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EXCAVATI ON CONTROLL| NGEMEAYATTON CONTROLLINGMETHOR This inventi ) 8875 (¢
general ¥y to hydramis ighied didrunmeldtey genavdlapdfonbydrpadticcshdelld to -
anseXcavation controlling method in the hydraulic tunnelling with a shield

type excamaielrling method and, Imprédepdydicularlyhi sbdanusxeklviakgona sl urry

is fed as pressurized to a shield excavator going_underground through a

f eedi ng qunerodysinemriatdind Ha dsherhyirayd kedtepnehdingcidbor ®dRigr ound
forgd ng material s excavated at tunnel face (the materials shall be referred

t o her eityHa &XSHAASGF 9 "soil") 10 includi'ng any soil collapsed fromthe

t | f d disch dith h di s¢ch ' [ to.th '
e Tace and, oL sCT s ANLUED 8 SLECTRL G0 RUBS SVEIERLL %oa
f th i1, which i ttl d, I '

o o0 o) 55 4 P 0 SRARLP, SRR P

t he feedi .St . ' ' I -1.h

T

conponent;, ARd- b ! RGPSt d £ {1 OV RBE 6hr8@da L ek hnbay rde@si(MBleer are
arranged 1 n each of the feeding and discharging systens so that the anpbunt

of the 20 il ymanene iretdiersd Ues Ynéedihhreughsihplieadi mgoanstyem and
that in the mxed slurry discharged through the discharging systemw || be
respert iRl ndieie dmd ddirbughl bapdddref + om opke atunnelafdcehandulddtsahizsrajed
anount of the soil actually excavated and di scharged out of .t he excavator
wi || be tthrenethy adetiesthed;giasy Abipmsshebematoetbly evggedved | Fhef dhusxanpl e,
U S. Patent No. 4,040,666. The actually excavated soil amount is generally
det er m mdckedy ande daRAIRA FUntY ofnehedescavaedidagemprneditd@f tthe
prevent any underground col | apse at the tunnel face 30 specifically in a
soft andQidst ali€ rJo‘?urﬁf“’t]ﬁge%%vﬁ%%?v‘a‘avhﬁcﬁnﬁeaﬂfﬁéﬁt’-n&i’r tepkol@ st be
rat her precisely control|ed in,rgh%iion to thg excavated soil amount. There
has beerFefladd @i 15 283D 2% aFie PLRT Yt SRECASPRI EXGAYR COF
Pumiéuﬂéﬁ¥%ugh the feeding system. In practice, the slurry thus

fed to the excavator through the feeding system still contains
a certain amount of thé solid_c0mpqnent, and an electromagnetic
flow meter and Y-ray densimeter are arranged in each of the
feeding and discharging systems so.that the amount of the
20 sdlid component in the slurry fed through the feedihg system
and that in the mixed slurry discharged thrcugh the discharéing
system will be respecﬁively detected through arithmetic opeéations
and the substantial amount of the soil actually excavated and
discharged out of the excavator will be thereby detected, as
25 has been already suggested in, for examplé, U.S. Patent No.
4,040,666.

The actually excavated soil amount is generally
determined by the advaﬁcing amount of the excavator and, in
order to prevent any underground collapse at the tunnel face

30 specifically in a soft and unstable ground, the excavator
advancing amount or stroke must- be rather precisely controlled
in relation to the excavated soil amount. There has been also

suggested in a Japanese Laid-Open Patent Application Publication

e
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- g\ 54-94725 of July 26, 1979 a controlling nmethod of the excavator
*j anciNog SRDEAL7 250 afhiuiydrzay | 19 Ehi ed deonerel Ling, maeseadiord the whi ch
gnal s denoti ng respective predeterm ned advanci ng strokes of’ the, shield v
excavaescayasognpldyped ing dmom s imothechydeaslio sineldonuamelilihdg he
excavator, the soil anpbunts excavated during such strokes are
accunu?&Fpﬁéﬂygré@bM@@@Hﬂﬁkﬂﬁaksndenﬂixﬂgtrmspecblderpredppermanedlomer

control limt lines are thereafter added to a chart sheet of the first gt
recor défivaﬁc\?oﬁscﬁttrﬁéﬂe&@aﬁ/étf@j dvigldmmeater aeeoenployed tihedrtive
chapt sheet is in the o second recorder, further soil anobunts

exc3vat¥®d 46FPH e§§b§8q§3 &mﬁﬁﬂrmy%ﬁhoﬁ@% @X@ay2beFdefhensohils chart
sheet ?M tgg sggog A r%er res sive to the advanC|n? strokes, the
excavafor advan ur| dtﬁ€n§h SHF YIRS | CCOME FBFL ¥R L ¥ o T eRRE s
th t h h tr.ol

tori neednd £ 281153%{’33[‘%&“9900‘% S dhd fcfﬁ%% SRR R bF PG e
repeal ednbgr @S RAGLLUE (o4 LiRe ABANCIdHL AL T {Pegﬁg% getect ed

anounts of the excavated soil are varying nonmen ar| are® usual | y not

great | yedbffieresh #Aithomha RERAAIJE Nt IV al sy Ayl &Pé fé&@%&&on can be

properly progresses. Mre specifically, with the progress of éxcavation for

eat® ptedet ehai ordrdi shéeee ist betdahearyd GvRuMtSe@bnd headbsgbar ged soi |
(dry soil ampunt) are sanpled to prepare a popul ation, the mean val ue and

st andafurteerasddh amouhts 2xcpeptied idur e sibsedniéee @@daﬂcﬁﬂ@tr0| limt
is determ ned fromthese nmean val ue and standard deviation. In other words,
the exghhekes asesrepprdedsobeithdsi chaatnmhemt bt atles wherord det ect ed val ue
different by nore than a predeterm ned nultiple of the standard deviation
f r om tFREPERRT VEEERON§1VReatRedhes adyanaims styokgRr thensexeavahobe taken

for fin é¥%$ d|gause fo& the abnormality and renoving the cause. According
to thi%d R AURRG ERE SUBRCUEBSUSATONeHdse FBHE TNl et 2@t thiata of , for

eXﬁ¥p|€he é&éggg%Eéngglffamounts will be within the two control
| 'limit lines during the subsequent strokes, and such recording
and controlling are repeated for respective further advancing-
strokes. The thus detected amounts of the excavated soil
are'varying momentarily but are usually not greatly different
20 from a predetermined value and the excavation can be properly
progreeses. More specifically, with the progress of excavation
- for each predetermined distance, the aetected amounts of the
discharged soil (dry soil amount) are sampled to prepare a
population, the mean value and standard deviation of this
25 population are calculated and a contrel limit is determined
from these mean value and standard deviation. In other words,
the excavator is stopped as being in "abnormal" state when a
detected value different by more than a predetermined multiple
of the standard deviation f:om the mean value is reached, so
30 that a proper measure can be taken for finding a_cause'for.the
abnormality and removing the cause. , |
According to this method, however, even a population

based on the latest data of, for example, 100 samplings of

——



~state,of the tunnel face accurately and faithfully. That is, even when the

tunnel face:or its Vvicinity has varied in practice to be conparltlvely sof t
5 and unstable as a whole, influences of the date for the pr.eceding
excavated positions are remained in the_popul ation being used at the monment
and jt is difficult to decide any variation in geologic nature and possible
coN.apse of phecgdbngdescavhsionsnebnhadte ben dekaeldadios bef thnﬂodﬁ).

popul ati on. ggégéaelﬁg bRECkNLERLLOR ! f&ﬁ@etbangﬁowa%%da%%u%%%\i
controlling e draulic shiel unnel T Ina-slhurr

to a shield f?péhﬁué&Vato?hﬁﬁréﬁgheaeﬂeybﬁngt@ysﬁumnkﬂomadﬁaQndxnscw and a
m xture.of s I Vv Sl egd b}easal Iy i

di schar ged oﬁ%g%%?gi ﬁ&g d?§%E§r§Pn8%§§§¥§E1q§a¥§ g9 %ﬁﬁyﬁaggﬁasﬂéa st eps
of (a) de@ec@ﬂﬁgugﬁFPEléoﬁﬁoﬁewpoéﬁmuhﬂ§1@6ﬁ98§n@§ ithet W@ teedon ey, 20

(b) detecti ngré@éaﬂngoeneaeatearrpaa&%1@9@; @Ir@eqlemal%ldd iH g e (c) '
determ ning actu gx excavat ed 8 nBunt ron1respect|ve det ect ed anDunts
Seifable ofit: &

of said soliR® Nt BeARE U8§ Py MOMERthgndaitd dec Sidifdd o it

per unit 25 @xchaat anp dasﬁammen @d)gé@ﬂ@gh&thagu&beaﬁﬁa@d@@ﬂwiea@$llapse
st andard deV|€hgon of sai.d x %ed a nts per excav t|on di st ance,

(e) deci di ng®hhErRefT PR a UQHS aﬁF PRe © §t &Signiot SHeVati on

di stancel®s popskation.a deC|d|ng 30 zone made by using said nmean val ue and
standard dev'at'OnAcéggding to the invention there is provided an '

-3- precedi ng excavati ons cannot be.deened to be the one representing exact(Z%/

excavation controlling method in hydraulic shield tunnelling
wherein a slurry is fed to a shield type excavator thréugh
a feeding system from the exterior and a mixture of.éaid

15 slurry with soil excavated by said excavator is diScharged
out through a discharging system, said method comprising
steps of - . o

(a) detecting solid component amounts contained in
the fed slurry, '

20 (b) detecting solid component amounts contained in
 said mixture,

(¢c) determining actually excavated soil amount from
respective detected amounts of said solid components and
sequentially storing said excavated amounts per unit

25 excavation distance, _

(d) calculating the mean value and standard deviation
of said excavated amounts per unit excavation distance,

(e) deciding whether the excavated amount of the
latest unit excavation distance is present in a deciding

30 zone made by using.said mean value and standard deviation,
and . _

(f) stopping the excavator when it is decided in
said step (e) that the said excavated amount is not present
in said deciding zone. '

35 - By way of example, preferred embodiments of the



is not present in. said deciding zone. 35 By

stoppi ng the excavator when it is decided in sai d étep (e) that the
gl excavated anopunt A
-way of exanple, preferred enbodi nents of the -4- invention Wll.now be «-

h -described with reference to the acconpanying drawi ngs, in which: FIGURE 1

is a fragnentary bl ock diagram of an electric informati on systemof a
hydraul ic shield tunnelling 5 met hod t & vihi ch t he present invention is

appl i ed; Fl @nveénits oanwain! aedt tey dbsagfitediwittimacs Dsmapie sanphe ng L
treatnment of the present invention;jﬁgl‘&:ie I's an explanatory diagramof a

mi croscopi ¢ 285RPPARY 1N2e SEREHNES ¢ nt invention. 10 Wi | e
t he present invenFirgurzhal liha dgnererhryn dhuck odiagragso ah ref erence

to the bart FLBFEF enBoorRRt et erot & i Mt S} 10 SRuYERLAE"
nodi fi cabi ome tand eguiwndlontther marepATENt SN PpOSSidh el v 2apphidd; t he technica
octing syatom f of Fed g Soi e ety Hiderdn ¢ PalRagebBCobl8 7 1
provi ded wi slamai ielgednesrtapndt iaf fihey pre{NY BwervtieR; densineter 3, and a
pipe 4 formng a gifgchay Q]iananzcé SArRAR & B dﬁé%ﬁ&ﬁ‘r&lfnﬂ Ri8rskubgief the
slurry with excavated soil fromthe excavator to the exterior is also
provi ded wi shampd isigene@tampret iaf fihgy IREEFNS WML EIPR-ray 2 densineter 6.
An arithgetic mempiy 1@ HE toredéh € FHRG etbd OSRAEL IE8Pe%pi Hend 3R the
followings with reference to the preferred embodiments,
- the intention is not to limit the invention to the
particular embodiments but rather to include all alteration,
modifications and equivalent'arrangements possible within
15 the technical scope of appended claims.
Referring now to FIG. 1, a pipe 1 forming a feeding 1:
system for feeding a slurry to an excavator from the
exterior is provided with an electromagnetic flow meter 2
and ¥ -ray densimeter 3, and a pipe 4 forming a discharging
20 system for. discharging a mixture of the slurry with
excavated soil from the excavator to the exterior is also
provided with an électromagnetic flow meter 5 and ¥-ray
densimeter 6. An arithmetic memory circuit 7 is connected

to the respective

30



eters 2,3, and 5,6 for calculating the anmount of fed solid conponent “(ﬁ//
cont ai ngd e st 26 351 wind SyEl fed calchdabingyiher amsomtlioly fed deodiéded '
signals of the flow neter 2 and densineter 3 in the feeding systemand the
anount -gbmgbaehar geh tsuined Sirorpeneburcyneadnded tQ Hdverni sxer¥aBPEchar ged

out of the excavator according to detected signals of the flow neter 5 and

densj nekeec@ding Heo dettreed ngiggalenpicShputilay MAEeLS13RE| APNELEEFEKed
sokl. anmount of the excavator depending on the difference betgeen tge t wo
calcuIaBednanb@nﬁﬁeﬂRP%n%¥$?ﬁﬂJEP@theeQEQV§Fe@ﬁy§45%ﬂﬁﬁﬁﬁ. Yifector 8

detects protruded plunger stroke |ength of a.jack for. advancing, the
excaﬁatGpmﬁﬁaq&ﬁnﬁQﬂiﬁ%Q%SdkﬁeE?%dmgﬁﬁﬁﬁﬁsgg%Gqﬁﬁggﬂiqqﬁmﬁ cHEnory

[ it 7, d i ndi fi [ it.9 I [ [ t t tent s
Ch Che. xRS, SRARAGLRT redi SV raal s BRaLE oS SEoh ShEFeE Por " °
. o : b ! : .
Crrourt Spds (BRadRAESR (0L BACPALOSNLEBTRET Ss colls S IURMG DB,
basis of signal by 2.5
o thacups LRt ARIVa LRl PEOPT EmBURRPLE il SNEVAICE gpendsnglY %
cm  Usuall vy Mieneyslodbie bacieh! eke kaBoHa IRadiess beitst 884 storing

reinforcCing segnent is installed at the rear end of the excavator, the jack

Fi xi;ng %ﬁiﬂst it dvn ey a6 eT anGuhBen hhaetxevit @ dstawes npadvenaed by the
j ack. e arithmetic nmenorv circuit 7 adds the stored excavated soi

amount s ofigngér Watke | degYRl 06f a2jackmfand advamsindeth@sexcansdded soi
anount per segnent (a segnment excavation anount [err]). At -every tinme when
each segpanprexcales i Dis adetettdd signhisi fed,the reaitived tbc Xmemdryt andar d
deviation [err] will be calculated. Wen a newy arriving segnent
excavat icdrcaninurit, [and |an heéicatfpgordrehitthe 3progerlywindgicandgst séored t
wi Il not be included in the popul ation including the segnent excavation
anount Xontemdts iin the it itheetihel REBGILYn S qsobit a?i%ﬁfgd%-%iféF*éhf.lFﬂ-éﬁalﬂ’he
particul ar . ' ] . ] _ .
15 prepare@ for macroscopic and microscopic sampling treatments.,
The arithmetic memory circuit 7 stores the
subétantial excavated soil amount calculated on the basis of
signals from the detector 8 whenever the excavator adGances by
2.5 ca, that is, whenever the plunger stroke.length of the jack
20 reaches 2.5 cm. Usually, whenever the jack stroke length ;eaches
o . -N
100 cm, the reinforcing segment is installed at the rear énd 

of the excavator, the.jack fixing position is advanced and ﬁhen

the excavator is again advanced by the jack. The arithmetic

memory'cirEuit 7 adds the stored excavated soil amounts for

25 every interval of 2.5 cm and stores them as excavated soil
amouht per segment (a segment excavation amount Xy). At évefy
time when each segment ‘excavation amount X; is obtained, a mean
value X and standard deviation g will. .be calculated. .When a
newly arriiring segment excavation amount: X;4] Meets any one of ths

30 following conditions, it will not be included in the pcpulation '
including the segment excavation amount X;, that is, it will be
inclucded in.a population aiffereﬁt,from thé particuiar "

_population including the segment excavation amount Xi,'the



p p?l'fion I ncl udi ng the segnent excavatio#5annunt [err},lthe excavat or .
wi R v

£ i ) X | |
i he oAy ot sURaTatLasiCy chapind i et v Lot s
[err] -5 thekd &ffl1 pdeseRgenka and hiselaRPRALhLPEs #2E1dbRY taken. ¢

Condition Il: Wen [err] [err] then [err] belongs to a different

popul ati onpeRaG i dwddtibgnk!1: [err] 15 different popul ation
Deci di ng CﬁﬁHTTTﬁﬁﬂTVT‘TéTTT“TETr] bel ongs to a different popul ation. Ty
Deci di ng Condi ti ol V.whetir ] x| err X [oebongsst ars dijff.erent-pRpyl a1 @, 4
‘Deciding Condition VI: [err]~to a different populzﬂﬁ?ﬁﬂ 30 It
will beScIehemﬂxg,lzubehengénﬁooé gtififleireg t hpomxtawbdn on, the segnent
.excavation anount” [‘err] is not known yet and, therefore, the segnent
excavat i onDecdddindg efonddhilonst Ifidard deviation [err] are to be properly set
by the neasuri ng.precision of the electromagnetic flow neters 2 and 5,
[err]-ray densineter SVgemnd; 6, andXdePe 0% ;8,3 thek exc@uati ng vel ocity of
t he excavat or and_t he geological_conditions. —_

X, . - X 20, X,2, - X s X, = -X>0or

i-2. i-1
T KT X< 00 Xy

X > 0 and X1

3~ %< 0., X;_, - X< 0,

i__l-x<o,xi-x<0andxi+l-x< o,

. then X, , belongs to a different §opu1§tion.

10 x

Deciding Condition II: -

: % < E . < X
7 When X +6 < X, .10 %0 X, £ X+ 2d0r

and X, X X -0 , then X;,; belongs to a

1 i, fi41 S
1S QJifferent population.

X - 26< X, _

Deciding Condition IV:

i - S -
When X;_, =~ ¥;_ o > 0. X;_ 3 - X, _, >0,

Xijmz " %33 200 Xy "X >0 X - X, > 0, and
Xie1 ~ %3 2 0 or
20 DXyt Ry <0 K3 m Xy < 0 Kyt X 5. <0,
iy " ¥ < 00Ky - Xy < 0and X,y - X < 0, then
Xi+l belongs to a different population. )

D;ciding Condition V:

- i
25 | X +6 s | X g xi_]._, X.r Xj,1 S X+ 246, then
xi+l belongs to a differeg; population.

Deciding Condition'VI:

" When R = | ¥; - X4, | > 2.836, then X, , belongs

to a different population. ' "

30 It will be clear that, -at the time of starting the
excavation, the segment excavation.amcunt Xi is not known yet
and, thérefore, the ségmént e#caﬁation amount Xs énd standard

deviation 55 are to be properly set by"the measuring precision



FIG <2 is a diagram show ng the fore‘g)l ng deciding 5 operation of the U
controlling nethod according to the present i nvention as indicated by the
i ngliscat igry thier @liectyomagnatdc dparatiereper? ornddS wiX NFAYt Aenatrekeesi §
menory circuit 7. It should be here assuned that, at a stage where the
cal cul atangn$ and fedecivPn 8 %r%?ﬁa‘@(‘&%ﬂ%%o%hﬁlﬁn?f[ Eg?] exgavator
corresponding to the 112th rei forC|ng segnent, this segnent excavation
anpunt xnd 4 ﬂﬁ?ﬁﬁHQﬂﬂéi same population as of the respective

precedi ng segment a tlon s X100 to an_val
100- 112 and standg‘lf"'g;cdé\a/1 |on J[aeq:}tﬁm fstjz)t?g"fjﬁngseg %?rg§§én tlag d#ﬁﬁnts

l,cul a
: Ezg:l'[ %o?rq%iegﬁ%t ll[ﬂberrqfde{:r}% [ ust rgi ‘}@0%%1%2 r%/)ée {)/h?]hﬂ Lgégjkggpg#\%&?% br oken

i nes. ?gng A %tsatﬁmrtedaﬁwréﬁerlﬁg&@@h@@@y@&ienganaynfthém

correspon to the 113th segnmeént is calculated, too, the sanme arithnetic .
oper at i Qfher% ta¥n" ipRG e wiAth i Iﬂh@eﬁe&ﬁeﬂ\b@rhnémrﬁe@i@lcagtcondl tion |
is considered in a state where a segnent excavation amount X

corr espadish@ullid teo hidlre HbdtuimesPgitet , st cal sthge evlhetbethespecti ve

segnent excavation amounts [err] and [err] will fall under this condition I
and, thessfculeticnes arsumade up Wd |a Eegfee deelkcavationganount2y, |
“different popul ation. In accordance with this, the excavator wil Il ge

st ofed ccamdspopdiags & dhe Hd 2haredn fescing | segmerty chhiadseemenad f or
continuing the subsequent operations. Wile FIG 2 shows the further
results e@ﬁca@@ﬁthoﬁu@@%i’éhﬁlmdsarﬁ?‘ﬁ%lm e bPRY atP ohle Fﬁ’@? RPPPlﬂélon

al nost sel f-evident from.,the foreqoi ngg 30 descri tlon and th
expl ana@oRE {4 Ireﬁc?e&:ﬁlt"e é’re&ﬁ RR s%‘iﬂ‘%f“bee §1%t %E}OPH&F 43 gohe

e rT e O e SR Kz 19 #??é%aﬁtd% b 4B o b0 112

dovi at | G5E e gESRRE U K e 0o 2 KTT, %6t 55?@9%@&1

15 and the upper control limit XIEE:II; + 26 loo-llzland lower
control limit EIEE:II; - 26100_112 are illustrated respectively
in the diagram with brcken lines. Even in-a state where a further
segment excavation amount X113 corresponding to the 11l3th segment
is calculated, too, the same arithmetic operation is carriea

20 out. As will be clear when the deciding condition I is considered
in a state where a segment excavation'amount Xll4 correspond%ng
to the 114th segment is calculated, the respective segment

excavation amounts X713 and X will fall under this condition

114

I and, therefore, the amount,xl'l4

25 different population. In accordance with this, the excavator

will be decided to belong to a

will be stopped, and any cause for the abnormality will be search
and removed for continuing the subsequent operations.  While FIG.
2 shows the further results of continued excavating and deciding
operations, they will be almost self-evident from the foregoing
30 descript;ons and their explanations shall be omitted, but it
should be simply noted that as the respective segment excavation
amounts X

100 to 112' xll3 to x127 and x128 to x132 are shown as

forming respectively different populatlons, decision making zones



ézp ctive popul ations will vary in such gggner as iflué{rated. Not only
t b d i bed_" et hod" t al the follow " | ysi f,

v ance byiSHersiy T othe BaR b8 58 oBT 8 SR FRE LSRR TP itk HRE or s
th t i tion. FE f_sinplici t h | ti |~
e D eSEnt AMMELL 00 pERLADEORUT B0TE 0L sl TRLIELEY el X AL e shll
segment excavatli on af@é@torﬂﬁrl hésaﬁéirg%é%?ib%e nh5 RREH %H%’”%J?sﬁghg

divided into a first segnmen excavati on ambunt group consisting O o

. already cal ML rdsa : d C LAENt ation
. anount grodgyggﬁfggﬁing o?y%ﬁ% %fhg?rgﬁgﬁﬁt?9[8?5?%§%3qf§rr] aﬁﬁﬁ?ﬁgyboth
groups & e JRshecd i Mel thanebyeedl Pynghfetrbal BE TheOlpr'eddna Gy JBh toish Way

| ayout™ and conpared with each other 15 so that the uniformty of the both
groups W | Irdie e apuesbsacepr dimplioivhi, chthbe eptaviatdion WHd1lbedragaid or
t he next segnent |ength.-and a segnent excavation anount J[err] is

cal cul at ed.byAtusing theresedmenttércavatsonnamotiota piliogttegt dup RISWSi B i ng

of the segnent excavation anounts [err] and [err] and a 20 second group
consi sting of the sedfen thxcesaredtafbonvstionr prewa tXKL4 5 tive calallated,
of variance by one-way |ayout"” of these groups and their conparison are

per f or med, @R RERRCEHTE ATRLYESI FepdidéArad 1880s@ef ins &t IReImanf ng. At
this tine, the excavator will be sto&ged and th% cause w | |_. be found and,

onl y 25 Gah SRGANAS TRI | M Hor FEPUD { FRR S8 50T BE EIE 0T AR In e

i b j th i . By the f i
descript %ﬂ%s%r}? s %Cc;;'%’ifﬂp*fng Spaohs REOBR SREMSYds e YRS on
can be car e, Abta, il ] OPs o4 Mok NenBr 63801 LAYSRLIOR. (he 1o of 0scopi c

;
30 sanplinf [T €a Or“ each segnent to acceleratle t 113’

control I ng penal itﬂ:f\;t?‘%é@péiﬁéiEé’s%ﬁ%g?’ggﬁg&?ﬁ%gg%&w "N 1h PN £

The m croscopic sanpling treatnment 1Is
of variance by one-way layout"” and compared with each other

15 so that the uniformity of the both groups will be obtained,
according to which the excavation will be made for the next

segment length and a segment excavation amount.Xl is calcﬁlated.

14
At this time, too, the division into a first group consisting
of the segment excavation amounts xllO' Xlll_and XllZ and a
20 second group consisting of the segment excavated amounts x113
and xll4' the "analysis of variance by one-way layout" of these
groups and their compérison are performed, and their uniforﬁity
will be denied és seen in the drawing. At this time, the
ekcavator will be stopped and the cause will be found and, only
25 when nothing is abnormal, the excavation will be advanced in the
saﬁe manner as has been described in the foregoings.
By the foregoing descriptions, the macroscopic
sampling treatment of the present invention can be carried out.
-In addition, in the present invention, the microscopic
30 sampling treatment is made for each segment to accelerate the

controlling operation and to simplify and economize the

controlling device.

————

The microscopic sampling treatment is made by deciding
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mhether t he before descrlbed excavat pd anmpunts stored in the érithnatic <§§3§
Menory | rchglt,-;gﬁé ﬁé’f&é{%eé&éc‘.‘ﬁ&ﬁ%daQ%éQ%StQ)ﬁ %m%u?rgs t df il fyery
cmo e Jac

pr gt ¢ Usi BRS planger are present in a desired range or

hot. For Aﬁia/'rmegmwf Sifehlewyngrexpbagabk@iya UL A IbPe; | 5

attached ¥ ese excavat ed amounts. The paft corresponding to Nth segnent
i s .now bggnngt@a@ai/@r ese eveid p¥6eratednaBunt, SOLmL\WH he 5 48R PEAYGEH+ ON
i siexpreSsed as (NX) and the excavated ambunts (nX) up to (N-1)th segnent
are grouped pyes@itnin "k"deSiﬁédSi'aﬁQelar aoe.t aFer ammpg ifveimyceiat ed
amounts (NX)k in which "k" is the same and the nean value [err] and
standgrdf&ﬁ&mwdmgeéx@lénateometeymbqkd sba&i]besamkathem|umtﬁhesemhcat|ng
circuit 9 as in FIG 3 or is stored 15 in the arithnetic nmenory circuit 7.
Then, [eexdavated ameirds ed ’blyeth@rtnqpcaesngndiinguitp O ths sstgment niF1 G 3
and whether [err] holds or not |s decided by sight It will be clear that
this 20 m@@|%§%ﬁ9rﬁﬁp%ﬁﬁ?ﬁdcou%sﬁhnﬁﬁ@aVﬁt?ﬁeaﬂppﬂﬁnéﬁl@Vﬁgﬁbwwﬁnq%ult 7.
| f the above decisipon formul a %s satj sfied, is satisfied at everggk

poi nt |rﬁ¥¢éyﬁﬁﬁﬁpcﬁsrﬁ¥?r%ﬁse h%se§§§bat98ﬁ ﬁPP|e5€%&59ﬁQHﬂﬂ9uqqslfn

fied Ll 11 hed
and Z?Zbi&'?@ag Gty TR R o R AT RE prder K (e R

excayqtig Vance?nxa @i%@@?@év@@gdsgﬂ?ﬁf}%g QE&&M @ B3l W& properly

set ame menner as in kng macroscopi ¢ sanpl i ng

treat menfpo 3me and the hdadleFLIRe M Qnﬁorsttalilﬁaﬁwq;a'ﬁdrxtd/e on

the basis of the nacroscopic and n1croscop|c s&mpling treatnents -
5}N-l)2K are determined.

CN-DX 3, + 2 o"(N_l)'K = 2

C (N-1)X 3

is plotted in the indicating circuit 9 as in FIG. 3 or is stored

15 in the arithmetic memory circuit 7. Then, (NX)D/[ (N-l)XJk is
1s indicated by the indicating circuit 9 as shown in FIG. 3 and

whether

/
AL S (X)), C(N-1)X T < a,

holds or not is decided by sight. It will be clear that this

20 decision may be of course_méde in the.arithmetic memory circuit
7. If the above decision formula is satisfied,-a- it is satisfied
at evefy point in the case of FIG. 3 — . the excavation will be
éontinued. If it is not satisfied, the excavatér will be
stopped, the cause will bé searched and proper measures will

25 Dbe taken.

At the time of starting the excavation, the excavated

amount and standard deviation shall be properly Set in advance

in the.same manner as in the foregoing macrcscopic sampling
treatment.

30 In determining the cause for the abnormality on the

basis of the macroscopic and microscopic sampling treatments



the control nethod according to the present invention,,- -fluctuation

ern and the like of the thus theoretically calcul ated val ues due to_

und | ayer variations and ground col | apses are considéred-as will be ' «,
evident to the skilled 5 in the art and its explanation shall be omitted. = #
An advant age of these enbodi nents of the pr nf invention is that an
excavation controlling nethod in hydraulic shield tunnelling is provided
whi ch al | ows tofgavithe £qntoml mFhed|agserdingi EP the t AFeFeytr presEAPNng .

10 any minute ggqhRMif 4HH Hd Ok 4Me thENEiké 362 BROULHLY thebPEtically
progress of tunnel excavation by neans of the sheild excavator, so as to

render the saf eOplouliated MAHASS M ot DBTRYREr L aYEF Y 2RéR LAEDEN ARG 8EPUNG

these embodi nentep 119 drelxdiiisrd @rasoni 1Dl bé ngvhyenaul t6 tHanskkingd
with shield excavator is provided wherein an'excaVﬁ%ed soi | ., amu

! sol | nt
di schar ged f Pomihehex @Rfatdd i ktS fREFRATE N a5R&hD| PRgOTOFt8Geh of
predet erm ned advancedrfifdwdittsgofof hthexe aamtbodiméhesdost aneepresent
corresponding tq the wi dth oft20 respective, tunn

| _wal I_nf iNg.

segnents i nstal FEYSEHRY the ?mﬁ&u%ﬁc%%th%pse%%gﬁgiﬁésggggégbgﬁdn
deci si ons are mageireequentshalddd vihatriell img nbs eachidedpvhighvalillewsf tbhe

| at est obt ai d Il b fo ' t] t f :
ook oot et s B oS! LA n P TR ER AL BE By AR eRine
excavation aont roly imslrpere @awekbgiv reapbatton olm et t sunhielufhcdegirsiuods. A
still further aquapl age ofrd | G581 0bxLhEaPIGRCHY hBYAR! HEN he {hat

frolTirn tho

a hydraulic shiel unnel*l'i excavation con g I S provi ded
whi ch is perfor@heidd @xganapihe3hezs obo npendee Shepspfgtvapfie$hganpl ed

with respect togesRactine advuadaedylistances of the excavator for the
respective tunnel wall retnforcin ments _are belonging to a popul ati on

Se
~including 35 inmmedi atﬁeﬁﬂrpi'rf@:féoﬁtq%g% i 9§ FheaeseBhORRRARLSs ishdhad & ]
- 15 method for controlling hydraulic tunnelling with shield

excavator is provided wherein an excavated soil amount
discharged from the excavator is subjected to a sampling
for each of predetermined advanced distances of the
excavator, the distance correéponding to the width of

20 respective tunnel wall reinforcing segments installed
behind the excavator as the same is advanced, and
decisions are made sequentially whether or not each
sampling value of the latest obtained so0il amount belongs
to the same population as that of a preceding sampling

25 value fbr a preceding advanced distance and the excavation
control is pérformed in response -to results of such
decisions. )

A still further advantage of the embodiments of the

present invention is that a hydraulic shield tunnelling

30 excavation contfdlling me thod is'provided which is
performed by deciding whether or not the sampling values
sampled with respect to respective advanced distances of
the excavator for the respective tunnel wall reinforcing
segments are belonging to a population including .

35 immediately'preceding éampling values by means of the "2¢ -



- 11°- method". Another advant'age of these enbodi ments of the.present
inventjon is that an excavation controlling nmethod for the hydraulic shiel
thaeIIing_is provi ded which is performed 5 by setting two sanpling groups
of® excavated soil ampbunts respectively sanpled for each of repetitive
excavat or advances by a predeterm ned Qiihaqpe, one of which group _
I ncl udi ng the | atest sanpling value of thé just excavated soil anount, and
d{%iding whemfgghodl' cnot these two sanpling 10 groups are merely two-

di Vi si ons of sanpl pfgthakuadvhelteRe B LHREeaArnuddindtd r Safe ppsdsg i on
by means of an "anal ysis of variance by one-way |ayout", that is, whether
or not the | AR¥8NtigRpAENGhAd @8 SFSRY At ofn FONENC Ldiag: marthak femnide

face. 15  nydrAufliet BaAcadvathaea 19hot 1 YrRAidERNWH i tihe Jyraaited

i nvention _is_that %,nethod is pr.qvided of controlling hydraulic shield
tunnel I'i n§ eR¥aF&titdReF §Wos 1p& B5MPTy Ahéxadyadiad Py Aty the
- respective dresspacgededy sampled Topereaat iofedepaitartidle xdavastor 5 cm 20
for each tunnel-wall-reinfargi .enath in tunnelling.direction
such as 100 g‘ﬁ]va%‘%?ﬁi %ﬁ % gé‘%ﬁlg%ei gﬁlﬁ\%f% #1%&%6{}@”9 REAIES wé}lqi}és%)re%‘fq ve
sanpl i ng posihcdnding tthe dedesdt isampddgvee malluengith sthendjuslc iakaeyattest her
- or not sanpli V- S at S i ' I of . a.ne .
segnent bel ohgggo%ﬁgﬁ&pu gt @%%Et?}%ﬁzg{ﬁgeﬁ ﬁ%s'r?[tgrr egr?et V}(;%Vg lsltxﬁl
further &@vasragesofrenhaseedihdwiomskitg sgfonshehrearmitingwadiuam is to

“provide a mehlednb9haPLesistaltieanY Ad itk (e ﬁwéﬁoghirﬁ{jgnéa%{w%fi ng

excavation 30 wheérerrn a nmacroscopic sanpling treatnent |

interval s coPPesppadyEdst 6t Nerdegeendy angrivavahayifuti'os gt is,
whether or not the latest sampling value shows an abnormal
state of the tunnel face. '

15 A further édvantage of the embodiments of the present
invention is that a method is provided of controlling
hydraulic shield tunnelling excavation for safely
performing the tunnelling by sampling the respective
discharged soil amounts per a fixed interval such as 2.5 cm

20 -for each tunnel-wall-reinforcing segment length in
tunnelling direction such as 100 cm, forming a population
with sampling values at respective sampling positions in
the réspective segment lengths and deciding whether or not
sampling values at respective sampling positions of a new

25 segment belong to the population by means of the "2¢"
method". ' | “

A still further advantage of these embodiments of the
present invention is to provide a method for precisely
controlling the hydraulic shield tunnelling excavation

30 . wherein a macroscopic sampling treatment is made at intervals
correSponding to the segment length, any macroscopic
geological variation in the tunnel face ground is detected,
a microscqpic sampling treatment is madé at the same time at

minute intervals for each segment length and any microscopic
35 geological variation representing any quick variation such

LT

v



ji cal variation in the tunnel face-ground is det ect 'ed, a mcroscopic .

g treatnment is made at the same tine at mnute intervals for each

| ength and any nicroscopic 35 geol ogical variation.representing .
y—efurek variation such as a col |l apse of the ground is detected. A yet #
further- advant age of the enbodi nents of the present invention is that a

qui ckly and automatically perfornmable tunnel éxcavat i on control nethod is
provided 5 by dgiglidu 1dpses Pl thg §reandenssdebéoteacr oscopi ¢ and

m croscopic treatnments, so as_to_reduce any | oad.duye to fhe.sanplin
treatment and to enablk ¥§¥ pOEHTE ?‘g"%ﬂ%?%? Bgn'g}a?aF?’éggﬂlmFﬁgfpgﬁsiwg
conputi ng devi cgsresent ifPrentich M fhat aAguezkiyathdnaceomhaghikiangynet hod
in hydraulic shield.tun ling wherein a slurry is fed to a . shield type
excavator thr ou@?r}‘?r@é%ﬁneg fs’%é‘?ee ?’f%?ﬁ’-?ﬁboﬁxi%??S?Ea'ﬂaggog Fﬁs'xf’ﬁ?ﬁgfd |
said slurry Wt loysaliviekivey athesl $gmphingekreabmentssidtecnacgedcoptict andugh
a di schargi ng syst i rLsi e ( d ti lid
conmponent anoun@%?nﬁ%@n%d%g%ﬁ’é&?g% ésfu%}%y?algéd'%e g)‘f,bg)ggt IgE:ltgi %%

sol i d conponent o AAMD lotg af PRAtMENS akmd nt Rt erablec) tdeeesaPAEN§oaemadiolyy
excavat ed soi | - agird4 08 1P SPeEkD &8s P68 eebRguBIRENESvobesai d solid
components and sequentially 'storing sald excavated anounts per unit 15
excavation di stance, (d) calculating the nmean val ue and standard

-



= , . o >6 )
devi ati on of said excavated anounts per unit* excavation distance, (e) <\,//) ‘
decidi ng whet her the excavated amount of the 20 _| ' ion - ‘
digbahce ts present in a deciding zone nmade by using said e and. -
standard deviation, and (f) stopping the excavat orﬁhﬂﬂﬂ&lﬁiﬁﬂl&&" lded i n
said step (e) that the said excavated anmount is notli « said
deci ding zone. 2. An excavation control33 ng nethod according to Claim1-
wherein said dgghdMBg zone is expresses as [err] by said nmean value X and

’

standar d devi atTom {err] of a popul ation including said excavated 30
amount of an i Awedi a8l $XFRYEEACRg COMUTdldatafedhad dindpiraplic sipield
excavati-on coniahel N4 nFeWwhedeadsCd F1Friyo id dHgl koMerdt i 7l gygheci di ng
zone is determ ned by said nean val ue and standard_deviation of a first
group of said $§%5CYRERTatEIoNEuR Lesding syshem from s sxbariseand ian
- 14 - di stgncm&xmueeegifn%aamd sq;mrigiynuﬂctri G igRRA d'aateei mwrs]g&i&d! 39 uni t
excavation distance _and thus,.excl udi ng the excavated anouynt of sai

imed at ol'y pr SEEAVAGORNIE BHEAMATEST A Ao a SRR SREem,
standard of saisdif mkithed gooprisingomi@psd off th the nean val ue and
standard devi ati on of, .Qro fot t . | at est
and i nmmedi ately precéa‘?nggﬁ%zas:1g§c§\%&%doﬁ%§}p§8tﬁ(a‘e%}£sﬁpoan \M%@ng“%%g if :
respective excahet fé¢dasduwrry,of said two groups belong to the sane

popul ation, 410 4. n i r [ (8 pTeTo=Yolv | 0 im1l
“wherein sallg st eps (é)tﬁt ggz%%)@%t&go%gﬁgg% rreglq%%%é{ger m ni ngoét%é%ergéa%?{l?al ly.
storing said es@ddamddtapsunt s

(¢) determining actually excavated soil amount from

respective detected amounts of said solid components and
sequentially storing said excavated ambunts per unit
15 excavation distance,

. (d) calculating the mean value and standard
deviation of said excavated amounts per unit excavation
distance, _

(e) deciding whether the excavated amount of the
20 1latest unit excavation distance is present in é deciding
zone made by using said mean value and standard
deviation, and _
(f) stopping the excavator when it is decideéd in said
step (e) that the said excavated amount is not present in
25 said deciding zone. . -
2. An excavation controlling method according to Claim
1 wherein said deciding zone is expresses as
(X - 20, X + 260" ) by said mean value X and standard
deviation & of a population including said excavated
30 amount of an immediately preceding unit excavation
' distance. '
3. An excavation controlling method according tc Claim
1 wherein said deciding zone is deterﬁined by'said mean
value and standard deviation of a first group of said

35S excavated amounts of a plurality of said unit excavation



5 nute unit excavation di stances dividing sai

of L. stance,

1p . said step (d) is perforned by calculatl e and;

st &gard ‘devi ation of the excavated anpunts of sai 'ﬂﬂ“ Hﬁgavatidhgsx
S m d by

ances of the sane dividing order, and said step

deci di ng whet her the 20 excavated anDunt 4pf the mnute unit excavatlon
di stances of the same dividing order of "the atest unit excavation distance

are present |nd$ai:dnde5| grageding ande ciop tdaiug drdan aya|ipmeshich tr lahdar d b,
devi ati on. é\gemgvam;eneﬁeabace&'ohnalr&tam(é 2O : I MIHR 2one 4 J

wherein sald d%CI expressed as [err] by said nean value [err]
and standard dexcavabﬁd[emppnéfOiaﬁeldké@m@@&?Q%%MuﬁQ$Qﬁd¥ﬂﬁ(Pﬂﬁ%ute unit -

excavat ed d'5t€ﬁ8§§a9 oﬁh81§%gﬁc@'vkﬂbﬁg e vaiue anf SHAA VF said

controlling nme stantially as herein described with reference to
and as il | uBtraigatbgrepguie coBR@redgiidd £her meagy vaime@hpriandard

draw ngs. The B@¥ia@iohh6fsae%bEbﬁ@t lg@*a;dpambm reewmw émbmhw sPPYheag
the applicants orlglna d ﬁgescrl q?nts whi ch
T

.cont ai.
bre & FEicalt 185k ShaandTiBRERateTY ARRRHITIA Btk BAR A L L EAER s
may be inspectaﬂdowhéhhepreheseespkcmhaeP@mgavaﬂéd(amounts of said two

groups belong to the same population.

10 4. An excavation controlling method according to Claim
1 wherein said steps (a) to (c) are performéd by
determining and sequentially storing said excavated amounts
of minute unit excavation distances dividing said unit
excavation distance, "

15 said step (d) is performed by calculating said mean
value and standard deviation of the excavated amounts of
'said,minute unit excavation distances of the same
dividing order, and _

said step (e) is performed by deéiding whether the

20 excavated amounts of the minute unit excavation distances
of the same dividing order of the latest unit excavation
distance are present in said deciding zone made by said
mean value and standard deviation. , |
S. An excavation controlling method according to Claim

25 4 wherein said deciding zone is expressed as
(Y - 200, ¥ + 200 ) by said mean value ¥ and standard
deviation ¢ of said excavated amounts of said minute
unit excavated distances of the same dividing order. |
6. An excavation'COntrolling method substantially as

30 herein described with reference to and as illustrated by
Figure 1 and Figures 2 or 3 of the accompanying drawings.

The text of the specifiéation has been reproduced- by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office




