon said

outer surface of said sleeve member.



4

L 43- the step of positioning said grouting sleeve within a condU|t t he
'step of applying water to said grout.

A B oA S |

v 1 Ee

19. A cendult repair apparatus according to claim 18, further
comprising resistance elements keing ombedded into said
thermoplastic material for transferring heat to said thermoplastio

material.

20. A conduit repair apparatus according to claim 19, further
comprising a gasket loecated around said sleeve over said layer of

thermoplastic material.

21. A conduit repair apparatus according to claim 20, further

comprising a quantity of grout infused in said gasket.

22. A conduit repalr apparatus according to claim 9, said
sheet of mnaterial being plastic and said apparatus further |
comprising a gquantity of solvent for fusing said overlapping first
longitudinal edgs portion and said second longitudinal edge porticﬁ a

in said unceiled installstion positioh.

23. A conduit repair apparatus according to claim 9, wherein
each of sald flare portions comprises a plurality of distinct flare
elements projecting outwardly'and longitudinally away from said

cuter surface of said sheet of material.

24. A conduit repair apparatus cémprising:



4.

36. A nethod according to claim27, further conprising, after the step of
positioning said grouting sleeve within a conduit, the step of applying
water to said grout during said step of forcing said grouting sleeve to

expand from said coiled pre-inst to an uncoil ed

instal [ ation position. t hod according to claim27, said,
sl eeve being conated with a | ayer@ﬂE Humgum "R LLEUE e g 1410 MRECT AT P
step of forcing said grouting sle m sai §I FESNERY =

instal lation position to an uncoiled i nstal "at fon* posi ti
further conprising the step of heating said thenoplastic

a sleeve membex comprising:

(1) a sheet of material having an outer surface
and being movable from a coiled pre-inétal-lutioh position, in which
said sheet of material genarally surrounds a longitudinal axis, to
an uncolled installation pesition: and

(ii) a stop member affixed to tha outer surface
of said sheet of material approximatg a long-itudihal end of said
sheet of material in both said coiled pre-installation position and
in said uncoiled installation positfon, an annular area thereby
being limited, in said uncoiled in:tallatién position, by (1) said
outer surface of said sheat of material, (2) said stop member, (3)
an inner surface of a conduit to be repaired, an.d (4) a further
stop member affixed to a further sleeve mombar, said sleeve member
being adapted for length-wise attachment to said further sleeve
member, sald stop member comprising an end region of said sgheet of
material which is flared cutwardly from said outer surfaca of said
sheet of material for contacting the inner surface of the conduit
to be repaired in the uncoiled installation position, said flared
end region being radially flexible relative to the remainder of

said gleeve nember.

25. A-conduit repair apparatus according to claim 24, further
comprising a porous gasket for placement around said slesva and for

being infused with a guantity of grout.




_material. 38. A nethod according to claim27, said step of
positioning said grouting sleeve within a conduit to be repaired
conprising the steps of: placing said grouting sleeve upon:
a vehicle; and transporting said g

_ _ autrng;g+eeve—ru—rhp
B ety e 5 2% zezsﬂlllll mplmmmuﬂlﬁ i
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26. h conduit repair dpparatus acoording to claim 24, wherein
said cloeve mamber comprises a first sleeve member, wherein said
'stop nQmber is affixed to a first end of said first slesve member,
said first sleeve member compris=ing a second end having no stop
member, said condult repair apparatus further comprising a second
sleave member, said second sleeve member having a first ehd. sajid
first end of saild second sleeve member being attached to said
second end of said first sleceve member and sald second Eleeve
menber having a second end, said gecond end of said sécond Sleave
member having a second stop member affixed thereto, whereby said

annular area is further limited by said second stop member.

27. A method of repairing a conduit with the use of a
grouting sleeve for placemant within the.conduit, sald grouting
sleeve having an outer surface, a.pair of longitudinally extending
edges and a pair of oppositg end portions, said edges extending
from one of said pair of end portions to the other of said end
portions, each of said pair of opposite end portions having an
ocutwardly projecting flexible flafe, and said pair of
longitud;nally sxtending sdges being overlapped in a coiled pre-.
inetallation position,  said method comprising the steps of:

(a) positiqnlng sa}d grouting sleeve within a conduit to
be repaired in said coiled pre-installation position; and

{b} forcing said grouting sleeve to expand fxom sald

...,_.



< -44- said grouting sleeve within a conduit conprising the step of
placing said grouting sleeve within a plurality of conduit sections,
bridging a joint between two adjacent conduit secti ons. 40. A net hod

according to claim39, each of said pair of
REPLACEMENT Spger
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colled pre-installation position to an uncoiled installation
_positi‘on toward an inner surface of the conduit, whereby 'said
outwardly projecting flares at each of said end portions contacts
the inner surface of the conduit-  in said uncoiled installation
position, thereby forming an annular space extending langth-wise
between said outwardly projecting flares on said pair of oppesite
end portions and extending thickness-wise betwesn : caid said
grouting sleeve and said inner surface of the conduit, grout being

located in gaid annular space.

28. A nethed according t'o.claim 27, <further 'comprising,
before the step of positiohing said grouting sleeve, the step of
placing said grout around said grouting sleev)e when aaid grouting |
sleeve is in said coiled pre-installation position.

29. A method according to claim 28, said step of placing
grout arcund said grouting sleeve comprising the steps of:

placing a porous gacket around said grouting sleeve;
and

infusing grout into said porous gasket,

30. A nethed according to claim 29, said step of infusing

grout into said porous gasket comprising the step of placing said

grouting sleeve having sald porous gasket around . it into a



. longitudinally extendi ng edges hay%ggig,Lock+ﬁg’66ﬁTTburation for
egagenent with a conplenentary |ocking confi on the other of said
pai r of |ongitudinally extending ed \s\mmt\m expandl ng said sl eeve

further conprising the step of expa eeve upntil said | ocking
configurations on said | ongitudinally* e&tendlng edgey ﬁgﬂ%@%@@ﬂ@%%%%T
t hereby | ocking said sl eeve against ~ recoil. 41

according to claim 27, said step of expanging said sledve further -
conprising the steps of: | i g Ay

container of grout.

31, A paethod according to claim 30, further comprisihg the
step of securing said gasket to saild grouting sleeve by neans of an

adhesive,

32. A method according to claim 30, further comprising the
step of securing said gasket to said grouting sleeve by means of a

nechanical attachment device.

33. A methed according to clainm 31, said step qf intusing
'grcut into said porous gasket comprising the steps of:

: . affixing a roller assembly to each .end of said
% grouting aleeve in said coiled pre~installation position of sald
grouting sleeve, each of said roller assemblies having a handle;

placing said grbuting sleeve having sald. porous
gasket around it into a container of grout; énd

rotating said grouting sleeve and gasket about a

longitudinal axie of said sleeve.

34. A method according to claim 27, further conpris1ng the

'step of applying a tineqd catalyst to said grout. .

35. A method according to olaim 27, further comprising, after



‘expanding said sleeve wuntil said outwardly projecting flares contact
the inner surface of said conduit, said sleeve exerting pressure on the

i nner surface of said conduit onIy t hr ough said outwarw-eeﬁ-ﬁg—v-
flares; and : pe%n¥LLLng_saLd_§L§§M§ to rqcBEPLA MENYjSHEET

uncoiled installation posi tion. . A net hod |ageordFrg—=to—ctai N

gr’eei/grfmh?;n (r:]ogpn sing, bef oremmm"'nm,,m”mnl tioni ng ai‘dggrjgﬁtjggg
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the step of positioning said grouting sleeve within a conduit, the

step of épplying water to said groﬁt.

36. A method according to claim 27, further comprising, after
the step of pcsiticning said grouting sleave within a conduit, the
step of Spplying water to said grout during said step pr forcing
said grouting sleeve to expand from said coiled pr:e-installation

_ position to an uncoiled installation position,

37. A method according to claim 27, said sleeve being coated
with a layer of thermoplastic material and, after the step of
forcing said grouting sleeve to expand from said coiled pre-
installation position to an uncoiled installation position, said
iethod further comprising the ctep of heating said thermoblastic

naterial.

8. A method acocording to clain 27, said step of positioning
' said grouting sleeve within a conduit to be repaired comprising the
steps of: '
| pPlacing said g_roizﬁing sleave upon a vehicle; and
transperting said grouting sleeve to the conduit to

be repaired by means of said.vehicle,

39. A pethod according to claim 27, said step of positioning



, conduit, the step of: pl aci ng at | east one el astic band around
said grouting sleeve; and sai d step of expanding said sl eeve

- further conprising the stepngE;’;~,~—~’—"‘~’d—ﬂ REPLACEMENT SHEET
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said grouting sleeve within a conduit comprising the atep of
placing said grouting slesve within a plurality of oconduit

sections, bridging a joint between two adjacent conduit gections.

40. A method aceording to claim 39, eaéh of sald pair of
longitudinally extending edgas having a locking configuration for
engagement with a complementary locking configuratioh on the other
of said pair of longitudinally extending edges, esaid step of
expanding said sleeve further comprising the step of expanding.said
sleeve until sald locking configurations on said 1ongitudina11y
extending edgas bacome engaged, thereby locking said sleeva against

Tecoil.

41. A method according to oclaim 27, said step of expanding

said sleeve further comprising the steps of: |
expanding said sleeve until said cutwardly
projecting flares contaét the innir surface of said conduit, said
5leeve exerting pressure on the inner'surtaﬁe of said conduit only'
through said outwardly projecting flares; and | |
permitting said sleeve to recoil to said uncoiled

Anatallation position.

42, A pethod according to claim 27, further comprising,
beforc said step of positiéning'saidjgrouting sleave within a



expandi ng
t he i nner
i nner surface of said conduit only through said outw

uncoilgd instéllation positionﬁ!LLD_ng_assLsLanGe ofs
el asti c band. . 43. A nethod according to claimp7 2 -E@ﬁé i $ing
the step of placing a quantity on‘““fm\mmmﬂm dj acaln i i Hay de s‘

of each of said outwardly projec
to claim?27,

said sleeve until said outwardly projecting flares contact
surface of said conduit, said  sleeve exerting presure on the

permitting said sleeve to rRERhADEME?ﬁaﬁMEET |
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further conpri sing, aft
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conduit, the step of:
placing at least oha elagtic band around eaid grouting
sleeve; and .
s#id step of expanding said sléeve further comprising the
steps of: - |
expanding said seleeve until said outwardly
projecting flares contact fhe inner surface of said ccnduit, said
sleeve exerting pressure on the inner surface of said condult only
through saiq outwardly projecting flares; and
pefmitting said sleeve to recoil to said unsoiled
installation position with ths assistance of said at least one

elastic band.

43. A nmethod according to elaim 27, further comprising the
step of placing a quantity of stop raterial adjacent an inside

surface of each of said outwardly projecting flares.

44. A method according te c;aim 27, further aoﬁprising, atter
the step of fercing said grouting sleeve to expand fror said coiled
- Pre—installation position to ap uncoiled installation position
toward an inner surface of the conduit, the step of injecting grout

into sald annular space,

45. A mathod aecording to claim 44, further coﬁprisinq,

ace



‘the step of

pre-installation position to
surface of the conduit, the step of

i nner

annul ar space.

conpri si ng,

forcing said grouting sleeve to expand fromsaid coil ed

an uncoiled installation position toward an
injecting grout into said
Ul .L :I\,r

45. A nmethod according to cIain1F§; T
| EPLACEMENT SHEET
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before saig step of positioning said grouting sle;ve within a
conduit, the step of gttaching & syringe ta said grouting slesve
when said grouting gleeve ig in maid coiled pre~installation
position; and &said step of injécting grout into said annular Bpace
comprising injecting grout through saiq syringe- and into sajiq

annular space,

46,
A method according to clain 27, further comprising
before i itioni |
sald step of positioning said grouting sleeve within a
condui i
it, the step of Placing at least one elagtic band around saig

grouting sleeve,
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Gefore said step of pésitioning said grouting sleeve within a - conduit,
‘the step of attaching a syringe to said grouting sleeve i
grouting sleeve is in said coiled pre-installation RPN b

step of injecting grout into said annul ar space conprisin . C

grout through said syringe and into said annul ar space. X ﬁﬁ A

met hod according to claim 27, further conprising, o b 1999
8=

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
improve upon Xknown internal conduit repair methods and
apparatus. More specifically, the present invention provides

5 methods and apparatus for internally repairing conduits that
are more efficiently implemented than those known in the art.
That is, the present invention is simpler and less costly than
known methods and apparatus. Further, the present invention
provides methods and apparatus that do not fequire significant

10  internal pressures to be applied to the damaged conduit
section and, therefore, that do not risk the possibility of
additional damage to the damaged and/or weakened conduit
section. Still further, conduit joints repaired with the
methods and apparatus of the present invention are stabilized,

15 are completely sealed, and the repair is long-lasting. The
present invention can be used for repairing offset joints,
separated joints, longitudinal and radial cracks, small holes
and cavitiés, and it serves to restore structural integrity
and to provide a water-tight seal for stopping infiltration,

20 exfiltration, and leaks. |

To these ends, the repair apparatus of the invention
includes a sleeve menber movable from a coiled pre-
installation position to an uncoiled installation position in
the direction of the inner surface of the conduit under

25 repair. Compared with -knbwn methods and apparatus, the
present invention results in little or no radial force being
exerted on the inner surface of the conduit under repair.

In accordance with a first aspect of the present
invention, there is provided a .
conduit repair apparatus comprising:

a sleeve member comprising:
(i) a sheet of material having an ocuter surface and
being movable from a coiled pre~installation position, in which
_said sheer of material generally surrounds & longitudinal axis, to

an uncoiled installation position: and
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befofe said step of pééitioning said grouting sleeve Wi t hi , f
step of placing at | east one_elastic band around said gr QSHEE?—
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(ii) a pair of longitudinally spaced-apart -stop
ﬁembers affixed to the outer surface of said sheet of material, an
annular area thereby baing limited, in said uncoiled installation
position, by (1) said outer surface of said sheet of material, (2)
said pair of stop nmembers, and (3) an inner surface of a conduit to
be repaired, said pair of lengitudinally spaced-apart stop members
cemprising opposite end rﬁgions of sald sneét of material which are
flared outwardly from said outer surface of said sheet of material
for contacting the inner surfaca of the conduit o bé repaired in
the uncoiled installation positioﬁ, said flared opposite end
regions being radially flexible relative to the remainder of sgaid

sleava menmber.

In accordance with a second aspect of the present

invention, there is provided a
conduit repair apparatus comprising:

a sleeve menbexr comprising:

(1) a sheet of material having an outer surface
and being movable from a coiled pFre-installation position,.in which
said sheet of material generally surrounds a longitudinal axis, to
an uncoiled installation position: and

(ii) a stop member affixed to the outer surface
of said sheet of material approxinate a longitudinal end of said
sheet of material in both said coiled pre-installation position and
in said uncoiled installation pesitfon, an annular area thereby
being limited, in said unceiled installaﬁion position, by (1).said
outer surface of said sheet of material, (2) said stop member, (3)
an lnner surface of a conduit to be rapaired, and (4) a further

stop member affixéd to a further sleeve momber, said sleeve member
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being adapted for length-wise attachment to said further sleeve
menber, sald stop member comprising an end region of said sheet of
material which is flared cutwardly from said outér surfasca of said
sheet of material for contacting the inner surface of the conduit
to be repaired in the uncoiled installation position, said flared
end region being radially fléxible relative to ths remainder of

said sleeve menber. _
In accordance with a third aspect of the present

invention, there is provided a
method of repairing a condult with the use of a

grouting sleeve for placement within the conduit, sald grouting
sleeve having an outer surface, a pair of longitudinally extending
edges and a pair of oppesite end portions, saié'edgea extending
from one of said pair of end portions to the other of sald end
portions, each of said pailr of opposite end portioné having an
outwardly projecting flexible flare, and sald pair of
longitudinally extending sdges being o?erlapped in a coiled pre-
installation position,- said method comprimsing the steps of:

. (1) positioning said grouting sleeve within a conduit to
be repaired in said coiled pre-installation positicn; and

(b} forcing said grouting sleeve to expand from said
colled pre-installatrion posit101 to an uncoiled installation

position toward an inner surface of the conduit, whereby esaid
outwardly projecting flares at each of said end portions contaots
the inner surface of the conduit in saild uncoiled installation
position, thereby forming an annular space extending length-wisg
between gaid ocutwardly projecting flares on sald pair of opposite
end portions and extenaing thickness-wise Dbetween £ald said
grouting sleeve and sald inner surface of the conduit, grout being

located in sald annular space.
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In the installation position of the sleeve, an annular
grouting area is defined between the outer surface of the
sleeve, or an outer surface of a covering on the sleeve, if
used, and the inner surface of the conduit under repair.
Preferably, the grouting area is limited at the longitudinal
end portions of the sleeve by stop members. The stop members

- can be structural formations made in the end portions of the

sleeves themselves, such as flared end portions, separate
members extending around the end portions, or a combination

"thereof. For example, the ends of the sleeve could include

both flared portions and additional stop members located just
longitudinally inwardly of the flared end portions to assist
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It haé been found that when using a Water-reactive grout
and a cellulose sponge as the gasket material, an application
of grout to a dry sponge is absorbed, but that the sponge
remains relatively hard. If, however, the sponge is first
wetted with water, it becomes soft. Further, when the grout
is applied in the latter instance, it absorbs faster and does
not begin to cure instantly as might be expected.

As shown in Fig. 9, the grout tray 26 contains a guantity
of grout 28. As the coiled sleeve 1 and gasket 19 is placed
into the grout tray 26, with one end of the gasket still
extending loosely from the sleeve, as shown in Fig. 8, the
handles 27 are grasped and slowly rotated about their
longitudinal axis, thereby rolling the gasket 19 onto the
outer surface 2 of the grouting sleeve 1 and soaking the
gasket in the grout 28 contained in the grout tray 26. This
step is similar in principle to applying paint to a paint
roller in a paint tray, with the additional step of rolling
the gasket around the sleeve while rotating the handles.

Once the entire gasket 19 has been sufficiently immersed
in the grout 28, the sleeve 1 with gasket 19 thereabout is
renoved from the tray 26. The roller assemblies 23 are
removed from the ends of the sleeve and, as illustrated in
Fig. 10, one or more elastic bands 29 are then placed around
the gasket 19 to retain the gasket on the sleeve 1. The use
of elastic bands 29 is optional. They are utilized merely as
a convenience to avoid the inadvertent loosening of the
gasket, having just been removed from the grout tray 26. The
grout-impregnated gasket 19/sleeve 1 combination, illustrated
in Fi'gs. 10 and 11, in the coiled pre-installation position,
is now ready for repair of the damaged and/or leaking conduit
or conduit joint. ' |

Fig. 12 illustrates the approximate gquantities of grout
needed for three different sleeve lengths and seven different
sleeve diameters, in the installed position.

Either at the repair site 30, shown in Fig. 13, for
example, or prior to reaching the repair site, a means for
expanding the sleeve from the coiled pre-installation position
to the uncoiled installation position is applied to the.
gasket/sleeve combination. For example, an expandable



