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[57] ABSTRACT
A method of lining a passageway with a hard, rigid pipe 
of thermosetting resin, wherein a tubular fibrous felt is 
immersed in the resin to form a carrier for the resin. 
The immersed felt and resin have an inflatable tube 
therein and this tube is inflated to shape the resin to the 
passageway surface. The resin is cured to form the 
hard, rigid lining pipe with the felt embedded therein. 

19 Claims, 9 Drawing Figures 
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METHOD OF LINING A PIPE 

This invention relates to the lining of surfaces which 
define passages, and is a continuation of my co-pending 
application Ser. No. 282,071 filed Aug. 21, 1972 now 
abandoned. 

In particular the present invention is concerned with 
the provision of a hard, rigid liner for a pipe or passage­
way, the purpose being to render an otherwise cor­
roded, eroded and pitted surface smooth, watertight 
and if necessary gas tight. 

BACKGROUND OF THE INVENTION 

In each of the prior arrangements, the good adhe­
sions between the surface to be lined and the lining is 
imperative, hence the need for thorough cleaning of 
the surface, because if the adhesions were not perfect, 

s the flexibility of the lining would be such as to result in 
the lining coming away from the surface, causing con­
siderable repair problems. 

BACKGROUND OF THE INVENTION 
10 Heretofore, there have been no proposals for the 

lining of a pipe or passageway with a hard liner which 
is not of preformed concrete segments, or is not of 
concrete cast in situ. 

The present invention seeks to· achieve the lining of a 
Frequently passageway or pipe carrier surfaces be- IS pipe with a hard liner which does not require the sur-

come or are unsuitable for their intended purpose. For face initially to be cleaned, does not require to be ad-
example, a newly formed pipe length for carrying fluid hered to the surface, and does not require expensive 
or other medium may have a small fracture or hole, or equipment for the carrying of the invention into effect. 
the inner surface may be imperfectly formed so as to be The present invention deals with the lining of pipes 
unsuitable for the intended purpose or in the case of an 20 and passageways, whereby instead of a pipe length 
existing p ipe length, the inner surface may have be- being rejected and replaced or instead of a new under-
come unsui table simply as a result of wear and tear ground passage being formed or constructed, the sur-
through usage. Again, w ith underground passages, such face can be lined by means of a rigid inner pipe thereby 
as sewers and mine shafts, the walls defining such pas- restoring same for further use. Moreover, the invention 
sages may deteriorate as a result of use, so that such 25 can also be applied as a precautionary measure where 
surfaces allow the undersirable leakage therethrough the surface to be lined is not in actual fact faulty, but it 
into the passage of fluid such as water from the outside is believed may become faulty in the near future. 
of the passage, or the leakage therethrough from the Again, the invention may be employed where the use of 
inside of the passage of the fluid be ing carried by the a passage changes, such that the existing surface is 
passage. Also, in the case where an underground pas- 30 unsuitable for the new use, and also the invention may 
sage carries a fluid medium such as sewage, erosion of be applied simply to reinforce or support a surface 
the surface defining the passage by the flow of the fluid defining a passage. 
and solid matter therein can make the surface rough According to the present invention there is provided 
and irregular, causing difficult ies with the flow of the a method of l ining a surface at least partially defining a 
fluid. 35 passageway wherein a laminate of non woven felt and 

When such a difficulty has arisen in the past, the only plastics sheet material is urged by fluid pressure against 
course considered available before the present inven- said surface with the felt closer to the surface than the 
tion, was the replacement of the pipe length or whole plastics material, said method including the additional 
pipe in the case of pipelines, or the formation of a new steps of totally impregnating the felt with an uncured 
underground passage, in the case of an underground 40 thermosetting resin so as to completely immerse the 
passage. felt in the resin, and curing the resin whilst the laminate 

DISCUSSION OF THE PRIOR ART 
Various proposals have been made for the lining of 

pipes with thin, flexible and gas impermeable sheets, 45 
and in one known suggestion, a pipe has its inside l ined 
with a l iner sheet formed of a plurality of plies bonded 
together in to a laminated sheet including at least a pair 

is held against such surface so as to form a hard, cured 
resin lining having embedded felt reinforcement on 
said surface. 

Thus, in effect, the felt acts as a carrier for the resin, 
which eventually forms the hard lining, and keeps the 
resin in a convenient form until it is cured into the hard 
lining. 

of plies of vinyl plastic sheet material and a ply of fabric 
backing material. The fabric material serves as a bond­
ing layer between the vinyl sheets and the concrete 
pipe. This process requires the concrete to be thor­
oughly cleaned to ensure that the laminate becomes 
firmly bonded to the concrete. The lining is primarily to 
isolate the material (sewage) from the concrete on 
which it has a corrosive action, but the lining adds no 
strength to the pipe, nor does it provide any additional 
abrasion resistance. Pr incipally, however, the require­
ment of thoroughly cleaning the inner surface of the 
pipe makes the method virtually impractical. 

In another known suggestion, a pipe is lined with a 
plastics liner by placing an adhesive between the liner 
and surface to be lined, the lining being inflated against 
said surface. Again, this proposal is basically adhering a 
flexible lining against the surface to be lined, and again 
it is necessary to thoroughly clean the inside of the 
surface, which makes the process impractical or at least 
very expensive. 

Preferably also, there is an outer tube of mater ial 
so which is relatively impervious to fluids surrounding said 

fibrous sheet structure. 
The fibrous sheet structure preferably includes a mat 

or web of randomly orientated fibres which may be of 
glass and/or synthetic fibres. The fibres in the mat may 

55 be of differing denier. 
It has been found that a mat or web of randomly 

orientated fibres is very suitable carrier for the resin 
when impregnated so that a wetted out web or mat 
carries the maximum amount of resin. 

60 If the mat or web is made up of fibres of uniform 
thickness then the preferred maximum weight of the 
fibres is five denier. Thicker fibres up to about ten 
denier can be used when blended with thinner fibres 
down to a minimum of one and a half denier. Carrying 

65 and absorption of the resin is governed not only by the 
thickness of the individual fibres but also by the overall 
density of the felt and one skilled in the art will readily 
be able to obtain the necessary parameters for the mat 
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4 
or web for a bsorbing a given quantity of a given resin FIG. 3 is a cross sectional view of the tubular lami-
by a process of tr ial and error. A particularly suitable nate when in inflated condition iri a passage to be lined ; 
felt has been found to be composed of polyester fibres FIG. 4 is a sectional e levation showing how a pipe 
of five denier made into a felt 3/8 of an inch thick and may be provided according to the . invention with a 
having a density of thirty ounces per square yard . . 5 tubular lining ; · · · · 

The web or mat may be needled or carded and may FIG. ·5 illustrates diagrammatically how a ;tubular 
or may not include filamentary reinforcement. laminate such as illustrated in FIG; 2 may be fed into an 

The fibrous . s heet structure may include .a . second underground -passage for the lining of same; 
sheet in the form of a woven scr im .  · FIG. 6 is a sectional elevation showing the end detail 

The fibrous mat or web may be wrapped round the 10 ofa tubu lar laminate such as is shown in FIG. 2; 
inner tube w ith .  the meeting edges thereof butted to- · FIG.  7 illustrates d iagrammatica lly the method by 
gether or overlapped , and such edges joined together · which an underground passage is lined using a tu6ular 
so that there is no creation of a l ine of weakness in the laminate . as illustrated in FIG. 6; and · 
tube when it is . inflated. A lternatively , the mat or web FIGS. 8 and � illusttate in diagrammatic sectional 
may be coiled round the inner tube , w ith the coils aid- 1 5  e levation the ends of a tubular laminate which lines a 
a lly overlapping . sewer whilst the flow .of sewage along the sewer _is main-

In the ·case where a tubular laminate having inner and ta ined . 
outer membranes is used , where the fibrous sheet struc- Referring now to the drawings in detail, and firstly to 
ture is impregnated before use , it may be desirable to FIG; 1, in th is figure there is shown, d iagrammatica lly 
take steps to prevent the resin from curing prema- 20 only , an apparatus for producing a laminate in tubular 
turely, and according to a preferred feature of this form for lin ing pipes or undergrouricl passages . 
invention:, this is done by immel'!!ing the · tube in . a bath The apparatus comprises basically a stand .. to which 
which- is maintained by refrigeration a t  a temperature carries a roll .of fibrous sheet in the form ofa needled 
at which no cure of the res in will occur . •  felt 12 and such felt is .fed in web form.from the .roll 1 2  

Where the resin is applied· to the fibrous sheet struc- 2 5  as formation of the tubular laminate proceeds ; 
ture immed iately prior to use, in a preferred arrange- Adjacent the stand 10 ,is a further roll stand 14 which 
ment, the tube is fed downwardly to a nip formed by a carriesin roll form a flattened tube· ofa material which 
pair of rollers having compressib le , res ilient surfaces , is relatively impermeable · to fluids, in this case a syn-
cuts are made in the outer layer of the tube and resin is thetic p lastics material. In this case the . material which 
injected into the, intermed iate layer to form a reservoir 30 is indicated by numeral 16 is polythene, and the tube 
within the intermediate layer above the n ip rollers, the · may be formed in any convenient manner for example· 
s lit in the tube is patched and this process is. repeated at by·extrusion :or by folding and seam welding: In the 
intervals. a long· the length of the - tube. The tube is pref- . formation. of· the tubular laminate, the polythene tube 
erably supp lied in a .flat condition and s lits are conve� 16 passes over the.web of ,felt � -the two. are unrolled 
•n iently made in opposite s ides of the flat tube to ensure 35 and the tube 16 and felt 12 are fed past a needling 
that  the whole of the fibrous sheet structures is wetted apparatus which ,is indicated generally. by numeral 18. 
out with the· resin . Preferably the tube :passes down- In passing from the stand IO. to the needling apparatus 
wardly between . a number •Of aux iliary pressure rollers 18 the web 12 which is more .than twice the width of the 
before-reaching the •nip rollers ,  these auxiliary pressure tube 16 is folded over to wrap round the tube as ind i-
rollers helping to work the resiri into the fibrous sheet 40 cated and so that the meeting edges of, the felt 12 over-
structure of the tube. · lap as shown .  These overlapping edges are needled 

It is ' known that . thermosetting resins , in general ,  together by the needle pad 20 of nee<iling apparatus 18 
shrink when they cure or a re cured . This has the effect so that a tube of felt surrounding the · tube ·of polythene 
that the hard tubular liner formed in accordance w ith 16 is formed. lnsiead of needling , these edges may be 
the invention · may well come away s lightly from the 45 connected together by adhesive or weldtng or they niay 
surface which it• lines. This has no deletorious effect be lef t .unconnected. This formed composite tube 
because the shrinkage · is small and in any case , the · passes between a pair of feed rollers 22 each carrying a 
lining is a rigid tube and will not collapse. The ad van- · roll of synthetic p lastics film material again .of poly-
tage of this is that it is not necessary to clean .the sur- thene .and each of such ,  rolls has ,a width .greater than 
face to be cured before the process can be carried out, 50 the width of the composite tube passing therebet\Veen. 
as has been necessary in the prior proposals for lining The sheets of film lying respectively above and be low 
tubes with flexible . liners. The present invention recog- the flattened composite .tube: are fed from the roils 22 · 
n ises that hardened thermosetting resin forms an ideal as movement of the composite tube progresses in the 
liner for passageways , such as sewers, as it can f9rm an d irection of arrow 24 '(FIG. 1 )  and a lso the overlapping 
effective barrier between the material flowing a long the 55 edge regions of the sheets which are fed from rolls .· 22 
sewer and t,he sewer  surface ,  Which may be badly in are sealed together by heat sealing heads 23 so that'iri 
need of repair. The invention is characterised in the effectthere is produced a tubular laminate of the form 
utilisation of a tubular laminate having a felt layer shown in . FIG. 2. It should be noted that this figureis 
which provides an ideal veh icle for achieving the distri- not to scale . and the respective layers of the laminate 
bution and p lacement of the liquid res in ,  wh ich is oth- 60 have been shown distinctly in the interests of clarity. 
erwise difficult to handle. FIG . . 2 also shows how the felt 12 is immersed in resin 

BRIEF DESCRIPTION OF THE ORA WING . ' . . . 

FIG. 1 is a diagrammatic perspective view of an appa­
ratus for producing a tubu lar laminate for the lin ing of 65 

surfaces defining passage.ways ; 
FIG. 2 is a cross !!ectional view of the tubular lami­

nate in flattened condition ; 

12Awhich fills the space between layers 16 and 26, for 
a purpose to be exp la ined. The .tubular laminate com­
prises the inner tube l�.of polythene, the tntermediate 
tul?e · 12 of ,needled felt .and the outer tube 26 of poly� 
ethylene constituted . by the . respective · sheets .· fed from 
roller 22 which are heat sealed along edgc:s 28 as  indi­
cated in F IG. 2. lri an a lternative method of forming the 
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tube, the inner tube i s  inflated by fluid pressure whilst 
the fibrous sheet structure is wrapped round the in­
flated tube. 

In yet a further alternative, a carded web is fed to a 
mandrel which is rotated,  the arrangement being that 5 

the web takes up a coiled continuously tubular form fed 
off continuously from the mandrel, the coils of the web 
being overlapped, and the inner tube 12 being fed into 
the coiled web along the mandrel axis. 

In order to line say the surface defining an under- I O  
ground sewer, the tubular laminate as indicated i n  FIG. 
2 is first of all treated so as completely to immerse the 
felt 12 in uncured synthetic resin 12A. This can be 
done in any suitable manner and one method _ ( il lus­
trated in FIG. 5 )  we have found to be suitable is to 1 5  
puncture the outer tube 26 and i�sert the uncured resin 
by pumping or injection . Another method is to inject 
the resin by long tubes extending lengthwise of the tube 
and between the inner and outer tubes. The resin is 
absorbed quickly by and immerses the felt 12, and if 20 
absorption does not take place evenly then the distribu­
tion of the resin throughout the felt can be improved by 
passing the flattened tube through the nip of a pair of 
nip rollers ( see FIG. 5 ) .  

Whilst the resin remains uncured the tubular lami- 25

nate is still flexible and in order to line a sewer with the 
tubular laminate as indicated in FIG. 3 it is simply a 
matter of entering the laminate into the sewer and then 
inflating same for example with air under pressure from 
a fan or blower so that the laminate takes up the shape 30

of the · sewer wall as shown in FIG. 3, the tube being 
closed at its ends to enable inflation to take place or 
inflated by means of an inflatable bag positioned in the 
tube. With the tube so inflated, the uncured resin is 
either allowed to cure naturally or is cured under the 35 
action of heat depending upon which type of resin is 
used so that a hard, rigid lining of cured resin is formed 
in the passageway. by inflating the tube, the tube is 
pressed outwardly against the sewer wall indicated by 
the arrows in FIG. 3. FIGS. 5, 6, 7, 8 and 9 to be re- 40 
ferred to later illustrated in detail the placement of the 
tubular laminate in the sewer. 

FIG. 4 shows how the tubulr laminate may be used 
for the lining of a pipe 30. 

To line a complete sewer or pipe line with rigid Jin- 45

ings, it may be necessary to use a number of tubular 
laminates which are overlapped and/or joined end to 
end but the technique of using fluid pressure to urge 
each laminate against the surface to be lined is followed 

6 
the fibrous mat, each operator makes a cut through the 
outer layer 26 of the tube and inserts into the cut a 
nozzle 48 which may be supplied with resin from a 
reservoir 50 by way of pumps P. After making the cut, 
the operator starts the pump and continues running the 
pump until sufficient resin has been injected into the 
fibrous mat to form a reservoir extending upwardly 
from rollers 44 to the height of the nozzles 48. It will be 
understood that during this time the tube will be mov­
ing slowly downward and the operator will be moving 
the nozzle downwardly with the tube. When sufficient 
resin has been injected into the fibrous mat each opera­
tor switches off his pump, removes the nozzle and ap­
plies a patch to the slit that has been cut in the tube. 
The patch may conveniently be a patch of self adhesive 
plastics material . The patch is applied to the tube be-
fore this reaches the topmost pair of rollers 38 and it 
will be understood that the operators must make the 
cuts in the outer layer 26 sufficiently far above these 
rollers 38 to allow enough resin to be injected and the 
patch applied while the cut part of the tube is travelling 
towards the rollers 38 and_ before it reaches these roll­
ers. As the tube travels downwardly between rollers, 
38, 40 and 42, these help to immerse the fibrous mat in 
resin ,  and this is finally completed in the nip between 
rollers 44. Once the length of tube containing resin 
with immersed felt as the intermediate layer ap­
proaches the nip rollers 44 each operator cuts a further 
slit in the outer layer 26 and injects more resin into the 
intermediate layer, subsequently applying a patch as 
previously explained. This procedure is repeated along 
the length of the tube leaving the rollers 44 has the 
fibrous mat fully immersed in the resin. 

On leaving the rollers 44, the tube is received by a 
conveyor belt 50 which, when the tube is to be installed 
underground moves the tube towards and lowers it into 
a manhole 52. 

The conveyor 50 is driven by a positive drive which 
can not be overrun. This achieves a uniform feed of the 
tube which would otherwise be difficult to obtain. If the 
tube is being lowered to any substantial depth then the 
weight of that part of the tube that is being lowered at 
any one time can be very high. This could have the 
effect of the tube driving the conveyor faster, but this is 
prevented by providing the conveyor with a drive that 
cannot be over run. The frictional engagement between 
the conveyor and the length of the tube resting on the 
conveyor thus acts as sufficient of a brake to support 
the length of tube that is being lowered into the man-

in each case . 50 hole. Furthermore, the tube is lowered without apply­
ing any clamping or squeezing force to the tube, which 
is important as the resin is still in liquid state and if the 
tube were clamped or squeezed some local displace-

The inner tube 16 may be of a material which is or 
becomes firmly bonded to the resin carried by felt 12 or 
alternatively after the curing of the resin, it may be 
capable of removal from the cured resin depending 
upon the materials used for the tube 16 and the resin 55

which i s  used. 
Referring to FIG. 5, a preformed tubular laminate 

such described with reference to FIG. 2 is folded into a 

ment of resin could occur, leading to non-uniform 
properties in the hard tube after curing of the resin. In 
order to achieve the non-over running effect in the 
drive to the conveyor 50 the drive may incorporate an 
irreversable worm and pinion or the drive may be by 
way of an electric motor with inductive breaking. 

For handling the tube in this way, it may be desirable 
to provide the tube with some form of reinforcement at 
the ends. In this connection FIG. 6 shows the trail ing 
end of a tube, the majority of the length of which com­
prises the inner and outer layers 16 and 26 of flexible 

receptacle 32 from which the tube 34 is fed over a top 
roller 36. The tube 34 is fed downwardly through pairs 60 
of intermediate pressure rollers 38, 40 and 42 into the 
nip of a pair of rollers 44 each of which has an outer 
surface of compressible resilient material 46 such as 
polyurethane foam. The tube coming from the con­
tainer 32 has no resin in the fibrous sheet 12 and to 
insert the necessary resin two operators are stationed 
one to each side of the flat band of tubing before it 
reaches the rollers 38. To inject the required resin into 

65 polymeric material and the intermediate fibrous mat 12 
which is immersed in resin . .  The mat 12  is, at the end of 
this mat stitched to a length 54 of a strong woven fabric 
formed into a tube. The preferred fabric is a plain 
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woven polypropylene. The polypropylene is covered on the tube and ensure that wrinkles are removed there-
both sides by the respective inner and outer layers 16 from. Air  pressure is  maintained in the tube until the 
and 26 of polymeric material . At the end of the tube resin in which the intermediate layer 12 is immersed is 
the polypropylene is anchored to the polymeric mate- cured hard forming a complete · rigid lining tube. In 
rial by two strokes 56 and 58 of a double-sided self- 5 order to prevent build up of heat in the tube which 
adhesive tape. In advance of the end s slit 60 is cut could result in melting of the inner lining 16, the down-
completely through one part of the wall of the tube and ward end of the tube is preferably cut to form an open-
reinforcing double-sided self-adhesive material 62 is ing 94 after initial inflation of the tube is complete. 
stuck between the outer layer 26 and the fabric 54 and There is thus a through flow of air through the tube 
between the inner layer and the fabric 54 around this Io carrying away any generated heat and keeping the 
slit, to prevent �ir entering the resin during the installa- temperature inside the tube down to a reasonable level. 
tion of the tube. This slit 60 and patches 62 are only · However, the fact that airis escaping through this hole 
provided at the trailing end of the tube, and the leading 94 does not affect inflation of the tube which sti ll re-
end of the tube, while it is provided with the extension mains pressed firmly against the walls of the sewer. This 
54 of woven material does not have these added fea, 1 5  use of the fan and an orifice at the. downstream end of 
tures. the tube is thus advantageous. Once the resin has been 

To insert this pipe into, for example, a sewer a rope cured then the ends of the tube are cut off along the 
64 is attached to the leading end of the tube and is dotted lines of 96 and these ends are removed from the 
taken down a first manhole 68, and led along the sewer sewer by way of the manholes. The inner polyethylene 
70 to a pulley 72 from which the rope extends up a 20 layer 16 may be left in position in the tube in the sewer 
second manhole 74 to a winch 76. Before inserting the if desired , or this may also be pulled out of the sewer. .-
tube it may be desirable to place a polyethylene liner in It is found that the resin in which is immersed fibre 
the sewer to provide a smooth surface for the tube to be reinforcement layer 12 when cured forms a hard,  
pulled along. This liner may be inflated at very low smooth impermeable pipe resistant to attack by most 
pressure during installation of the tube. The leading 25 liquids and therefore capable of carrying these liquids 
end of the tube is threaded through the rollers 38-44, directly without a polyethylene lining. 
shown in FIG. 5 and is led along the conveyor 50 and In the technique described in the foregoing para-
down the first manhole 68. When the end of the fabric graphs the work is carried out with the normal flow 
54 is about to reach the rollers 44 slits are cut in the through the sewer stopped by a dam 98. In an alterna-
tube as described with reference to FIG. 5 and the first 30 tive method, it is possible to reline a sewer or other pipe 
batch of resin is injected into the intermediate layer of or passage while substantially maintaining the flow 
the tube. Feed of the tube down through the rollers 38 therethrough, and such an alternative method is il lus-
to 44 and long the conveyor 50 and so into the manhole trated in FIGS. 8 and 9 of the accompanying drawing, 
68 then takes place at a slow constant rate, resin im- which show respectively the upstream and downstream 
pregnation being carried out by cutting the tube, insert- 35 ends of the tube when Installed in the sewer. 
ing the nozzles and patching the cut as already de- Referring to FIG. 8, when a flow is to be maintained 
scribed. As the tube is lowered into the sewer it is through the sewer the trailing end of the tube with the 
pulled along the sewer by winding up the rope 64 onto polypropylene reinforcing fabric 54 is secured by rings 
the hand winch 76. The rope 64 is, of course, secured 100 to a valve tube 102 having an outer surface formed 
to the leading end 78 of the tube, this leading end hav- 40 with ribs 104. The rings and ribs ensure that a good seal 
ing the polypropylene fabric section 54. As the last part is formed between the sewer lining tube and the valve 
of the resin reinforced tube moves over the conveyor tube 102. The valve tube 102 incorporates a flat valve 
50 to the manhole 68 the frictional engagement be- member 106 of flexible resilient material. The up-
tween the tube and the conveyor will of course de- stream end of the valve tube 102 is passed through an 
crease, as the length of tube on the conveyor decreases. 45 opening in a dam . 108 located in the sewer. At the 
Accordingly, the weight of tube hanging down the man- downstream end of the sewer lining tube, as shown in 
hole 68 may be sufficient to pull the tube from the FIG. 9, the end of the tube which is reinforced with 
conveyor so that it falls down the manhole in an uncon- polypropylene fabric has a sandbag 110 or other weight 
trolled manner. To prevent this the trailing end section placed upon it to seal off the end of this tube. 
80 of the tube, incorporating the polypropylene rein- 50 After insertion of the lining tube into the sewer, the 
forcement 54, is held to control the lowering of the air hose is inserted into the slit through the tube as 
remainder of the resin impregnated tube, and this hold- already described with reference to FIG. 7 and air is 
ing may be effected by clamping the polypropylene blown into the tube. The pressure of this air holds the 
reinforced trailing end to the conveyor 50 with � clamp flap valve member 106 closed against the pressure of 
82. 55 water on the upstream end of the flap valve. The lining 

When the tube has been 'laid in the sewer the poly- tube is inflated into contact with the walls of the sewer, 
propylene reinforced ends of the tube are both sealed and the sandbag 1 10 at the downstream end of the 
off as at 84 and 86. An air hose 88 having an end lining tube prevents the air from being blown straight 
formed by a rigid ring 90 is then inserted into the tube through the lining tube. When the tube is fully inflated 
by passing the ring 90 through the slit 60 and turning 60 an air vent 94 is cut in the downstream end of the tube 
the ring so that it is blocked behind the slit 60, some- to allow a through flow of air as already explained. The 
what in the manner of inserting a button into a button- water in the sewer will eventually rise behind the dam 
hole. With the air hose in position, air can be blown 108 to a level wherein the pressure of the water is 
into the tube from a fan 92. As the air enters tpe tube sufficient to overcome the closing effect of the air pres-
the tube is inflated so that it is pressed against the walls 65 sure in the lining tube on the valve 106, and flow of 
of the sewer 70 and takes. up a shape conforming to the water through the valve 106 into the lining tube will 
walls of the sewer. As the tube is inflated the air tends then commence. This flow reaches the sandbag 1 10 at 
to move the closed polypropylene ends apart to tension the downstream end of the lining tube and will build up 
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behind the sandbag until the pressure is sufficient to lift In some cases so ca l led "bright" fibres or clear fibres 
the sandbag to a llow water to flow on down the sewer . are used for the needled web and these are impreg-
When the sandbag is lifted the water wil l  b lock the nated with a clear resin to give a transparent liner . 
whole of the passage through this  end of the lining tube, The resin which is used i s  preferably a low exotherm 
so that the only air exit from the lining tube is the or i- 5 resin i .e. a resin which releases l ittle heat as it cures or 
flee 94 and excess re lease of a ir from the tube is not is cured, and if a resin which re leases substantial heat 
possible. A normal flow through the sewer can thus be whilst cur ing is used then care should be taken to select 
maintained throughout the whole of the period that the a materia l for the inner and outer tubes 16 and 26 and 
l ining tube i s  inflated and the resin is curing. After the layers 340 and 360 ( in the case of .a sheet laminate ) 
resin i s  fully cured the end parts of the lining tube are 10 which wi ll withstand . the heat generated during the 
cut off a s  a lready described with reference to FIG. 7 curing. We use mainly polyester resin although epoxy 
and th is operation can, of course, be carried out with- resin can also be used. Polyester resin has the advan-
out interrupting flow through the sewer . The only pe- tage that it cures natura l ly and by  the use of a catalyst 
riod dur ing which flow through the sewer may be inter- the cur ing time can be varied. With a polyester resin 
rupted is therefore that time neeqed to lower the l in ing I 5 having a cobalt accelerator we have used a cata lyst 
tube into the sewer and move it through the sewer into cyclohexanolperoxide . The resin may contain any one 
its final posi tion. However, it may not even be neces- or more additives, such as fi llers, colourants, fire retar-
sary to stop flow for th i s  period of time , and in fact a dants, etc., as desired . Nearly a ll thermosetting resins 
continued flow may assist in moving the tube through shr ink during curing , and rigid hard lin ing pipes formed 
the sewer as the flow wi l l  tend to float the tube down 20 in accordance with this invention may come away from 
the sewer. the surfaces which they line . Th is is of no consequence, 

In a mod ification of th is latter method , by build ing as the shrinkage is small, _and the rig id structure sti ll 
the dam 108 up higher than otherw ise might be neces- adequately performs its funct ion . 
sary and a llowing a flow of water through the l in ing The material which is used for the inner tube 16, the 
tube before inflating th is with air ,  the water flow itself 25 outer tube 26 and the outer layers 340 and 360 as 
can seal off the downstream end of the tube to prevent previously described may be any suitable synthetic 
excess a ir escaping and there i s  no need for the sandbag plastics or other material and examples of such materi-
or weight 1 10. In a further variation of the check valve als are polythene, polyv inylchloride ,  butyl, rubber , 
106 and a downstream water regulating valve may be cel lophane nitrate , neoprene and polyester fi lm .  Where 
fitted into opposite ends of a pilot tube extend ing 30 a tubular laminate is formed i t  is preferred that the 
through the sewer l in ing tube so that the . through flow inner tube be formed of a material which is of relatively 
of water runs  in the pilot tube only and is not in contact h igh impermeability to fluids so that the laminate can 
with any of the materia ls of the lining tube. In this  be shaped with fluid pressure and there wil l  be no leak-
modified method the p i lot tube must be removed from age through the liner ; normally the outer tube of the 
the sewer l in ing tube as part of the finished operation. 35 laminate will be of the same material although th is is 

In some cases it may be possib le to d ispense with the not essential as  the requirement for impermeab il ity in 
outer tube 26 in which case the resin in which the felt the outer tube is not normally as high as in the inner 
is immersed would be appl ied directly to the · surface to tube because the fluid pressure wil l  normal ly be applied 
be l ined. in the inner tube to form the tubular laminate to the 

Once curing of the resin i s  complete the formed liner 40 passageway to be lined. The materials of the outer and 
pipe simply remains in position in the pipe l ine or in the inner tube can of course be indifferent as desired . 
sewer and additional anchoring devices may be used if The immersion of the fibrous sheet structure in the 
desired . resin may be carried out during the formation of the 

Because the tubular laminate has to be inflated to laminate instead of by injection as described herein but 
take up the fina l shape lining a sewer or pipe line it is 45 in such case it wil l be necessary either to refrigerate the 
preferred that the mater ials which are used for the laminate to prevent the resin from curing or to use the 
tubular laminate be somewhat elastic and capable of laminate before the resin cures as otherw ise it will not 
some extension in order to obviate the need for accu- be possib le to form the laminate satisfactori ly to _the 
rate dimensioning of the tubular laminate in re lation to desired shape of the passage. 
the passageway which is to line . SO We fee l  that the advantages of th is invention are 

It is to be appreciated that a number of possible ma- fairly clear insofar as by th is invention it is possib le to 
teria l s  may be used instead of or in combination with line the surface of a passage such as a sewer with a 
the fe lt ,  the requirement being that there should be a synthetic resin which cures hard and forms an effective 
fibrous sheet structure wh ich is immersed in and serves liner pipe for the passage such as wil l  in many cases 
as a carrier for uncured resin in a convenient form to 55 render the repair or rep lacement of the passage unnec-
enable the shaping of the laminate to the surface to be essary and there is no requirement in it ially to clean the 
l ined . Such fibrous sheet structure may a lso be rein- surface to be lined. The same comment a lso applies to 
forced by fi lamentary or other materia ls  and it may pipes which may or may not be located underground. 
include a sor im web to which the felt web is attached to Instead therefore of a damaged or o ld pipe being re-
example by needling to give the fibrous sheet structure 60 placed it may simp ly be l ined according to the method 
strength and stability. The sheet structure may be a of the invention and th i s  wi ll, in many cases, render the 
carded felt or woven or knitted sheet and it may in- p ipe as serviceable as it was when new. 
elude or be composed of a g lass fibre mat or rovings. I cla im :  

In the preferred case, we ut i lise a felt o f  synthet ic 1.  ,\ method of l in ing a surface at least partial ly de-
fibres such as polyester , nylon or acrylic fibres. Po lyes- 65 fining a passageway wherein a laminate of non woven 
ter fibres are preferred because they have the highest felt sandwiched between an outer membrane and an 
degree of chemical  resistance . The fibres in any nee- inner membrane of p lastics sheet materia l is urged by 
d ied felt may include fibres of d iffering denier. fluid pressure so that said outer membrane l ies aga inst 
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said surface, said method including the additional steps 
of totally impregnating the felt with an uncured ther­
mosetting resin so as to completely im°'erse the felt in 
the resin , and curing the resin while the laminate is held 
against  such surface so as to form a hard ,  cured and 
selfsupporting resin lining having .embedded felt rein­
forcement. 

2. The method in accordance with claim 1, wherein
the felt is impregnated with the resin before it is lami­
nated between said p lastics material membranes . 

9. The method · according to claim 8, wherein the
ends are closed by sealing. 

10. The method according to c laim 8, wherein one 
end is dosed by a valve member whilst the other end is 

5 closed by a weight while the tube is inflated, the valve 
member being des igned to open and allow the flow of 
sewa:ge • through the · inflated tube when the head of 
sewage being held· back  by the valve member exceeds 
the air pressure in the tubular laminate, and the weight 

3. The method according to claim 1 wherein the felt ·
is impregnated with res in after  it is laminated between 

I O  being of such magnitude that it lifts to allow flow of 
sewage out of that end of the laminate while maintain­
ing that end closed to air flow. 

1 1 .  The method according to claim 8, wherein the 
ends of the tubular laminate · a re c losed by the ends of 

1 5  a pilot p ipe passing through the tubular laminate and 
through which a flow of sewage is maintained while the 
laminate is inflated. 

said plastics material membranes. · 
4. The method according to claim 1, wherein the 

laminate is in tubular· form and comprises an inner tube 
of said plastics material a round which is disposed the 
non woven felt and an outer tube of plastics materials 
surrounding the felt, .the method comprising inflating 
the tubu lar  laminate against and into the shape of said 
surface. 

12. The method according to claim 8, wherein the
tubular  laminate is punctured to a llow escape of air 

20 when it has been inflated to a condition engaging the 
sewer surface. 

5. The method according to 0claim 4, wherein said
surface comprises . the · inner surface of an underground 
sewer, and the tubular  laminate is fed down a manhole 25 

13. The method according to claim 8, wherein the 
· ends of the laminate a re cut off after the resin has
cured.· 

14. The method according to c la:im 4, wherein the
method includes wrapping the felt round the inner tube
and overlapping and joining together.

to the sewer and is inflated against th.e inner sewer 
surface when in . position. 

6. The method according to claim 4, further includ­
ing injecting the resin into the filUhrough sl its .in the 
outer tube of plastics material at spaced intervals . along 
the tubular laminate length. . . 

7. The method according to claim 6, wherein .the
tubular laminate is . passed between nip rollers to dis­
tribute evenly the uncured resin throughout the felt. 

8. The method according to claim S, wherein• the 
ends of the tubular laminate are closed while it is in­
flated when in the. sewer. 

IS. The method according to claim 1 ,  wherein the 
fibres of said non-woven felt a re polyeste r  fibres. 

30 16. A method according to c laim 1, wherein the resin 
is a polyester resin .
· 17. A method according to c laim 1, wherein the 

plastics sheet material is polyethelene.
18.A method according't<> claim 1, wherein the res in

35 is cured by a natural curing process .  

40 

45 

50 

55 

60 

65 

19. A method according to claim · 1, wherein the resin
is cured by . a forced curing process. 

. 

. . . .  , .
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