TUNNELLI NG AND TUNNEL RELI NI NG EQUI PMENT This invention relates to .. ¢ -
tunnelling and tunnel. relining equiprent and in particular to a Shiel
fn construotlng a lined or relined tunnel and to a nmethod of utilisi
shle]d in producing a lined or relined tunnel It is known f
Patent No.. 1,288,393 that a lined tunnel is Hade from three adj oini
i nimg segnents each extendlﬂgnmmmnmgmmnmuunn,anmuﬁimnBDHENTto forma

toroid and that the g§
arranged to advance W ?h excava F%ln%t%? J[%t&gnunnﬁﬁ Lﬁl%ac nle%glfunné%g us
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~equi pment and artﬁ:ﬂﬂé]ﬁ@ﬁ@ttwé B HFSukh 136110 €He isRiéidBin RoBding 283ndd3r! S
adequate for tu% Paw ng a bore of 122Qmm or less it has been found that
s,

with larger dia for exanple up to 3 nmetres, the arrangenent
of utilising Bnly 15ttt s éemgﬁmt@sBr. aptien'esNoa B.m'881393hahémg Hmeﬂrmmnehlis

di ameter which i E%Eq s%gﬂ@n% gi@,; ﬂigﬁ
lining toroid bé%gluse:ln erectlng t e segﬁE torol ‘%] he s mant

which is the se@ni2Q 0sp@sptRiforBfegoraid, and ithay the ssemprtroarey| inti Ydly in
order that the tebeéﬁbdsw@amémywm@hpwla&&@d td3aavize mmﬁu@ﬁreﬂ&ae

in 20 thickness wt re di a Ier rovide the, ne ess strength
of l'ining, so tfk er Tﬁ‘?%grﬁ o:\‘s f‘h‘és%ﬁgﬁddff?“ eﬁ’tﬂ’?g Bf%se
Such an incrd@seoreidsi.anet er of the shield necessitates not onIy excavat| ng
a tunnel of greater pdigaRhe g)lg%mhlﬁ Q&.!%L@ 9%“%'@“" Q%Eh and
lining which is re wrec%&’{% % grouti ng SO |ncre ses

will be appreci ieRlospadtin iR Patans 1#88.3This Adegwate £or
tunnel | i ng cost bofd@fPIZ2RRMtor m&whtqmssae&sfhﬁﬂomﬁ dﬁt}ﬁl diaieter

constructing a tun d tunnellin i n_which t or egoi.n

i ncrease in cosméfég%e 8 %?E‘S& gﬂlo Pﬁ‘gagé H‘gtﬁmghﬁy
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greater arcuate_length than the fourth, and a shield co r|5|p t ubul ar
menber, an i nt e§PERYSEOIR SRECIHREENE BEFERES Of the sPERidyth h"é“'FBr’oﬁaFBe

end of said second to be positioned is required to be pivoted outwardly in order
that the third segment may be positioned. Because segments increase in
20 ﬂudmess with increasing diameter, to provide the necessary strength
of lining, so the internal diameter of the shield is required to
increase. Such an increase in diameter of the shield necessitates not
only excavating a tunnel of greater diameter but that the distance
between the shield and lining which is required to be filled with
- 25 grouting also increases. It will be appreciated that this leads to a
cons:.derable increase in tunnelling cost.

The present invention seeks to prcv:.dé a method of - constmct:lm a
tunnel and tunnelling equipment in which the foregoing increase in cost
is reduced. '

30 According to a first aspect of this invention there is provided a
method of constructing a lined or rel:med tunnel utilising four lining
segments, three of said segments having a greater arcuate length than
the fourth, and a shield comprisipg a tubular member, an integral
bottam, curved build plate located inside the forward end of said

35 tubular merber, the build plate having a minimm internal dimension at

. least the same as the outside radius of the lining, a substantially
circular skirt projecting fraom a rear end of said tubular member and
having substantially the same diameter as said tubular member, said
skirt having a rearwardly extended hood disposed about an arc




35-tubul ar nenber, the build plate having a mi nnum internal di mension\at

| east the sane as the outside radius of -the lining, a substantially

gerhar- skirt projecting froma rear end of said tubular nmenber dnd havi ng "
tially the sane dianmeter as said tubular nenber, said skirt having a

reay WXl y ext ended hood di sposed about -ag arc . enconpassi ng the-uppersf .
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shield which pﬁleeg, 5,f| thellekar@adl irin angcgmmgtarena{qsy agpter greater t han

t he out side dra r he erected I|n|n b osrt 0N a first, seqment
of long length o ‘%"T"g ) éﬂﬂ%]g"%@? *"b%‘d w’é"é%‘ eid
segnent of 3 éagammtmmaaﬁeam@mabfdnatmzr gseatsegtrhantt;he( dxtsddgagi ng one

end of a thi ek RiH Rl reBtkd eigg, 10 the other” end of the first
segnent, (e) rarsrng the other ends “of the second and third segments by

pi voting the-one (Rh®ROstRigndpg asg’-‘é%t ge0mEBt 0 1opR Lengidy fB dhe Belldourth. 15

segnent, vvhepﬁa;ea toroid i-'s formed, (f) urgr ng the t hus formed toroid
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hood, 20 10 el@th)OffﬂH EHEpY Hegl!ep&ee rearvvard of a coI I ar of the skirt beween

the iini ng and t 18) ShighdihgObne ehd \GH 8§ CkHivA Slgmeht1 2T 1digCESINtR W Lhefill er
materi al , dvancr ng th Shl el d and repeatiing the steps of a-h. In a
preferred e °tfh§‘°f t 8#@™8Econd segments each 25 extend t hr ough

an arc of [ERR] 4&ay mAsihg‘ ehetdmee@tmtofexhendemtdﬁmg:hm sageentBiBh | S

Lg;ZtLQ?ne;Pﬁrﬁﬁéﬁg% an arc o? ﬁ%ﬂdﬁ; g\hé%e W%orned
the step (Jé) seFmEptowharely & teidHs fomed,

(£) urging the thus formed toro:.d rearwazdly to Joz.n with the
prev:r.a.xsly erected lining,

(g) advancmg the shield such that a major length of t.‘ne newly
formed toroid is:below said hood, '

20 (h) filling the space rearward of a collar of the skirt bebueen
the lining and the shield or excavated tunnel under pressure with
filler material, '

(i) advancing the shield and repeating the steps of a-h.
In a preferred elbodiment ‘the first and second segments each
25extemithrmghanarcof 120 arxdsaldfourthsegmentextendsﬂ\m.lgh
an arc which is less than that of said th:.rd segment, saJ.d third and
fo.xrthsegnentstogeﬂmerexterﬁ:.ngtrmlghanarcof 120 .
Where a turmel is being formed the step (a) prrov:.dmgalength
of tunnel is performed by excavation. | |

30 Advantageously the second, third and fourth segmehts of adjacent
toroids are disposed on oppos:.ng sides of a vertical axis through said
toroid whereby tolerancing errors in the length of the segments are
accammodated. :

‘The filler material may be single size pea shingle preferably

35 selected from a mesh size in the range 6-10m. The pressure under o

which the shingle is fed is preferably 517kPa. |

In a currently preferred etbodment wherem means for rotatably
and radially rtanoeuvermg J.ndJ.vz.dual segments J.s mounted on a leading
end of a skip prov:.ded for removmg excava_ted material and the segment
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of Kg/nnel I's perfornmed by excavation. 30 Advant ageously the second,
third and fourth.segments of adjacent toroids are di sposed on opposing
- gides of a.vertical axis through said toroid whereby tolerancing er
the length of the segnents are acocnmodat ed. The filler materi al
Si ngl e size pea shingle preferably 35 select®d froma nmesh size i n

range 6- 10mm The n |mni;,c§:,;n[% S f g% 23k Y |
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posi tioned by rot at abl;%a‘”,{}u fsog_g [ ‘B'I"e!lorlgﬁl"g'&g;& l]?ism dtmannel

manoeuver i ng me2h &t 1 &g pos oAl Ng_Sal segnen
by positionin§ saaddsmt mquaaueqlqsdsquasmmgdgmtmggm segnape frongsaid

required radi usgfj éﬁ gewﬂg|smgldj&5r§1@heg{é ghhna1[ ot at i ng 5 sal d segrrent
into a desired Tocat I on dem)untl ng.said segnent from al
removi ng said skip AGREagR s%\f&ﬁ‘f'%?ﬁﬂ

excavat ed nmat erhaineimtitemwmedmhh&éfrah.s rem)ved ther ef rom

Conveniently the s chﬁr&éx ”&%5.5*.8% lﬂgf,@ﬁ@
. retractabl e pins in sal euver| means predeterm necﬁ ocat | ng I'n

radi al hol es 10Hmorgkragiiakle Ph%s ﬂ-hl#%iﬂ RncevVesiing Jnepps [pEedefierginadd:

Preferably the jRAPGHY¢hi PAIAFHRTed RALMEASHIAN @R fiNRrSRARRIAL 18 w@eal ly
and subsequently circunterenti al I?/ posi tloned by activation 15 of said

ranms. Accordi ng’-’twcseécond aspect of this invention there is provided a
shield for assenbl yprdfetrablycthé wewmmmammmamdsmml

ey de & for uar i GRETRY Sl Risohdeathe B LY BEationta P bituaeRitd
segnent s, thdShef sdidplrame. havi ng a m ni numinternal dinension at |east the
same as the outsi deas@phatts; 85 4 BBcdridNhdibctBf this invention there is provided
a shield for assenbly of tunnel lining segments within an excavated
tunnel comprising a tubular member, an integral bottam, curved build
plate located inside a forward end of said tubular member for
20 supporting lining segments, the build plite having a minimum internal
dimension at least the same as the outside radius of the lining, a
substantially circular skirt projecting from a rear end of said tubular
member and having substantially the same diameter as said tubular
member, said skirt having a rearwardly extended hood portion disposed
25 about an arc incorporating the upper curved part of the tubular member
for protecting at least the last assembled lining segment fram the
excavated turmmel roof, and a flexible collar extending from the
confluence of the tubular member and the skirt interiorally of the
shield said collar being directed radially irwardly for providing a
30 seal between the lining segments and said collar, the collar having an.
L-shaped foot for clampingly securing said collar to the tubular menber
and skirt cambination. '
Preferably there is provided a clamping ring having substantially
the same internal dimension as the build plate, said clamping ring
35 being secured to the inside surface of the tubular member and
overlapping the rear end thereof and the foot of the collar, and a
fixing means directed radially through the 'clanping ring and the skirt
for clamping said foot between the clamping ring and the skirt.
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substantially circular skirt projecting froma rear end of said tubul arx_/
menber and havi ng substantially the sane di aneter as said tubul ar nenber,
sai d sklrt having a rearwardly extended hood portion di sposed 25 about ,an
arc i porating the upper curved part of the tubular nmenber for

prote g at least the |last assenbled |lining segnment fromthe excavatedug
t unnel of, and a flexible collar extendipng fromthe confluence of the

t ubul ar menber ‘and the skirt interiorally of the shield said collar being
directed radi al | fpdvantagetiuply dtheppuiliddpinfeaed@nde shromhyae Rrehin kheinegae

segnments andlg@.lgdgo &Rl grereldiyCddRr dRVERGENRDY lehd h&ﬁ@é 190t ifsor
-cl anpi ngI y securing said collaf tq thg t ubul ar nenber - skirt
d

combi nat i on. SPFHRY erBEiFRe et T ed a cl anpi ng r| ng havi ng

substantial | y t h#heameentiicarwidll odwrbesdesceritsed be waui ¢fl epdngtle, wizhi d cl anpi ng

ring 35 beigg s g?hﬁe, S tubul ar menber and
over | appi ng th %‘%(rég%ereqon%\ Eere Gnd é,{]g“&’f?‘gso? o‘%ﬂgﬂe collar, and a fixing
neans directed rE#-dl BYoHshao RIe YiRy of diei hipg ripomprtst peeds kn rghisor

cl anpi ng sai gnfPRiobet ween the clanping ring and the skirt. -4-

Advant ageously the huild plate extend rou arc N the range. 120- 220
and preferably [E gs_ B8R 1 V3™ g%ﬁ?‘ﬁg‘ﬁﬂ' BURHR ¢° RSSPTRIREd i n
the shield. Whih ithi/sarihirentlmﬂ now be descri bed by vvay of exanple with 5

reference f thegﬁg%ognayy el AirgSal Bridi-Sheeichl Ghubusl NS @iinglidnyi ew

nts use n this Invention, Fi g. 2 shows an end view of
the tunnel | i ﬁ%‘l@ﬁ‘ﬁ‘i‘tpﬁén’fhhsnl%f@eﬁ%nce with this invention, 10 Fig.3

. shows a part, verig£ak MS%W&@&@M&H@WW&WGnMi@ﬂW of
this inventi andSSh hetu nellgg 2 nt of this

n.. Figs.
I nvention at 8ﬁf§efsgteﬁfa%"tsa§%scmﬁ con%?? uc |ng unnel, and Fig. 6
shows a segnent Eiecti shp«sppaegment etscting amatmmf-l gures |like reference -

nuner al s° d_@‘lot e hkePidies like reference nurerals denote- like parts.
A lining toroid 10 shown in Fig.l has first, second, - -third and
~ fourth segments 1, 2, 3, 4 respectively, the first and second segments
extending through an arc of 120°, the third segment extending through
.~ an angle A in the range 110-112.1/2° and the fourth segment extending
' 20 through an angle B in the range 10-7.5°, the third and fourth
- segmeﬁts in cambination extending through an arc of 120°. The arc
through which the fourth segment extends decreases with increasing
diameter of the tumel lining and'.the .fofegoing angles of arc are for
_ linings having internal diameters 1500mm-2200mm. Each segment has a
25 male end 5 and an opposing female end 6, adjacent male and female ends

of the segnehts being arranged to interlock.
. As shown in Figs. 2 and 3 a shield 20 has a greater intermal
. diameter than the external diameter of the toroidal lining 10 and the
shield is formed by a tubular member 21. Within a forward end of
30 the tubular member is eveniy disposed a curved build plate 22 of near
parabolic shape having a minimum radius substantially the same as the
radius of curvature of the tubular member 21. The build plate 22
extends through an angle C in the range 120-220° and preferably
146°.It is to be noted that the internal radial dimension of the
35 build plate is arranged to be, in :general, larger than that of the
external radius of the toroid 10 and is chosen to permit the segment 1
positioned thereon to be able to move without too mich friction and yet

#



Mng toroid 10 shown in Fig.1 has first, second, third and fourth
seg ts 1, 2, 3, 4 respectively, the first and second segnents ext eaeh
t hrough an,arc of 120, the third segment extending through an angl ¢
i he range 110-112. 1/[ERR] and the fourth segnent extending 20 throlg
angT’e Bin the range [ERR], the third and fourth segnments in conbi natlon
extendi ng 't hrough an arc of 1200. The arc through which the fourth segnent
ext ends decr easesovptdsent cugfixiiegt dirageicn tofpreventt the searenti hdrameliding

foregoi ng angl es g, &, tezf&r 3bidtanSiferRaYE10AL RHSL R sEirdPRbLEFEg. 2 the
- 1500mMm 2200mm Each se has a 25 mal e end and an oggosbgﬂ femal e end
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shape having a m ni Mgl delletld 2348 ehditigl siitirdS1édigth

~curvature of the tubular. nmenper 21. he bUIl e 22 extends, t hrou
angle Cin the r&NgelaroekirsSy, §he uppet porht TE%%&] eﬁge‘?]ma?ﬁléx%
the internal radifotmd m'aembhtiyadﬁépdsadlaboptanearcseamgmtgtﬂléwppem

Chosen to pornif TREd g8k AF maos i Sh Mbf Sht huiod 151631 furkidolt &5

wi t hout too wchmmmﬂe lasttvqwemwﬁsfm@ms £rem the excavated
prevent the segngdbe kﬁﬁmﬁ&@mﬂeﬂmﬁsﬂw roiided) OANBdxiPRY euidt. cdiar

Vrreln’i)ePeZieg; Lrg%%@ﬂtge bui | d F# eBS IS, suggorteggl ns de the tubz;egagg
of 5 location of grbeigagierhe donfluetrotimtvess tBd tmﬁ:ulatremhnbelrdelaadeskare 25.
Sield al'so cob S Blihs 21ty APl 8 33&3@#'&?%‘- ] "%‘ e e s
the upper porti osuficimnt ftoj ke @W@#ﬁd‘e@y regr Thy CAIRING
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recess 32 of the clamping ring 29 are threadably engaged into
20 corresponding nuts 33 which nuts are welded to the skirt 25 by welds.
34. A buffer ring 35 is welded by welds 36 on the opposite side of the
foot 28 fram the clamping ring 29 so that the foot 28 is sandwiched
between the nuts 33 and the buffer ring 35. So as to assist in
maintaining the position of the collar 27 a progectmg dowel 37 is
25 provided on the side of the buffer ring 35 adjacent the collar 27.
Referring now to Fig. 4, a vertical cross-section through an
excavated tunnel is shown in which toroid linings 107, 108, 109 have
already been positionally joined and single size pea shingle 40
selected fram a mesh size in the range 6-10mm has been used to f£ill the
/30 void between the excavated tunnel 80 and the toroid linings 107-109,
the shingle 40 being prevented from movement in a forward direction by
the collar 27. _ _
In the Fig. 4 a length of tunnel has been excavated and segment 1
has been pos:.t:.med on the build plate 22, segments 2 and 3 have been
35 joined to segment 1 and both segments 2 and 3 pivotted outwardly about
the ends thereof which adjoin with segment 1 so as to allow the




roof tunnel when filler material is provided. A flexible rubber collar-\27
having an L-shaped foot 28 which is secured by a clanping ring 29 is y
pr ed at the confluence between the tubular nmenber 21 and skirt 25.. 15
Th itar 27 is arranged to extend inwardly a distance at |east sufficigent
to be~abutted by the toroidal tunnel linings. The clanping ring 29-is. ‘&
wel ded to the tubul ar nenber 21 and bU|Id494ate 22 as indicated by welds

30. Fi xings eg 3 f, the cI | ng -
ring 29 are tcir%ge}'l&tcgl y &n agedhl nt ?:@%rresp%f’rj: nuts%@ 3\/\#‘1'8‘% s are
wel ded to th&egmeny 195 Isywigd| be . amecmts@fmét chngs%se@m d@dr@;ﬂtmld's 36

on the opposighreiigcatiuatbaiehgat iRSrd1aeiod k8 @l rRiditind ReqRehts0sd 3ot id he
foot 28 is sandw ched between the nuts .3 ang?the uffer 35 S0 as to
assi st in maiNERIIATRYHEL SEFPTHR Hr2%¢hE %o ‘ﬂgﬂlﬁ}ﬁel 37
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tunnel is sh\(;gmhﬂ%gjfd; Whl cg%\rigl | Nl ngs %ﬁ%#{ﬁ% ave reagg;%been
posi tional | y PpEetited. %ﬁﬁi:’g? yeEe Sn3¥ W&esﬁﬁgﬂg'l‘fé 26 esppl ArewRte dendihnas

size in the reaplsyed: 10mm has been used to fill the 30 void between the

excavat ed t unnel 0 and the t id.lini . 107- ein
prevented from %ﬁamﬁ r%q%?“ttﬁ‘g%ﬂiiaaﬁr}gﬁ 24é)ﬁg?heg
Fig. 4 a | ¥hgbhoiet. IOMMSemmmmmd%lma@aemlm Fomed
ositioned o to
posi ti Qo}@ﬁ%'éﬂoﬂké‘ttﬁe?&rﬁ&gwwy aboﬁ?‘%ﬁé’*?"@'ﬁ%

segnent 1 and both seqgments 2 and pivotted ou

t her eof whi-c RS Of erpids 4075408, 109 3R e Continued prespuxs, of
segnent 4 belexerted be thedsansf 45 epoR the i?oz&ﬂd R 8 ren &geantéeamws the It

Fength i ﬁpfre?ﬁ%‘?lﬁ? RIS R R ohed o T Lo R e bl ©
segment s 2lforeed torniddN dé mm Haadm t&@ml$4plmlﬂminﬂm aty an
undue . amount as%.ssaafe zesizieh gl dbe il 45 15, 660

of
conpari son w t he ns ructlon shown i.n Patent.. 1,288, 393 where only
three segnen {q%gpt%} r@amy of S.ar‘beimeenthe 1lining _

- and ﬂle shield or emcavated tunnel is filled with single so as to

. provide cont:.nucms gramd support for the lming, an even distr:.but:.m

20 of earth loads to the lmmg and a good material foundation for the
injection of waterproof:.ng grout. In this latter respect the holes 43
in each toroid are fJ.lled with grout and preferably there are three
equally spaced holes 43 in each toroid. Additionally in the formation
of the toroid, sealing tape may be placed in all lcng:.tudmal and

25 circumferential joints.

The collar 27 prevents the pressurised shingle from travelling
forwardly into the toroid constructing area of the shield and the
particular construction of collar employed facilitates a minimm gap to
be utilised between the tunnel lining and internal diameter of the

30 shield. The hood 26 it will be noted fram Fz.g. 5 provides support fram
the overburden prior to and whilst the shjngle 40 is being injected

An end view of a. currently preferred apparatus for erecting one of
the lcnger segments in the tunnel will now be described with reference

_ - to Figure 6. - The segment 1 is mounted on an armate arm 50 having
.. 35 substantially the same external radius of curvature as the intermal
radius of curvature of the seg:rents The segrent l is maintained in
position on the arm 50 by retractable pins 51 (shom in their retracted



eﬁplegd Having constructed a ‘toroid I|n|ng 10 on the build plate 22 the v
10 toroid 10 is urged rearwardly by ranms 41 such that the newy fornmgd
toroid 10 adjoins the earlier constructed toroid 109 to thereby for
conLlnuous lining of toroids 107, 108, 109 and 10. Continued pressu

Shl &rd 20 forvvardly to a p05|t|on where a mejzor | ength of the newy 15

formed toroid 10 i s beneath the good Shingle 40 is, then injected at a
pressure of 517KBE HRPotyEigss B "’H?C}éﬁd'eh‘dts@gta&éel ntppEhearqubnehesots Ofe
toroid until thehepsgeentar e dhy 50f i¢ rewctsd an abecsipeocdthpld hpdrglaadakmhe
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filled with grotl tﬁ\ fe ab%gpthere aretgcf §q% éx aced hoIe 4%|n
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be placed i n al Wwhicngistshsnate amchngld ciar echriupoerzt cladin (nott showhi) epreviidet £87

prevents the pr q,%@gt; In?ﬁ%‘e:% X ge Bgog%]ltn(;a,y&l Fi ngogé"’aﬁﬁla)éti&} 8&%@2%}[}[ Qi d

constructing area art construction
enpl oyed: faci | i tares racakignatieléen- £ H&'@d‘t‘.ﬁeldl ?-%@dc‘%ﬁtlﬁﬁ‘%ﬁp?% tlfhr?éPrar‘ilﬁPng

_z;_nd I gt er nal dd@ Jreuy s@énetnf Heex%%t.&@ eﬂa%iarame theatig6id bo%ﬂt&ﬁni@aﬂ%@dc{]ﬂr@&
I d. provi des or.t rom.the ave uraen .pelor to a | the shin
1071 s bor e e sRBRSed | BB G, Lo bt kiRl Fod e DR asiftenss ko e

erecting one of anfietHeonge52siayaehivated tbhaitsenttel segnieht rumotjéledé@m.’e@ed

with reference tasfl 9P6§1t§ong?18 SROPERG21 4k W%ﬂ&%gﬁ@n@@a%ﬁﬂ@i& ggm 50

havi ng 35 substanti a same_ext er nal _radi us curvature as the
i nternal radi us ToFa%gr V&t%‘r"éﬁ gestud SegreRtrentifle P%%‘él’@'ht 18Gtdvasiont off Fed
in position ops tdhelﬁdnbx@obypﬂsebﬁ@csna&ﬁ 85pithe Sebmést)®aing Betditked ircposietiod

-7- position in Fi e_6) ar e ertabl the out ol es. é%rof
the segnent. Thé’“a gﬁnlsgm%bdﬁ 8#% r%’é’sp 'ca%‘é%lpén?ly e X
from the segment and the skip is withdrawn from the tunnel and
transports excavated r:ater:.al It would thus be understood that by
utilising the apparatus above described for erecting tunnel segments a
20 saving in time and construction cost is produced by ut.tlls.mg the skip
.53 not only for transport:tng excavated material but also to transport
segments to the desired construction position.

The steps of excavating and erecting segments is then repeated;

In a practical embodiment of the invention toroidal linings having

25 an internal diameter of 1000-1300mm are 60cm long and toroidal segments
having an internal diameter of 1500-3000mm have a length of 75cm.

By utilising a fourth segment having an arcuate length much less
than the length of the second and third segments, for a 1500mm internal
diameter tunnel lining, a_saving of 10% on excavation costs is produced

30 and a saving of 50% on shingle filling and grouting costs is effected.
Whereas with the construction described in G.B. Patent '1,288, 393 a
shield of 1880mm O/D was required, this has now been reduced to 1800mm
by utilising four segments as described herein. The savings in cost in
constructing a tunnel as described herein has thus been quite

35 considerable. ' :

Although the invention has been described in connection with
forming a lined tunnel it is to be understood that the invention 1s



52.- The ram 52 is rotatably located on a | eading end of a wheel ed skip 3/
provided for renoving excavated material. Provided to extend 5 _

per pengNcul arly outwardly froma vertical plane extending |ongitudi:n- ally
thrg he skip is a further hydraulic ram having pistons 54, 55, which

pi stris/are arranged to act upon a chain (not shown) provided for rotatinQy
the ram 52. By using ram pistons 54, 55 agding on a chain a |arge o
rotational effort is produced in a confined space. In operation 10 of the
segnent er ectdig PHaFILEsta WelHpg 375 esbiing ddedd dunpdle Loorvigotthe

| ongi t udi nal gxestddion dtapt e ohiitral i id R se b BEBNLe Ba: el el afdeand
the ram 52 |s.actLVﬁ:§%_%§ ragse tge.se nent.into the, desired radial
position and TRe"T: . % FPEPAR

desired ci rcegoendst ofilegpabilength byd dat thvist respeot thel bergeii sfodl brheofour
pi stons 54 er h BRI IRG. & pned. @0 _pesi LLor ; -arm 50 by
virtue of fﬁ'es %%2&5%3§$%e pi B@éﬁgaﬁgt_ %ngm}%ﬁd%g\ﬁn&g%gﬁﬁiege?g%

the skip is Viethet inthe dayankéon dnk? PEAYLder arfopoth Seavankvhavdac msherter. |t
~woul d thus beruasier sémpi teal thy cthéd issgmghtkhe appar at us above descri bed

for erecting tunngl_s nts: saying.in.tijre and consiructi on cost is .
produced by util P% ‘ﬁ'bﬁtggg '%ﬁ%%%s%b}ﬁg‘%\“%%li}“%%ﬁ?gﬁ‘?p%ﬁ ?ﬁﬁt SREERA %‘%
mat eri al but pehsshingle.s aasiescribedgnether suiteble débiarcrhterists may ibenused,

posi tion. I@esugg@cg{engxwg;iﬂg aad ceLecting segnents is then repeated.
In a practical enbodinment”of the’invention toroidal |inings having 25 an

i nternal diameter of 1000-1300nm are 60cm | ong and toroidal segments havi n'g :

an internal diameter of 1500-3000mm have a |ength .of- 75cm By utilising a
-fourth segnment having an arcuate |ength nuch less than the I ength of the

second and third segnents, for a 1500minternal .di aneter tunnel lining, a
savi ng of 10% on excavati.on costs is produced 30 and a saving of 50% on
shingle filling and grouting costs is effected. Wereas with the

construction described in GB. Patent 1,288,393 a shield of 1880mm O D was

required, this has now been reduced to 1800mm by utilising four segnents as
descri bed herein. The savings in cost in constructing a tunnel as descri bed
herein has thus been quite 35 considerable. Although the invention has been

described in connection with forming a |ined turinel_ it is to be understood.

‘that the invention is .

{
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-B- @l so applicable to relining an existing Lined tunnel"Tn mhlch t'’he
excavation. step is omtted. It is also 'to be und not
gssential for the nmethod of the invention to requi \ ‘ ““ ond
segnents of equal length and in this respect the | tof mal b the fol
se ﬂents may di ffer but the greatest saving in cost prOV|ded by the
of e invention is to provide a fourth segnéhf havi ng a shorter arcuat e

| engt h than the caam8: segnments. It will be realised by those skilled in the
art that instead of pea shingle, as described, other suitable filler

materials may be used, 10 such as cenent grout, fly ash etc. -9- CAl Ms:
1. A nethod of clonstPr we*elmgoa qNEERICSnG @) 1ined oxwakined: tunnel nip-iddsikng fung
- segnents, three x ot @B Nihted B Q&@swwmaawat&éaeaﬁt&cuw t he

borved bard pi & K ﬁ%ﬁ%&a@%’##@%ﬁ?aﬂvﬁ%?ﬁ%ﬁﬁ%&

the build plat® almamuegral ipotitomu neanrved r velLd (b lake sicoated thw asi

the outside Tadigisefiq Lok Hdiber 3 it/ tol: wlakéxmsi mﬁ.ﬁ ecting
fromad rear end of sald tubular nenber an stant sarre
di amet er as sai GiPeRRicRrat deagnthe samgiap the op Esr@a%rld-}‘&“‘éx?ended

- Pogdl di sporsrgd atyw&tammlgl frmw%guﬁgpkbgeﬁtmg@rfrarwefdamam oFf siii%tubular
ubul ar nenper and a radla I cteag Cc ar or I
engagi ng wi ¢ « Btk apd s sIGRHYall (i Bl dioritssr Yo, SRR eERY

steps of: (a) 1@)rrremb%ﬁ ngaid kit havfngaatnmardlytéxtm boxhdibspdsediabout an

shield 15 is arrgg WG @,g ?gg%tm&e}@nogt si de
di aneter of the erecte I|n|ng, p05|t|on|ng a rst segnent of ng
| ength on the b&PARIY erg”léﬁ’é TOR PR 1ng DEHRITELHER tBE | ong

| ength to one outer per:.p)ery of the erected lining, including the steps of:

(a) providing a length of a tunnel within said shield which shield
15 is arranged to have an internal diameter greater than the outside
diameter of the erected lining, :

| (b) positioning a first segment of long length on the build -

plate, :

(c) engaging one end of a second segment of long length to one

20 ehd of the first’ segment, _ -

(d) engaging one end of a third segment of long length to the
other end of the first segment, '

(e) raising the other ends of the second and third segments by
pivoting the one ends thereof so as to locate therebetween the fourth

25 segment, whereby a toroid is formed,

(£) urging the thus formed toroid rearwardly to join with the
previcusly erected lining,

(g) advancing the shield such that a major length of the newly
formed toroid is below said hood,

30 (h) filling the space rearward of a collar of the skirt between
the lining and the shield or excavated tunnel under pressure with
filler material, _ '

' (i) advancing the shield and repeating the steps of a-h.

35 2. A method as claimed in claim 1 wherein the first and second
(>} )
segments each extend through an arc of 120 and said fourth segement
extends t‘hro@h an arc which is less than that of said third segment,



~ 20.end of the first segnent, (d) engagi ng one Wnt of\J

Iong length to the other end of the first segnment, e ot her
end t he second and third segnents by pivoti \W\‘ er eof. so
ar P

as ocate therebetween the fourth 25 segnent, ord is
for (f) urging the thus formed toroid rearwardly to join with the
prev sly erected lining, (g) advanci ng-jiphe shield such that a major
l ength of the newly formed toroid is below said hogd, 30 = (h) filling

the space re8figrtEt ASFER HemHe tegether, extencing HRrPHgh A #5dof he
shield or exaaoated tunnel under pressure with filler material, (i)

advancing the shield and repeating the steps of.a-h. 35 2. A rret hod as
claimed in claim1 wherein the first and second 0 segnments each extend

through an afe of meodms sdaimedoin labrdenerd Mn@mmmwgnehnsab@mhu ch

is | ess thanebhrdy aﬁegegs (ah)i 6 pRSEIBAL .2 1 Oafsszmelt B/ Sbr¥BEmedOy

segnent s toget her ext I ng through an arc 20 3. A nethod as cI al med
inclaimil of*PRP¥ n when a tunnel is be| ng 5 formad the step (a) of
providing a length of tunnel is perfor med by excavation. 4. A nethod as

Cegmonts o *bl; BACRRACRE LIRS Shp IRsaRE 0lun (N4l el dLh,

vertical axi M and fourth) segresita %éﬂmd@%iﬂﬁg dispegesd om oppesingngt h

of the seqrBides?b® @%ﬁmaﬂaéﬁd throudn 8358 abrasa “h tbTeraA¥iny 8EReHsNT
clalmv\/nerelnthe$ erlal |s Singl e si ea shingle. 1576. A
net hod as cl &tdde iepeth m PR ‘el%s sel ect ed

5. A method as claimed in any preceding cla:un wherein t.’ne filler
n'aterz.al is s:.ngle size pea shz.ngle. '
15
6. A method as clamed in claim 5 wherem t.he shingle is selected
. fxunameshsmemtherangeé»—l&un
7. A method as claimed in any preceding claim wherein the pressure
20 under which the shingle is fed is 517kPa.

8. A method as claimed in any preceding claim wherein means for
rotatably and rad:l.ally manceuvering individual segments is mounted on
a leadJ.ng end of a skip prov:.ded for removing excavated material and

25 the segment is posxt:.med by rot.atably mounting a segment of long
length on said nameuver:.ng means, longitudinally positioning said
segment in said tunnel by positioning said skip, radially pos:.t:.onmg
said segment to be at a requ:l.red radius for said tunnel,
circunferentially rotatmg said segment into a des:u:ed location,

30 demounting said segnent frcm said sk:.p. ard rennv:mg said skip from the :

tunnel.

9. A method as claimed in claim 8 wherein the skip transports
excavated material from the tunnel vhen it is removed therefran

10. A method as claimed in claim 8 or 9where1n the segment is mounted
on the skip manoeuvering means by retractable _pins- in said menceuvering

=
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fro arresh size in the range 6-10mMm 7. A method as clainmed in .

pr ecédi ng merﬂ—t—he—p;essure 20 under which the shingl ed is.
517kPa, 8. claimed in any preceding claimwherein s for - .
t ot at abl y a ﬁ E'm verl ng individual segnents is nounted on a -

| eAdi ng end @ d for renovi nglaxcavated material and 25 the

seg\ﬁ%nt i s positioned by rot atably mounting.a segment of long Iength on ‘
sai d manoeuvering neans, |ongitudinally positioning said segnment in said
tunnel by posit mﬁmm@rmr@meély reareingyinasfialohplns ShraudsedwehttheofPdent

a required radi ygtésialSHd YolpRBtrodgabéiunf erentially rotating sai d segnent
into a desired | ocation, 30 denounting said segnent from said skip, and

renoving said skip fromthe tunnel. 9. A nmethod as clained in claim38
wher ei n the ski A1t r anspdiisasextainedeih may cof allaﬁnsomttd'lbotvdnmqin then it is

- removed therefg Qfa}ao&'ée}:ﬁg tm&&s%ﬁé%ﬁ'&{éﬁﬁéﬂk badhathianan {he
segment is rounted on t | p MANOEUVEr | ng means FetFACT Al pins in
sai d manoeuver i ﬁg‘bsequﬁé%lﬁscb‘?%ﬁ?@“ﬁ# | Besigienadnly iactiatian ofosid rough

~which the filler material is to belntroduced 11. A nethod as clainmed in
any of -clainms 8. 10 10 wh re'n uve neans | cIu s _rans and
the segment is Ilédl é F’T’ej’ﬂd Bgﬁg@ﬁﬁ% %rﬁ BiBhed by
activation of saxdavaxed tubfiel Aoninisling faotulaﬂaerrﬁnyenf anwmtedardh hoﬂgm

segnents w t hy :Q%E@ Ay
I nt egr al bottid‘ c&?i\}gj ul Ig% ate océate |n5|?&b66$orward end of sald

“tubul ar nmenber ff@F SUPBPTLNE ning, isegraregnehesbuiddepiate| Rpving 13 miairm
M ni mum i nt er nalintériRl SdigBnsion 88 Jkast)&hé diedss the catsiiel tadiagi o thé the

i ni , bst gntij al | | k t d
Lubul 3 menber SRRt AEREREERLE S RbERER Mallaihd 468 - Gha ¥
" tubul ar menber, ssalch:btlart MI@%M@MMWMH]&}G sapedligmeteryas said

di sposed abouis s M&Q{-P%raé&'dﬂri RRVERP A rédtvi flyPattenbd thbed ipeRtldi
menber for protecting_at |east the | ast asserrbl ed I|n| ng
disposed abou part of the

t an arc incorporating the upper
tubular member for protecting at least the last assembled lmJ.ng
segment from the excavated tunnel roof, and a flexible collar extending
from the confluence of the tubular member and the skirt intericrally
20 of the shield said collar being directed radially inwardly for -
providing a seal between the lining segments and said collar, the

collar having an L-shaped foot for clampingly securing said collar to
the tubular member and skirt cambination.

25 13. A shield as claimed in claim 12 wherein there is provided a
clamping ring having substantially the same internal radius as the
build plate, said clamping ring being secured to the inside surface of
the tubular Wr and overlapping the rear end thereof and the foot
of the collar, and a fixing means directed radially through the

30 clamping ring and the skirt for clamping said foot between the clamping
ring and the skirt.

14. A shield as claimed in claim 12 or 13 wherein the build plate
extends through an arc subtending an angle of 120-220 .
35
' 15. A shield as claimed in claim 14 wherein the build plate extends
through an arc subtending an angle of 146°.



segment from the excavated tunnel roof, and a flexible tendi ng./ ‘i
fromthe confluence of the tubular nenber and skirt interi 1y 20 of .-

L- ed foot for clanpingly securing said coIIa SLoct He t"ubdl ar nunber-anﬁ
skiY conbi nation. 25 13. A shield as claThéd in claim 12 wherein there is
provi ded a clanping rlng havi ng substantlally the sane internal radius as

the shield said collar being directed radially i “‘ﬁ Mdi‘ng a _
sé@et ween the lining segnents and said coll arm \m ng an ..

Eﬂg ?m){ﬂdarpl aférerber anﬁfover+ appr ng t%?rggacfsﬁg}r%qtgﬁgeopgand%%%? %igf the.

col lar, and a iF syhefantiaddy poneertddorbly BesiFionabig thenehizdde| anping ring

and the skirt for cl anpi ng said foot between the clanping ri ng and the
skirt. 14. A ghield inmed in_ clai r_13 _wh in the i.ld plate
extends thro a%"ﬁ?%’é g m&f"éetg W%%’T’f& ?#F'é’ﬁ’o
clainmed in Elmmmwmammsmqmmdesmgwﬁhtt'eMg:Immoarand
subt endi ng arﬁ [':EE hield as clained in any of
claims 12-15 wherein the U|i5%|éteis supsfantially concentrically
positioned in the shield. 17. A nethod of constructing a lined or relined

tunnel as claimemisni&dihai&nahwdns&mam hﬁhléabaeadﬁaﬂ asafe%hbed with
reference to,, and..a th a anyin shield as
claimed in cl9§PRF 3? f“gng‘ﬁg}/’&”g sv\ﬁ’f Hﬁ‘Fef erence
to, and aslehmmmawlfg gsawmgs of t he 10 accorrpanyl ng dr aw ngs.
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