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 Title: Method of 'Manufa_ctnring a Tunnel or Shaft Lining or Pipeline
Description of Invention

" This mventlon relates toa method of manufacturing a tunnel or shaft
"hmng or pipeline of segments each of thch is adapted to be connected to further'-
_ segments.
- For brevity the 1emamder of this specrﬁcatxon will refer in general to
nmnel linings, but this should in alI situations be taken also to mclude shaft linings
" and the like. Where applopnate pipelines will also be discussed.
. It is well known to manufacture of tunnel hmngs using curved |
| ~ segments connected end to end and sxde to side . In addmon the manufacture of
pipe hmngs from segments connected énd to end is also well known Such
segments typtcally are formed from concrete with internal reinforcement of steel
bars. However there are dlsadvantages with such mtemally reinforced segments
' both n terms of the gradual dem adatron of the steel 1emforcement and in terms of
| sealmg the segments in fluid tlg,ht fashron to one another. This latter disadvantage
s largely as a 1esult of the natme of the concrete sur ffrces agatnst which such seals
_press, which commonly h'we m'my m egulm ities. '
| © In J'tpanese patent specxﬁcanon JPOl 154996 there is drsclosed a
'method of mal\m" a curved hmn& segment in which a concrete core 1s lined
e_xtemally with fibre reinforced cement mouldings. Each of a pair of mouldmgs 1s
- of a generally tray shaped conﬁgnr'ttion having a base and 'outstandino sides. The
-mouldmg,s are an'moed with the outstnndm(7 sides of the two trays facing one'
“another. 'Concrete is then mnoduced mto a substannally closed cavity thus
produced, to form the segment. ' |
_ Such a construction may snnpllfy the m’muf'lcturm pr ocess, bt it is
necessary for the core to be provided w1th reinfor cement as the cement mouldmgs

will not provide snbstantnl structur: '11 str ength to the core.
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First, this is because of the nature of cement mouldings. Cement, like
coricrete is not strong in tension, which is why it is essential to provide concrete
with some reinforcement which is strong in tension. _
Second, if such mtemal reinfortement was not included in the
construction described in the earlier Japanese patent specification, it would be
necessary for the edge portions, or at least a pair of the edge portions of the
concrete core, to be reinforced to give the seginent 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 regai'dl-ess of the material from which the
| cémént mouldings may alternatively be made, the mouldings cannot give ény
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 manufacturing a tunnel or shaft lining, or bipeline section of segments,
wherein each segment comprises a concrete body having an extrados surface,
an intrados surface and first and se_éond ends and first and second sides, the
ends and sides providing edge .poﬂion's, the segments being adapted to be
connec;téd to further similar se_gn1ents with edge portions adjacent edge portions
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 towethel w1th one of each of theu enveloped ends or
sides adjacent, and sealing between the enveloped ends or sides. _
Thus the tunnel or shaft lining or plpelme is made of generally
curved, segments which are each reinforced by'e_xtem‘al_1'e1nforcement material.
Most conveniently the reinforéing material of each segin_ent is provided
by a pair of generally “C” or channel sh'aped reinforcing m'embers_ each having
an edge part which in use extends alongside an edge portion 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\,eac;h' overlies a part of the
~ intrados or extrados surface and the method fmthér includes making each of the
- segments by supporting a pair of reinfoi‘cing members génerally parallel to but
spaced from one another, and casting concrete into the space bcMeen the
_reinf_orcement members so that opposing edge.portions of the concrete body
thus formed, are enveloped by the reinforcement members. |

| Thus there is no dxscontmuxty in the 1e1nforcmg material along the
 reinforced sides or ends. _

If desired, usually lalgely for cosmetlc reasons, and to facilitate the
casting in concrete of the, usually curved, intrados or extrados surfaces, at least
one of an eXtrados and intrados surface covering member is prdvidéd, which
may be supported relative to the reinforcement members so as to form a cavity
into which the concrete is cast. | |

Such covering member will add little strength to the segmeﬁt but will
- en’able an extrados and/or intrados surface of improved fmish to be produced,
thus reducing or even ehmmatmg ﬁmshmg, work within the tunnel or shaft -
hnmg or pipeline, which otherwise may be xequued

Pzefe:ably a covering member is provided for both the intrados and
extrados surfaces, 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

‘supporting the additional coveung, membels lel'mve to the reinforcement
.members and the covering. metmbers for the mtndos and extrados suxfaces SO
~as to form a substantnlly closed c'1v1ty, and introducing the concrete into the:
“cavity through a passque plowded in one of the covering or additional covering
' membels under pxessme | _
So that the 1e111f01ce1nent material t:nvelopmt7 the ends or sides of thc

“segment can be made as thin, strong and light as possible, the rem-forcement
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members are preferably made in a fibre reinforced plaSﬁc material, with fibres

- of the reinforcement extendnng genelally along the 1e1nforcement member. The

| remforcement members may be made by pultmsmn or another suxtable method.

The fibre reinforcement may. ‘comprise continuous ﬁlament mat and

stitch bonded rovmg cloth and the plastlc may compnse resin.

Duri ing consnucnon of the lining or pipeline, a seahng member may be

located between ad_]acent enveloped ends or sides of 2 a pair of segments prior to

the segments bemg connected or. ﬁmlly connected to one another, Thus the :

seahng member may be compxessed between 1e1nforc1ng materlal enveloping
the adjacent ends or sides as the end or s_xdes are connected together, although
a hyd1'0phih<: kind of'-:seali‘ng_ membe'-r may altern-atively/additionally/integfally
_ be prov1ded | |

Accoxdmc to a second aspect of the invention we prov1de a method of

ma_nufactm ing a lining seg,ment comprising a concrete body havmg an extrados

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

sides, the ends and sides proyiding edge portions, the segment being adapted to -

be connected to a further similar segment with an edge portion adjacent an edge

_ portion of the further 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.
According to a third aspect of the invention we provide a lining segment
comprising a concrete body having an extrados surface, an intrados surface,

first and second ends and first and second sides, the ends and sides providing

“edge portions; characterised in that the ends or sides are enveloped by |

1emf01c1ng7 material.
"The ‘reinforcing - matelnl 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 generally parallel flanges which -are integral with the edge pait of the
reinforcement member and in use each overlies a part of the intrados or
extrados surface. ' _ _

By virtue of the use of reinforcement members,- the reinforced sides or
ends of the segment may be made to other than simple plane shape. For
example the edge part of one of the pair of the reinforcing members and the
~ corresponding edge portion of the concrete body may include a male formation
“and the edge part of the other of the pair of reinforcing members and the

con'e'sponding edge portion of the concrete body may include a corresponding

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

engage with conespondmg female and male formanons 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 one of the pair of the -reinforcing .members and the corresponding
edge portion of the concrete body, may include a recess formation. In use the
recess formation together with an edge péu“c of an adjacent segment may provide
a cavity for receipt of a sealing member between the adjacent lining segments.

Thus the ploblems of se'ﬂmo between bare concrete surfaces with
xrregulaunes is overcome. o _
| . The ends of the segment may be curved, following the profile of the
“intrados and extrados surfaces and thus in " use -extexiding 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 pipelirie

The teinforcing material mqy envelope the ends of the concrete body
and/or the sides of the concrete body.
| A covering member may be_provided subétantially to cover 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 contiﬁuous fibré mat
and stitch bonded uni_di_recﬁtional roving cloth, and the plastic may comprise,
resin. The reinforcing members may each be made by pultrusion, with the
'einforcing fibres extending genemlly along the reinforcement member, or by.
moulding or another similar method. | |
* According to a fourth aspect of the pxesent invention we provide a lining
of a tunnel, shaft or pipeline comprising a plurality of lining segments
according to the third aspect of the invenfion connected together with
reinforcement material enveloped edge pomons of the segments lymg ad_]acent
other similarly enveloped edge portlons _
Embodiments of the invention will now be described, by way of
. _exa:ﬁple only, with reference to the accompanying drawings in which:
FIGURE 1 is an illustrative view of part of a short section of tunnel
lining made by a method accmdmg to the invention;

FIGURE 2 is a cross section through line A-A in Figure 1, showing

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

embodiment;
| FIGURE 3 is across section through line A-A in Figure 1 showing a
join between edj'acent tunnel lining segments made by a method of a second
| embodiment, and |
FIGURE 4is a detailed cross section through the reinforcing material
of the embodiment of F igure 3. o
FIGURE 5 is an illustrative view of a tunnel lining segment at a stage
~ in manufacture. | o
Referring to Figwre 1 a tunoel lining 10 comprises a plurality of like
curved tunnel segments 12. Each tunnel segment 12 is of an arched or curved shape
and comprises a concrete body 11 which has an extrados surface 13, an intrados

surface 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 sxdes compnsmg edge portions of the concrete Body 11. The- '
ends 15 16, are arranged circumferentially in the tunnel and thus follow the curved
proﬁle of the mtrados and exuados smfaces 14,13, while the sides 17, 18, are
_ 'ananged longitudinally and are thus genelally straight. In this anangement 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 ernl')odime'nc only the ends 15, 16 or the sides- 17,
18 may be so enveloped. - | B ' '
| - The ends 15, 16 and sides 17, 18 are enveloped in that the edge
ponions-of the ends 15, 16 .and sides 17.,._18 of thie body 11 are received within the )
reinforcing members -19-;wit'h' an edgel part 19a of ﬂxe reinforcing member 19
e>'<tendirx<7 alongside. the respective end 15, 16 or side 17, '18 and integral ﬂanges' :
19b 19¢ overlapping penphe1 al pomons of the mtxados and exnados surfaces 13,
14 of the body 11, as will be described. more fully below so that the entire edge
portions are enveloped, For a _typlcal tunnel lining segment 12 the ﬂanges 190,
19¢, extend 45_m1n onto the i'ntrados axid/or extrados surfaces 13, 14. B
Refénin_g to figure 5 particularly, each tunnel .lining segment- 12 is

made using a mould support 40 tc)'sup-boﬁ a pair 'of_ 1'einforc.ing members 19
generaﬂy parallel to one another and spaced apart, the space S between the paif 19
forming a castingcavity. A]though m ﬁgnre 5, reinforcing 1hen‘1ber_s 19 for ﬂie ends
-' :15, 16 of the concr-ete body 11 only are shown, optionally, reinforcing members to .'

reinforce the sides 17, 1'8_ of th_e_. body 11 may also be supponéd by the support 40.
| In each case there 1s no need fo provide within the mould any -
additional reinforcément for fl}e concrete as the concreteb_ody 11 ivhen cast, will -
obtain -su'fﬁcient reinforcement solely from the extehnl reinforcement members 19
wluch envelope the ends 15, 16 and/or sides 17, 18 of the coicrete body 11. |

' The casting cav1ty 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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covering ‘members 41,42 for the intrados and extrados surfaces 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 -
reinforcement members 19 e.g. by an adhesive or may simply be supported relative
‘to the rein_forcenieut members 19 by the mould support 40. In such circumstances
spars may be provided to span the extrados or intradoé surface covering members
41, 42 during concrete casting, which spars will become enveloped in the concrete.

Where onJy the ends 15, 16 or sides 17, 18 of the concrete body-11
are reinforced with reinforcement members 19, the non enveloped ends 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 0 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 reinfdrcirig
members 19 eind any coverihg members is filled. Where the casting cavity 1is
substantially closed by the reinfdl"cement members 19 and covering members 41,
42, 44, 45, a passwe P may need to be made in one or more of the covenn(7
membels to penmt the concrete to be introduced, preferably under pxessure to
~ ensure that the concrete fills the cavity, there being air escape holes H provided
where lxeceésaxy to penni't any air trapped by the concrete to escape. Thereafter the
concrete may be appropriately treated to settle ‘the contents, and the concrete
allowed to cure. | - |

Thus the body portion 11'_§s formed within thé .reinforcing members
19, such that the ends 15, 1 6 and/or sides 17, 18 are enveloped at the time of
manufacture. The concrete used may contﬁin reinforcing elements, such as steel or
glass fibres, within the pourable ‘mix if so desued, although pxefelably the
| reinforcing members 19 are designed to pr ovxde sufﬁc1ent overall reinforcement.

The mould suppon' 40 may include a former of an appropriate

material such-as steel or wood, to ensure that the mould provided by the
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reinforcement members, covering members, shuttering etc. it does not twist, sag, or
otherwise distort. |

A plurality of tunnel hmng segments 12 are used to manufacture a
tunnel lining by joining them to;,ether end 15 to end 16 and side 17 to 51de 18 with
further similar segments, as shown in Fxgure 1, to produce a circular lining 10.
T'hus. reinforcing members 19 which envelope  the ends 15, 16, provide
ci_mumferehﬁal reinforcement and/or reinforcing members 19 which: envelope the
sides 17, 18 provide lon'gitudinal reinforcement.  Any appropriate form -of
connectors may be used to secure the segments 12 in place, for examplc connectors
of the kind disclosed in British Patent No GBZlalS 14.

The reinforcing members 19 which envelope the énds 15, 16, or
sides 17, 18 may provide mating surfaces as shown in ﬁgure 2 at 15a, 16a for the
ends 15, 16. | | |

Referring to Flgme 2 in particular in wluch 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 121 is formed within a reinforcement member 19 with a male
formation 20 and a second enid 16 of an adjacent similar segment 12 is formed
w1thm its reinforcement member 19 with a female formation 21. The male
formation 20 and female formation 21 ar(_-:_adapted to hxtel'-engage when the
adjacent tunnel 'segmehts 12 are connect.ed in use as shown in Figure 2. The male
and female fonﬁations 20, 21 provide some level of sealing between the adjacent
segménts 12. In addition they assist in accurate rehtive location of the tunnel
seg,ments 12 with respect to each othel dunn;, construction of the tunnel lining 10.

The ends 15, 16 further each comprise a recess 22 and 23 formed
within the reinforcement member 19. The recesses 22, 23 are adapted to cooperate
with each other to p'rovide' a cavity 24 inbetween the adjacent segmentﬁ 12. The
cavity 24 may receive a sealmg, means in the form of a compressible gasket 25

"and/m a gasket of or containing hydrophilic nnteml Alternatively, the sealing
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means may take the fo1m of se'ﬂant wlnch cures or sets after being mJected or _'
otherwise is introduced, into the cav1ty 24. |
_ If desired only one of the ends 15 or 16 may have a recess 22 or 23
which co-operates w1th a plain face of the opposmg ends 16 or 15, but neveﬂheless
fonns arecess for a sealing means. .
_ Referring now to Figure 3, an - altematwe form of remfoxcmg o
 member 19 is illustrated thh hke_ parts to the 1e1n_foz cing members 19 described in
relation. to figure 2 be'mg like i‘eferexiced In ﬂlis einbodiment- the male and female
| form'mons are omitted, but the recesses 22, 23 for a sealing means are retained. |
Referring now to Figure 4 detaxls of one form of the remforcmg '_
member 19 particularly appxopnate. for _the embodiment of Figure 3 is shown. The
reinforcing member 19 comprises fibre reinforced ﬁlastic material in'the form of a
laminate. Two kinds of fibre 'ax"e_ used, cdntipeous filament mat '(CFM)- 30 typically -
of 300g/m2 and stitch bonded unidirectional roving cloth (SBURC) 31 typically of
900g/m The density of the fibre elements of the laminate is not the same for all of
the area of the reinforcing material 19, as can be seen in Figure 4. A central layer of
- SBURC 31a, is sun'ounded _by an 1ntenned1a_te layer of SBURC 31b in the flanges
19a, 19b and of CFM 30a in ﬂle web or edge part XX. An outer-.layer of CFM 30b
) surrounds the intermediate lﬁy_er 311)_ and 30a. T'he. fibres of the SBURC 31 is
| 'on'ex.lt.ed. Jongitudinally of the reinforci_ng- material 19, In one manufacturing
' method the fibres of the lammate when laid up are unme1sed in an appropnate
resin, for example Crysnc 701 P.A. in a mould and may be subJected to vacuum to
ldxaw the resin and embedded fibres into the mould, but any appropriate alternative
- manufacturing technique iay be used. For example the 1'ei'11f01'ci11g member 19
may cb’nveniel_lﬂy be made by pul_h‘ﬁsi_Oh | o ' |
Where the 1'eiml°orcinl<c,lr mexﬁbér 19 is for a curved end 15, 16, the
. rei_nforcement_ member 19 will need to 'be-con'espondingl.y curved, so as to follow

the desir_ed'pr_oﬁle of the e.-\'u'ad'os:_'13 and intrados 14 surfaces. Thus the fibres and ,. '.
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resin would need to be moulded to an applopnate shape preferably with the fibres
following the desired curve. '

Although the embodiine’nts described above incorporate enveloped
ends and sides, embodiments accordmg 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 cnculax and therefore compnse ends but no sxdes the pipeline
bemg formed from a plm ality of round segments being connected end to end.

- The features disclosed in the foregoing description the following
claims or the accompanying d_rawmgs, expressed in their specific forms or in terms
ofl a means for performing the disclosed function, or a method or process for
attaining the disclosed result, or a class of group of substances or compositions, as
'appropriete, may, separately, or in any combination of such features, be utilised for

realising the invention in diverse forms thereof.
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1. A method of mzinufacturing_ a funnel or shaft lining or pipeline of
segments, wherein each segment comprises a concrete body having an ex'trades
surface, an intrados surface and first and second ends and first and second
sides, the ends and sides providing edge portions, the segments being -adapted
to be connected to further similar segments with edge portions adjacent edge
portions 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 51des

2. A method according to claim 1 characterised in that the i'einforcing
material of each segment is provided by a pair of generally channel shaped
reinforcing members each'hav'ing an edge'pan which in-use extends alongside
an edge portion of the concrete body, and a .pair of spaced generally parallel
ﬂar'lgeé.which'are integral with the edge part of the reinforcement member and |
in use each overlies a part of ﬂ}'e intrados or extrados surface and the method
further includes making each of the “segments | by supporting a pair of
reinforcing members g,euelally p'nallel 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.

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
supported relative to the reinforcement members so as to form a cavity into

which the concrete is cast.
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4. ° A method according to -clairn 3 characterised in that a covering member
is plOVldCd for both the intrados and extxados surfaces, which -covering
members are suppox“ted relative to the 1e1nforcement members are relanve to

each other during concrete casting.

5. - A method according to clzum 4 characterxsed in that addxtlonal covering
_members are pr ov1ded for each of the sides or ends which are not enveloped by
‘the remforcement mateual and the method comprises suppomng the additional |
covering membels relative to the reinforcement membels and the covering
'.members for the mtxados and extrados surfaces, so as to form a substantlally
closed_cavny, 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 reinforced
plastic material, with fibres of the reinforcement ext'e'nding generally along the |

reinforcement member.

' 7. A method accondm" to claun 6 Ch&lﬁCtGllS»d m tlnt the 1emfo1cement

. members.are made by pultxuswu

8. A method according to claim 6 or claim' 7 characterised in that the ﬁbre
1emfo1cement compuses contmuous ﬁhment mat and st1tch bonded lovmg

cloth 'md the plqstlc compuses 1esm

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 finally connected

to one another.

10. . A method according to claim 9 characterised in that the sealing members
is comipressed between reinforcing material enveloping the adjacent ends or

sides as the end or sides are connected together.

11. A method of nianufacturing a lining segment eomprising 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 poniens, the segment
‘being adapted to be connected to a.ﬁ_mher similar segment with an edge portion
adjacent an edge portion of the further segm_ent, 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 comprising a concrete body having an extrados
suxface an intrados surface, first and second ends and fust and second sides,
- the ends and sides being p10v:ded by edge pomons characterised in that the

‘ends or sides are enveloped by xemfownu, ; material.

13. A segment according to claim 12 characterised in that the reinforcing -
material is provided by a pair of edge reinforcement members each cdmprising

a generally channel shape provided'by an edge part which in use extends
alongside an edge portion of the cohcrete body, and a peﬁr of spaced generally
parallel ﬂ'mﬂes which. are mteg,ml with the edge part of the 1e1nf01cen1ent :

member and in use each overlies a part of the intrados or extrados surface.

14. A segment according to claim 13 characterised in that the edge paxt.bf

one of the pair of the reinforcing members and the adjacent edge portion of the |
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concrete body includes a male formation and the edge part of the other of the
pair' of reinforcing members and the adjacent edge portion of the concrete body
includes a corresponding female for'mati_on; the male and female formations
being adapted in use to infer-e'ngage with corresponding female and male

formations respectively of adjacent curved segments.

| 15, A segment ac,co_rdihg 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 -
coxresﬁonding'edge'portion of the concrete body includes a recess formation, in
use the recess formation together with an -e'dge part of an adjacent segrhent
providing a cavity for receipt of a sealing member between the adjacent lining

segments.

16. A segment according to any one of claims 12 to 15 characterised in that
the ends are curved, f_ollow'i.ilg the profile of the intrados and extrados surfaces,
“and the sides are generally gtx’aiglxt, 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 ends 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 member substantially covers the extrados surface.

19. A segment.according to any one of claims 12 to 18 chatacterised in that

an intrados surface covering member substantially covers the intrados surface:
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20. A segment accordxng to any one of clauns 12 to 19 cha.ractensed in that

the remfommg matenal comprlses a ﬁble remfm ced plastxc material.

'21. A segment according to claim 20 cha_racterised in thét_' the fibre

reinforced plastic material comprises a continuous fibre mat and stitch bonded

unidirectional roving cloth, and resin.-

22. A Seg'ment' according to any one of claims 13 to 21 iyhere appendent to
claim 13 characterised in that the reinforcing members are each made by

pultrusion, with. the reinforcing fibres. éxtending. generally along the

reinforcement member.

23.- A lining of a tunnel, shaft or pipeline comprising a plurality of lining
segments according to any one of claims 12 to 22, connected together with

reinforcement mateual enveloped ed&,e portions of the segments lying ad_}acent

_ 'othel similarly enveloped edge pomons

24, A lining of a 'tunne'l,_' shaft or pipeline substantially as .h'er'einbefor.'e .

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

25. A method of manufacturing a tunnel, shaft or 'pi_p'eline substantially as

hereinbefore described with reference to the accompanying drawings. -

'26. A method of manufacturing a lining . segment substantially as

hereinbefore described with reference to the accompanying drawings.

27. A lining segment substantially as hereinbefore described with reference

to-and as shown in the accompanying drawings. -



