L SHI ELD TUNNELING METHOD AND MACHI NE THEREFOR BACKGROUND | ON
This invention relates to.a shield.tunneling 5 met hod aﬁ§E§{EE§##ﬁSNT (i///
t heref-or, which excavate a tunnel by causing a pressure to act on the
‘tunnel face, while preventi ng collapse of the tunnel face, the pressure
bei ng such a level as bal ances:an “earth=ptessure and undérground water . .
pressure in the face ground. 10 One of the known net hods of
preV/ntlng col | apse of the tunnel: face in excavating a tunnel is to apply a
pressure with sludge, such as bentonite sluryr to the face di scl osed
in US Patent No. 3SBIBLBOBUNNRLING METHQD QFQEW?§E%Fé$%ssure to
the face with 15 muck fromthe tunnel face, as di sclosed in U S.. Patent
No. 4,167,289. The forner can effectively resist the underground water,-

but, in the grogﬂexgk?ﬁnglgp fﬁﬁnfﬁeﬁ*?ﬁd such as sandy ground, can not

i ndependent |y resrst the face ear pressure. The latter has been

difficult in reS|st|th§sm@ géﬁ9{€§fﬁéfatgstas & MEh d Nedh &

under ground wat er ‘| evel a view to solving the draﬁ%ack of the

conven- tiogal methed aﬂd aaﬁseﬂﬂneitheﬁeﬁarpbq:mh Cdxd¢dPa e 65 SRinridl |
i nvention to provide tunneling nmethod -and machi ne for excavating a tunnel

agai nst an eartbypeassling angressaterto act-on the tunnel face,

while preventing collapse of the tunnel face, the pressure
beiné such a level as balances ah'earth pressure and
7undergrdund water pressuée in the face ground.
10 .bne of.the kaown methods of preventing collapse of
|  the tunnellface in excavating-a tuanel ie to apply
.a pressure with. sludge;.sueh as bentonite slurry, to
the face, as dlsclosed in U.S. Patent No. 3 946 605.
The other method 1s to apply a pressure to the face w1th
15 muck from the tunnel face, as dlsc;qsed in U.s. Patent
No. 4,167,289. | |
The former can effeetively resist the underground
wafer, but, in the ground of a high permeability, sﬁch
as'sandy ground, can not independentlj_resist the face
¢ 20 earth pxeesure. The latter has been difficult in

resisting a water pressure in the ground in which the

uhderéxound water level is high. B
With a view to solving the drawback of the conven-
tional method and-machiae, it is an object of the present
- 25 invention to provide tunneling mefhod and machine for |

excavating a tunnel against an earth pressure and a water -



ssure in the face ground while maintaining the face stable, irrespective
he nature of soil in the face ground or the underground water |evel
ef g high or | ow Regarding stability of the tunnel face, -the i,nven- 5,
tor came to such a conclusion to be described below. If the mmned spoi
fromthe tunnel face is directly urged against the tunnel face so that a
spoi.l pressure can bal ance the earth pressure in the tunnel face, then the
tunrel face beconmes stablized as in Lhe ground under 10. the natural
condi'tion. On the other hand, a liqufd is pressurized to such a 1evel as to

reach equilibriumwth.the, undergrqu er. pressure. s 0 i st
out f | ow of ungﬁ?ﬁFBﬁﬁdlﬁa%g.g%ﬁg §%§g}1§%}§% \Alg%ferﬁ%fﬁ:ég Z%énefgnc;elsnt ai ned
in aconditio | ;| ag ugal ngi’ okl thee UsfPf the \ ' -
spoi |l and Iinggbngc%rgggbgggggérégeaﬁgoﬂéﬁgﬁéé9¥eve lggnba anC|ﬁg the_g\\
earth pres- SHE8uhd bhethacandeeyPduAltwhber UNERE D G IRIGH o¥ Efowsure,  \ '
stability of fhe tunnel face is extrenely rationally maintained. If the BN
spoi | alone can be kRakapdauy stabhtifP. ofuthel thnsel Faddputhd alnven-

under ground water . out of the tunnel face or noving sane, then excavation of .
a tunnel c8p kersehmeytanduehf accentlysponctedee desdcriled Hoelow apkf ri ng

stablility of the tunnel face. The invention provides. a nethod of .
tunnel i ng, u$hegmiBedasphiidl roppsheutnnnel nfacecks ndinecly corged ses
cutting neans at a | eading end_thereof, a working space between  -3-

against the tunnel face so that a spoil pressure can
balaﬁce'the éarth.ﬁreséure in the Eﬁnnel féce,:then the
tunhel face becomes sfablizéd'as'inlfhe'ground under

10. the hatural coﬁditidn. On the'ofher.hand, a liquid is
preséﬁrized to such a level as to reach equilibrium with
-the.undérgrdund wééer ﬁressuré;.sd'as_téxresiSt'outhow
of underground water. The undefgrbund.water thus can be

_maintained‘in'; cohdition_similar to the natural condi-

" 15. tion. By the use of.the'spoii éndiliquid-whi¢h ére
pressurized to such a level as balancihg thé earth pres-
sufé'ih the féce.ground and fhe-undergrOuhd water pres-
sure, stébility_of the tunnel face is extremely rationally
maintained. If the spoil alone can be taken out of the

20. tunnel face, without taking undergrduhd water out of
the tunnel face or moving éame, then excavatidn of a .
tunnel can be safely and efficiently proceeded with,
without impairing stablility of the tuﬁnel face.
'The'invention'provides a method of tunnelling,lusing
25, a'SEiéld4typé tunnelling machine which comprises cutting

meanS'ét_a leadihg_ehd thereof;'é ﬁdrking space between



- _ . T
said cutting means and a transverse wall, and a bal anci ng chamber . (iéby
rearwardly of said transverse wall,- the: nethod com prising. the steps of :
operating the -cuttimng means to detach spoil.froma work- 5. i ng face
and introduce it into the working space; intro- duci'ng a I|qU|d to the
bal anci'ng chanber to maintain therein first 3p~edeterm ned pressure; -
adva30|ng t hemachine, whilst operating the cutting nmeans, to apply to the
spoi | i.n the weEidEuwidrie means: andd aprtedeseerséOwall, aﬁﬁnedbaleﬁeﬂng
which is higher than an active earth pressure in the face ground but | ower.
than a passi ve Ghambepmeanvardly ofe sadde tyrveversel Wadi ngtbeanéthod pass-

t hrough said transverse wall fromthe. wor ki ng chanber to the bal ance.
chanber when tﬁﬁﬂﬁPé§é dtteps of:- spoil .in the working chanber exceeds

: d f t f oi |l ahd
330 TTaurd but ot SR B ieeds r%Fa%f”fsd%éééggegnﬂ’séei’iﬁf%mf%.‘ﬁgrk-
he hal hanhb
Taventi on a0 pr ovishaattl B deshat?, 1% T8ER FhScBREkLas gpageqr HEro-
o L b, arddhet A0S’ 3Bt R RH Ghable} 'JF?fté’ﬂ%*a gt on
“attached to the. endiirdile siiree praabbe2idngll BYLEGNEDE PASSAGENS" 12001

t her et hrough and defirning a working space “cutter
transverse vall ;. anaghime Nghilatbeberd@ing42he cutting means, to apply
to the spoil in the wbrking chamber a second predeter— _
“10. | mined pressure which is hlgher than an active earth
pressure in the face ground but lower than a passive
_ earthtpressure_in the face ground; allowing_spoil to
pass through said transverse wall from the working
" chamber to the balance chamber when the pressure of
15. | -spoil in the working chamber exceeds said'second
predetermined pressure; and transferring a mlxture
of spoil and said liquid out of the balancing chamber
for disposal whilstmaintaining said first predetermined.
pressure in the balancing chamber. |
20. | The invention also nrovides a shield tunnelling machine
- comprising:

s a drive shaft rotatably'carriee by'a transverse wall
provided in the front;portion of a shield body which
can be thrust forward; | |

25. .. a cutter head attached to the end of the drive shaft
and allowing the passage of spoil therethrough and
defining a ﬁorking space between the.cutter and the

transverse wall; a balancing chamber (48, 142)



- defined. behind the transverse wall; a sp0|l inlet provided in the
& ansverse wal | ; a cover nenber (50, 148 149) adapted to open and cl ose
Yhe™~spoil inlet; an operating neans adapted to exert on the cover menber.

pr edet er m ned second pressure higher than an active earth pressure.i-n the_
face ground but |ower than a passive earth pressure, thereby dlspIaCIng ,
~said cover nmenber to close said spoil 10. inlet, and adapted to. 7&3 ;
di spl ace sai d cover nenber to. open $ard spoil inIet when t he pressure. S

acting on said di aphragm and said cover nenber the spoil admtted. ln: :
the shiel d bodgfinedapsbdndpshe Fﬁ§n§V§H§FeWﬁ;ﬁed level ; 15. . iean

f I I d b th hanbei

| FuDP i1 2 1L 0 1o 15t BRLaRGRa0, NRRL a3y baL, Fhfchanoer 1S
t I t of th O.a 103! .

fgzg?LEHP%angLosguge%P'8ﬁgpgﬁkgvgk$§ Eang&ng ?t?%rF%dogﬁgodlnentlgfa;

shield tunnelllng n ggentlon Fig. 2 is a front. view -
of the shield tunnel- E Pﬁgg%hgﬁinebgégFﬁal 1, 25. . Fig. 3is a -

transversegCross Se%b!@%@rdﬂrﬂg hakkes abap@eliheol eRBre8- nOth&i Bovér . .-

. member a predetermined_second pressure higher
than an active earth pressure in the face gronnd"
.bnt.lcwe:,than a passive'earth pressure, thereby
displacing,said_cover_nember to close said spoii-”

10.- __.. inlet, and adapted to displace said cover membeﬁg"
o open said spoil inlet when the pressure acting. o
on said diaphragm and said cover member by the

. spoil admitted into the shield body is raised
- above the predetermined level,

15. .. meane for supplying a liquid into said balancing
chamber, so that said chamber is usually filled
with the liquid; and

.means for transporting liquid containing 59011
out of the balancing chamber.

20. . . o Fig. 1 is a longitudinal'cross sectional
elevational view of a preferred embodiment of
shield tunnelling machine of the present invention;

Fig.fz.is a front view of the shield tunnel-
‘ling machine of Fig. 1;
25. . " Fig. 3 is a transverse cross sectional view

- taken:along the line 3-3 of Fig. 2;



-5- Fig. 4 is a longitudinal cross secti onal eleva- tlonal view of a shleIdQ‘?

tunnel | i ng ‘machi ne f or plpe jacking, to-which the present invention is
applled Fig. 5isa front view, as seen-fromthe |ine 5. 5-5 of Fig. 4
Fig. 6 is‘a transverse cross sectional view taken.along the i ne 6-6 of
Fig..4, Fig. 7 is a cross secti-onal view taken along.the line 7-7 of Fig.
6; &Q . Fig. 8 is an i l{ustration, show ng qualitatively the
relatléﬁshlp of rotation of a spoke versd%'the spoil pressure; and Fig. 9
is a transverse cross sectional view of -‘the machine in the modi fi ed form
whichis simlar. 15  tdF¥gg.4 Gl%%rﬂr%ﬁbdwaiocapsa? secéignadnfdeVang

“machi ne conprises a thrus m advangci ac 1 and |apQragn114

provi ded internal ly &9 Yf%? Ehﬁﬁﬂ534¥%£ﬁ¥;HH Wa§ﬁg

rearward .fromthe front f_ the | 1., T ansverse

wal | or di aphr.agm 149 ?l%lgﬁg ! upperdjb%énﬁ‘ng E%‘be % 1%‘}%%(1’&59%10}? gﬁlpg' A Dbit

or a scraper 17 is pI’OVI dﬂj?] é)eff&m..erﬁe ratsl %'ee?if & @ReNhEge16. A
, : , e

bearing 18 is provided i e central portion 2 e di aphragm 14,
and- anot her- begring §25|§fp§g¥|d@d in a wall nenber 20 di sposed
substantially in parallel he dlaphragn114 at the rear thereof and

carried by the shield bodgid.6 B ha befdridisrskS criods? declibnal view .
| taken along the line 6-6 of Fig..4; |
Fig. 7 is a cross sectional vieﬁ taken along
the line 7-7 of Fig. 6; - | '
10. - Fig.'8-ie'an.illustration,.showing qualitatively-
the relationship of rotation of a spoke versus the
'spoil pressure; and .
Fig. 9 is a transﬁerse croes.sectional view of
_ the machihe in-Ehe modified form, which is similar
15.  to Fig. 6: |
| A shield body 10 of a shield tunnelllng machlne
comprlses a thrust ram or advanc1ng jack 11 and a
dlaphragm 14 provided internally across the shleld
body in a portlon spaced apart rearward from the front
-20.:'_ end 12 of the sheild body 1l. The transverse wall
. o ' or'diaphragm-l4 has an upper opening 16 wﬁich is a
l | spoil inlet. A bit or a scraper 17 ie provided in
the peripheral_portion of the'opening 16.
| A bearing 18 is provided in the central portion
25. of the“diaphraom 14, and another bearing 22 is provided
‘in a wall member Zordisposed'sobstantially in parallel
_to the diaphragm 14 at the rear thereof and carried
by ﬁhe-shieid body 10; Both bearings 15 and 22 carry



' 4 a rotary shaft 26, on one end of which is mounted cutting neans in the
-go m of a spoke type cutter head 24. The cutter head 24 ‘al | ows adm ssi on of .
oi 1 between the tunnel face and the diraphragm 5. ‘without- interruption. A
main gear 28 is nmounted on the other end of ‘the rotary shaft 26 through the
medi um of a key 27. The main gear is coupled by, way of a gear 30 and a
reduction gear (not shown)to a reversible motor 32. The gears 28 and 30 af
10. {provided in the casing attached & & the wall nenber 20. The cutter hea

24 conprises three spokes 36 radjally extending in.three directions froma
boss portion 34 f3t¥RGh %%ﬁe{"eréfaofa/”c r@%&l‘érg’fsﬁfé‘riﬁhl&s FOURTES | xed
thereto through the nedi um ofseajaé( 33...A tl’fli n of

t

. i ght - bi 38 d
train of |eft-turfEFtRI AFah f&PT Fhé fsrpcﬂ%{el fngtc?@t g{u t@é"{)th i V:n :

spoke, s best Sogged b Fl g GRS okl SARUEER 0 0 cop

fitted on the rotary e rear of respective

spokes 36 is a Iidpdb) WGP MES  eltthel) Bflid Add dnd agh¥adudle spoil.

fromthe tunnel -face.” T e wal | nenber, the di aphragm 14 and a nenber 46
i nt-er posed t heg ghgf peaie coEdrdut©ieh SAK a4 gifar WE Gy @Rfunted a

bal anci ng chanber 48 behi'nd: t he di aphragm the bal anci ng chamber usually
charged with on the other end of the rotary shaft 26 through
the medium of a key 23. The main gear is coupled
by way qf_a gear 30 énd a.:eduction gear (not shéwn)to
a reversible motof 32, The gears 28 ahd 30 are:
10. provided in the casiné attached to the wall member
20, | '
The cutter head 24 compriseé thrge.spokes
36 radially extending in three dirgctiéns from a
boss portion 34 fitted on the end of the rotary shaft
15. 26 and fixed theréto through the medium of a key
33. A train of right—-turn bits 38 and a train of
- left-turn bits 40 are attached to the front face of
respective spoke, és best seeh in'Figf_Z. A center
cutter 44 is mounted on a.cap 42 fitﬁed on the rotary
20. shaft énd. frovided at the rear of respective spokes. .
36 is a rib 45 which serves;-és an agitating blade
for the-sﬁoil from tﬁe ﬁunnel face.
The wall member, the diaphrégm 14 and a member
46 interposed therebétween cohstitﬁte alcasing 49
‘25, which defines a balancing cha.mbe:-'4_8 behind the -
diaphragm, the balancing chamber gsually charged with
a liquid. The opening 16 in the diaphragm 14 is an

inlet through which the spéil is_introduced into



a liquid. The opening 16 in the diaphragm 14.is an inlet through which the <§§:
spoil is introduced into . -7- the bal ancing chanber 48. The spoil inlet

is cloSed. and'opened by a cover .nmenber ,50. TFhe cover nenber 50 is coupled :
to a piston rod’ 54 of an operation device consisting of a dual 5.

hydraul i c piston-cylinder device attached to the wall nenber 20. A
hydggpllc pressure circuit (not shown) for introducing.a liquid pressure-of
a predétern1ned level into a cylinder Lsyconnected to the operation device
52, in order to retain the 10. piston in a given position within the

cylinder so that thetﬁ@VBélaﬁdEﬁF BRaiBy¥rU383al The CEPSEL tIw1&poid dIYsia 16.
So far as a pressure of -the spoil charged between the face and the

- di aphragm 14 i s mai naagnegehedabiescktovapahntmbet HOeventing col | apse of the
15.- ~ face, nore specifically within the range of pressure larger than an
.active .earth pressure in tRFbef aoveyr vemdesubOshal tevplednta papiitan earth
‘pressure thereof, the cover nmenber 50 consistently closes the spoil inlet
16. \Wen the pressureodfsﬂh@fs§8|PPP§aFéP§e€eYD°e09%F5%$E9$HeRﬁH%N4H4%3

| evel , the cover nenber 50_.is u t o open the s@OlI i nl et

rged b Il
16, thereby all @i nghﬂéﬁ’?%?&npdgti’ﬁeggé) 13318 nflﬁ"i“ﬁﬁ hFatheds %0‘3'\‘? as the
spo!: pressure drops to,the egdﬁberﬂlﬂygr g QUEsLRrdill A8LP0 flod e
Spoi -

L]

shown) for introducing a liquid pressure of a f
predetermined level into a cyiinder is connected
to the operation device 52 in order to retain the
-.10. ':pistor in a given position within the cyllnder so
that the cover member 50 may usually close the spoil
inlet 16; Se far as a pressure'of.the spoil charged
between the face and the diaphragm'l4'istmaintaihed
in a leVel.caéahle of preventing.collaése of the
.'15.: face, more speclflcally within the range of pressure
K ;'larger than an actlve earth pressure in the face
-ground but smaller than a passive earth pressure
,thereof,.the eever member ‘50 consistently closes the
spoil inlet 16. When the pressure of the spoil .is raised
20. over the predetermined levei;.the.cOVer member 50
. . is urged by the spoil to open the spoil inlet 16,
| thereby allowing'admissioh of the spoil into the
lnlet. As soon as the spoil pressure draps to the
predetermlned level due to adm1551on of the sp01l
25, into the chamber 48, then the operation device 52'
| urges the cover member 50 to close pesition, whereby
the spoil inlet 16 is again closed.

" As is apparent from the foregoing, the spail .



<§§§}into t he -chanber 48, then the operatfon device 52 urges t he cover
a

Per 50 to cl ose position, whereby the sppil inlet.16 is again closed. As

pparent fromthe foregoing, the -spoil inlet 16 is adapted to open
and cl ose according to a change in a spoi.l pressure in a manner. that, only
when the spoil inlet is opened due to the spoil pressure being raised to

hi gher than a predeter- 5. mned |levgl,_ the sp0|l is taken into the chanber
-48 charged with the liquid and p05|t|oned behind the the di aphragm and t e

spoi | 1> Ji schar gaduais 9sdlq.s! hRapReRDED 4BehnERHOBIBsgPRLLoLRERDAT UC P pe

56 provide in the casing nenbe n the" omer I on t he spoi

chanmber. D scharggdla taaens;eouh QUEpBR 1t BQeQBﬁE‘Eein4§ h&nA&E OppA ¢ shed
wi thout chang- ing the spoil pressure to a greater extent and hence wi thout

causi ng col | apse @nlighehledCeheTepaiet ihlletCascopbaesd auei tocaméai ns
gravels, .15. the chanber 48 may be a crushi ng chanber including a crushing
nmeans internally tsparidofprelssuriel bedngneaisedotoahigher thahaxi pgedetsin ng
teeth 58 nust be attached by means of a key 62 to the rotary shaft *26. The
wal I thi ckness Sof mimed\dievednnttbes spoidnds48aken whtehtkenshamiperssd he
casing 49 surrounding the rotor 60 _nust be increased to such an extent as.

sufficiently resi shanged ¥ibnithg ﬂ#ﬁ&é@ apgd BPIéFlQBeérBQhH%daﬁh¢ncreased

ravel -crushin effect it is reco
g g diaphragm, an the spoil is discharged outside

| the chamber 48 through a spoil discharge pipe 56
provide in the casing menher 46 in the 1ower'por-
10. tion of the spoil:chamber. ﬁischerge oflthe spoil
out of the'chamber 4é_is accomplished.without chang-
ing the spoil pressure to.a greater extent-and hence
without cauSLng collapse of the face. |
To meet the case where spoil contains gravels,
.. -15. the chamber 48 may be a crushing chamber including
| a crushing means internally thereof In this connec-
tion a rotor 60 having crushing teeth 58 must be
attached by means of.a key 62 to the rotary_shaft
"26. The wsll thickness of the Qall members 20 and 46
20. which constitutes the_cesing 49 surrounding the rotor
60 must be increased to such an extent as sufficiently
resists the crushing impact. ln order'to provide
an incressed grevel—crushing effect, it.is recom-
mended to leave'a distance of eccentricity e between

25. the axis of the rotary shaft 26 and the axis of



mended to | eave a distance, of eccentricity e between 25. the axis of the é:;i;y
“rotary._shaft 26 and the axis of -9- the rotor 60,as shown in Fig. 3 an

to attach a li.ner (not shown) with crushing.-teeth to the inner wall of the
casing 47, as the case may be. 5. In case the chanber 48 is used solely
as a chanber for receiving earth fromthe face, the casing 49 constituting
‘thegghanber 48 need not accommpdate * = 9 -therein the rotary shaft 26,
unlike Fig. 1. In case the chanber 48 is used as a crushing chanmber

equi pped 10. wi.th atlee ushitdl 6@ANS sHowns iadwagiageaua tBakhtkhenr otor 60 be
mounted on the.rotary shaft 26, so as to be run at a higher torque. In the

tatter case, the crashimer ctrotbeshosar)r- ol egushéngoteeyhskaf thand the
~rotor 60 eccentrlcally nounted on the rotary 15. shaft preferably is forned
~of the casing 49. Tinmetdmalltﬂﬁlthe|Qasa@maﬂﬂagasu$hércasehmaylemp0|nt of
simplicity in construction of .the machine itself, because a special drive

" source for thelwncbeor a speci al transnlsS|on neans fron1a drive source 32

-1s°20. not needed.. To th effect at ch%gb usual ly filled
with aliquid, atiquid s %ﬂ? @W 453 Psg SP e}NeaﬁpBer

portion of the chanfer gr'fo:prro deq.giq.ngs%a%ht %o t?lgu(f%.c% gyl gaik’.ﬁa as

cLean
49-constituting the chamber 48 need not accommodate

_therein_the rotary shaft 26, unlike Fig. 1. In case
~ the ohamber'48 is used as'a-crushing chamber  equipped
l'. ;o.'with_a crushing means, it is'advantageous_that the
| rotor GQ-be.mounted on the rotary shaft 26, so as to
be run at a higher torque. In the latter case, the
orushing chamber sﬁrroundiag the rotary shaft'and.
“'-:the'rotor-so edcentrically mourited on the rotary
~15. shaft breferably is formed of the oasing 49, This
| _constructlon is advantageous from the v1ewp01nt of
-_-51mp11c1ty ln construction of the machlne itself,
because a special drive source for the rotor or a
speclal transmlssion ‘means from a drive source 32 is
20, not_needed. S _
| ~ To the effect that the chamber 48 can be usually
filled with'a liquid, a liquid supply pipe 66 open
: -Kas.at.64) to the upper portion of the chamber 48
ie-provided, so as to introduce a liquid such as clean_
§ éS..water or muddy -water into the chamber-48, In case

u-spoil containing crushed gravels introduced into the



wat er or nuddy -water into the chanber 48, 'In case spoil containing
Ushed gravels introduced into the - - -10- the chamber '48 is carried by
€ liquid in the chamber 48 to be. di sgcharged out of tHe chanber, 48 through-
the spoil discharge pipe 56, such as a liquid is supplied intd .the echanber
48. 5. A snmoothing materi,al in the liquid state, such as an aqueous
sol ution containing bentonite, may be supplied into part .of the front
portion of the diaphragm 14, so as~t#9raduce a frictional force acting

bet ween the di aphragm and, the spoil 10. . whereby a resistapnce to the driving
t or que,. of the chPgrcﬁéﬂhe§44§aﬁstaF§a€€eﬁy ethigeid i3 Meral- ity of

L oush 01 63 14ach SRR ool ! AEk RABLAOLLL BeOlnd Moyl pgm, 14 an
a liquid reservoi s pr-ovi e : -

di aphragm so thag..t hipgs FakeL] y..be supplied into the li-quid .
reservair throughkgkgﬁggngg% Eggé???%%bﬁéﬁg?opgﬁa;ng %&g%i%%dabody 110 of
a shield tunnellingqaeahigeshipp12ed PREbAEKENEn&MGEy 208, PTises a head
portion |1 Ca and a tail portion 110b.. The head portion Tlca is coupled to

the tail portign 110b |AQHhﬂothgh§|Mab!rﬂﬂﬂhinoihéeﬁi?uﬂ&lﬁt@ﬂé pi votally
movabl y by neans of four direction adjust- ing hydraulic jacks T11b. .
such as an aqueous solution containing bentonite, .

may be supplied into-part-of the:front portion of
the'diéphragm 14,:s0 as to féauée a frictional
force'actiné-bétween the diébhfégm'and the spoil

" 10. whereby a resistance to the drivihg torque, of the
dutter:hea§'24 can be reduééa; To this}eﬁd,'a plural-
"ity of through4h§lés l4a ié'providéd in the lower
pértion'of theidiaphragm 14, and a liquid reservoir

© 14b is provided beﬁind the lower portion of the

15; diaphragm, so.that the'smoﬁthing-material may be
sﬁppliéd inio the 1iquid'feservoir7through a pipe
l4ci -

" Referring now to Fig. 4, a shield body.ilo of
a shield tunnelling machihe'for'a.pipe jacking com-

20. prises a head portion 110a and a tail pertion 110b. :
The head poriion 110a is,coupled to the tail pbrtién
iIOb 1iquid;tightly by means of seals llla and |
pivotally mévably by meéns of foﬁr dirgction adjust-
ing hydraulic jacks 111b. |

25, fhe shield body 110 éomprises a diaphragm 114

remote to the'réar to some extent from the front



25. ' The shield body 110 COHprfses a diaphragn1114 remote to the rear‘(E%i

t o sone. extent fronlthé,front . -11- portion 112 of the shield body across
the shield body. The -di aphragm 114 i s provided with two openings 116 (Fig.
6) in the upper ‘portion thereof., these openings serving as spoil inlets to

be described later. A 5. ~bearing 118 is provided in the central portion of
t he diaphragm 114. The bearing 118 extendpito a stationary wall 120 and is
fixed thereto, the station- ary wall being | ocated behind the diaphragm 114

sub- stantially in ppeethieh LDereéfotkedskiéra Ne6dy cadiwss ehsiilaldabay.
110. The bearing 118 carries a rotary shaft 126, -on one end of which a '

spoke type cutter he®Helddapbragmnlddl. ighprovided wicthl twbs! apdmimysadili6s -
sion of the spoil between the face and the di aphragm 114 wi t hout i npeding
or limting the free(Bagsi iy i8. the FhﬁespB¢It£;ﬂmﬁh§F¢wanthﬁ§Qlﬂnﬁﬂinﬁﬁte
t‘o the rear portion of the shield body. The other end of the rotary shaft
126 is coupled to a PSHH&FFoﬂSgé@??lZ%n%%FﬁeE?éﬁet@ﬁ??ﬁ#b?@«iﬁﬁ@ﬂi X420, so

A SOV S TS AR R I E VN S N
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face of respectiVe SBRX€Sonary wall 120 and is fixed thereto, the station-
’ ary wall being located behind the diaphragm 114 sub-
-stantially in parallel thereto and attaéhed'to the
_lb. shield body 110. The bea;ing 118 carries a rotary
| shaft 126, on one end of which a spoke type cutter
_head 124 is mounted,.The_éuttér head 124 allows admis=
: sion of the spoil betweeﬁ the face and the diaphragm |
ll4lﬁithout'impeding or 1£miting the free passing
-15; of thé spoil_ﬁemoved from.the tuﬁnel face to the rear
".portion of the shield body. The other end of the
rotary shaft 126 is coupled to a'rgduction gear 128
connected to the fixed wall 120, so that the rotary
. shaft may réceive'a drive forcé.from a motor 130.
. 20.. The cutter head 124 comprises three.spokes
| 134 extending radially in three directions from a
boss portibn 132 fitted on one end of the rotary .
'shaft 126 and fixed thereto. A plurality of bits 136
are.attached to the front face of respective spokes,
25;- as 5e§t seen in Fig..S. A center cutter 140 is

provided on a cap 138 fitted on the end of the rotary



as best seen in- F|g 5. A center cutter 140 is prOV|ded on a cap 138
Ated on the end of the rotary -12- shaft 126. Bits'may be attached to
e rear face of respec- tive spokes. These spokes 134 ‘serve as  agitating
bl ades for the spoil renoved fromthe face. The di aphragm 114~ and the fixed
wal I 120 define 5. a balancing chanber 142."The chanber 142 is usually -
filled with a liquid which is suppl iled=t hr ough a supply pipe 143. The spEJ
whith is introduced t hrough. the openings 116 into the chanber 142 are  m Xed
with water &hafitddybwaBditswimaghbes attabbeduppl the bgarhfaseppEyrespecd43
into 10. the chanber 142 and di scharged out of the chanber 142, along with

wat er or muddy e esvhﬂ@@ﬁﬁ Fﬁekﬁﬁséﬁér§@rB¢péslﬂﬂltétih§ bladesie. The
undergroundf\éva 3{9& g. face nd dole1 got nove, and hence is not
di schar ged, “5&cduse SR 3p F°Fh§ &in @F@round wat er nmakes an

openi ngs 116 ar e ﬁi%ﬁ’?‘%%%eéﬁe sB8 ehElrlxhd VR STESeedRE, 00 146
proj ecti 8y WA NN ?Uﬁ%mﬁ‘é?‘r 139, l4fe gﬂaﬁﬁ&@ %gz F.’i.gsus efis‘f}‘li%ua% 149

Respective openings 1 are of a sector- ver

for closingwd@n and iopQd RAikhess g r Jhe cover
menbers 148 and 149 ggg'plvétally nggg%ﬁsacggg?e f 8 ﬁﬁggggtg €§6 whi ch

in-turn arelddppahiecdpoilswaich 1E5ineaehueédwm1£8ugxte@é80§§ﬂm&§ brackets i
_152 and 154 attached to the support nmenber 146 and the shi '
116 into the chamber 142 are mixed with water or muddy
- water which is to be supplied by_the supply pipe 143 into
10. the chamber 142 and discharged out of the chamber 142}
.'along with water or-muddy water, throughlthe discharge
Pipe 1l44.to the outside. The underground water in the face
ground does not move, and hence is. not discharged, because
. the pressure of the underground water makes an equilibrium
15. with a pressure of the liquid in the chamber 142,

Two openings llGdare.positioned on the opposite sides
of a support member 146 projecting upward from the bearing
118, as seen in Figs. 6 and 7. Respective.openings 116 are

_ of a sector-shape. Cover members 148 and 149 for closing
20. and opening these openings 116 are-provided.

The cover members 148 and 149 are pivotally movably
carried by brackets 156 which in’turn are supported on
shafts 155, each of which extends.between breckets 152
end-154 attached to the snpport member 146 and the shield

25. body 110, respectively. The shafts 155 and one edge 158 of
- the openlngs in the wall member 116 preferably be in

'parallel to each other, so that forces acting on the cover



j25 body 110, respectlvely The shafts 155 and one edge 158 of t he openlng<é§i7
in the wall nenber 116 preferably be in: paraIIeI to each other, so that '
forces™acti'ng .on the. cdver - 13. - = . menbers when the cover nenbers
148 and 149 are-'turned to an open p03|t|on by the spoil nmake equilibrium
The cover nmenbers 148 and 149 are pivotally connected-to piston rods 162 of
opekation devices 160 for cover nmenbers. 5 yhich consist of dual hydraulic
plstonrsyllnder devi ces attached to the fixed wall 120, respectively. Both

cover menbers 4481,8P8 WAnatRe SEFHLA médbORSIBAE Ahd A BAET Oitlinedrb t he
operation of one cover nenber 148 alone will|l be descrt+bed for the

sinplicity sakgn dBen posifibjdbputhe £psilinake@qulinbyidnos | ntrodUC|ng a
pressure of a predetermned level into the cyclinders is connected to
respective operati-onTheveoeetGliemsersisl4® ami riki4d axehepipratakly reennpckad
position within the cylinder so that the cover nenber 148 can usually cl ose
15. t he openi ngtél®isgonf pdasle2 p@és@m@'@iﬁo%pﬁ\rlq#-’r | &P bfawqmén%
and di aphragm 114 is | ower than the afore-_sai redeterm evel , the-
cover nenber5inblﬁbn§9§§éﬁFl9fc¢B§%-%Yé?%&kﬁ? P+§) n iy 4ﬁ¥19ﬁﬁui

fover  "thercovebtagnat: teashPoE SRR nRrE A0 ISR vel& Sreﬁo
.gFO?Let ngflhaf %‘Fﬂggﬁ%oéggﬁg Erihiﬁgpg% ea%g)lg?lé ressur el%ée)cr eases te(s)ﬂSI o
) and the operation of one cover member 148 alone will be
described for the simplicity sake.

10. A hydraulic circuit-(not shown) for introducing a
pressure of a:predetermined.levelfinto the cyclinders.
iS-connected to respective operation device 160, so as

to maintain the piston in a ginen position within the
~ cylinder so that the cover member 148 can usually close

ld the opening 118. So far as a pressure of spoil filled
between the face and diaphragm 114 is lower than the afore-
said predetermined level, the cover member 148 consistently
close the spoil 1nlet. On the other hand, when the spoil
pressure is increased over the aforesaid predetermined

. 20. level, the cover member 148 is urged by the sp011 to be
pivotally moved about the shaft 155 to open the spoil
inlet 116, thereby allow1ng adm1551on of theasp011 into
the chamber 142. When the spoil pressure.decreases_to
_less than the aforesaid predetermined level due to the

'25,:spoil admitted into the chamber 142, the'operation device
'160.again urges the'cover member 148'to a close position,
" thereby closing the opening 116. |

The cover member is adapted to open and close the



s than the aforesaid predeternmined | evel due to the 25. spoil adnitted
p the chanber 142, the operation device.160 again urges the cover menber
to. a close position, thereby closing the openi ng 1%6...The gover nenber
_ adapted to open and cl ose tHe -14- opening 116 according to a- change
in a spoil . pressure, and only when the covet nenber is pivotally noved to

an open position as a result of increase of the spoil pres- sure, so tha&i
- the7spoil is taken into the spoil chanmber14.- 142 positioned behind the

di aphragm 114,. and the -spoil is.transported by a liquid rearward of the

shi el d body ¢opbenimd 1he accobding 1o pe dhhhgd)xnﬁ&quaxﬁ presssype,l s

achi eved without greatly changing the spoil pressure by the diaphragm 114

and the coveandeobly when the ¢ever membernts pivgtaldy fsoied fhoomn he face

i s achi eved without causing collapse of _the tunnel face. The cover members

148 and 149 @PeR Bﬂ%ll‘éf‘-%%ea§e‘%|u’é%?‘?]a?|?/ f#féﬁm%?@ QF dherspadl ;R’fﬁst oned on’

t he upstream side, as viewed in t |re tion, of r tatlon 0 cutter
_head 124. 155ure, sOoRat:Fhf %?°£ﬁ §p5 &0 1Ry (ﬁhﬁﬁ? %o bel ow.

Ihe cover, ToTR Spd 8 A0a A 168 00|31 05 e@ﬁefnf;@ g éﬁﬁdsﬂ%@;ux des of
Eﬂgtrégf gﬁéi%;tpﬁﬂgg% ogia%ggufg ﬁ% spo S ré%g?g' In thé éaLéom )
direction asthhgught £Ré Bﬂ@éharge pipe 144. Discharge of the spoil
is-achieved:without"greetly ehanging the spoil"éreSSure
by the diaphragm 114 and the cover member 148, and hence
1o,hremoval of the spoil from the face is achleved w1thout
.cauSLng collapse of the tunnel face. The cover members
148 and 149 open and close seqﬁentially from the cover
member.positohed on the'upstream eide, as vieWed.in the
direction of rotation of the cutter head‘124.'. |
-15_ Operetion of the spokee 134'will'be'referred to
h below. The eever_members 148 ehd l49ﬁare positioned on
the left and right sides of the.support member 146, as
.described with reference to Fig. 6. Assuming that the
:cﬁtter head 124 is rotated ceunterclockwise,-as viewed
20. from the rear end of the shield body'llo,,the spoil . .
" is rotated in the'Same-direCtion as thehcutter'head.
The spoil is thus moved.dhto the-right—side ceVer member
148 in Fig..ﬁlend then eomes to the left-side cover
menber 149, Mevement of only a'spoke 134 will be referred
25; to for the simplicxty sake. The qualitative. relationshlp
| .of the movement of one spoke 134 ‘'verses the spoil pressure

is shown in Fig. 8. When the.spoke 134 comés to the

diaphragm 114 (a point A in Fig. 8) beyond the left-side



The spoil is thus aned onto the right-side cover nenber 148 in F|g 6 and
then comes to the left- S|de cover menber- 149. Movenent of only a spoke 134
will be referred 25.--to'for the sinplicity sake. The qualitative
relationship of 't he novenent of one spoke 134 verses the spoil pressure is
shown i'n Fig. 8. .Wen the spoke.134 comes to.the dlaphragn1114 (a point A
in Hyg. 8) beyond the left-side -15_ over nmenber 149, the spoil is
turned toward the right- side cover m 148 by the spoke 134 as sane is

ol et S e et e 0 ke e i e g el

forward of the §Ea§' dovéPendfises U £5 Fb,@\hen &p‘&?&l '1 16 dPisaeé ghgh%?mby

degree froma level P1 to a level e spollconmes to e right-side
cover nenber 14B8etwaefOthé Faéd fzw 100 . di dpHeyrs NI, [Fo2S LW Guraitabar,
than the predeterm ned |l evel present 10. by the operation device 160, t he
ri.ght-si de covecouphbérwidll tise nmpeeill txemoverdefrqu dilid dadey ainkde thpeoi |, and

the spoil is admitted into the chanber 142. As a result, the spoil pressure

is |owered t5.ashéedd Pady|11@ hmovipnifoprast ok the shieddns the powssudet o
| ess than the 15. predeterm ned |level; the cover nenber 148 i s naintai ned
i the open posPtP&nthenhspahltds razageq Regiri Yl Flegres Grame@ de¥8d the

right -.si de cover. _nenber . 148&3é9 0|I ressure P is gradually i ncreased to

a l'evel P4. vheRlt Fe 3pdREe Hﬂ?%ﬁﬂﬁﬁﬁt drdhse T 1BRE~E4960i nt C

cover member 148 ( a point B in Fig. 8), if the spoil
_pressure,is’highe: than.the.pfédetermined level present
10. by the operation device 160, the right-éide cover ﬁember
148.is moved to an open position by the spoil, and the
spoil is-admitted into the chamber 142. As a_:ésulf,
the époil pressure is lowered to allevel P3. If_the
-Spoil pressure by no means is lowered to léss_than_the
15..predetermined.level; the.cové: member 148 is maintained
: in'the-open positidn- Thereafter, as the spoke 134 is |
rotated along the right-siée.COVer ﬁember 148, the'spoil
'pressure P is;gradﬁally increased to a level P4. When the
spoké 134 moves overjthé supﬁort ﬁeﬁber 146 (a point C
. . 20. in Fig. 8) the left~side cover ﬁember 149 is in turn
| turned to an opénﬂpositién by thelspoil preésure;_whereby_
the spoil is discharged through the_époi; inlet inta the
chamber_l42ﬂ As a resu;t,fthe spoil pressure P is again
- lowered to a level P5. Thereafter,_the'spoil preséure is
25. réised to a level P6 as thé spoké 134 is rotated, and

: fhe spoil is discharged'into the chamber 142. Consequently,

/¢



in Fig. 8) the left-side cover nenber 149 is in.turn turned to an open

: gi1 inlet into the chanmber 142. As a,result, the spoi‘l pressure Pis
again lowered to a level PS. Thereafter, the spoil pressure is"25. rai'sed
to a l.evel P6 as the spoke 134 is rotated, and.the spoil is discharged into
t he chanber 142. Consequently,:. - : -16- the spoil pressure is |owered to the
|l evel P1, and the |eft-side cover nmenb®r=149 resumes a cl ose position. By .

t he provision of twy_cover nenbers_148 and 149, a changg of the spoi

pressure is FB8sE8RRHLaRECHPUFRibY-1a7eredntdr el eyt (Phr a8, e econes

i f : ith th ere. t he il,1s disch db
sigle cove E?ﬁéﬁ?@?&egﬁgee i 18 Feeiedct oipfnetbiEiohomer "14s 15
142 by th)é left- 1 9 gﬁéeggggggﬂér%nég?tqggcﬁgﬁe@g%é%%gl%ge%%g%% on by

the nnvenentaoghgngese@kehé?gpﬁglrg?a§§9£éeﬁsfi&@%éﬁ&deaﬁ&W@iékf -

di aphragm 114, as Seen in F

| oner edgg ofibheogpennspbilt PLedbapl BeGoNdd usPEbHR}| 4HEcSpated €NOVed
15. fromthe face by the cutter_head 124 is again cut 1nto pieces by the

scraper 166, wizhBltiie theesphetei sheuspeil eilst@isbitasgedriry sidgieg. The
spoil contains gravel of a relatively large size is cut into pieces by the
scraper, forcoversmembRrdi behange thetpressusedeabéedhey one cover '
member 148 is lowered by the other cover member 149.
" The muck admitted into the chamber 142 by the left-
10. silde cover ﬁember 149 turned to the open position by
the movement of the spoke 134 is t;ansportéd'from above
toward the diaphragm 114, as seen in Fig. 7. A bit
or a scraper 166 is attadhed'ﬁo the-iowerledge of the
.opeﬁing in the diaphragm.il4; so -that the époil removed
15. from the face by the cutter head 124 is again cut into
pieces by the saraper 166,fnamely, thé spoil is subjected
to the secoﬁdary cutting. The spoil contains gravel
of a relatively'lérge size:is cut inﬁo pieces by the
scraper, for the smooth discharée to'the outside of the
20, shield. A bit of a scraper 168 (Fig. 5) attached to
the edge of the right-side opening 158 acts in like manner
as described above, when the cutter head 124 ié rotated
clockwise. _ . |
Fig; 9 shows another embodiment in which four open- ’
25;'ings are provided in the diaphragm'114_and_cover members
_148 for these openings are provided, respectively, In
this embodiment, the whole area of the diaphragm 114 is

adapted to openfand close by the cover members 148. éince

bit or a scraper 166 I1s attached to the:

jtion by the spoil pressure, whereby the spoil is discharged through the’



20. shield. A bit or a scraper 168 (Fig. 5) attached to the edge of the
ri ght-side opening 158 acts in |ike.manner as described above, when the
cutter head 124 is rotated «cl ockwi se. Fig. 9 shows another enbodiment in
whi ch four-open-"25. ings are provided in.the diaphragm 114 and cover

menbers * . 148 for these openings are provided, respectively, In this
embodi,ment, the whole area of the diaphragy1l4 is adapted to open and
cl ose by the cover nenbers 148. Since " 17 respective cover .-nenbers 148

are mai ntai ned iraspBetiir@seopesi heMbBersNELS t fife SO At PIHSS U tife dlde Of
the | evel predeterm ned by the eration device 160 attached to the cover
nmenbers, respecpostkjona wheneths il tpeelsSuré ciscthart td #lteeclévelough

t he medi um of. the spoil so as to preyent collapse of -the face.” In this
enbodi nent, a spregetersénaddby theapperationotevidtritbd atitrchad dalary
cutting of the'igoil and introductionQf the spoil _into the spoil inlets or
openi ngs, as:i.thet REVEEr REPLeXAnpreSPeptivaly scd af¥ce 665 Rsmktdedihen t he
cutter head 124 is rotated cognterc ockwi s and_t he %h%scr%gfr 168"
oper at es when*t k8 BGFt 8P FBEJT298 FRTOBER: Bhe PRIkr RF R Xructure

I's the same as that 0L L0&,0" &58ULP0e SOROM P lce. In this embodiment,

A a,écraper 166 and a scraper 168 contribute to the segondary

. | cutting of the spoii and introduction of the spoil into
the spbil ihlets'or;opeﬁings,'asiin the former example;

-1b; Onerscraper 166 operates when the cutter head 124 is
rotated counterclockwise, and -the pther scrape;-lﬁé
operates wheﬁ the cutter head 124 is fotated clockwise,

u_The_other structure .is the saﬁeaaS'thattof:the preceding

embodiment;



- CLAIMS 1. A nethod of tunnelling, using a shield-type tunnelling-

dhi ne which conprises cutting neans at a.l'eading end thereof, a wor ki ng
ce between said cutting neans and 5. a fransverse wal I, -and a bal ancing .
anber rearwardly of said transverse wall, the nmet hod conprising the steps
"of : -~operating the cutting imeans-to QQ%QQD spoi.l froma working face and
introduce it into the working space; 10. introducing a liquid to the C}
bal anci ng chanber to--main- tain ther@ rgg first predeterm ned pressure; -
advancing * the machine, whilst operattng the cutting nmeans, to apply to
the spoil in the woskheehédadheturnSELORy, M@ﬁﬁ%?& @H&@i@l@%}%ﬂmﬁﬁﬁﬁ-' S

hi gher than an active 15. earth pressure in the fiace ground but |ower .
than a passi vemaehihe prieschreomnprides fapet e ushinaldtOW NEHIQId drid Pass
through said transverse wall. fromthe working chanber to.the bal anci ng
chanber when thkepeef, auwwerkingpspice rbatiecemrsdid attanhry meapedndsai d

20. second predeterm ned pressure; and transferring a m xture of spoi

and said |iqui ¥ BERNSYEX$R WRlbncind atksiancing -Qﬁaﬁlﬁmmdlyh "

mai ntaining said first * predeternmned pressure in the balancing chanber.

2. A rre_tg hod°g55%+‘§i *ﬁ’éﬂgﬁYﬁ%‘F%iWﬁh}v vihe sethodeamprising tdfe s¥@Ps from -
the working space to the bal ancing chanber is effected via a port normally
closed by a nenber which is di'splaced when the spoil pressure '

. operating the cutting means to detach spoil from a

i

working.fage and.int:éduce it-into the working space;
1o0. introducihg-alliéuid'to-the balaﬁciﬁg chamber-to main-
tain therein_a-first.predetefminéd pressure; advancin§
the machine, whilst.operating the cﬁtting meéns, to
apply to the'sboil in the.working~chamber a second
predetermined pressure which is higher-ﬁhan an active
15. earth pressure in the face ground but lower than a
passive earth pressure in the face éiound; allowing
spoil to.pass through said tranéverse_wall_from the
‘wbrking chamber to the balancing chamber when the pres-
suré of-spoil'in.the working chamber exceeds éaid
20.' second predetermined pressure; and transferrihg a
mixture of spoii and said liquid out of the bélancing
chamber for disposal whiist maintaining-éaid first v
- predetermined pressure in the balancing chamber.
2. A method as claimed in claim 1, wherein transfer
25. of époil from the working space to the balancing
'chamber'iS-effected via a port normélly closed by a

member which is displacedfwhen the spoil bressure

LT



-19- in the wor ki ng space . exceeds sai d-second predeternrned pressure 3.
A shield tunnelling nethod. as clained in claim?2, further conprising the
step of secondarily.cutting said 5. spojl into pieces in the balancing
chamber. 4 Aishield tunnelling method as clained in claim?2, further
conprising the step of crushing Iarge pigces of the spoil into smaller

pi eges W thin the bal anci ng chanber. A-shield tunnel | i ng machi ne

conprising: a drrv shaft . gotatably cairi : sye A i ded
in the front po Sof? §kéﬁleF8 5 d?xﬁﬁﬁgg ?é%é éégﬁgés%§§%§§%%%?ﬁg%
.cutter head attg, %% L the end of“the drive shaft 15. ~ and allow ng

t he passage of herethroug “and.defining a worki'ng space between the
cutter and the tyansyersa i@l kunheaha gctne&hehaa‘eeem%éaeﬂnbem:amﬂ the
transverse wall. a spoil inlet provided in the transverse wall.; 20. a

cover menber adair@therO Rt idithocknee stap dEOEkcbRlarilgncapeinyi sgideans
_adapted to exert on the cover nenber predeterni ned, seond pressure hi gher

than an * acty.vespedrlt H.rytrce pelieice si int Iehef haé.agccngdchambl?:wver 25. than
a passive earth pressure, thereby displacing said cover menber to c|ose
sai d spoil inletd. and sddstled tumngilddingc med -@sv ehagmgBednt 6l8pBn2sai d
"gpoil inlet when the pressure acting on .sai d- di-aphr agm
A _ furthercxmmmiSimg the step of crus ing” large pieces.
¢ of the spoil intossmaller piecesuwithin the-balancing
. chamber. B | |

10. 5. A shield tunnelling machine compriSing.
| a drive shaft rotatably carried by a transverse wall

prov1ded in the front portion of a shield body which
can be thrust forward, " . | .
a cutter head attached to the end of the drive shaft

15.' and allowing the passage of SpOll therethrough and
defining a workingaspace between the cutter ‘and the
transverse wall; a balancing chamber defined behind
the transverse wall | | ". -
a spoil inlet provided:inhthe'transversefwall}

25. . a cover member adaptégnﬁé.openf;hd_close the spoil

‘inlet;

) wa

an operating means adapted to exert on the cover
member predetermined second pressure higher than an
active earth. pressure in the face ground but lower
25, than a paSSive earth pressure, thereby diSplaCing
: said cover member to close said spoil inlet, and
adapted to displace said COVer member to open said

: 'spoil inlet when the pressure acting .on said diaphragm

rrrrrrrrmrrr rrrr i




sed above the predeterm ned | evel; neans for supplying a liquid into

d bal anci ng chanber, so that said chanber is usually filled with 5. the-
¥qui d; and rreans for transportlng | i quid containing spoil out:of the

bal anci ng chanber. 6. A shield tunnelling machine as clained in C|alﬁL§

further conprisi ng a rotor for crushid® yravel con- 10. tained in the 9

spoil, the roto g mounted on the rotary shaft at the rear of the
transverse ma?? %Et?ﬁyiﬁxﬂ?m9§ﬁeﬁyt£QQ1 ﬁé%%/QﬁQ} HEtSp & portion of

| ,ai med | ai m
Ef‘e;ETaSZYSr?#@“h%%%Ybe. R, L %%Qe@i@%dé R inel | i ng
machine as cl a\ed g &éaf&i}gs %Siglé‘é[l% R I a‘ﬁ 13yl ded with

~two or nore spo\wl ets are a %5 op
sequenti al | y - épan rPns&ftﬁét & SRPidhander % ususli@ @ﬁﬂe‘a“@ﬁlth ng nachine
as claimed in claim5, wherein the transverse wall T’s provided wth a pair
of spoil $nl etlse Bigubdie afd sai d pair of. spoil |nIets i s opened by the
spoi | according to a direction of rotation of the cutter head during
rotation thereof. 28eand (for Ardrisgatttinndiguig meshiainiag epaired in claim

5, wherein the transverse wall consists of two or- nore nopvabl e
out of the balancing chamber.

0-. and sai d cover member by the spoi | admitted into the shield body i's

» e

6.' A shield tunnelling machine as claimed.in claim
5, further comprising; a rotor for orushing gravel con-
'10. tained in the spoii, the rotor'being mounted on the
rotery shaft at the rear of the transverse wali- end the
spoil :.nlet being provided in the upper portion of the-
transverse wall.
.7( A shield tunnelling machine as claimed in claim 5,
15. said cutter head being of a spoke type. |
8. A shield tﬁnnelling_mechine-es claimed in claim 5,
wherein the transverse wall is provided with two or more
spoil inlets, and the spoil inlets are adapted to open
' sequentially by aotion of said spoil.
20. 9. A shield tunnelling machine as'ciaimed in claim 5,

wherein the transverse wall is nrovided with a pair of

» 9 o,

spoil inlets, and one of said pair of spoil inlets is
opened by the spoil according to aedireCtion of rotation
of the cutter:head éuring.rotation thereof.
! 25; ~10. A shield tunnelling machine as claimed in claim-5,
- wherein the transverse wall consists of two or more movable
cover members, and the cover members are sequentially -
opened by the spoil during'rotation of the cutter head.

NN 0 o



cover nenbers, and the cover. nenbers are sequentially opened by the spoi
during rotation of the cutter head.. -21- '11. = A shield tunnelling
machi me-as claimed in c¢laimb5, and further conprising.means for supplyi

| ubricating materi al

to and as illustrated In

o o s

5 gy

"/

5.

10.

a

in the liquid state to the working space to reduce the

fric- tional force acting between the spoil and the transverse 5. wall. 12.
- A shield tunelling machi ne as cl ai ned inﬁ§Gain15, 6, 7 or 9, wherein the
transvefse wall includes a scraper attac to the edge of the spoil inlet:
-13.

o or e oot 2o ¥ IEEPASIARHE R BBl i fielge ST3"E] WA

tunnel l'i ng nma

CRyAE, SH bés.eﬁi@iﬂa/ Fa e &l w(?gg%ig,gz oy hiedwhtBngehetepes:

e accom panyl ng
in the liquid state to the working space to reduce the fric-

tional force acting betﬁeen.the spoil and the transverse

wall.

12, - A shield tunelling machine as claimed in claim 5, 6,

.7 or 9, wherein the transverse wall includes a scraper

attached to the edge of the spoil inlet.

.13.' .A tunneiling method substantially as hereinbefore
describéd with reference to and as illustrated in the

. accompanying drawings. |

14. A tﬁhﬁelling machine subsﬁantially as hereinbefore
aescribed with':eferenée to and as illustrated in the acéom?

panying drawings.
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