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water, gas, or other fluids, which is capable of
formng a lining thereof in the formof a strong
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bot 111 SR E vertBh i85 1 B G, RO o BPeinPs b water
t hergas,mr otf@eﬂeldalwhw’rp:s capabld ofifomgngretihiogl then=of én thedorm of a

pro xanmple, in U S Pat. Nos. 4,368,091,
%ﬂé@‘%@”&% %50, B48: 4. 427, 480 and 4, 334, 943 have

beerp:or RAURAtheP Bf fi€! 4 %lamﬁlh@%térﬁf wlaé R8P 1R R bLMBSe of

According to.these nethods, a tubular lining nateri al
havi'PRFS peggqrcemeﬂtloédjamg%d Phéuwﬁgwatedr%%ees which had

t hemesi constructet $at hatled M e RIrMl] Sifce ﬁﬁd—eﬁéHaﬂ@@‘Woﬁ*l@ espe-
advan e.therein m@ e turnin

o Y s BtdRoud ruBsyine, IvBled InioRigos i Sicuy, Fipsyiing

ont mnetﬂhmlmdem@opedmtfaacearlpfst_age Her @dapwple, these distlbsdchia U.S. Pat.
bi ndefas dsh 4§ %9432 k13 %eﬁ%‘tﬁég ol hfi‘# héooé .’nBS #f%?a%qtﬁ%ks

desi fably provi ace ere
an & |ciuplhiredining rapsations. cdader e tcwcumq:bms RIS fmpoive-

and/n%ntsa\}vére'n*i%%rlﬁ/b&hlﬁlp@[lﬁﬂﬁrrﬂeyh&dg ah8finihd FHa ialRRSEd tndlein.
Various kinds of tubular Iining nmateria ave been
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pCT/anpgg}@@;q)@gqlmgs and allowed to advance therein while turning it inside out
(evagination), whereby the lining material is bonded onto the inner surface of
the pipelines with the binder.

In general, a lining material for pipelines is desirably provided on the inner
surface thereof with an air-tight membrane or coating to impart water-proof
and/or air impervious property to the lining material.

Various kinds of tubular lining materials have been used for relining pipes or
pipelines. Usually the lining materials are made of felt and/or fabric and/or other
porous, flexible or foamed material and have a water-proof and/or air
impervious membrane or coating thereon.

The application of a tubular lining material is desired for the purpose of reinforc-



2 ing pipelines for transporting a high pressure
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resxstance" is herem used to mean a combination of external loads-absorbing

property and internal pressure resistance property which assume the function of
a passageway for a high pressure fluids using only the tubular lining material
when the pipelines are cracked or broken off. In order to furnish a tubular lining
material with structural-resistance, the tubular lining material should possess a
sufficiently high tenacity in both the lengthwise and the crosswise direction and

a satisfactory resistance to such a degree that the lining material should not be
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is comprised of a fabric and a mat of fibers of high tenacity impregnated with a
thickened liquid thermohardenable resin to form a fabric-fiber-reinforced
composite thanks to the high tenacity sheet having a sufficient length and a
width greater than the inner circumferential length of a pipeline to be treated.
Both lateral end portions of the single high tenacity sheet are slidably over-
lapped with each other to form a tube around the tubular film, the outer circum-
ferential length of the tube being shorter than the inner circumferential length of

the pipeline.
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t hewith the binder being interposed between the pipeline and the tubular lining
material. Said material is provided on the inside thereof with a reinforcing inner
tubular jacket, wherein the inner reinforcing tubular jacket comprises at least
two sheets of high strength and high modulus fibers and wherein the sheets
overlap at least two locations and wherein said overlap portion extends in the
lengthwise direction of the inner tubular jacket.

The proposed tubular lining material for reinforcing pipelines possesses a good
binder absorption capacity, remains very flexible before curing for easy evagina-
tion, and has good circumferential expansion properties in order to fit the host
pipe.
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and curing. This characteristic lead to an important saving of resin and makes
this lining material more competitive and easier to process.

Thanks to those double layer reinforced zones covering the flattening folds, the
negative effects of the physical folding on the high strength / high modulus
textile material is overcome, and the tubular lining preserves its structural
performances around its entire circumference, in spite of the use of folding and

shearing sensitive reinforcement fibers or yarns into the composite structure.

Indeed, it has been found that lining materials such as disclosed in US
5,186,987, with only one single overlap portion do not withstand very high
pressures even when a high strength / high modulus fabric is used in the lining
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pressure was 16 bars allowing a long term service pressure of +/- 5.3 bars (long

term resistance = % short term resistance, and security coefficient = 1.5).

With the same design, but where glass material channel was constructed with
two separate layers of glass fabric, overlapping astride the folding edges areas
on 160 mm, the short term bursting pressure was 37.5 bars, allowing a long

term service pressure of 12.5 bars

The at least two sheets of fabrics or mats of high tensile strength and high

modulus material overlap preferably by at least 5 cm each.

Advantageously, especially when “DN” is bigger than 320 mm, the at least two
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consisting of natural and synthetic rubbers, polyester elastic polymers, polyole-
fin polymers, polyolefin copolymers, a polyurethane polymers or a mixture

thereof. Preferably these materials are “food approved” materials.

Depending on the destination of the lining material, the outer layer is air imper-
vious and/or watertight.

Generally, the outer layer has a thickness within the range of 0.2-2.0 mm,
preferably 0.5-1.5 mm.

The inner reinforcing tubular jacket and the optional flexible tubular jacket(s) is
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Other objects, features and advantages of the present invention will become
apparent more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can more fully be understood from the following descrip-
tion taken in conjunction with accompanying drawings in which:

FIG.1. shows a cross section of a structural lining material before reversion

FIG. 2. shows a crosssection through a prefered embodiment of a structural
lining material before reversion.

Fig. 3 : cross section of a structural lining material after reversion.
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ground enhancement factor K = 7.0 and a factor of safety N = 1.5 renewed with
a composite lining material having a short term E-Modulus = 3500 Mpa need a
layer of min. 5 mm.

The flexible porous and absorbent substrate 1 may be made of a single layer or
of several layers of the same or from different material.

Inside this flexible porous and absorbent substrate, two separate sheets of high
strength and high modulus textile material 2 & 3 are placed and folded with free
overlaps on both edges in order to form an internal channel. The two overlaps
are placed opposite to each other, creating a double layer of material along the



ties (E Modulus) of the resin or binder used for the
i npregnation. For exanple: A partly deteriorated pipe
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grades are preferably selected.

Sheets 2 & 3 are normally made of the same kind of fiber or yarn, but different
materials may also be combined.

Overlap location and widths on sheets 2 & 3 are normally equal on both side,
but may be different.

FIG. 2. shows a crosssection through a prefeered embodiment of a structural
lining material before reversion,

Additional tubular layer(s) of flexible, porous and absorbent material 5 may be
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and shape in such conditions.

Unlike the prior art cured in place linings, this specific high modulus structural
construction allows the lining material to accurately fit the renovated pipeline
and also to restrain the pressure inside the composite lining itself.

Thanks to those specific properties, sensitive and / or damage host pipe are

preserved against pressure forces after such structural relining.

On application of the tubular lining material of this invention onto the inner
surface of pipelines according to any suitable pipe-lining method disclosed, for
example, in U.S. Pat. No. 4,334,943, the tubular lining material is impregnated
on the inner surface thereof with a sufficient amount of the binder held in the

porous flexible layer and to secure integral bonding of the different reinforce-
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woven glass fabric are folded and create an internal
t ubeAfigl eragimation withocarkyessed\ai lirafhei pige do behenéwéd, steam is

| enggrbuifBa # SBr T Wth WMedht2rrl coated face of the reverted lining during 5
hours at a temperature of 85 to 90°C. After complete curing of the resin, the air
pressure in maintained until cooling up to 30°C. The lining is then able to
assume a 38 bars (short term) bursting pressure, and an external load corre-
sponding to 6 meters water table.

As many apparently widely different embodiments of the present invention may
be made without departing from the spirit and scope thereof, it is to be
construed that the present invention is not limited to the specific embodiments
thereof except as defined in the appended claims.
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sheets of high tensﬂe strength and / or high modulus material overlap by

between 2 X 0.10 DN and 2 X 0.30 DN.

5. A tubular lining materials according to any of the preceding claims, wherein
the tubular lining material further comprises a flexible tubular jacket between
the air-impervious outer layer and the inner reinforcing tubular jacket.

6. A tubular lining materials according to any of the claims 1 to 4, wherein the
tubular lining material further comprises a flexible tubular jacket on the inner
reinforcing tubular jacket.

7. A tubular lining materials according to any of the claims 1 to 4, wherein the

tubular lining material further comprises a first flexible tubular jacket between
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14.A tubular lining materials according to claim13, wherein the binder com-
prises a resin or a glue chosen from the group consisting of a heat setting or
cold curing hardening material such as polyurethane, unsaturated polyester,

vinyl ester, epoxy, acrylics, isocyanate, concrete or water glass.

15.A tubular lining material according to any of the preceding claims wherein
the binder binds the overlapping edges of the high strength and high
modulus reinforcing sheets after curing or drying.

16.A tubular lining material according to any of the preceding claims wherein
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