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Title: Method of Manufacturing a Tunnel or Shaft Lining or Pipeline · 

Describtion of Invention 

This invention relates to a method of manufacturing a tunnel or shaft 

liniDg or pipeline of segments each of which is adapted to be connected to further 

segments. 

For brevity the remainder of this specification will refer in general to 

tunnel linings, but this should in all situations be taken also to include shaft'linings 

.. and the like. Where appropriate pipelines will also be discussed. . 

It is well known to manufacture of tunnel linings using curved . 

segments connected end to erid and side . to side . In addition the manufacture of 

pipe linings from segments connected end ·to end is also well known. Such 

'• segments typically are formed from concrete with internal reinforcement of steel 

bars. However, there are disadvantages with such internally reinforced segm.ents 

both in te1ms of the .gradual degradation of .the steel reinforcement and in te1ms of 

sealing the segments in fluid tight fashion to one another. This latter disadvantage 

is largely as a result of.the nature of the concrete surfaces against which such seals 

press, which commonly have many iITegularities. 

· In Japanese patent specification JPOl-154996 there is disclosed a 

method of making a cwved lining seh>fnent ·in which a cmicrete core is lined 

extemally with fibre reinforced cenient mouldings. Each of a pair of mouldings is 

of a generally tray shaped configuration having a base and outstanding sides. The 

mouldings are rurnnged with the outstanding sides of the two trays facing one 

another. Concr~te is then intToduced into a substantially closed cavity thus 

produc~d, to fonn the segment · 

Such a constructloi~ may siniplify the manufactwi.ng process; but it is 

necessruy for the core to be provided· with reinforcement as the cement mouldiags 

will not provide substru1tial structw·al sfrength to the core. 
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First, this is because of the natw·e of cement moul~ings. Cement, like 

concrete is not strong in tension, which is why it is essential to provide concrete 

with sqme reinforcement which is strong_in tension. 

Second, if such internal reinforcement was not included m the 

constmction described in the earlier Japanese patent specification, it would be 

necessruy for the edge portions, or at least a pair of the edge portions of the 

concrete core, to be reinforced to give the segment _tensile strength. In the Japanese 

construction though, the outstanding sides of the two trays meet along the edge 

portions of the concrete body, so that regardless of the mate1ial from which the 

cement mouldings may alternatively be made, the mouldings cannot give any 

substantial reinforcement to the segment where such reinforcement is primarily 

needed. 

According to a first aspect of the invention there is provided a 

method of manufactwing a twmel or shaft lining, or pipeline section of segments, 

wherein each segment comprises a concrete body having an extrados surface, 

an intrados surface and first and second ends and first and second sides, the 

ends and sides providing edge portions, the segme1_1ts being adapted to be 

conne~ted to further similar segments with edge portions adjacent edge p011ions 

of adjacent segments, the method being characterised in that the method 

inCludes enveloping the ends or sides of a least a pair of segments in a 

reinforcing material as the concrete is cast, and once the concrete has cured, 

connecting the segments together with one of each of their enveloped ends or 

sides adjacent, and sealing between the enveloped ends or sides. 

Thus the ·tunnel or shaft lining or pipeline is made of generally 

curved, segments which are each reinforced by" exten1al reinforcement material. 

Most conveniently the reinforcing material of each segment is provided 

by a pair of generally "C" or channel shaped reinforcing members each having 
. . . . 

an edge part which in use extends alongside an edge po1tion of the concrete 

body, and a pair of spaced generally parallel flanges which are integral with the 
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edge part of the reinforcement member and in use, ea~h overlies a· prut of the 

ititrados or extrados surface and the method fmther inchides making each of the 

segments by suppmting a pair Qf reinfotcing members generally parallel to but 

spaced from one ·another, and casting concrete into the space between the 

reinforcement members so that opposing edge portions of the concrete body 

thus formed, are enveloped by the reinforcement members. 

Thus there is no discontinuity in the reinforcing material along the 

reinforced sides or ends. 

If desired, usually largely for cosmetic reasons, and· to facilitate the 

casting in concrete of the,. usually cmved, intrados or extrados smfaces, at least 

one of an extra.dos and intrados surface covering member is provided, which 

may be supported relative to the reinforcement members so as to fonn a cavity 

into which the concrete is cast. 

Such covering member will add little strength to the segment but will 

enable an extra.dos and/or intrados smface of improved finish to be produced, 

thus reducing or even eliminating finishing work within the tunnel or shaft 

lining or pipeline, which otherwise may pe required. 

Preferably .a covering member is provided for both the intrados and 

extrados suifaces, which covering members are supported relative to the 

reinforcement members during concrete casting, and if desired. additional 

covering members may be provided for each of the sides or ends which are not 

enveloped by the reinforcement material. Thus the method may comprise 

suppo1ting the additional covering me~nbers relative to the reinforcement 

.members and the covering.members for the intrados and ex.trados surfaces, so 

as to fonn a substantially closed cavity, and introducing the concrete into the· 

· cavity through a passage provided in one of the covering or additional covering 

members under pressure. 

So that the reinforcement material enveloping the ends or sides of the 

segment can be made as thin, strong and light as possible, the reinforcement 
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members are preferably-made in a fibre reinforced plastic material, with fibres 

·of the reinforcement extending generally along the reinforcement member. The 

reinforcement members may be made by ·pultrusiori or another suitable method. 

The fibre reinforcement may_ ·comprise continuous filament mat and 

stitch bonded roving cloth and the plastic may comprise resin. 

Dw·ing consfruction of the lining or pipeline, a sealing member may be 

located between adjacent enveloped ends or sides of a pair of segments, prior to 

the segments being coruiect~d or finally connected. to one another~ Thus .the 

sealing member inay be compressed between reinforcing material enveloping 

the adjacent ends or sides as the end or sides are connected together, although 

a hydrophilic kind of sealing member may altematively/additionally/integral~y 

. be provided. · 

According to a second aspect of the invention we provide a method of 

rnanuf~cturing a lining segment comprising a concrete body having an extrados 

surface, an il1tt'ados surface and first and second ends and first and second 

sides, the e"nds and sides· providing edge p01tions, the segment being adapted to 

be connected to a further similar segment with an edge p01tio11 adjacent a'n edge 

po1tion of "the f~1ther segment,. the method being characterised in that the 

method includes .enveloping the ends o·r ·sides of the segment in a reinforcing 

material as the concrete is cast, and pennitting the concrete to cure. 

According to a third aspect of the i11vention we provide a lining segment 

comprising a concrete body having an extrados surface, an intrados surface, 

first and second ends and firs.t arid second sides, the ends and sides providing 

· edge portions; characterised m that the ends or sides are enveloped bi 
reinforcing materiaL 

The reinforcing material Of the segment of the third aspect of the. 

invention may provided. by a· pair of edge reinforcement· members each 

comprising a generally "C,, or· channel shape provided by an edge part which in 

use extends alongside an edge portion of the concrete body, and a pair of 
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spaced genera1ly parallel flanges which ·are· integral with the edge ·part of the 

reinforcement member and in use each overlies a pa1t of the intrados or 

extrados suiface. 

By virtue of the use of reinforcement members, the rein.forced sides or 

ends of the segment may be made to other than simple plane shape. For 

example the edge pa.it of one· of the pair of the reinforcing members and the 

corresponding .edge portion of the concrete body may include a ~ale formation 

.· and the edge part . of the other of the pair of reinforcing members and the 

coll'esponding edge p011ion of the concrete body may include a coll'esponding 

female f01mation, the male and female formations being adapted in use to inter­

engage with coll°esponding female and male fo1mations respectively of adjacent 

segments .. 

Thus relative location of a pair of segments during lining construction is 

facilitated and to improve sealing between the adjacent segments, the edge part 

of at least orie of the pair of the reinforcing .members· and the co1Tesponding 

edge portion of the concrete body, may include a recess fonnation. In use the 

recess fmmation together with an edge pai1 of an adjacent segment may provide 

a cavity for i;eceipt_ of a sealing member between the adjacent lining segments. 

Thus the problems of sealing between bare concrete smfaces with 

iffegularities is overcome. 

. The ends of the segment may be curved, following the profile of the 

intrados and ext:rados surfaces and thus in · use extending generally 

circumferentially of the lining or pipeline, and the sides may be generally 

straight and thus in use extend generally longitudinally of the lining or pipeline. 

The i·einforcing material may envelope the ends of the concrete body 

and/or the sides of the concrete body. 

A ~overing member may be provided substantially to co\1er the extrados · 

and/or the intrados surface. 
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The reinforcing material may comprise a fibre reinforced plastic material 

or similar, and the fibre reinforcement may comprise a continu<?us fibre mat 
. . 

and stitch bonded unidirectional roving· _cloth, and the plastic ~ay comprise, 

resin. The reinforcing members may each be made by puitrusion, with the 

reinforcing fibres extending generally along the reinforcement member, or by 

moulding or another similar method. 

According to a fowth aspect of the pres.ent invention we provide a lining 

of a tmmel, shaft or pipeline complising . a plurality of lining segments 

according to the third· aspect of the invention, connected together with 

reinforcement material enveloped ~dge portions of the segments lying adjacent 

other similarly enveloped edge poitions. 

Embodiments of the invention will now be desc1ibed, by way of 

. example only, with reference to the accompanying drawings in which: 

FIGURE I is an illustrative view of pait ·of a sh mt section of tmmel 

lining made by a method according to the invention; 

FIGURE 2 is a cross section through line A~A in Figw-e 1, showing 

detail of a join between adjacent twmel lining segments made by a method of a first 

embodiment; 

FIGURE 3 is a cross section through line A-A in Figme 1 showing a 

join between adjacent twmel lining segments made by a method of a second 

embodiment, and 

FIGURE 4·is a detailed cross section through the reinforcing material 

of the embodiment of Figw·e 3. 

FIGURE 5 is an ·illustrative view of a twmel lining segment at a stage 

in manufacture. 

Refening to Figure 1 a tunnel lining 10 comp1ises a plw·ality of like 

cwved tunnel segments 12. Erich tunnel segment 12 is of an arched or cwved shape 

and comprises a concrete body 11 which has an extrados suiface 13, an intracfos 

swface 14, a first end 15, a second end 16, a first side 17 and a second side 18, 
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each of the ends and sides comp1ising edge portions of the concrete ·body 11. The· 
. .· . . 

ends 15, 16, are arranged cifcufilferentially in the turmel and thus follow the curved 

profile of the in.trados and extrados swfaces 14,13, V:,11ue the sid.es 17., 18, are 

an-anged longitudinally and are thus generally· straight. In this all"angement; the 

ends· 15, 16 and sides 17, 18 are enveloped in reinforcing material 19 which is 

provided by reinforcing members 19 which are generally "C" or channel shaped in · 
. .. 

cross-section although in another embodiment only the ends 15, i6 or the sides 17, 

18.may be.so enveloped. · 

The ends 15, 16 and sides 17, 18 are enveloped in that the edge 

portions· of the ends. 15, 16 .and sides 17,JS of the body 11 are received within the 

reinforcing members 19 with an edge part 19a of the reinforcing member 19 

extending alongside the respective end 15;, 16 or side 17, 18 and integral flanges . 

19b, 19c overlapping peiiphei:al po1tions of the intrados and extrados surfaces 13; 

14 of ti1e body 11, as will be described. more fully below so that the entire edge 

po1tions are enveioped. For a_ typical tunnel lining segrrient 12 the flanges 19h, 

19c, extend 45mm onto the intrados and/or ext;rados suifaces 13, 14. 

Refening to figure 5 pruticularly, each tunnel lining segment 12 is 

made using a mould supp01t 40 to supp01t a pall- of reinforcing members 19 

generally parallel to one another and spaced apait, the space S between the pair 19 

fanning a casting cavity. Although in figw·e 5, reinforcing me1i1bers 19 for the ends 

15, 16 of the concrete body 11 <mly are shown, optionally, reinforcing members to 

reinforce the sides 17, 18 of the body 11 may also be supp01ted by the supp01t40. 

In each case there is no need io provide within the mould any 

additional reinforcement for the concrete as the concrete body 11 when cast, will 

obta~1 sufficient reinforcement solely from the external reinforcement members 19 . . 

which envelope the ends 15, 16 and/or sides 17, 18 of the concrete body 1 l. 

The casting cavity needs· to be closed so that the space between the 

pair or pairs of reinforcement members 19 can be filled with concrete. This may be 

achieved using suitable shuttering, or as indicated in figure 5, by providing 
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cove1ing ·members 41,42 for the intrados and extrados swfaces 14,13, which 

covering members 41,42 become attached to the concrete and thus form part of the 

segment 12. If desired, the covering members 41,42 may be secured to the 

relnforcement members 19 e.g. by an adhesive or may simply be supported relative 

to the reinforcement members 19 by the mould suppmt 40. In such circumstances 

Sp~s may be provided to Span the extrados or intrado~ Sll1:face covering members 

41,42 dwing concrete casting, which spars will become enveloped in the concrete. 

Where only the erids 15, 16 or sides 17, 18 of the concrete body· 11 

are reinforced with reinforcement members 19, the non enveloped ~nds or sides 

may be covered by covering members 44, 45 which again may be attached to the 

reinforcement members 19 e.g. by adhesive prior to the concrete being cast~ and 

become attached to the concrete. 

In each case, the space S between the reinforcement members 19 is 

then filled with concrete such that the casting cavity provided by the reinforcing 

members 19 and any coveting members is filled. Where the casting cavity is 

substantially closed by the reinforcement members 19 and cove1ing members 41, 

42, 44, 45, a passage P may need to be made in one or more of the covering 

members to pennit the concrete to be introduced, preferably under pressure to 

ensure that the concrete fills the cavity, there being air escape holes H provided 

where necessa1y to pennit any air trapped by the concrete to escape. Thereafter the 

concrete may be appropiiately treated to settle ·the contents, and the concrete 

allowed to cure. 

Thus the body portion l I is forn1ed within the reinforcing members 

19, such that the ends 15, 16 ancl/or. sides 17, 18 are eiweloped at the time of 

mrumfacture. The concrete used may contain reinforcing elements, such as steel or 

· glass fibres, within the pourable mix if so desired, although preferably the .. 
reinforcing members 19 are designed to pr_ovide sufficient overall reinforcement. 

The mould suppo1t · 40 may include a fonner of an approp1iate 

material such .as steel or wood, to ensure that the nwuld provided by the 
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teinforcement ~embers, covering members, shuttering etc. it does not twist, sag, or 

otherwise disto1t. 

A plw-ality of twmel lining segments 12 are used to ~anufactw-e a 

turmel lining·by joining them together end 15 to end 16 m1d side 17 to side 18 with 

fwther similar segments, as shown in Figw·e 1, to produce a circular lining 10. 

Thus reinforcing members 19 .. which envelope· the ends 15, · 16, provide 

circumferential reinforcement and/or reinforcing members 19 which envelope the 

sides 17, 18 provide longitudinal reinforcement. Any appropiiate form -of 

connectors may be used to secw-e the segments 12 in place, for example connectors 

of the kind diselosed in B1itish Patent No GB2131514. 

The reinforcing members 19 which envelope the ends 15, 16, or 

sides 17, 18 may provide mating smfaces as shown in figme 2 at 15a, 16a for the 

ends 15, 16. 

Refening to-Figure 2 in pruticular in which _pait of a tunnel lining 

made ·by a first method in accordance with the invention is shown in detail. A first 

end 15 of one segment 12 is fonned within a reinforcement member 19 with a male 

fom1ation 20 and a second e11d 16 of an adjacent similar segment 12 is fo1med 

within its reinforcement membe1' 19 with ri female formation 21. The male · 

fonnation 20 and female fonnation 21 are adapted to inter-engage when the 

adjacent tunnel segments 12 are connected in use as shown .in Figure 2. The male 

and female fonnations 20, 21 provide some level of sealing between the adjacent 

segments 12. In addition they assist in accurate relative location of the twmel 

segments 12 with respect to each other during construction of the tunnel lining IO. 

The ends 15, 16 further each comprise a recess 22 and 23 fo1med 

within tl1e reinforcement member 19. The recesses 22, 23 are adapted to cooperate 

with each otl1er to provide a cavity 24 inbetween the adjacent segments 12. The 

cavity 24 may receive a sealing means in the fo1111 of a compressible gasket 25 

· ru1d/or a gasket of or containii1g hydrophilic rnatetial. Alternatively, the sealing 
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means may take the fo1m of sealant which cw·es or sets after being· ~jected, or 

otherwise is introduced, into th~· caVity 24. 

If desired only one of the ends 15 or 16 may have a re~ess 22 or 23 

which co-operates with a plain face ofthe opposing ends 16 ·or 15, but neve1theless 

forms a recess for a sealing meru\s. 

_ Refening now to Figure -3, an altemative form of reinforcing 

member 19 is illustrated with "like parts to the reinforcing members 19 described in 

relation to figw·e 2 being like refere11ced. In this embodiment the male and female 

f01mations ru·e omitted, but the recesses 22, 23 for a sealing ineans·are retained. 

Refening now to Figw·e 4 details of one form of the reinforcing 

member 19 pruticularly appropiiatefor the embodiment ofFigw·e 3 is shown. The 

reinforcing member 19 compiises fibre reinforced plastic material. in.the fo1m of a 

laminate. Two kinds of fibre ru;e used, continuous filament mat (CFM} 30 typically· 

of 300g/m2 and stitch bonded imidi.rectional roving cloth (SBURC) 31 typically of 

900glm2
• the density of the fibre elements ofthe laminate is uotthe same for all of 

the area of the reinforcing material 19, as cru1 be seen in Figw·e 4. A central layer of 

SBURC 31~, is smTotmded by an intennediate layer of SBURC 3112 in the flanges 

19a, l 9b and of CFM 30~ in the web or edge pint XX. An oliter layer of CFM 30.Q 

smTounds the intennediate layer 31.Q and 30n. The fibres of the SBURC 31 is 

01iented kmgitudina1ly of the reinforcing mate1ial 19. In one manufactw"ing 

method, the fibres of the laminate when laid up are immersed in an appropziate 
. . 

resin, for example C1ystic 701 P.A. in a mould, ~d may be subjected to vacuwn to 

draw the resin and embedded fibres into the mould, but any approp1iate altemative 

manufactming technique iirny be used.· For example the reinforcing member 19 

n1ay conveniently be made by pultTusion 

\Vhere the reinforcing member 19 is for a curved end 15, 16, the 

reinforcement membe1' 19 \viii need to be c01Tespondingly ctuved, so as to follow 

the desired profile of the extrndos13 and intrndos 14 suzfoces. Thus the fibres ru:id 
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resin would need to be moulded to ·an appropriate shape, preferably with the fibres 

following the desired cwve. . 
Although the _embod~ents described above incorpof8:te enveloped 

ends and sides, embodiments according to the invention may incorporate only 

enveloped ends .or only enveloped sides. 

The embodiments described above relate to tunnel linings made up 

of segments. However, the invention may· also be applied to pipelines where the 

segments are often circular and therefore comptise ends but no sides, the pipeline 

being formed from a plw·ality of round segments being connected end to end. 

The featw·es disclosed· in the foregoing description the following 

claims or the accompanying drawings, ~xpressed in their specific fo1ms or in te1ms 

of a means for pe1fo11ning the disclosed function, 01; a method or process for 

attaining the disclosed result, or a clas~ or group of substances or compositions, as 

appropiiate, may, separately, or in any combinatio!1 of such features, be utilised for 

realising the inventioi1 in diverse f01ms thereof. 
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* C L M S * CLAIMS 

1. A method of manufacturing a tmmel or shaft lining or pipeline of 

segments, wherein each segment comprises a concrete body having an extrados 

surface, an intrados surface and first and second ends and first and second 

sides, the ends and sides providing edge p01tions, the segments being adapted 

to be connected to further similar segments with edge po11ions adjacent edge 

po1tions of adjacent segments, the method being characterised in that the 

method includes enveloping the ends or sides of a least a pair.of segments in a 

reinforcing material as the concrete is cast, and once the concrete has cured, 

connecting the segments together with one of each of. their enveloped ends or 

sides adjacent, and sealing between the enveloped ends or sides. 

2. A method according to claim I characterised in that the reinf arcing 

material of each segment is provided by a pair of generally channel shaped 

reinforcing members each having an edge pait which in use extends alongside 

an edge p01tion of the concrete body, and a pair of spaced generally par~llel 

flanges which are integral with the edge pait 0f the reinforcement member and 

in use each overlies a part of the intrados or extrados surface and the method 
' 

fmther includes making each of the seginents by suppo1ting a pair of 

reinfo1=cing members generally parallel to but spaced from one another, ·and 

casting concrete into the space between the reinforcement members so that 

opposing edge portions of the concrete body thus fonned, are enveloped by the 

reinforcement members .. 

3. A method according to claim 1 or claim 2 characterised in that at least 

one of an extrados and intrados surface covering member is provided, which is 

supp011ed relative to. the reinforcement members so as to fonn a cavity into 

which the concrete is cast. · 
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4. A method according to claim 3 characterised in that a covering member 

is provided for both the intrados and extrados si.ufac.es, wl_lich covering 

members are supp01ted relative to the reinforcement members are relative to 

each other during concrete cast~ng .. 

5. A method according to claim 4 characterised in that additional covering 

members are.provided fot each of the sides or ends which are not enveloped by 

the reittforcement material, and the method comprises supp011ing the additional 

covering members relative to the reinforcement members and the covering 

·. members for the intrados and eX:trados swfaces, so as to form· a substantially 

closed cavity, and introducing the concrete into the cavity through a passage 

provided in one of the covering or additional covering members under pressure . 

. 6. A method according to any one of claims 1 to 5 characterised in that the 

method includes making the reinforcement members in a fibre· reinforc.ed 

plastic material, with fibres of the reiriforcement extending generally along the 

.reinforcement niember. 

7. A method .according to claiui 6 characterised in that the reinforcement 

members are made by pultrusion. 

8. A method accordii1g to claim 6 or claim 7 characterised in that the fibre 

reinforcement comprises continuous filament mat and stitch bonded roving 

cloth and the plastic comprises resil1. 

9. A method ·of according to any one of the preceding claims characterised 

in that a sealing member is located :between adjacent enveloped ends or sides of 
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a pair of segments, prior to the.segments being connected or finaliy connected 

to one another. 

10. A method according to claim 9 characterised in that the sealing members 

is compressed between reinforcing material enveloping the adjacent ends or 

sides as the e_nd or sides are connected together. 

11. A method of manufacturing a lining segment comprising a concrete body 

having an extrados smface, an intrados swface and first and secorid ends and 

first and second sides, the ends and sides providing edge portions, the segment 

being adapted to be connected to a fu11her similar segment with an edge portion 

adjacent an edge po1tion of the fmther segment, the method being characterised 

in that the method includes enveloping the ends or sides of the segment in a 

reinforcing material as the concrete is cast, and permitting the concrete to cure. 

12. A lining segment comprismg a concrete body having an extrados 

surface, an intrados surface, first and second ends and first and second sides, 

the ends and sides being provided by edge po1iions, characterised in that the 

ends or sides are enveloped by reinforcing material. 

13. A segment according to claim 12 characterised in that the reinforcing 

material is provided by a pair of edge reinforcement members each comprising 

a generally channel shape provided by an edge part which in use extends 

alongside an edge p01tion of the concrete body, and a pair of spaced generally 

parallel flanges which are integral with the edge part of the reinforcement · 

member and in use each overlies a pait of the intrados or extrados smface. 

14. .A segment according to claim 13 characterised in that the edge prut of 

one of the pair of the reinforcing members and the adjacent edge po1tion of the 
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concrete body .includes a male fonnation. and •the edge part of the. other of the 

pair of reinforcing members and the adjacent edge portiori of the concrete body 

includes a corresponding female formation, the male and female formations 

being adapted in use to inter-engage with corresponding female and male 

fonnations respectively of adjacent curved segments. 

15. . A segment ac.cording to claim 13 or claim 14 characterised in that the 

edge part of at . least one of the pair of ·the reinforcing members and the 

COITespondingedge.po11ion of the concrete body includes a recess formation, in 

use .the recess fonnation together with an edge pa11 of an adjacent segment 

providing a cavity for receipt of a sealing member between the adjacent linin_g 

segments. 

16. A segment according to any one of claims 12 to 15 characterised in that 

the ends are curved, follO\ving the profile of the intrados and extrados surfaces, 

and the sides are generally ~traight, the reinforcing material enveloping the ends 

of the concrete body. 

17. A segment according to any one of claims 12 to 16 characterised in that 

the en~s are curved, following .the profile of the intrados and extrados surfaces, 

and the sides are generally straight, the reinforcing material enveloping the 

·sides of the concrete body. 

18. A segment according to any one of claims 12 to 17 characterised in that 

an extrados surface covering me111ber substantially covers the extrados surface. 

19. A segment according to any one of claims 12 to 18 chai·acterised in that 

an intrados surface covering member substantially covers the intrados Slllface: 
. . . ~ 
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20. A segment according to any one _of claims 12 to 19 cha~icte11sed in that 

the reinforcing ·material comprises· a fibre· reinforced plastic mate1ial. 

· -21. A segment according to claim 20 characterised in that the fibre 

reinforced plastic mate1;ial comprises a continuous fibre mat and stitch bonded 

unidirectional roving cloth, and resin.-

22. A segment according to any one of claims 13 to 21 where appendent to 

claim 13 characteiised in that the reinforcing members are each made by 

"pultrusion, with the reinforcing fibres. extending generally along the -

_ reinforcement member. 

23. - A lining of a tunnel, shaft or pipeline comprising a plurality of lining 

segme~ts acco1;ding to any one of claims 12 to 22, connected together with 

·reinforcement material enveloped edge po11ions .of the segments lying adjacent 

·other similarly enveloped edge po11ions. 

24. A lining of a tminel, shaft or -pipeline substantially as hereinbefore 

described with reference to and as shown in the accompanying drawings. 

25. A method of rnanufacturing a tunnel, shaft or pipeline substantially as 

hereinbefore described with reference to th~ accompanying drawings~ -

· 26. .A method of manufacturing a -. lining - segment substantially as 

hereinbefore described with reference to the accompanying drawings. 

27. A lining seginent substantially as hereinbefore described with reference 

.to· and _as shO\-vn in the accompanyii1g drawings . 

. · .. ··l,__ -


