-1- TUNNEL LINING This invention relates to segnental linings for tu

» and simlar underground works, in which individuéﬁL \
made of reinforced 5 concrete are braced with each other both
nul ar er peripheral direction and in the longitud- inal direction
W th P~= aid of tension rods, provided with tensioning el enents, which )
connect nei ghbouring segments and extend in channels in the segnents. 10 €

Segnetital tunnel lining as just described is, for exanple, described in the
publy cation "U Bahn Munchen Baulos 8/1-7.1". In this known |ining the

i ndi vi dual segnents have on their inside cassette- |ike indentations having
a conparatively |arge 15 surface area and limted all around by side.

wal I s out of which there project the tension rods which are to.be provided
with the tensioning el enments. On account of the narrow spatial conditions
resulting fromthe cassette side walls, apart fromsmaller 20 auxiliary
i npl enments, | arger tensioning machi nes, such as inpact screw ng apparatus,
for effecting mutual bracing of the individual segnents can hardly be
applied or cannot be applied at all on the tension- ing elenents so that
only inperfectly closed joints 25 can be made. Furthernore, on account
of the weakening of the individual segnents, which is caused by the

i ndent ations and gives rise to cracking, ahchorage -2- of the tension
rods in the concret@n@fer HSreageENt s, which copes wth aII stresses, i's not
possi bl e. The cons g%bfectl cl osed joi nts, e . .

unsati sfactory anchor agelist S EHRYEIR Lhl phFRGE SngenFﬂé FbPﬁPgFegiom

| eakages and al so W aruretkldef ayanl atiensand , s inill 8t readesgepundheorks,

finished tunnel tu&%’JH¥EHW¥§%¥G&dWth1¥%lAgns%aepgsdkgggsgﬁdreinforced

5 concrete are braced with each other both in the

annular or peripheral direction and in the longitud-
' inal direction with the aid of tension rods, provided

with tensioning elements, -which connect neighbouring

segments and extend in channels in the segments.

10 Segmental tunnel lining as just described is,
for example, described in the publication "U-Bahn
M#inchen Baulos 8/1~7.1". In this known lining the
individual ssgments have on their inside cassette-~
like indentations having a comparatively large

15 surface area and limited all around by side walls
out of which there project the tension rods which
are to be provided with the tensioning elements.

On account of the narrow spaﬁial conditions resulting
from the cassette side walls, apart from smaller

20 auxiliary implements, larger tensioning machines,
such as impact screwing apparatus, for effecting
mutual bracing of the individual segments can hardly
be applied or cannot be applied at all on the tension-
ing elements so that only imperfectly closed joints

25 can be made. Furthermore, on account of the weakenind
of the individual segments, which is caused by the

indentations and gives rise to cracking, anchorage



t

In so far as seal ing nenbers are provided in the ring-type joints, the
seal ing profiles where 10 tunnel construction is effected utilisin
shi el d adwance are only conpressed through the driving presses of th
shi el'd which exert | ongitudinally directed pressure forces onto the t I
tube. In:thescourse of the shield advance these pressure forces are re- 15
noved-i nerns of tinme and area. As .a resupt of this, the sealing menbers
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undefi ned gapssin rtRg- §&pﬁtaﬁégi@ﬁglIéﬁka@ésjQhat§1sbnuhplanﬁeaua&fagmtron1
nmet hods of constructhon and conditions, the f
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varies fromthe pl afind@" ?o?ﬁf %ﬂ%s% L2777 Ohs &P fh?é%g?éfgggPﬁigggﬁe'
stresses 30 of tfertuaasbnsubkicnteille néetsheefilscassedfor exanpl e

t hrough an uneven pressurgndﬁgtfé “é%OQeQiPH Qﬁ?ggglgpg % %@1&98 ggse of

annul ar gap grout- in rou e neces ongitu action of the
tunnel tube in the FBQIéhnahéyeetM%l%hﬁu|5he%% seabbpggP69§+h38hu§eﬁst yet

hardened. Theigari @thRes tOnsPFrEESHI|1isi &f Pestébdabt ODivhegeshield _
practically rigid reiLnforced concrete linin 3e€$entshn€hlo§ er. -3- fit -
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the joint surfaces wpLch,aLerPrQYL A5 d NELET LLn ALY £QPET €1 £nOthe EBLPRENY

results. . o
of the shield advance these pressure forces are re-

15 moved in terms of time and area. As a result of
this, the sealing members relax and the ring-type
-joints open again. The sealing members in the
longitudinal joints are not compressed whilst lining
assembly takes place in the protectloncf the. shleld

20 - tail. Only when the shield has driven up, the
longitudinal joints are partially closed through the
radial loads which then act on the lining as a result
of annular gap grouting, water préssure and rock
pressure.

25 As a result of the undefined'gaps_in'ring—type
and longitudinal joints, in turn reéUlting from
methods of construction and load conditions, the
finished tunnel tube varies from the planned form.
These variations are intensified through stresses

30 of the tunnel tube outside the shield tail, for
example through an uneven pressure distribution
along the periphery in the case of annular gap grout-
ing and through the necessary longitudinal action
of the tunnel tube in the region where the annular

35 gap grouting has not yet hardened. The variations
in form result in a situation where the practically
rigid reinforced concrete lining segments no longer



3 def or mat

hellring-typ
he /l ongi t ud

i ons due to the unavoidabl e longitudi- nal structural

ii ti ons of the tunnel outside the shield tail can lead to a ruptu

e joints and therewith to | eakages. The water - proof ness
inal joints is only attained through the conpression of

6files in joints through the radial |oad as a result of annular ga

ring of
10  of,
seal i ng

p-.

grouting, water and |ock pressure, andt3is is only possible if the ¥0i Nt s

I'i e outside
penetration
seal i ng prof

i#% £ henP Q48R ic¥hed ERacHI¥El €ndhgh.tai At dmeo gamnts,

f f t | f th to th b t t
“eachR; &Y @ EoRla bt npci»%’sgaeralse?%otﬂ% cdeaas; Asiihd,

avoi d
he ‘o
i nt

constructi onsapdn chhar ¢uknein camqmteslmnttalaelspepl als gilament byblj:é're i's

i nserted int
sealing effe

g‘vghftsucﬁe r“f‘ﬁlp% rp%t &&#resﬁgﬁgﬁfear h a"[r%“(g¥‘é

pressurised \@higpping r?%&i}lf]anﬁ'ry uncert ai n. The risk that the actual

“sealing nenb
t he Iongitud
i nvention théd¥

ers, Wid. démﬁna:@ﬁﬂs Qnﬁégﬂé@bdﬂé tﬁhabﬁlg)aﬁ:dlltéﬁ%@fﬁir
I N- nts 1.9 her
5 PSerndtobel "elpnisiimy he JbEY rasaRe AR £ 2apl bt

s.  The

on of
esent
and

simlar undersg'r:belhd wa'ids, can Weadh ticha i rlp b xiimdg bfmtﬂn@ Seigrptype Whi ch

.are made of
forn1r|ngs

R cafaconareleciOco duduleh cahdSIalnS ol

e connéec wt heach ot her

r to
joints

extendi i i n Qﬁéh%rﬂgmmmnaﬁ rieintn;is oo cﬁtﬁ?elll’g?rﬂochhﬂwfsé'@hﬁbnt al

l'ining rings
35 ext endi
whi ch pur pos
t ensi on rods
acconnDdatio

t ensi on rods
15

20

25

éBHbﬁéb&ﬂﬂﬂeéieQe&ﬂ&hge%&%fﬁﬂ@y'ﬂd“ﬁbiﬁ%§1ﬂﬁr6h g- e
gg% quﬂ$@$ I n respect of .the | I tudinal direcfion, f
Fied dRSI 2 FRFNG ts OfmeRnIRLy Garh SFAUtI Ny WRRR
and - Yeckxperedsngei, n ande thnigi tediorly dpoestiibdre f 0f tHhe
Iné‘é '1giae5t089§riﬁfe LAPMELY L §88E 0@ b4 NEnleO N {1
ner ghbouring rning : -
tall. In order to avoid penetration of fine particles
of earth into the joints and between the sealing
profiles which are not yet compressed, in the case of
the joint constructions which are known at present, a
special strip of rubber is 1nserted into the joint
split out51de the actual’ seallng members. - The sealing
effect of such a strlp of rubber in respect of earth
and pressurised water is naturally uncertain. The
risk that the actual sealing members will lose their
operatability before the compression of the longitudin-
al joints is thereby great.
According to the present invention there is

- provided segmental linings for tunnels, galleriés and

30

35

similar underground works, in whlch the individual
lining segments, which are made oﬁ relnforced concrete
and which can be jdined together to form rings which
can be connected with each other, form longitudinal
joints extendlng in the 1ongltudlnal dlrectlon, in
which nelghbourlng segmental lining rings can be
connected with each other thus formlng.rlngptype,joints
extending crosswise in respect of the longitudinal
direction, for which purpose the individual lining
segments have'channels for longitudinal tension rods

joints
or
t udi nal

nal



seénents'of consecutive lining rings can be connected 5 with each ot her
by way of tensioning nuts open on both sides, formng, in each case, '

conti nuous tensioning el ements in the region of the ring-type joint; andA” ; )
whi ch the channel's accommodating the |ongitudinal tension rods are enla gqu

conically in the region of 10 the ring-type joint of the lining segne
foor the purpose of acconmpdating the tensioning nuts; wherein the |ining
segnents can be connected into a ring .by way-6f stralght tensi on rods,

whi ch-can be bracedxtdiliide GeNStAe rpdﬁgi\ﬁu&hn%qrvelt:@c&pahpors& afhe
each ring 15 and the channels a co%datl ngmt he nd, cr os ngﬁat an,
oblique angle in e38ﬁ°5‘5‘§93ttﬁ8nl ShgrtudiSRat | ent°rep réé""é‘ht ek an
nei ghbouri ng I|n|ngh&egnﬁ@ptuﬂhnalﬂﬂqnsxuuirﬁdﬁ of ngetigghbaur ind dam ixeg
fixed with one of I e a t

ﬁg&?ﬁ 'd¥ éb£g§%ﬁ¥%&%mggﬂin% %Eé& %%‘%h éb&gécted

respect of the assoc I Ni ng° segnen enent
arranged enbe8ded WAthheashnathes éTY way |9hi trpsiomiang f&ttsa epen aﬁfé:eb@?l’é)m

the |ongitudinal jgiRksdt fdimieRdd %tascﬁhm ageaPRHAHuH0tbhe i'drithg
tension rod and the_ring.tension rod ec th its 25 other end.ipto

a recess which is FrEPERES AR (e EREHROUP n | FiNg-taBfedeingy apd 1n
extenmssubstmﬂlahhﬂqh|ﬂhéhehﬁﬂﬁ@lkomdﬁommmdahanmﬂtmecamnqktudgnal

whi ch opens out at %%% J L eLibgqk %@Qf%ﬁaggﬁéQGCLhE&Qﬂl th Q£E§§5§ ?he

contact surface whicC ends Crossw se nres ec
ring tension 8d am@aMwshgcﬁmpseIn%mtd05q$hstllnh@qrﬁ%mmeatmnquHtme

can be screwed ontgug %s%n%fﬁaééBhﬂddEtﬁﬁfstﬂ@ E8351gh§ﬁ§ ﬁﬁ@sheWﬂ@&eln
created segnents in closed jooints can be attained a l apned in a

sinpl e and safe way eBélnlng Se?ﬁ%“ﬁﬁvﬁﬁ?aﬁ@scaPPﬁFF%@ }PE° Th%g bycyay
t hat through the fbn?msctmrlaﬁghtl tenkdbnt fFedanchdriict e@mntbeMbddaddid, segiretite

and the free accesilaglég 98?%2e4ﬂ¥gﬂcghrve éﬁ?s pLQQOEQd &g]égbﬂsrlng

opp05|te t he anchor
15 and the channels accommodatlng them extend crossing at

an oblique angle in each case the longitudinal joint
present between two neighbouring lining segments of a
ring, and each ring tension rod can be fixed with one
of its ends in an anchor element firmly mounted in
20 respect of the associated lining éegment; wherein the
anchor element is arranged embedded in the concrete of
the lining segment at a distance from the longitudinal
joint at the end of the channel accommodating the ring
tension rod and the ring tension rod projects with its
25 other end into a recess which is proVided in the
neighbouring lining segment, which extends substantial-
ly in the direction of the channel accommodating it, -
" which opens out at the interior surface of the lining
and which has a contact surface which extends crosswise
30 in respect of the axis of the ring tension rod and
which can be braced against.fhe threaded nut which can
be screwed onto the end of the ring tension rod. There
% are hereby created segments in which closed jooints can
be attained as planned in a simple and safe way.
35 The advantages attained lie in the fact that
through the firm connection for the anchor element ‘with
the segment and the free accessibility of the tension

. Aparh



application of an effective tensioning machine, for exanple of an |npact
.screwi ng apparatus, on the tensioning element is possible whereby a
acing of the 5 i ndi vi dual segnents is attained in the case of. joints |,
Nxch.are cl osed as planned. In addition, the danger of cracking is

i nated because weakeni ngs of naterlal as are caused through

cassette-li ke indentat- ions having a chmaratlver | arge surface arga, are
not 10 prese al so_be de cT| ed a nggsurlggm tru-, ment for

n
checking the fB%nte 'dt‘ff‘b‘é{‘we‘& %Bgﬁéﬂ‘tf 2 YePPREP TaLDYE! r 1 ¥B% t hewr
i nsi de of theap@mMnatimmnpfcanprefmm;tnwedgenuhnn1ngnmanhinserfed into

-the joint 15 i (o] o] d o 1 serti.o s a
stop or visi bF’e{%n&ll\ng\é?k?dﬁ{: ?qﬁet Fl{ér 93\;'9;? gh? h'?he %gngflsgctl on.
For a better GABEASRARM ﬁbe@ﬁnthésl E?éﬁt’-béﬁ Hhﬁr?}éYs%o}V\F%‘éwgh@fsﬁhé may be

fﬁ”' ed gnto Qﬁ&@@&duétf %b@ﬂn@ﬁt&o 1s V\attaméu bﬁn”&ﬁéd@éﬁ&}’oﬁfje.f&ﬁﬂ?:‘e to
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t unnel |Iml’::l né ﬁgﬂg 35’:’6‘599%9n?l‘§ p&gn{}ﬁ dlinr @%qa"r% Fer t %ﬁﬁgFF Fi gure
21is a HxﬁaIoﬁxﬁranhﬂngu@saemﬂmpﬁatedehaqausedwgnmend@qamof _
Lndividual | RRBArIEOTTALSare usURCLALREN ERELeLPoC1iRO0khNChEAL ] O Nt

Figure 3 is an axial $§ecfion t rnal tension ro gannlng
t wo |nd|V|duaP°§éghéH#§9wﬁe¢§mPﬁ§? ﬁﬁeﬂy|haage|ﬁgrf9ﬁe areantarg no
Figure 44ps apgeskhenal view of two individual segnents where they neet,

Figure 5is a cuta port| urned throu bout . [err fron1E ure 1
and on an enl arged® §Fe“ﬂiinﬁi§% € E§§Eﬁgsﬁ én BeaRPAARY) Inj Fagure 10
5, Figure 7 i meah &oralcladiran theojoling wddth between segments as
defined above, out from the inside of the construction,
comprising a wedge whlch can be inserted into the joint
15 and whlch according to p0551b1e depth of insertion has
a stop or v151b1e mark working together_w1th the inside
of the constructlon. .
For a better understandlng of the invention and to
show how the same may be carried into effect,'reference
20 wiil now bé made by way of example, to the accOmpadying
drawings; in which:- |
| Figure 1 is a developed view of a tunnel lining
made up of segments, as viewed from inside the tunnel,
Figure 2 is a radial section through a ring
25 tension rYod spanning two individual lining segments




constructiton of two individual segnments meeting in a ring-type joint,

Fi gure 8. is a sectlon taken.on line VIII-VIII 15 I n Flgure 7, Flgu s

is a section taken on line- I X-1Xin'Figure 7,. Figure 10.is the cutawa‘.
pdrtion designated at X in Figure .7, drawn on an enl arged:scal e, 20 _
‘Fi gure- 11 shows .a variation of what is shown in Figure 10, Fﬁgure 12 shoms LT
a furtherivarlatlon of what i's-shown in Flg%re 10, and Figure 13 is-a

section Taken on line XI|I-"25 = X |l in Fi"gure 10: ‘As illustrated, a .
ce(rj{_gJE number - of , whierexahplyemeeghtin andiovigddaldimadndloiintni ng segnents |

and a eystoneformarln t e Vi l; ol I d,

for -exanpl e according to %ﬁ U§% gegg %Q F?ﬁg} f%ngoPth&f%Q§%% Achd i

| ongi tudi-nal j oi ntsufizad t@mﬁdoberﬂéeﬁpﬁﬁélmﬁd¢V°d&§@1§é§W@ﬁt§egmﬂﬂ$s

| ongi‘tudi nal jointsfek Q@g@, hieBE 2hHE adhliRYGRG P& s,wﬁm;ed with respect to
the longitudinal joints 7 qf "the neighbourin

n
segments 1, wd ch are mad&igPTeefnfsr @e&e(?&r’rg’rnétl c‘J”‘z‘ff‘r"’eQbfr & ldlrclié"vvﬁ gt
_gnother both i n anngleammeatspahepetakydimeett,ion and in . longitudinal
i rection -6- W th the_ai f st g@si0 \Mychtqlcymtth h

nei ghbouring segnents andF(ElL gb ?gn %ﬁ %%%ﬁsg 5 (Fi gures 2 ang, for
whi ch there is proviabiowt 43 eaéﬁ°@e§ﬁﬁﬁFe én@ﬂ@bﬁﬂ(ﬁﬂ G lArachiscag e,
correspond- 5 . ing to {esee ASishaweddtilbywred iheand -¥1 daciFispgrent 1
has no | ess than one anchor el enent 6, which is firnmly connected with it at
least in the¥ilt-iPr state, for the pur pose of anchoring the tension rod

' - ' Figure 7 is an axial section through a tooth

.constructlon of two 1nd1v1dua1 segments meeting in -
a rlng type 301nt, _ '
- _ Figure 8. is a sectlon taken on 11ne VIII VIII
15  in Figure 7, '
R Flgure 9 is a sectlon taken on 11ne IX-IX in
. Flgure 7, : .
Figure 10 is the cutaway portlon de51gnated
L at X ‘in Flgure 7, drawn on an enlarged scale, _
20 E _ Figure 11 shows .a ‘variation of what is shown .
' 1n Flgure 10,_; )
Flgure 12 shows a further varlatlon of: what :
is shown in Figure 10, and
_ ' Flgure 13 1s ‘a section taken on line XIII- -
25 XIII in Figure 10. ) |
- _As 111ustrated, a certaln number of, for.
: ekample elght, 1nd1v1dua1 tunnel 11n1ng segments
”1 and a keystone form a ring. Between the 1nd1v1dua1
_ :-rlngs there are found, for example accordlng to Flgure
30 Y rlng-type ]OlntS 13.wh11e longltudlnal JOlntS
7 are found between the 1nd1v1dua1 segments. The
1ong1tud1na1 jOlntS 7 of each xring are arranged
:hdlsplaced with respect to the longltudlnal ]01nts
7 of the nelghbourlng ring. _ _
35. - ' The segments 1, which are made of relnforced
' | concrete, are braced one W1th another both in annular '

- or perlpheral dlrectlon and in 1ong1tud1na1 dlrectlon



10 3, 4 which effects the connection with the nei ghbour- ing segment 1. ‘
Thetensioni ng el ement 5, which is arranged on the end of the tension rod"3,-
7 “p05|te t he anchor elenent 6, is, at least until the néxt’ segment l is
At i n; freely accessible for the 15 appllcatlon of a te’n3|on| ng
i e, for exanpl e, of an inpact. scr %vl ng appar atus 384, which .is .
. df cat-ed in chain lines in Figure 2, the directi‘on of -the eIonga{pd -
‘shaft” of the tweins afhéodldRefeltémmgbntm&sgmell2whhehrcognéen3| on rods 20 .
3, which serve { e BUIRose LML B AN Al neeihpéﬁgﬂh g ecti oni -
extend in each €ase TH such & In section gure 2) -
‘they cross at &h (@igupes ah@nrd i ) Een velasehtmerengastnromﬁapnj oint .7 :
. present bet ween 4 h&; dW0s OGhePP K Ad Ot &5 ion SRYr@Nededts $ Ncdetakponihe
~construction is, such that™ the end whi ch i's opposite the anchor elenent 6,
of ‘each 13 ng te‘rf‘sﬂo'ﬁf’ t'C)"he%enpens out into a hollow 9 which is arranged on
the segnent interior aurdlasen &mrtdlgmre:sh hasna 3al éaqmrsegmeﬁe thi ch

.. extends 30 e Si d; and SR
~contributes toq{%e :Mn?te %%%IOH (%?é %ﬁél?éepns?%%ﬁl‘%%{g? "%l%&g lgBoth ends of
“each ring tensifdrmlay @@F%Cfpﬁ‘%)wld’éd IF tat skeast t he cblae nguilthénanchor ;

f' ement 6 Inlcl udes &, tmLfa@}eéi ; eelaf%dsleﬂnt §5tr_}_?] tén§ﬁ6§r9|ba tThg h

‘tensioni hg e e u ensi oni ng. nu e _anchor emen

i'ncl udi mg the t re%dghléP eeef\c;ie% @E%l?fe‘s‘g?‘hhl‘%‘haﬁ”tt%ftl?ﬁenelg OUEing -
tension rod 3 dinga sbgriemicel at TmsueﬂﬂmnrﬁgoeﬂednentohglmlﬂchahSJ oint 7.
By this means qplly é)d]eoxp‘;ﬂge el | SAURD Lond £OENPdaVH0T 8 BoPSLie!

transfer of the pre ressi orces rom t-he screw.an
ring reinforcerid® agichawr %]e@h%fh‘t 6, jks poasikpast anthk ‘ébﬁeﬂeﬁ‘énd the

- greater |ength ggrddift 14 Nos IRISTONA odﬁréewla:&éssﬂﬁiel ned thber eby s
necess-

15 application of a tensioning machlne, for: example,
' of an impact screwing apparatns 34, which is indicated
in chain lines in Figure 2, in the direction of the
- elongated shaft of the tension rod.' ' '
Referrlng to Flgure 2 the rlng ten51on rods L
26; © 3, whlch serve the purpose of brac1ng in annular .
'.'or perlpheral dlrectlon,'extend in each case 1n such
a manner that - in radial - sectlon ( Figure 2) - they
‘cross at an obllque angle in each case the longltu—
© dinal jOlnt 7 present between the two neighbouring
- 25 ":segments 1. 1In detall, the construction is such _
' : that the end, whichtis opp051te the anchor element'
6, of’each:ring tension rod 3'dpens out into a hollow
9 whlch is arranged on the segment interior surface
. "8 and wh1ch has a wall portlon 10 whlch extends
30 crossw1se to the shaft of the rlng ten51on rod and
contrlbutes to the 1nsta11atlon of the ten51on1ng
element 5. _Both ends of each rlng tension rod,3.
are provided with screw threading. The anchor
element 6 1nc1udes a threaded sleeve 11 embedded
35. in concrete. The ten51on1ng element 5 includes a
tensioning nut 12. The anchor element 6 includlng_
‘the threaded sleeve 11 receives the shaft of the



ary in. order to limt the bendrng stress of the tension rods 3: Thi s
stress’ then appears when the 10 segnment | is directed in tangentral
di riecti on when prestressing. |In the construction according to Figure 2 4
hol 'ows 9 can i:n respect of breadth, width and depth be essentially sma
than in vhe case of the known cassette-like indentations. The 15 da
of - crackhug of, and Il eakages in, the individual segments is consrderably
reduced still furt her t her eby.: Referrrng to H7gure 3 the constructron IS
such\ehat t he' | ongi t udi.nal _tension r h serve._th e

bracing in the Iongi ¢ gt SHSAEL: FO §0§ a’tr Sﬁaé‘fsh ac?aggp '{)ﬁ%f SWP&
of "a conti nuous prestﬂé&sﬂm@gatedanal anen¢oﬂnecﬁedthIEhneamm cermdhebpne.
means of connection el t'ﬁgttriog]‘i% Feathicy Wil ighile dtntraflrad 4
are provided with screw t rea e end projects out Of the ring front
25 surface 14 of tIff $dgrprestressdng §orsasndnome t.h%gsrte\yp@qqsrqregss

present between st wo néﬁcgftlwrrlxlﬁ@ &%ﬁnf&@:teﬁtentoafotﬂé %e@lﬂféntthqusl possible.

screwed t he connect - kpn % Wg Itane usI forﬁFgﬁﬂ ensi on- -

ing el ement 5 for the%Bhd eom&?‘ﬁf E:thr‘?e X3 &hor

el ement 6 for the nexttelmng:nt urebdisa l3 whris:ihon.sr rad:tzamemr shereyctisomecess~

i ncl udes a tensi.on-. en..a h d end b
g%;ﬁ Y $2aRRCR2Y 1RGN 1N %en‘tﬁgcg‘l f%‘i%' t%n%tf e y

way of a ring flange ai nst- the ring front” sur e segment -and
i nto whose other 35 t orh@odsd 3of i sn stireisendinendappearsnsher tde 4

is screwed. Thg indi \Qég‘rh%'nt' anqist Wdiredh AN PAngedtiA1ICHI R tion when
srnultaneously prestressed .and coupl ed In a sinple manner as

the'rods 3 in the ri n®T8FESSSings 13n the §qr’e5§6lut°tlt%’f Geeantings dfent |
which-is next in the Im@@rrteudl rthb @lbueewsorg Icsnbu.ld trdshect dFMAGadi®r,ew ng -

ﬁPﬁg{Z;gZ can be applle%t%p d depth %? %%ggn qqy?E%FEQ%£5£MJh‘¥§ the

_ case of the known cassette like 1ndentatlons. ‘The
"15 - danger of cracklng of, and leakages 1n, the individual
segments is con51derab1y reduced st111 further thereby.
. Referrlng to. Flgure 3 the constructlon is- such
that the longltudlnal tension rods 4 which serve
. the purpose of brac1ng in the longltudlnal dlrect~:
20 ion, in each case with formatlon of a continuous
prestressing element, are connected with each other
by means of connection elements. Both ends of each
longitudinal tension rod 4 are provided with screw
'threadlng. One end projects out of the ring front
25 - surface 14 of the segment 1 which is fac1ng the rlng-
' type joint 13 present between two nelghbourlng seg—'
_ ments. Onto this end there is screwed the connect-
~ion element which 51mu1taneously forms the tension- -
- ing element 5 for the one longltudlnal ten51on rod
30 4 and ‘the anchor element 6 for the next 10ng1tud1na1
‘ ten51on rod 4. This connectlon 1nc1udes a ten51on~
ing nut 15 open at both ends, which bears at one
end by way of a r1ng flange 35 agalnst ‘the ring
front surface 14 of the segment and 1nto whose other
. 35 . end the end of the next longltudlnal tension rod
| 4 is screwed. ‘The individual longltudlnal tension:
rods 4 can be slmultaneously prestréssed and coupled

T G Ao e =
' .



g ¢
The channel s 2, mhlch are prOV|ded in the segnents 1 and mhlch receive t he

Yion rods 3, 4,are at |east partly conically formed. As shown in Fi gure
hf the channels 2 receiving the ring 10 tension.rods '3, only the
agnnel portions 2a which lead to the anchor el enent ‘are constructed - :
conlcally, tapering out fron1the IongL%udlnaI joint 7. As shown in Llgure .
3, -the' channel s 2 recei ving the longitudinal tension.rods 4 are const ucted -
conic- 15 ' akPyacRLiBPYRNBABRET! ASmMEDRe TPARg 3f Adnthes FiNGdYRL whi ch forms.
an lnSta||atIOﬁﬁiﬁt5ths gnﬁseadrgsuute sefoee! ithe @b?ﬁ&m&.whﬂuﬂh conhcaguf
construction ngkes Si a,subs ent sertiqQn o t nsi_on rods 4
taking into ac&ﬁuﬂ?-ﬁaﬁﬂf&gﬁ H&lgﬂ 1§§§e Fyetign 1s “éﬁghéék _ '
Furt her nor e, fannlmpacthaaneW3nQ wwpahamscepae bheap@ﬂsﬁdnomdds 3, 4, there
extend igjectipheC aﬂglaglﬁggg% oh 8PGA caktahikigafeament interior

surface 8 and ren i bl e the 1 nsertion of a_ suitable: —_—

i nj ecti-on agent for The Fbﬁﬁﬁ?ﬂﬁnzefWB#SPeéFFoErﬁﬂéﬂﬁét1@0FPGs|on or of an

| adheﬁlvF conpogegméﬁrstneahanwheahrQé&eave4thbntbheﬁbmngottps,J01355 13 and

- 1n the onglt- udi-nal. ] n.each _cas sealJ ng.el enent s 17,
whi ch are providdfi€atta ?F aP24i %?aﬁgglFP§%¥M§8ﬁm89nerA e8P honding to-

- the segnent . arenaF;gngedenoﬁ thec ghannei sc@ntriecedws ngafther ringhe seal i ng
element 3417 Caefpsléﬁrgsg sbY, p&a&y'%ﬂe[uhgﬁheit bQ%lthsbr'ﬁ%hQQﬂe of

oosimlar nate he constifuction is s at both
 sealing el enenlgad7tar Ehgr PEHBBH PhePgRtaprE FORSTENCEPRmEONiCAl Y the.

central ?urfaceagérih buanekoahehb anthhHQnEQHGththaft ard to the
centre o

rayity,of t ont agt.-surfaces .whi are statlcally
ef fective. ?ﬂ%g ﬁBaﬁ§9“68n§|n§h ﬁé K redeivifg e |

_longltudlnal ten51on rods 4 are constructed conic- .

15_ ally enlarglng out from the rlng front surface 14
~which forms an 1nsta11atlon for the one end of the
‘connection element Such conlcal constructlon makes
'p0531b1e a subsequent 1nsert10n of the tension rods
3, 4 taklng 1nto account manufacturlng and assembly

20 tolerances. _ S ' o

| ' Furthermore, from the channels 2 Wthh receive
"the ten51on rods 3, 4, there extend 1nject10n chann—
els 16 which open out at the segment interior _

_ _'surface 8 and whlch render poss1ble ‘the insertion

_25' "fof a su1table injection agent for the formation of

) - protection agalnst corr051on, or of an adhes1ve
-compound for the tension rods 3,_4,

~In ‘the rlng type jOlntS 13 and in the longlt—
udinal jolnts 7. in each case two seallng elements

30 17, whlch are provided at a rad1a1 dlstance from

o ~ each other, correspondlng to the segment are

_d arranged 1n a c1rcu1ar or contlnuous manner‘ The
seallng elements 17 can be formed by proflled rubber _
o strlps or strips made of 51m11ar materlal As a
35 ' 'result, the constructlon 1s such ‘that both sea11ng
' elements 17 are, arranged in radlal dlrectlon
Tsymmetrlcal to the_central surface of the tunnel
shell'or to'the'tunnel shaft'and'togthefcentre_Of -



due to eccentrically operating restoring forces of the sealing elenents 1
inthée joint 7, -13 are avoided. 5 The prestressing of the ring
and |.ongi-tudi nal screw ng t akes place when assenbling the segment s t hr ouds
i pact. screw ng apparatus in such a way that the applied preéstressing '
forces exert excess pressure on the restoring forces of the sealing 10
elenent 17 and thedfrlctlonal forces in the9t+oints 7, 13 with sufficient

saf ety al'l owance an bri t he_gcongcr et S o .
pressure contact as $pF3nh gg - Borh. IR éaéhﬁ grsgédééggjﬁﬁpéﬁo%g%tudlnaI .
di rection, speci al astatlaaylpreéﬁestiﬁe By thbe NeRRH, DPEHYLPATIBYREAL S

1linto the pl anned p tion fE&Stor I8G APELcEECESS
pressure can be exer?@% %ﬁ %éﬁngééf et%ﬁ%ﬂ?ibﬁ% n i 5 |tﬁd|na

joints through the at:h?—lii%ﬂ'lme%‘s%@e%h%l %hehnt’ﬁ‘%eté%‘it‘gﬁ?lngjf&%’Frﬁn?%%dﬁﬂn'
?ﬁezgen3|ghg?gggeg Zhe CTRéIﬁgeQ{régglm@;@fStHe e s

t akes pl ace . as pIann%ﬂr?%l?ﬂe£%¥%§g§f?%%¥%?géhsggﬁ %H?agﬁemg%gﬁﬁﬁ?gfﬂgfs
represented) of a dr tivioggs himpaictinsicr ew hng Qﬁparatuhjb@tSF@htﬁeW?ﬁspect|vé
pressing of the drlvtﬂgtgﬁggsgﬁpﬁfe (Elsgffeéélﬁé f@r&@@ tRbet &REkak

tunnel | oad and the oper a rubber str ng, out si de the
actual sealing el emneP¥SSgyre Qnt eF¥3ﬁF%§1§%o€P %% gt g?ﬁns?ﬁ N9 4 30
?r eFar r angidt Eet weene behénesallv ngne! Elg&nfﬁldﬁlohaltﬁereebodn mehe aomntdl ng
o Figure e cons ru lon, is_S o] 00
nelghbourlng segment Eﬁn 65% 3?Hfh% g%ﬁn%%€e£§d%£9§§§§§3 % g J%?%? 7,
13, - there is arrangEUeacGEcreteeaeséaqesaﬂﬂ thet heintpetNbP PRESARKE

segnent sides there cdneééénggdpﬁaﬂﬁédeCtBQEh19nC@ﬁée§ﬁﬂﬂﬂaﬂgahd ihethe

recess: -The projection 19, wni | s magde
) longltudlnal dlrectlon, spec1a1 aux111ary presses
015 are used which bring the segments 1 into the planned

p051t10n. As a result, 1n the flrst 1nstance excess
 pressure can be exerted on the seallng elements 17
n the longltudlnal joints through the auxiliary
o presses and then the ten51on1ng elements 5 can be
20 ' tlghtened " The c1051ng of the JOlnts 7. 13 through
' B 'prestre551ng the ten51on rods 3, 4, which. is necessary
for stability and waterproofness, takes place as
planned in the protectlon of the shleld tall (whlch
is not’ represented) of a dr1v1ng shield and is not.
25 © subject to the respectlve pre551ng of the dr1v1ng
' 'presses 36 (Flgure 1) or to- the later radlal N
tunnel load and the operatablllty of a rubber str1p
" 1y1ng outside the actual seallng elements 17.
f As the Flgures show, the ten51on rods 3, 4
300 . are arranged between both seallng elements 17.
In the embodlment accordlng to Figure 4 the
'_constructlon is suchtjnt for the purpose of toothing
nelghbourlng segments 1 in one of the segment 51des
_ ffac1ng the 301nts 7, 13, there 1s arranged a
© 35 recess 18 and in the other of the named segment
| . sides there is- arranged a progectlon 19 corresponding
‘to the recess. The pro;ectlon 19, which is made



of .a snmooth material, for exanple of: synthetlc naterlal S constltuted by
und rod which prOJects by its sem -cross-section out of a groove 207i.n
M it is secured, for exanple in which it 5 is cenented. Through

\ L nmeasure a nutual dlsplace--nent of the segnents 1 at thé longitudinal -
~-jokrits 7 is avoided. _Mreover, by thLaoaeans the .of f-drive forces are
taken:up as-a result of the ring-tension rod 3 which do not cross t hgt

[ ongi t'udi nal  j 8fn@ gmegth maﬁﬁrﬁﬁéhtfaﬁgFéémpﬁﬁgﬁﬁe§YTtP@t9Cshom/a

construction \Mn&’eealaml ils &aﬂbhleaeear bot aomoahdofrdmewhlmurl ng - segrrent\e/
1, which is arranged in th g tzg Qi nts: 13 an his constituted by.
f55' S8p;BE0h e

a groove 22 i nPERAEGEStR¥ 1 ﬁeﬁ?°§ﬁ88§°téc gatﬁé VG- t ype
joint 13 and a200mguwh2ehnadelefsehsreégnénr exaepla ionwhichotiter of the
pamed segment 2Ldg8mently?. t@ﬂ?rgugh tﬁeesineugha.en a2 hltar oY avl's%cécémth

fornatlon of naps having circu ges or sl.opes, space at 20
si ngl e poi nts BYBE- Pﬁetgérﬁﬁﬂ@?QtEfitﬁé thggd PyﬁétPéﬂﬁﬁé ﬂ91“5FEferably at

ltWO pOIdnltS peL7S£§”ﬁOb%dEB€ gneeéevaz | By @8fia’ lrnieanls thle a;cfcfoumam‘ hl ts .
imted length_in the_fac p essent.i‘a ess-endangered than a
cont i nuous gr ob9ECEE 5F8v§ag8“289 85| % Eﬁsﬁﬂgc8ﬁs¥Pﬁbfl A%%? Tends 24 of
the tongues 23rpd|Btwhgchndbhaotnnubas bhepépnghemdlnmlrgcuman7forn1a ' :

‘tangential too r. with the grooves 22.. On account of the
prestregglng o%g %QQEE gﬁéng ‘tension rods 3 and of the |ongitudinal
tension rods. 4 and oﬁlaéeean? &b Phehewoahcepssrugdtiosn wiithr &di al and

tangential dirgghiQen, tbobHi EufkRalicEE bHCYT Bl aetlgmo@fntn@e Sledaled ube a're
made possible. “'More particularly, in-the region behind the shield tai

where before the WRAE! aﬂsgéﬁf@Pﬁﬁﬁlﬁ@ kapdEABICRYPE ISNEShdddiag of the
tunnel is not ¥RicHi ysncbhgeﬂghtéhebguarguadnvegztzoalﬁ otief @fmahieons of - the

15 . two segment 51des fac1ng the rlng type jOlnt 13 and

.."_

a tongue 23 made of the segment materlal on the
. other of the named segment 51des . This tooth.
constructlon 21 is prov1ded with formatlon of naps_
. "hav1ng c1rcular edges or slopes,-spaced only at’
:20? "51ngle p01nts over -the perlphery of the rlng type
: 301nts 13, preferably at two p01nts per segment.
'fThe groove 22 is, as a result, on account of 1ts
llmlted length in the face of Chlpplng essentlally
~ less endangered than a contlnuous groove as provided
25 in known constructions. ‘The ends_24.of the '
a tongues 23 pointing in the annular or peripheral
dlrectlon form a tangent1a1 tooth constructlon with'
the grooves 22. ' : X o
_ _ On account of the prestre551ng of the rlng
30 'ten51on rods 3 and of the 1ongltud1nal ten51on rods
4 and on account of the tooth construction in radlal
and tangentlal dlrectlon, longltudlnal structural
action of the tunnel tube are made poss1b1e.- More
partlcularly, in the reglon behlnd the sh1e1d tail,.
35 ‘where before the annular gap groutlng hardens the.
:'elastlc beddlng of the tunnel is not yet glven :
:through the surroundlng rock, deformatlons of the



tunnel tube and the  di sadvant ages connected with this for stability and
wat er proof ness' are avoi ded through the named measures. In certain cases/T
| ongi tudi.,nal structural 5 . conditions of the tunnel can be of intef€es$
not. only during. the state of ‘assenbly but in the |ong run, for- exanpleNn~
the case of el evated tunnels in inner-city regions where Iater censtruction -
;neasure pear the tunnel tube cannot be safeiy_lo : precluded The

prot ect.i on agalnst corrosjon of the g nal. and d '
3., Wi ch i st hen. netwarey \tube At "d?? a‘% ?JAYW%%%%Sa SU és%%%%q'{nl#lﬁ Zcfl on -
whi ch takes pl ace. byrney mrtmtsmmmldlwgwpmpbhm@ce j@voide .

According to Figures t he S ~which are provided for the
pressure transfer an Vﬁﬁéhl I'?ne %omar each ot her Pn the rin

jaints 13 or in the Iongltlmh¢nmthnrﬁssqs h@%elQWE&#%ﬁsn?% ST Rt %er off.
gradual ly to ngl 20’ {P10Rs BESthy b benél &g Begaenincer@etsnotThe
dept h of - each chanfer Is at | east as-great_as t P9SS! éoigg |ons

of the ring-type JOlh%%YI%u¥¥P$rﬁh?oﬁB?Y% Tsﬂ?T%§¥|0% o? HeStunnal as a
result of manufact uriag, afer assanply inl thancase @6 elsyathdstmeks a '

situation is reached where.t
transferred at the cb?ne?%erglégngééygﬁgggh%gécfétgitegﬁiéyﬁ@tﬁéﬁ o

chi ppi ng. Addltlonamepadse$nn@hé ?hﬁgtﬁ9b€ JEPH?SC??%ﬂEfB?r?hé LYessure

as are used i9g30  ,hLL{GALA. k“@H@ p@bﬁéceﬂaﬁtaqsineasconresibusoﬁot
necessary. I'n the g

ctrcal ¢on '
t he ‘seal i ng eIenentstH? %ﬂ?%hbhgt ?B@tfegglhan%gﬂggggg ggzgée?ﬁhgegﬁhple
E_anner_ 35 - With a peashehngetastanypntan2be ahtashned EBppPBgBneed in
'gures 10 to 13, for pg § h@glnggctgbﬂtwﬂf@hotakesnblﬁbétByfﬁ9§1bhe

I nsi de of the I|n|ng

the mentloned 1njectlon channels 16. _ _
15 o Accordlng to Flgures 5 and 6 the segment 51des,
" which are prov1ded for the pressure transfer and
which are turned towards each other in the ring-
rtype ]01nts 13 or in the longltudlnal 301nts 7,
. have chamfers 25 which taper off gradually to nil
20" from a crest value at the segment corners. 'The;
' depth of each chamfer 25 is at least as great as
_-the p0551b1e pro;ectlons of the ring-type jOlntS
13 in the- longltudlnal dlrectlon of the tunnel as
a result of manufacturlng and assembly tolerances.
25 . By thls means, a 51tuat10n is reached where the
. longitudinal forces of pressure are not transferred
at the corners of progectlng segments 1, thereby
avoiding chlpplng. Addltlonal pads in the rlng—type
joints transferrlng pressure, as are used in |
30  hitherto known ]Olnt constructlons, are thus not
necessary. _ -
In the pract1ca1 constructlon work the
planned compre531on of the seallng elements 17 through
L the prestre551ng can be checked in a 51mp1e manner
| 35 with a measuring 1nstrument 26, which is répresented
, in Figures 10 to 13 for measuring the 301nt gap
or joint width from the inside of the lining. The



i el'.'-

-12- measuring instrument 26 has a wedge 28 whi ch can be inserted I'nto the

joint 7, 13 and which accord- ing to possible depth of |nsert|on has a stop

. 29FpioYi si bl e marks 30 working together with the i nside 5 -~ 27 of the

' ction. The wedge 28 is provided at its- wde end vvlththe stop 29 :

_ hen t he joint ‘width (Figure. 12_)1is i nadm ssi bly great on both,., Si des

“of thejoint 7, 13 enters into the instde of the construction. . o

* "Furthetnore, tntEasw;tth; 2 $tasunignt 26 das ta W%@qemZ&nﬂhatbnganhe l'i hes o\:’a

- T a crossbar YWaSE t e d ds. the
stop-29, whi c% or s a%/ 5| rllfetggrrtg?e ﬁﬁn??fhﬁ%hg\?m&t%i*%eg ?%2%2 27.0of ‘the

li'ni ng when t HNg dintPessibl ¢ JeRthaf rirperhbeniRas BeftPRe2foint 7, 13 is

1ﬁ ' gl osed é&p}ﬁ?ﬂé (nﬁﬂt&@d.gdﬁlglri@%toggﬂﬁeﬁtﬁﬂtﬂ9thé QﬁBSEét u:] edd?t .
" the .si , acl ng -t.nhe e ) 2 onto ,Ch a handie -
i e @ ned a7t SR CATRPEE. (e dignash 585e0480g2" @ Mg e
CLAINS 1. Segrtenittsd wide repsd fvokth uﬂmelstogaw ewheshawnuesl thear underground
works, in whi cipddie ity (Rlyad mmnﬁfgimls FEafiBg

- rei'nforced co ete |ch ca jO_*ome er to?ormrln s -
“which can be &sifectidesiah e niGkHer?s rﬁ?’é‘hﬁ?thﬂ?ﬂai‘- Foi—ﬂ?édéxtendl ng
in tBe | ongi t wfi RHe didrmihﬁmhmm mﬁtmmnb@urtmg weggental hhsning ri ngs
can be connect th each ot her_.thus f0 r yhe_joints 10
ext endi1g cro ec\/\/ll\%s I%atreo%eecx}foq;h{]}% trho%lgﬂg%? %’rg V8% crossbar

o 31,.whose lower edge, that is the edge turned towards

'the stop 29, which forms a v151b1e mark 30, is flush
with the 1n31de 27 of the 11n1ng when the jOlnt width
'is as de51red_ that is, when the 301nt 7, 13 is
15 '_eelbsed as élanded (Figure 10 and 13).' The stop. 29
' is constltuted at the side, Whlch is fa01ng the
_ wedge 28, by a . haft 32 onto Wthh a handle 33 is
jolned on’ the,s;de turned away_from the wedge.'
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d|rect|on° for mhlch pur pose the |nd|V|duaI 1ining segments have channels

for 1éngitudinal tension rods extending in the | ongi-tudi-pal_directior
ct
t he accemmodati on® of” at | east one of themin each ﬂﬂ’m 15 thleOn for
y w

Iongltudlnal ‘tension rods of. nei ghbouring lining s utiv-~-h
li.ning-rings can be ctonnected with each other by wa nUtS -

open on‘Ech si des, formng, in each case, - t i nuous tenS|on|n el o
C enment s

in the région of" the ring-type joint; - and ?ﬂ§20 - .whi ch the' cﬁannels .

accqmmdat i ng. thewudl nal tension rods are enl arged conically in the -

region of the ring-ty oi i
acconmodat i ng-t he tengﬁojm n%eﬂBEntQQ 171G sS SBE NEeniieNs - t*kki%lhelrpeseaoﬁ

_ ut's t

connected into a rswbyrmydggliﬂu%@e;g'l%ﬁ h‘?e%‘tlglm ﬁg'rﬁ'gggﬁ%lic al

?Lgcgﬂ an? the tensiny éé&hedﬁﬁ;*WEEENearélmadarp@seelofoeaéﬂ ppngrsﬁe .
annel s accoarﬂaéi them eﬁéen g@gsstl ta{elar\:dabféﬂyermggewhmcnach

case the Iongsftudl ween nel ghbouring i
n
segnents of a 30 canrmE aodneethdrMh@ht#%?hn°ﬁ&?éiuﬁ%§mf&? s ﬁﬁlsﬁé of

lts'endsmana |
i ning segnent : {O2he 8! %;ﬂ'gnr}:cf] ihg! ¥ rouRé ed oy 1rtasd)m&10ﬁ1mmm aned

el ement is. _arra
concrete of the | |whghs@®aﬂbe¥ran@| §SHREDL AN ?%é’ﬁ%%gl tu%dsnalgatggebe
jr:):’]gt t Zunsut gﬁ re(r;g g‘fﬁ%ﬁ%@c@mnﬁdrx anpehnBicted 1 Nchusheforimiqa erigigot yiped It tehe
ct:s Wi it
provided in th® | zten &ngrﬁﬁﬁﬁ%HﬁPFﬁg P%Fﬁ%kgggﬁ%ﬁceﬁg\MBﬁﬁhtﬁglnal
substantial - |y i ndihectipagtior oWhtiieh churpeSea adivig iﬁpéﬁg

opens out. ‘at the i P f
surface which exte%%ghb%téﬂﬂaéégcﬂaﬁﬁEﬁs'fbﬁgl%h@iwhdﬁhamateasdonta@@s

tensi on rod and meshe%gl(r)fn;m :Fe‘ade‘élealg]:ﬁﬁrﬁgt?%te"rf{el?ﬁ}ea%’e :gstt O‘\;Aﬂut?ﬁ"{:;n e
Scremed onto the eQQcSﬁm&@@tioﬂgofeatlQ&aE&done of them in each case and
) ' 15 the longitudinal ten51on rods of neighbouring lining
~ segments of consecutive lining rings can be connected
‘with each other by way of ten51on1ng nuts open on both
Sides, forming, in each case, continuous ten51on1ng
elements in the region of the ring type jointy and in-
"ZO -'which the’ channels accommodatlng the longitudinal
' tension rods are enlarged conically in the region of
the ring- type jOlnt of the lining segments for the
lpurpose of accommodating the ten51on1ng ‘nuts; wherein
" the lining ‘segments can ‘be connected into a ring by way
25' of ‘straight ten51on rods, which can be braced, and the '
| ‘tension rods, ‘which serve this purpose,'of each ring_
_ and the channels accommodating them extend crossing at
_an oblique angle in each case the longitudinal jOlnt
_ ' present between two neighbouring lining segments of a
30 - ring, and each - ring tenSion rod can be fixed with one
- of its ends in an anchor element firmly mounted in
"respect of the assoc1ated 1ining segment, wherein the'
anchor element is arranged embedded -in the concrete of
) the lining segment at a distance from the 1ongitudinal
35  joint at the ‘end of the channel accommodating the ring
' "'ten51on rod and the ring ten51on rod pro;ects with its
other end into a recess which is provided in the

—tvame o . 0

T




2 SegnentaL—L+ﬁrng§‘§EEGFHT———to claim1, wherein the longitudinal®

- .purpose -of bracing in the Iongltudiﬁaf
'EjenSI oL rOere “ﬂmnﬁ‘ ach gt hgr by neans of connect.ion el enents.
3”r- ‘ onental cngs dbcdrdlng to claim2, wherein both ends af each

Idjo di nal tension rod are 15 provi ded mnth screw t hreadi ng, rhfreln -
- one et of each such rod projects -out ofT#he ring front surface o _

tyeen two -
e e s
ne|ghbour|ng ATHR %ﬁ%NQ%rFﬁ 98n§10 qﬁb chanpel FSFOWWQdQNGHBOHGhtudInaIr

-simul t an- eousl y

‘tension rod aM@Hﬂh&OnﬁnﬁunublehehhefdmﬂeﬁidﬁﬂﬁuﬁfHEétaﬂ'Eﬁe ﬁqgﬁhg? ngh

nds i g bears aPALR ke e coitiloe, MIrHIEE BrER s tends froetimsene

at -one en al nst ther
SQSEC\INQ.{ gc} ggagrﬁeiﬂﬁ"tnt‘# V\gbge a@t#ﬁeroénd:hmerénd dfeﬁélﬂomei(bd and

C i cording to any:-
| ongit udi nal thchonaho®efbﬁaa ?ﬁgg?ﬂgnne éfrg aﬁ % gng the'

one of clalnB f ea e
ring tension r%d%ergw g ﬁgﬁngp tFBﬁ ﬁﬁFShtﬁéadgntUOdhe ancho

"
el enent i s conical 2t apﬁafrgmgntatl flbﬁh.td‘@sl a@gjégglln,ai Lo @l?§%e§g%gﬁggﬁs

f rein each
e OF pacoordhagets thk Al BT Aol AR o R iR rastye obbef r om
{ﬁe rlngg?ronP 5EPP&c L ?ﬁF#%ﬁn%naﬁhﬁn§mmgxﬂudmmdkndifEb&EEhﬁngr@ t he -

fo
connect i on elennntected wikh- &ach SedRiY apyl 'nﬂéé‘ﬁ% a&ford| n& t%,lagn% one.O

nnel s open out
ims 1 to 5 n |nJect|on cha
ngldeS exten channel s which receive the tension rods 5

7. SegmﬂnalIlru%gseﬁngmmntplokﬁwlﬁ@sOéccordlng to claim 2,
- wherein both ends of each longltudlnal ten51on rod are

Tis prov1ded w1th screw threadlng, whereln one end of each
. such rod prOjeCtS out of the r1ng front surface of . the -
_assoc1ated segment whlch faces the r1ng type 301nt
'present between two nelghbourlng segments and has -
f.screwed on to it the .connection element wh1ch 51multan-

20 eously forms the ten51on1ng element for the one
| long1tud1na1 tension. rod - and the anchor element for the

next longltudlnal tension rod, and wherein thls
connection element 1nc1udes a’ ten51on1ng nut open at
- both ends which bears at one end against the ring front
25 surface of the assoc1ated segment and into whose other
_”end the end of the next longltudlnal tension rod. 1s
screwed ' ) ' _
o -4, Segmental linlngs accordlng to any one of
- claims 1 to 3, whereln of each of the ‘channels receiv-

30 "1ng the rlng ten51on ‘rods, only the channel portlon'
:'which leads to the anchor element 1s conlcal, taperlng__ff
out from the longltudlnal joint. ,

5. Segmental llnlngs accordlng to any one of _:
'clalms 1 to 4, whereln each of the channels receiving

35 the longitudlnal ten51on rods enlarges conlcally out
':from the r1ng front surface which forms an installation.
for the one end of the connectlon element. '



clal ms-1 to 6, wherein in the ri ng type10| nts and/or i'n t he {1 ongi t udi nal -

gglﬂtsthtmo seal i ng egenents vihi ch are provided with radial _distance fropm" '
ch other, correspdnding to the segnents, ‘circul ff

OF ‘conti ruous manner. 8. . Segmental |i.nings. aﬂlﬂ""ﬂlﬁ]lﬂ‘ll’llﬁlﬁ? wher e :

t he tension rods are. arranged bet ween both seali ng ekentnts. 9. *Segment aI

Ilnlngs\accordlng toclaim7 or 8 15.° wherein both-sealing el enents are

?rranged;frlradlal dLrectlon symet ri cal to 498~ central surface of the
unrel - she or to the tunnel . shaf nd, to.th t

| el e centr ravi of

j oi nt_ contact surfaces Vi chS %9@35'15"831 LRI ngR; eab??ogd%'@g&y bily (?ntep%f

Segrent al fI ini ngs. QeamE My te Bpywhesedh chalemstl]prt clannkks eWhich PR

pur pose "of .t oot hi n?’;ﬁ’eel Fb%g{ g%aeérﬁgﬁﬁml%siﬁegn%ﬁexfd"efﬁ&ﬂnﬁﬁ §hdffiels

facing.-the joints and itn"the other of these segnen
t sides.
there is -.a project wdnainmm;mqadlthg tensiop ERESrecess. 11. Seg?rent al

l'i'ni ngs accor ng to cl ml i N e
round r od V\hlgdh 39' degRatai 1hﬁ1ag@ e&éceadlmgcomtangt eheryof

pr Oj ects I tS se -CroQSss- se t.i on_put
it is secured. 30 almsl tacne Pt PNty l'a%c’é}'&? ngy?g g{;gggnglbﬂd%km
wher ei n the.proj ectipntlie nmaiamamt;aomtsmtwn seelangnedementsf yhich

13.  Segrental 1{inings accor g n f 2

radi al* 't oot h const i BhO 8118§§ J%’el?gﬁgg{}%lﬁgdgéghe%% $ood ea%w??flaﬁgéd
in the ring-type Jcccmrx%enbnﬂn-m i ocdrhe i SEERFHYS e’ @rc?ov%rFﬁngﬁg of™ t Re
two segment siges fagldgddéor |dzg,ttﬁ%us manker. j 0i nt. and a tqngue made of

t he: segnent material on the qgther h se segnment si.d
construction is provi ded® spaéé@“&ﬁﬂ ](tat poaf%??r%sln&hetrel gltaqq“t90t h

wherein the ten51on rods are arranged between both

seallng elements._
9. Segmental llnlngs accordlng to claim 7 or 8,
.‘-15 . wherein both seallng elements are “arranged in radial
5d1rectlon symmetrlcal to the central surface of the
-tunnel shell or to the tunnel shaft and- to the centre
;.of grav1ty of the jOlnt contact surfaces whlch ‘are
f.statlcally effectlve. _ o o
t20 o - 10. Segmental llnlngs accordlng to any one of
B claims 1 to 9, whereln for the purpose of toothing
nelghbourlng segments, in ‘one of the segment sides
'fac1ng the j01nts there is a recess and in the other of
these segment 51des_there is a_pro;ectlon corresponding '
25 to the recess. o o | -
11, Segmental linings according to c1a1m 14,
- whereln the progectlon is constltuted by a round rod
whlch pro;ects by its seml cross sectlon out of a,__f
groove in whlch it ls secured._ _ '
- 30 T 12, Segmental linings accordlng to c1a1m 10 or
_ | f_11; wherein’ the progectlon is made of a materlal which
o has a smooth surface. o ' |
: g_' o f 13+ Segmental 1inings accordlng to any one of
g_ _ *_-f---f ;claims 1 to 12, having a rad1a1 tooth constructlon of
:%7-" 35 neighbouring segments, which is arranged in the
) '.'rzng -type JOlntS ‘and whlch is constituted’ by a groove
! in -one of the two segment 51des facxng the ring-type

i at SrE WAL § AR Eors et e b 1e
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over the peripheryof—the ring-type joints. 5 14. Segment al «

i -as clainmed [F mullgl n the tooth construction is provi ded - o
. poi nts per me"m II ntal |inings according to claim13 or 3
S*

. PHPrein the end t he tYondue$ pointing in .the 10 - annutar, or o

- per pfieral direction forma tangential tqgoth construction. 16. Segn;q}al

i nings .according to any one of clains’ 1@()15 wherei.n t'he segment. gi des, =

~which are turjheintoandda eanlguet matei Oft fthe lmmémﬂo@ndtﬁﬁlfa& n tl?éld?'or in
the | ongi't udi galhd.0i Bes. ¢ HaYe Céégfm e 290Nl 8eld NLAGS Beaqr O nglp

- claim 16, wherein the: cha er ta gradudl | £35S mt® _
val ue at the SeRFERuCELPReiS. PE?ViiﬁiyﬂpﬂQ§dI¢mﬂmgatfsungaan@dint;ﬂIerles

: rei nbe- fore
and 20 . si M beér UBHE! SEPLBKe WP &8, £15aI0siant i éysaﬁr{%

f t.he errbodl nment strated in the’
' ggzg%gn%wgt gr;\?\:ﬁ%gnc tgomeaxgl linings as claimed in claim 13,

wherein the tooth constructlon is prov1ded at- two .

poxnts per segment. _ s _
15. Segmental 11n1ngs accordlng to c1a1m 13 or.hf

14, whereln the ends of the tongues pointing in the

10 annular or. per1phera1 ‘direction form a tangent1a1 tooth;'

constructlon. ' o
16. Segmental 11n1ngs accordlng to any one of
claims 1 to 15, wherein the segment 51des, wh1ch are
turned towards each other in the r1ng type jolntsi'
15'.-and/or in the long1tud1nal 301nts, have chamfers.

' 17. Segmental’ llnlngs according to claim 16,'
-whereln the chanfer ‘tapers - off gradually to. n11 from a
crest value at the segment corners., . _

18. Segmental llnlngs for. tunnels, gallerles and

20 f similar underground works,'substantlally as hereinbe-
fore descrlbed with reference to any of the embodlments
?lllustrated in the accompanylng drawings. .

25




