WO 01111308 PCTI KROO 00867 THREE DI MENSI ONAL MULTI - PHASE TUNNELI NG METHOD
AND EQUI PMENTS THEREOF Description 5 Technical Field The present
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three di nensional multi-phase tunneling net hod ‘and equi pmants ther eof ,
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are drilled tﬁécé%ﬁ‘-n@;ft%@vﬂ&tlpwn where reference nurreral s.indicated 1

15 Background Art ]
In a rock tunneling work, for solving a problem on a

ground vibration and improving a tunneling excavation rate,
a Tunnel Boring Machine/New Austrian Tunneling Method
(TBM/NATM) has recently been proposed. According to the
'20 ‘combined TBM/NATM method, a pllot tunnel is excavated using .
the TBM while the remalnlng section for enlargement is
excavated using the NATM. )
For the conventional tunnel excavation or the blasting
for enlargement using a TBM pilot tunhel, the drilling and
25 Dblasting has been generally carried out by using a
longitudinal drilling and blasting method for achieving a
drilling and blasting in a tunneling direction (hereinafter,
referred to as a longitudinal drilling and blasting method) .
In most of tunneling faces, a leg drill or a jumbo drill is
'_§0~}used to drill charge holes in an area to be excavated, -
. 'dependlng on work- situation. R ' o '
A conventional longitudinal drilling and blasting
method will be described in brief in conjunction with Fig. 1 .
and Figs. 2A to 2D.
35 Referring to Fig. 1, the charge holes 4 are drilled
according to a pattern, where reference numerals indicated



W 01/11308 PCT/ KROO 00867 in each circle assigned to each charge hole 4
denote a sequential blasting order. Figs. 2A to 2D are schematic views

respectively illustrating sequential steps of a conventi I 1.3 udi nal
5 drilling %8t ng nethod. Here, reference nuneral s %@?‘}fno@%; and 5

denote a pilot tunnel, an upper half section, a |ower half section, charge

hol es, and line dril i r espect i vel ordisng fo
convent i onaﬁindr???li"‘.ncj'gﬁggb%asggpﬁﬁa %83 n%%%}gd%hﬁéﬁgt ,h tl%e %:hg%ggtﬁolaes 4
are drilled ﬁqueﬁélagpblasmq ogdeti-on 2 as shown in Fig. 2A. The drilling
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for generating the- _blast sequentially, startin at an area, nearest to a

free face oft¥eF MGLti §RRELOR- | hang MRdesyo 256 & diner fedliing F¥aect
provi ded by mesgpdcativefynnel 1, is made such that the sequential blast is
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simlar to thalf sdcdila P |48 dngwelinl, ridie M astThY @@l viny dRyriofid he
outernost sectian js made such that 1f, co resggng 1o the arder of
bottom porti o F 8 o%r{? ‘bdﬂq an gan%"']a ]t:el %?’ﬁg b fﬂ%n’f‘ &h gﬁiéeffysl}esdaof t he
det er mi ned blexgtingfdehnyeBOonridmbe drihdsgfory dfilliegl rnekdelt |hokpsarea 5
is carried Qi .chalr@el RbSe§2Rpehdingdsherind RSk IAGLE8 1 Bhast i ng powder is
char_ged in the blastin gortlo s of ‘the_l|ne %?r]alllln area 5, taking into
consider&tion a [% 853?185 b ¢a %Tarrgc}Bﬁ @gnt]i’%t T t"‘g’tletshgl Wi FEHE%ANd t he
bl asti ng as ®itowes ishdving.in2Fig35 28f.t eAtcahpbetimg, t hbechhagtiing deldyast is
carried OUl grder of the charge holes 4 is determined. The blasting
. delay order for generating the blast sequentially, starting
at an area nearest to a free face of a pilot tunnel 1 in
20 order to obtain a free face effect provided by a pilot
tunnel 1, is made such that the sequential blast is
processed from the innermost area nearest to the pilot
tunnel 1 to the outermost area farthest £from the pilot
tunnel 1. At this time, the blasting delay order of the
25 line drilling area 5 is also determined. In similar to that
of the pilot tunnel 1, the blasting delay order of the
outermost section is made such that it corresponds to the
order of a bottom portion, a lower portion and a ceiling
portion. On the basis of the determined blasting delay
30 order, a charging of the line drilling area 5 is carried out.
In this case, a predetermined precise blasting powder is
charged in the blasting portions of the line drilling area 5,
taking into consideration a loosened area of rock generated
after the drilling and the blasting as shown in Fig. 2B.
35 After completing the charging, a blast is carried out
in the planned blasting delay order. A muck produced after



in the planned bl asting delay order. A muck produced after 2 W) 01/11308
PCT/ KROO 00867 the blasting is then renoved as shown in Fig. 2C
Thereafter, the charge holes 4 having a predetermned |length are drilled-
in the ful Po®Ba198n as shown in Fig. 2D. The above proc"éa%f'?’o r epeat ed
to achieve a desired tunneling. 5 In the conventional |ongitudinal blasting
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|neff|§|entl% d. Thesg 30 result in a long construction perlod and a

hi gh cdhst PEEETON 9¥595Se. 1n addition, since the muck stacked on the area
beneat h t he exchvathecamentdnnad Loagéthdimad durdplinacksd bhastbinmne usi ng

an approprhat Rodeiniaakt 88y PSRNl drlgement of the TBM pilot tunnel
is carried out only in the longitudinal direction after
removing a rail for a TBM muck car, so that a one-time

20 drilling length is limited. And an overbreak and a drilling
time may be increased due to the increase of the excavation
length. It is inconvenient for the drilling of the charge
holes after the excavation due to a severe roughness of a
tunnel face, and the length of drilling for the charge holes

25 in the tunneling direction is limited. Furthermore,
drilling-charging-blasting-muck removing procedures should

be repeatedly carried out in the tunnel excavating work
after a pilot tunnel has been excavated using the TBM. As a
result, the pilot tunnel may be inefficiently used. These

30 result in a long construction period and a high construction
expense. In addition, since the muck stacked on the area
beneath the excavating section is loaded into dump trucks
one by one using an appropriate mechanical equipment, it
takes a long time to remove all the muck so that next

35 process can not be carried out until all the mucks are

removed.



takes a long tine to renove all the nuck so that next 35 process can not be
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I:-n this process of renoving the nmuck, a nunber of supportabl e subsequent
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an asting_jet hod. eferrin i.gS. o] attice-sh char ge
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tunnel i ng segidfmtidh EbESelt{fe. reference nunerals, indicated in each
circle, assigned. to each of 25 charge holes 9 dengte the blastipg, order.’
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tunnel 7 excayliefhey fifickorkiM paldi! LN ONEl Y3710 01 tidisnalsachatpesgiol es
are also 30 drilled in an outernost section 10 in the | ongitudina

di recti oh® asSkatowpatiprneg chardg dedegrngespechévely, whereas Fig. 3C

shows two sectional views, respectively taken along a line
A-A and a line B-B of Figs. 3A and 3B. Figs. 4A to 4D are
schematic views respectively illustrating sequential steps

of a bi-directional drilling and blasting method.

20 Referring Figs. 3A to 3C, lattice-shaped charge holes
are drilled in a radial direction of the pilot tunnel 7, and
then a drilling is carried out in a longitudinal direction
in an outermost tunneling section. At this time, reference

" numerals, indicated in each circle, assigned to each of

25 charge holes 9 denote the blasting order.

Transverse charge holes 9 are radially drilled in an
upper half section 8 in a direction perpendicular to a
longitudinal direction in a pilot tunnel 7 excavated by the
TBM. Simultaneously, 1longitudinal charge holes are also

30 drilled in an outermost section 10 in the longitudinal
direction as shown in Fig. 4A. A charging of the
longitudinal and transverse charge holes is carried out as
shown in Fig. 4B. Then, a blast is carried out. Referring to
Fig. 4C, the muck produced by the blast is removed using an

35 appropriate mechanical equipment, for example, a load head
bucket. The line charge holes 5 are drilled again in a



| ongi tudi nal and transverse charge holes is carried out as shown in Fig.
4B. Then, a blast is carried out. Referring to Fig. 4C the nuck produced
by the blast is renoved using an 35 appropriate mechani cal % ment, for -
exanpl e, aMOPMIMead bucket. The |ine charge holes 5 arBCTARIPPSET again i n
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boring profﬁés;jumbo drill so that the efficiency of the drilling

equipment is decreased. Moreover, it is somewhat difficult

for the jumbo drill to approach the pilot tunnel made by the

20 TBM owing to the size and the drilling position is also
hardly confirmed even if drilled with the jumbo drill.

Although the small size jumbo drill is used, there is

also several problems that cables attached on the jumbo

drill and water supplying pipes should be entered the tunnel

25 in the drilling process, whereby these cables and pipes

should be removed outside the tunnel to prohibit the damage

from the blasting process. Therefore, it takes 1long time

for the excavation and moreover, it is difficult to proceed

the drilling process and the tunnel boring process

30 simultaneously. In addition, because the longitudinal

drilling and blasting method is still used at the lower half

section, this method has the limitation to shorten the

drilling time to be spent.

As described above, the drilling and blasting are

35 processed after the complete tunnel boring by the TBM in

longitudinal drilling and blasting methods or in bi-



30 simultaneously. In addition, because the longitudinal drilling and

bl asting nmethod is still used at the |lower half section, this nmethod has
the limtation to shorten the drilling tinme to-be spent._As described
above, the NQWHWHS and bl asting are 35 processed after FPHYKESHIE: o
tunnel boring by the TBMin |longitudinal drilling and bl asting nethods or
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Di scl osure I'S erefore, e present
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It is another t he "present 1'nven provi eqU|pnen S in use
for the Het M{PSWcﬁoérén%%ﬁme@t lEQVéﬂla]é#Yectlvel y inmproving a tunnel
excavation rate and a renoval of nuck. In accordance with an enbodi nent of

the present _. ni\jentionbgtgere 1.S prow ded a nethod for excavating a
tunnel, co L J‘° ) drilling an oblique 25 charge hole on
an upper hal f seditti ds.i hhar@fd»m, tapnpbliebti 0f thex eresent bpventigmeio bori ng

machi ne (TBMrAndiedn |t|HrQQ @@meﬁHi@r‘ié@%&uﬁlﬁfp%%sQOIthﬁé’lPnd;)rrﬁ‘&l\%&‘cf gded

length in a tunneli n% Ctl | on |t di nal rectlong at an out er npst
15  enhance a Yeri a cos tunnel excavation, wherein a

drilling and blastlng-ls carried out simultaneously during
excavating a pilot tunnel.
It is another object of the present invention to
provide equipments in use for the method, which are capable
20 of effectively improving a tunnel excavation rate and a
removal of muck.
In accordance with an embodiment of the present
invention, there is provided a method for excavating a
- tunnel, comprising the steps of: a) drilling an obligue
25 charge hole on an upper half section in a pilot tunnel being
excavated by a tunnel boring machine (TBM) and drilling an
outermost charge hole to a predetermined length in a
tunneling direction (longitudinal direction) at an outermost
tunneling section during excavating the pilot tunnel, and
30 charging and blasting the upper half section, wherein the
oblique charge hole is turned at a predetermined angle from
a transverse direction to a longitudinal direction; and b)
charging and blasting the lower half section except the
central portion apart at a distance from the tunnel face.
35 In accordance with another embodiment of the present
invention, there 1is provided a device for tunneling,



tunneling section during excavating the pilot tunnel, and 30 charging and
bl asting the upper half section, wherein the oblique charge hole is turned
at a predetermned angle from a transverse direction to a | onaitudi nal

di recti on; W48 chargi ng and bl asting the |ower hal f Bk 8ﬁiﬁ§cept t he
central portion apart at a distance fromthe tunnel face. 35 In accordance
wi t h anot her__enbodi nent_ of the resen I nventi.on here LS, d a
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Brief Description of the Drawings
20 Other objects and aspects of the invention will become

apparent from the following description of the embodiments
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic view of a conventional
longitudinal drilling and blasting pattern;
25 Figs. 2A to 2D show a sequential steps of a

conventional longitudinal drilling and blasting method;
Figs. 3A to 3C illustrate schematic views of a
conventional bi-directional drilling and blasting patterns;
Figs. 4A to 4D depict a sequential steps of a
30 conventional bi-directional drilling and blasting method;
Figs. 5A and 5D represent a schematic views of drilling
and blasting patterns in accordance with the present
invention;
Fig. 6 presents a perspective view of the three
35 dimensional multi-phase tunneling method in accordance with

the present invention;



conventional bi-directional drilling and blasting patterns; Figs. 4Ato 4D
depict a sequential steps of a 30 conventional bi-directional drilling and
bl asting nmethod: Figs. 5A and 5D represent a schematic vi né%w ﬁlling
and bl asti nd"@HM¥¥ns in accordance with the present invertion; Fg. 6
presents a perspective view of the three 35 dinensional multi-phase
t.unnel i ng net hod ginaceqrdgn 584 iahNYEeBLE08F YhdO-Ridd 1308
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invention; Hilge plRsentaifcderddnc view of a two way rail track 5 system of
t he conventional f.unnel,ing nethod; Figs. 8B and BC.are schematjc _views of a
three way rail télgdkeééz\ysfsen?ofgcgﬁ%a#%? et gt r’r%%sﬁor}:é”io Mm% ir%%asg¥?%lnel i ng
net hod i nS aceyrtranoé whehcemeenrienadt tunpehingmettiql; 8D shows a schematic
view of a variablmg ¢sad€gr ah@8c ldkdISRheRat D +1£$ SH nERBIraBakaPULLLT Phase
tunnel i ng nethngln accordance £|th the present invention; Figs. 9A to 9C
illustrate a-THHGrHRtSM Ofshg: thges dipeiRionat gruliiqe GéecﬁﬂgP%}l?%r use
in the presemthddientcoorddicdivgith tBA poesdiE dapieti-ischematic vi ews of
sequential = stepgof. BBTBNLAY MdhdiAdUCodebyol NE JdHiee1dl FEASLENAL:
mul ti-phase tunneli'ng method in accordance mnt% the present 1nventi.on;
Fi gs. 11A0tous8dn &hecdbreeseHeeniiqnali aRd térrheseiimnelingp®eted nbzhi ne
(TBM for usgcddrddneeCanvRntheestnd RheERPioni nvention; Figs. 12A to 12D
present schemati G,,vi_ewsypf rot at i : ns_fol..u i n, {he .thr
di nensi onal nmnul ti%:lgﬁéseg uﬁ%el%g“?rg?%% naaccgzl()argzgﬁlqel%m&%ﬁgﬁg%ﬁr eSent

i nvention; 2stiuqiaire3 gfid a4 ywedds deovpRennt fer viwss din atbar rpregent

invention;

15 - Figs. 10A to 10G depict schematic views of sequential
steps of removing muck produced by the three dimensional
multi-phase tunneling method in accordance with the present
invention;

Figs. 11A to 11C represent schematic views of a tunnel

20 boring machine (TBM) for use in the conventional and present
invention; '

Figs. 12A to 12D present schematic views of a rotating
means for use in the three dimensional multi-phase tunneling
method in accordance with tﬁe-present invention;

25 Figs 13 and 14 provide schematic views of a carrying
means of the muck in use for the three dimensional multi-
phase tunneling method in accordance with the present
invention;

Fig. 15 is a perspective view of a ventilation duct

30 system of a three dimensional multi-phase tunneling method
in accordance with the present invention; and

Figs. 16A to 16C show schematic views of lining form
for use in the three dimensional multi-phase tunneling
method in accordance with the present invention.

35 .

Best Mode for Carrying out the Invention




means of the nmuck in use for the three dinensional nmulti- phase tunneling
nmethod in accordance with the present invention; Fig. 15 is a perspective
view of a ventilation duct 30 systemof a three dinensional nulti-phase
tunnel i ng MQNG08i n accordance with the present inventiB¥FKBQ%%7 g5 16A
to 16C show schematic views of lining form for use in the three

di mensi onal nmnul ha tunnel_ing. _neth accordanc t he present
i nvention. 35 B é?g (Sjr’g" £ 3P CQ:B yiHy S'ﬁge‘f‘?'ltelq nvaht? oﬁ%lgsg\ﬁ B9 1308
PCT/ KROO/ 06B821ipggendShlantis® patterhenet | thxeevdindraiomnadt imugta-drilling

and bl asti ngaRat t @iRse Pind RE HSLNERST 09édorldnlce- Rhese tndnglreRgniet hod in
accordance with the present invention. 5 Referring to Figs. 5A to 5D,

based on t R@VEREEOPhat a blast vibration is propagated at a |arger

magni tude in a Reflepeindqigtali Fiagpdl OBR tio dilgh masleelngmh tthier €actonhat ahar ge
hol es, the g 2 .ar ce.dril t?a;gdeete ged
Iength I n z]io(rélg%rtt):l e‘rlliﬁj Siog l% ﬁ)%%a%%\é@? E‘ae:xcéav'lzli%)('j aglp{ ot t%r?nel by a
t unnel borutN@nﬁ&éﬁgnéil(rPBmon Thaougd & héergth q%re%@r@é A6l €hpg9I8| ant ed
froma traeee;seHd renargm holas! ozrzglawll nal adivaeeki driQnea d4tinael ing

section. Theede@g ygll nal égwg{lge le e% el q%remgi elatlgl ﬁstl 9;8Le

dr|IIedtoapre ermne th™at anl out'e tunne Section and
then a Y r sxcegbhrtne the axitliotgy t&ﬁéeﬂ-ohblf! uinmgl bpaing rrgaquﬂeer(ffwbenent i s

carried outrhiaR thg,reghen sHeiquies m&@edSh@ie rrewr Ssirtlednt £rbmomaa TBM
tunnel face. Thereafte t he Ion i tudi n%‘char 6 are drilled

ol gs
again on t F&3PSREFShal FLE&7H%8n &Qcedt (-Tlﬁé’dggﬂ}ra‘fl“b%‘f i%h 8 a®
pr edet er m nedneéngy hsattidre. zdfee ofondiltasitinay tbareal hobesed? foerainafter,

referred t%maétﬂ Nﬂlenmé éﬁqq)edar&@ bheRede s86RIHE P 1@%GkRTaE OB

enl argerrent carried out. And final y, ém the tr nsver s charge hol es
15 outermost tunneling sectlon an then irst

blasting and longitudinal blasting for enlargement is
carried out in the region that is hundreds of meters distant
from a TBM tunnel face. Thereafter, the longitudinal charge
holes 26 are drilled again on the lower half section except

20 the central portion to a predetermined length at the zone of
blasting for enlargement (hereinafter, referred to as a NATM
tunnel face) and then a second blasting for enlargement is
carried out. And finally, using the transverse charge holes
drilled in advance on the central portion of the lower half

25 section, a third blasting for enlargement is carried out
after completing the pilot tunnel 21 by the TBM and
dismantling a rail for a muck car. Therefore, a tunnel
excavation cycle time and an expense for excavation can be
reduced.

30 The three dimensional multi-phase tunneling procedures
will be described more detailed with reference to Fig. 6 and
Figs. 7A to 7D.

Referring to Fig. 6, there is provided a perspective
view of present invention showing whole the charge holes and

35 a muck removing means for carrying the muck.

To begin with, the oblique holes 22 having a



drilled in advance on the central portion of the |ower half 25 section, a
third blasting for enlargenent is carried out after conpleting the pil ot
ttunnel 21 by the TBMand dismantling a rail for a nuck car 'Eg l@ggore
tunnel excdIEWBcycle time and an expense for” excavat i BT

reduced. 30 The three di nensional nulti-phase tunneling procedures wll be

descri bed more talledvm refe o_ELg A
Referring topﬁf% gmlf’ﬁer%ﬁ? S parntf(/ﬁ%%g th ag?!’sdlég][l ve vagv%va{)l% p}r”;e?séﬂr?
i nventi on shappery ki esedrl'@lqmabgeuhbmgsaamdlmb% dridlc knquavkedi meareans for

carrying the,dgitkor 'rJQ’aJS’I@-Q.hd1 bddem tde ORd i '.ﬁB{@ hé’ﬁc?stl@@n h@Yﬁé‘Qdﬁll?uWP
01/ 11308 PCTI KROOr r edet er m ned ar‘llg1 e_and gt_h are Illfﬂ n
3 i et

advance on t "se@f“FSﬁm‘Bﬁtustl e&lf‘ﬂnﬁ PP afﬁimfiﬁﬁ r a
head or backlmrp;:.d;ymhemlmf{ tberddBie amd oiveehréakeatdrild inegiohowkscR3isn t he

out er most t uieliddg SEEThefle A eqfbiddiedeBod OBRE! wliaklinelo sdice

overbreak at the region hundreds of neters stant fromthe TBM

tunnel face.2%5PTRRCEr dAER it W%?fﬁréﬁé!rréﬁb%ﬂﬁb%ﬂtrmrﬂf ofthehePpREeRNL

i nvention, tihevdrighh ahet henbtheofirthéi Dgndiodei Uiz hold- 41,)Mis 2~4
corresponde ue, ch e of h 1 ce 2-4 m
as represenﬁadEgég%&p#Kq; J ﬁ{lg e P?T%Sﬁe chﬂ@hg h\wg ﬁe%Ifgn‘%% udl%}g

charge hd? e Simfiangepds Mr@sﬁéné@ﬁreﬁﬁn'@% HEnhFief. tMe oBEi §béschirge hol e

ff, shg\l/vn a ﬂ%teéincﬁl nge" athén Ebggleﬁalﬂatlt I Sclpa({jﬁfté?r %ﬁthﬁiodlgﬁ autsvgl e of
e o |quecar es,_are appr i a etermined in order to
concentrate ¢ E gﬁc@%e bip‘ft?efogﬁ‘gsf’gmq'f%e g‘ tlne EReSROMMel
face after mmhhﬁgi dsnshbaﬁ im Higy. 7RB. In the errbodl ment of the present

i nvention, the obld Oitée H@E&%bﬁ@' %hla@ %h@maﬁglet grt 'Eﬁeeeblﬁeﬁé Qﬁai
tunnel , of which a a _second bl astin for

nd X
enl ar gi nd’ t Hé‘”ﬁﬁ/ve?"g%a??pr%étaltSFlye)@&Eﬁme‘ﬂ%dcéﬁt PLfehoFPi & ﬁannEﬁg‘F‘? ed
out, at the the muck produced by the blast in the middle of the tunnel

face after blasting as shown in Fig. 7B. In the embodiment

of the present invention, the oblique charge hole is slanted

" to the entrance of the tunnel, of which angle is of 20° ~ 40°,

20 And next, a second blasting for enlarging the lower half

section except the central portion is carried out, at the

region which is tens of meters distant from the NATM tunnel

face, by the longitudinal drilling and blasting method as

shown in Fig. 7D. Finally, a third blasting for enlarging

25 the central portion of the lower half section is carried out

by the transverse drilling and blasting method, of which the
holes are in advance drilled.

Although there is provided a single blasting for the

first blasting in accordance with the embodiment of the

30 present invention, a double blasting can be carried out tb

obtain longer length of a tunnel excavation and to remove a

remained rock completely by longitudinal drilling and

blasting method for the outermost tunneling section after

single blasting is finished as described in Fig. 7C.

35 However, this method should be done at the same time of the

second blasting in consideration of the amount of the muck
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region which is tens of nmeters distant fromthe NATM tunnel face, by the

l ongi tudinal drilling and blasting nethod as shown in Fig. 7D. Finally, a
third bl ast] enlarging 25 the central portion of t Wanseral f
section is‘&gg}/{lg@ out by the transverse drilling and b asIHing met hod, of

which the holes are in advance drilled. Al though there is provided a

S} ntglhe blggsttd rugefefcaﬁssorﬂ‘éd st ﬂkfétingﬁeé NtAE CREHaNRE] WrbBKkt b@maviaadl nent .
0 e

i nyentio bl astin an be carried ou
obtain | on gﬂgtsﬁ’ a4 FgﬁnzF a%lt{: ‘Hg’etclo SXEAYPELN Fafm ﬁed rock
conpl etely ibxy:rlealsgdt. udinal drilling and blasting nethod for the outernost

tunneling secti gRofhte’ endbghent! 83t ithd | Srdddicshesbandascil bedpln Fi g

7C. 35 However, .this nethod should be_done at the same time of the second

bl asting i rﬁiec“Gﬁépﬂgr wi i refeneReeahBuit 9%t FhéondCkPravtdidv® ¥ed8s

PCT/ KROO/ O@3mpletrofbe, tie¢ gprsyzentednvdit Sormedoe gohheol etime nechngdely p€noved
clearly so gqh‘st Fgl%gngth of the tunnel excavation can be increased.
Anot her eni5o the present invention will be 5 described with
reference to Fi @§en9AdelDUl€pr oeli e auedgehaggapl Bplesr £Re pfesent

I B?/ent I onhmxciaaunpl rgg‘@cﬁhﬁrtgiengzy@lle Qﬂﬁlégef hahmsel Wiesa vdtiibhi Nghé he |
0 I que _cnha 0 I A r UCIn CcycC | tunne
excavat'ioon rb?‘l;iguelﬁ EP?qhgi%‘fﬁargelﬁolles nce n A :\L/acynclégdél {Ifg‘ggfc?o a

| engt h i deridiensficad &osamsof offie thendenhgdh afbﬁabﬂaﬁglhw bobpdamd 2ockbol t
hol e 24, tqot:ht%@leyhayélmzeta hﬁuee.'fefﬂychﬁﬂ(iﬁlﬂé the emlcqtenrcynael thdhat is,

t he conbl ned _char Ie/r ckbolt 0 i§s used as a bl.a for a
first obli&deobl JS‘H ,&Ft érra fg'éeco‘ﬁ?ﬁbﬁ”@ A9 e?strfoﬁlge/g% ?ﬁgffjut er nost
tunnel i ng hedet nenusedheas:carrthﬂraedlngahgh headl e ar émkS'olcbbhcq\@ ddasbénge- used
as the f OC'A%EEbQO's%&oEG%%egse ﬁwgemgt I cHNEERSSAE tont@iENgOoUt an

addi ti onal rockbolt he stabilization of_ the excavateéed
t unnel i ng §@@ppgﬁ, the comblned charge hole/rockbolt hole can be re-

used as the rockbolt hole. Therefore, since it is
unnecessary to carry out an additional rockbolt drilling for
the stabilization of the excavated tunnéling section, the
20 rockbolt drilling time can be remarkably reduced. At this
time, in an intersection of the combined oblique charge
hole/rockbolt hole and the longitudinal charge hole, the
flow of water can be observed at the oblique charge holes
since the water generated from the drilling work is flowed
25 in the longitudinal drilling. Therefore, if the intersection
occurs, that problem can be solved by again carrying out the
longitudinal drilling at an area apart from a first charge
hole.
After completing the drilling of the oblique charge
30 holes 22 and the longitudinal charge holes, an equipment for
removing the muck produced by the blast is installed on the
floor of the tunnel. By appropriately adjusting the section
for enlargement up and down in a lower half section of the
pilot tunnel, a carrier 33 of the equipment 31 for removing
35 the muck can be protected from a blasting pressure and the
falling muck due to the blasting.
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20 rockbolt drilling tinme can be remarkably reduced. At this tine, in an

I ntersection of the conbined oblique charge hole/rockbolt hole and the
l-ongi tudi nal charge hole, the flow of water can be observed at the oblique
charge hol eSNO8I/H38 t he water generated fromthe drilling PREHMROME0SET 0q 25
in the longitudinal drilling. Therefore, if the intersection occurs, that

probl em can be sql ved by again carrying out t .l ongitudinal drilling at
an area apart fr a?q’l"lw%stl%ci]iﬁlgge“holae.raﬁé't ésgcﬂjﬁpﬁgﬂan@nt ﬁgt}arff??%g of
the oblique ehatjpe Blodwl ef 2thangifht |tngieludamdl achwhgel hdi38d, B

equi prent f-ofee JARYILYW Lhe TYGEr PLOFLLSY &Y the BLASEmésc | PSt ghbedopn the
fl oor of the tunnel. Bye&ﬁfro riately adjusting_the section

for .
enl ar genent THARMY B/ Bneto nBft TO¥ERt on FUFCREENOLG o} CARRLPE a
carrier 38 0433 hinendement cAindwrinmgenmaggfdd d¢dret inokist &n coanpebirgt ed

froma bl ast} r . [ , Sti 1 WO
01/ 11308 PCTTRADD 8‘“‘8’?5?% gggs%%@v#r{'%léﬂag% %2?539?%‘%1" SR Sacto

si des of thet®|eortain t Hee ppyuek, t Whersimnthe opriaingz3dis imtiakheePon the
| ower porti oph®fuppr sdEBRANLE anehaeRierenabl gndheagapé PIEAE &P &f

noved. Furt hernore cargier, 5 433 includ a caonnecting.rin or
cont i nuousl y&é‘%nté%{cie}‘r?g N& %Héseﬁﬁm%‘f ?hlé&}cﬁﬁ pqﬁ’\%mlsar?&g‘ﬁc%S%tg? ntélP_e 434
with a spaceinsidemfi 4he chcrhexkd3ivar siontapt ebrh diheerowtdddesof athie on.

the upper pogshiiry t ho4 CAL | Be Aty afdntRlzde !ciémégf@ ?ﬁndd%ﬁpné{é’ﬁgg- At
0 e carrier In

this time, a rubber 435 ig, attached t he _10.j nsi de

contact wit hc?W£ﬁysitg§ af‘si’ﬁ’éﬁ%ﬁfgit Er figjﬁfuﬂ% MK eby i ni ni ze a damage
and a noi se caushed bhowhe ith spégsi orPRf tbhed¢al laifgrnmuioks taAd imgowbhe n
Figs. 9A to : I =N | L) ' n g <) ' ck,

t he oblique % alr%{e %oIBés%?S%%inﬁt;bettr%qwg%QFt Eﬁ%nl.ﬁﬁc%%r ge&\ékggeégg%g;re
charged. 't 4% angj tbe jlongiéudinal webpegehdodBri dde 3THPargRRII%s Bt are
drilled | ongetiid Raimnet,hdy, 8he 6£sé Oittehe ahecdhiiGgae diirges holes 22 are

drilled longer than they are designed, a wedge coupler is
installed at the obligque holes 22 of an oblique blasting
section and a sand stemming 25 is carried out to an

20 appropriate length, so that the drilling length for charging
can be controlled in order to carry out a first blasting.
At this time, a diameter of the wedge coupler is
manufactured a few larger than those of the obligue charge
holes 22. The wedge coupler 1400 includes a rubber coupler

25 42, in which a wedge groove 42A is formed, and a wedge 43
which is inserted to the wedge groove 42A of the rubber
coupler 42, Therefore, the blasting powder is reliably
charged up to the oblique blasting section by the wedge
coupler 900 and the sand stemming 25,

30 Fig. 9C is a diagram illustrating a structure of a
wedge coupler 1400 for controlling a charging length in
accordance with the present invention.

First, after drilling the oblique charge holes 22, the
rubber coupler 42 is inserted into an entrance of the charge

35 holes 22 and is pushed into the oblique charge holes 22
using a scaled pipe 44 according to a design for the
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installed at the oblique holes 22 of an oblique blasting section and a
sand stemmng 25 is carried out to an 20 appropriate length, so that the

drilling | r charging can be controlled in orderpd ﬁﬂ out a
first bl asw%lndog\t this time, a diameter of the wedge coupler Iobeg7

manuf actured a few | arger than those of the oblique charge hol es 22. The

vedge COUphenilﬂrO@ lé}QjﬂlﬂeSTﬁefé@iE@’r CaHY &ledd® 4% lbnlwséﬁbe@ weglge groove
42A is for serte ‘ﬁ oove 42A of

t he rubbergﬁ%o Eg?r E°“$§%¥ef‘8r éhrf’ﬁgﬁbltggt |Sr?§ SWEéPel $ re | Y2 char ged
up to the wb@mueocm 431 i sy St itde B;latsmnwed»gedecoupl cha®Pad aml tdhe sand

stemi ng 26ne 30: £ ing¥GehgeA OF ASADLLLUS BAIRA s3LRUGhUTe of a vedge
coupl er 1400 for control g’P&‘C ar accordance with the
a

present 3i nvent i‘ohER qiiglhstthe Wt i9 %alrﬁﬁ Pﬂ eoﬁl?ﬁ}él@ﬁa%égﬂ%l‘&aQZ, t he
rubber couphat #2 desigrsexd,t adsingt chan Mtgeamapmértmeoahamgecoﬁﬁrdnol es 22

and i s pus | e a g

accordi ng ?ggadggg%%ﬁsf glrglanH f%g \/1\%%01?}1‘%]3%%?%6[%? %8?0%'86& Q%P% l'ing
| ength. ThEWRRAIEY 15hBOREHREE43 is inserted into the rubber coupl er 42
th\rl\gugh t he scahaﬁh Pt e éwahmn@g cff eriﬁﬁe?&hhai@e;hﬂﬂetsh@dolaﬁi ng
powder .js r of the ue ti.ng
sectlor%b Eﬁtﬁgnaﬁggéma% %hg%%:hgrggg hol™e ?Eedrclof"Peﬁk? 'nge St that is
desi gned, bbasiginche fmsdgehe owplémue40ul astdringonand| t%elQngitmdﬂgialength f or

tpetﬁhargisgasm d hat cﬁr?i@&'zcg.ﬁ: atsUBEQEtﬂlgec?slrpQ% 11be| Wien thﬁ fharglgng
(0] e o0 I que ar ge ol es e on I nNa e ol es are
conpl eted, a flrxﬁbet I%bcfl%ls?’f?‘l%}‘ 613%511 IFh’EFet b’?%\%sf @oré?‘l‘;cf’rkt %Sorfd t udi nal
bl asti ng i sheamiddte oof dhedevwriededfage Fige TB. thise ohiclauysr othexmr® by t he

first hbaspogcancent ré‘&e%‘:hEPebi hge %@Qﬁﬁuﬁté&"%ﬂﬂ@”ﬁe fags die ! a4 he

obl i que charge 15 holes 2, her e e a currul at ed into the cantai ner
34 a laf% on the carr%er w% ?n Fgg The carr{Lr 33

3 as sho
containing the muck is rapidly withdrawn backward, to
thereby obtain a space for next work. The container 34 of
the backward-withdrawn carrier 33 is lifted up on the dump

20 trucks, to thereby easily remove the muck as shown in Figq.
11D. Meanwhile, the rest muck, which is not fallen into the
carrier, can be loaded into the container 34 using a loader
bucket.

After carrying out the first blasting, a longitudinal

25 drilling is carried out at the lower half section except the
central portion, then a second blasting is carried out.

The muck produced by the second blasting for
enlargement can be loaded into the container on the carrier.
Moreover, the first and the second blasting are carried out

30 simultaneously and the time for a subsequent process, e.g.,
ventilation process can be reduced.

While the blasting process, a rail switch 890 on a deck
plate for facilitating the muck car or a locomotive 500 to
move easily is installed in the long tunnel.

35 Referred to Fig. 83, there is provided a schematic view
of a toy way rail track, wherein a deck plate is installed
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laid on the carrier 33 as shown in Fig. 11C. The carrier 33 containing the
muck is rapidly withdrawn backward, to thereby obtain a space for next

wor k. The cgnt ali 34 of the backward-w thdrawn carri er pdgkhkéodesdrt €d up
dedi

on the dunp s, to thereby easily renove the nuck as shown in Fig.
11D. Meanwhile, the rest muck, which is not fallen into the carrier, can
be | oaded i ¥no eid@yCcanseanes ot 1USI ROkA LRagies £lDeEkeE. thét Psweaalimg out

the first bl asti.ng, lqngitudinal 25 drilling is carried out at .the |ower
hal f secti orfe«?;;&@ t qafhe&ege?ﬁ % a?)‘@?’f?%‘on"‘,‘"‘{ h%rr;'equ g‘%%o’ﬂ'dc | §8ti 7§ ittshecar ried
out. The nudleqemoddved dap taveseabonrt bivattakky .f or Buen| angdmentprsaertie

| oaded i nto jthen¢eBhakhgee®8ride CATFLIGS . sBRLRPVES, daI {\?mféer S‘Jay]?ofl‘riaiglhe

second bl asting_are carried out 30 sjinultaneously an he tine

. 2y .
subsequernt préc&sds éPjF?lg%nt‘r”P%{?’dﬁ eodeTalpgf NP ERRUARRET AR 19F t he
bl asti ng pratessliower ahélfwsechi890aod dotdcksidesatef f dhef doweirt atdlify t he
muck car or i e £as) .S dNS edii ot o]
tunnel . 35 ﬁg‘éggggﬁlo%%dgg%é%% vtahqg}ée -Jie% ?r’%r\llél%eé(?n aéag%:ieﬁ%ttl?rc \t}lgte:bv r3=1gf a
toy way rail[dackaPRatehdreidnd tdecieuppart $80 ifsisait o8 ths 99 R8s PC
| KROO/ 00867 dedlk @ity 08B0 AnCEhéfefor: KnMhd hliek f bapr anll tdwrieverarteal f

section gof the pilot.tunn Lhen t ck, car o he_ lLoconotivye can
nove al oﬁ’g rﬁﬁ"&% Ff}.glgﬁt , ej':nn%t%%és:ﬁrggéeg}?e rT#onavdeerlft :jott)lﬁli_cg{é %sef%?srjé%’etdo | gs. 8B
and 8C, a tMecerakateadaiin 5at packovw sreatem| pEdbothesédast vé tdeailesercent r al

port i on 0}‘ Hag'&' |§é’@t{i<{?ﬁgﬁy slasawnoten% Q&’Bxﬁ.z%in%ﬁi Qfo;:ﬁh@nbé"ﬂ%ﬁriﬁ?' fso 570
section alr xXxcava I1S,.COoNn cte eac (0] a C Pl al e
or b Sl BHE MR SR S8 e At Blakt e e B ore,
the muck -carindied tbar miek eae eBFidyved easily. In addition, the |oader
bucket i desi gngdebprih§ E&tﬂ]&&.g gp) 8 Pariad qwq%rogsb_owr SRR the

| ower half section by neans o horizontal rotating device so that the
nmuck pr oducédep\PIHPTERESnFoR ddhe npngl pxgayadden, e-9., the jumbo

drill and loader with ease can be installed. At this time,
a first, a second and a third decks 801, 802 and 803 can be
adjustable by using a hinge 804 and two support beams 805

20 stand beneath the second deck plate 802, which can modulate
the height of the deck 801, 802 and 803 by using a bolt 806.
Therefore, it is possible to adjust the ladder 850 to the
variation of the height of the lower half section.

The second deck plate 802 is connected with a

25 horizontal beam 807 and wheels 808 installed beneath the
horizontal beam 807 so that the ladder 850 can be moved
easily according to the work situation. And.the third deck
plate 803 can be up and down to be putted on the lower half
section by a hinge 804 and a winch typed wire 809.

30 Although the blast cannot be carried out in the central
portion of the lower half section because of the rail, the
both sides of the lower half section can be blasted if the
facilities of the TBM, e.g., cables, air or water supplying
pipe, ventilation duct and so on, are protected from the

35 blast during excavating the pilot tunnel by the TBM.

That is, the second blasting can be carried out in the
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into the nuck car easily. 15 Referring to Fig. 8D, a variable | adder 850
for guiding the equipnents for the tunnel excavation, "the Junbo

drill and | oader with ease can be installed. At this t”ﬁg{l&ﬁbgfu
second and Y@ PP} decks 801, 802 and 803 can be adj ust y u3| ng a
hi nge 804 and two support beanms 805 20 stand beneath the second deck plate

802, whi chogeg WRAY! ake cdde diel e aNBARCKERA ADAAY BOndY using a
bol t 806. Ther ef ore, IS possible to a{séit t he Iadder 850 to the

variation SFc?héthéﬂ"&htsaB‘P fH&e] Rferthfal 8o b et TRES SR Heck® pl at e
802 is conpessitiolev tiora tB& hdrixzbnbabshearn 8®2 anarmimt| ©uB808bynsd aI | ed

beneath th t 80 o] g{i‘qﬁ{ an

easily accgraﬁlg%zsoen %erlagzrilﬂbm%%%t |]%)lrt%%ttl}1§ lh |r§§§e%k cgﬁ%te 803 can
be up afd &BwRetndevpakt &Y ohbe hdBMowerh ‘?’Eﬁlf“ thet dohlbing ﬁ:laﬁgeb%04 and a
wi nch typedanriéed &tk 1aoaebah@elgduﬁ:hﬂ; l&b{&airaﬁﬁﬁljlaﬂuel)@lmatrtﬁd'l@ht in the

central porti ga% f the o rtga‘:l‘{ %bl as?sca S,?fenetcggsgl?hfoi hae bot h

sides of the | sec i 6N ¢ acl Ies of the

TBM e.g., sma@tlesblaeamnar 1Waaelpomqﬁmyy|h¢gwe9np‘ebe veantiradt peatdertofind so

?E ?—Eﬁﬂ prTehectlede%Laau%heec%obl taaa el rtg;telxcsi\@tsijrigatlb@oﬂa‘tdhtottwnnel by
e , e SUIL N n e calrl.e Qu e

01/ 11308 P?ﬂ?kjﬁ%@i gfép‘t Airifd FERSSGroONLIRAAEARgr antht (BH K he NATM

t unnel fapeoatncetmeb)satrtse tse@r@f hllastf icast bl aemovamdat heame tmarnemossi bl e

for the thigddpleasti fQ bB1&S¢ 11280 Mbchibed ATANINET SeTRLS | WoRa and

bl asting net hod after conpl ete unpel i wor kK the TB ein the

drilling c8RFHES Y |‘%’(f16’19t Stﬁgéﬁﬁém% {}?ﬁ' 'Ea(':a\?a?l ng%ﬁ&aﬁ*rb‘% t unnel
Ref erri ng baekréckdalgds.orSAteel5bPibj tso sthaetceSeaartyatfa@r cgclepbine bdasting in
a_boundary,petueepchie CAL! alraRQULLon tharble AR BLT chECtipfkand the

bot h si des o protect the ties of "the TBM during the second
bl asti ng. ThestFRXK agﬁeod’t}’éééeﬁyl{l hédg%‘é‘iﬁldlsdi“&stthéaﬁpﬁéerme%ﬁ dtPsame

manner drilling equipment, and then the third blasting is carried
out after completing the pilot tunnel by the TBM and
dismantling the rail for the muck car.

20 Referring to the Figs. 10A to 10G, sequential steps of
carrying the muck produced in blasting is illustrated in
detail, wherein the muck is carried by means of a muck car
28, carriers 27, 33 and a locomotive 500. The muck is
loaded into the muck car 28, which moves along the rail, and

25 the locomotive 500 withdraws the muck car 28 or the carrier
27, 33 to the outside tunnel.

The muck produced in excavating the pilot tunnel by the
TBM is carried through a conveyor belt to be loaded into the
muck car. Then the muck car is withdrawn outside the tunnel

30 by the locomotive 500.

And most of the mucks produced by the first blast are
gathered in the container on the carrier 33, and the others
remained are loaded by the loader bucket, then the carrier
33 is withdrawn outside the tunnel by the locomotive 300.

35 Next, the muck produced by the second blast is loaded
in a bottom carrier 27 or the carrier 33 and these are
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of the first blast as described already. This work is carried out during
stabilizing the tunnel, e.qg., installing the rockbolt or steel rib, so
that the total cycle tinme can 15 be reduced. The transver RG0! es
for the thi WP0IBIW8ting areidrilled in advance using the E%gﬁgaﬁﬂﬁﬁ of the
drilling equipnment, and then the third blasting is carried out after

conpletin ' t,unn by, t a di tling. the LI t he
rmgllz car. gngpgrgg%lng&o%ﬁgylﬁ%gozﬁ% [%bq’%gﬂg(g'que%&a% s%’g%s r%gk
carryi ng t h@nedecegr buéba LArBEasnfinghessererdtbIasis iif adgd infterein

the muck is thaf Ida@gtiby BRANGIiOhdPaWwRIGutedde 28e €ANREE!SapidlyBdbynthed
| oconot i ve ﬁ%o' Trée nuck,is_ |oad li n{'o thg ]gmckhé:ar 8i whi Ca%em%oers al ong
the rail, an?<25% RSt ot5ndPi F25500 % FAAPRTETT he M S 2P 1478
carrier 527,dr331liogt herotess dandunmeducFheticleysledutdnei noexcsanding t he
pi l ot tunnelggvhReonTBMis carried through a conveyor belt to be | oaded

into the nuck car.. Then_the nuck car is withdrawn outside the tunnel 30
by the | oconoti \/_JfSC%‘.e Aﬁﬂr?ﬁ)sﬁngf t?‘ﬁ’e W@p’? MRETd2FS RETARASIOH ast
are gat her eddmultbheoushy atmereducd Hhecayciler t3fe, abie t dwerwitdrer33 amsimai ned
are | oaded f Qgd €b - C k€l re3ni] | @Q/\% tsi de
t he tunnel lt%/het %g’tlltog‘o(rér%f?eg#3 O.E%\g}}%l}ﬁe ?r{?gkrrﬁgﬁ g%ggﬁﬁ\ée@hgf/ t ecgésjecond
bl ast is!d odded tunped pRRIGH &3 ther 199ometivee 509 rier 33 and these are 15

V\ﬁ 01/ 1&308 PgT / KB@@!:QQ:E@H}EQ \Mﬁéﬁctrigv.m%mu, tﬂee%@gilcm@trwsdsiaoeqﬁmnﬁ nCﬁ

t he nmuc pr uce t Lrst_an secona. . st | (0] | t he
carrier and %’lrt rcltdﬂ%\% &’ft%giva{él?rﬁentlﬁinuncg ng aapimcﬁlf %)yOGS'heﬁ)OI 6’%%@1‘% \%& it is
possi bl e t o fecgrcavabingridiepidipdcsunoel Svikh 13 bagkppottatlemnd tledifce t he

cycle tine afhd tdPelandekaaradi fdcilftildie 1lobr o dAd the, secpntbdl@stis are
carried out %lrrultane usly uce the cycle time, th

d [ 33 d
the bot t Bim G} | BrUaket 2 0P F o P RRAE SR nREL (RASAN SBut & ade  Backup "

trailer 101 of the TBM to drill the oblique charge hole on

the upper half section, a first rotating means 300 on the

backup trailer 101 of the TBM for rotating and tilting the

drill, a muck removing means, disposed on the bottom of the

20 lower half section, for carrying the muck produced by the

blast, a second rotating means for rotating the loader

" bucket to load the muck at the narrow area of the lower half

section into the carrier, a locomotive 500 for pulling the

muck car and the carrier outside the tunnel, a wvariable

25 ladder for guiding the whole equipments used in tunneling,

and a deck 870 and a rail switch 890 for facilitating the
muck car and the carrier to move easily.

Referring to Figs. 11A to 11C, there is shown the main

body 100 of the TBM which includes a plurality of cutters

30 112 with high speed revolution for breaking the rock, a head

110 surrounded by head jacket 116 having a plurality of

buckets for carrying the muck backward, a hydraulic cylinder

122 mounted on the rear of the head 110 for making the head

110 move forward, an inner kelly 120 having a driving unit

35 to provide the revolution power to the head 110, a plurality

of clamping pads 132 installed on the outer part of the
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10 the tunnel rapidly by the |oconotive 500. Referring to the Fig. 11A
there is provided equipnents for tunnel excavation including a nmain body

100 of the_TB r excavating the pilot tunnel with a olossdt | er 101
of the TBR)f%\'i}{| l:Ir?gckup facilities 102 of the TBM a junbo drill 15 200
nount ed on the predeterm ned position of the backup trailer 101 of the TBM

tOt d[l A thﬁn@blslég!ugy chaggea hﬁhﬁré)]t:ht l"tﬁf Lﬂwl()lrcyPQLnfﬁe%_?_CtlB@nd1§pa‘>éé§t g :
rotating neans 0 raijler 0 e ting an

F1 £ ng s nEn Br pRrer dahddl 138n 60 MOTARE £heo FLRRIE FFand JBoFobibf t he. 20
| ower hal f rsdn;al odiréctriwaroefi agpthet neknek otucthe byut due Kd:)llaustl3(h second
rotating mgps d %boﬁ:@lﬂ&' %ﬂet heedoadey, QUBE@E tc%n‘v@?ért H‘ilm&H& aip t he

narrow area of t section into the carri er, | oconpti ve 500
for pul Fi n@uf‘h%la%c‘kc’rb‘é?ry%ndlﬁzhefoéaﬁqrélylﬁﬁt Hlﬁem}:‘ﬁE f‘ﬁnﬁ%? byckst i abl e 25
| adder for 1gui dro tie wdiol doeiyuilpoentsthserBN ntd whee lbaegup andl}aexdeck 870

and a rail r facilitating the mnuck car and the carrier
to' nove ea%?#myaf&}?errgl}ﬁg to Figs. 11A to 11C, there is shown the main

body 100 of theRSEMITIMGCHI FliduddRBa pheral Afy sBPwRuther dumby dudlljth hi gh
speed revo]zuOI ABuh©Ed bds:eadslpgaﬁmﬁ:m aos, of heed bhtRQuputrainsedidy dead

j acket 16 lity ts for n b kward, a
hydr aul’ |%c Jﬁglg‘r rti)%g &n@nt eoérlﬂt ﬁégl%r ?ar &?Fﬁiixhegdgﬁﬁgy nmaki ng t he
head 110 Qbar:egé ohewesl, arrh Icrm'écrolltelhqleﬂoahaiwﬁgea a2fvEey dninfBB to

provide thengeyplut ian RaWer Eled P@,ﬁe@@rli@o £o P i@l t%heoérﬂf@éml ng pads
132 install on th oute 01/ 1 PCT/ Kl 0867
i nner - kel ?§ 198V a F‘ﬂ?’é‘F ‘ll? B‘T‘c}b"éadscgﬁﬁrr‘?& §n134§ 58% Rg out er
kel ly 130 £80 m)wmg:xtoliéedl hyrpamgmpads cbB2rob thit fogdiagdjudtiegtilon of a
pi l ot tlsmngJi itllcfwea céskayngl% iy c%HBP@iéﬂ ¥ e Qaaﬂeil&c@ bel t
conveyor aUXI lLary conveyar carry ck in the
bucket 114 frcﬁﬁttq?é‘gﬁatﬁebéﬂ‘i}b‘i(ﬁ)mﬁfl 18 3r‘Bl\}T“l?‘B'”:ter?’e %Eg‘ﬁppﬂe‘?g??ré‘} 101 of
the TBM 103 of the backup trailer 101 of the TBM not being :
interfered with belt conveyor 141 in the embodiment of the
present invention, it is poésible to install the jumbo drill
20 200 either on the inner Kelly 120 or the main beam of the
main body 100 of the TBM. At this time, why the position of
the jumbo drill 200 is apart at a distance from the main
body 100 of the TBM is to obtain the sufficient space for
drilling.
25 The operating mechanism of drilling equipment is
referred to Figs. 12A to 12C.
The head of the main body 100 of the TBM is progressed
by the hydraulic cylinder 122 on the inner Kelly 120 to
excavate the pilot tunnel with the cutter of which the
30 driving force is transmitted through the driving unit 124.
The muck produced by the excavation is carried by the belt
conveyor into the backup facilities 102, and the muck car is
withdrawn outside the tunnel by the locomotive.
While the TBM excavates the pilot tunnel, the jumbo
35 drill 200 mounted on the platform of the backup trailer 101
of the TBM drills the obligue charge holes on the upper half
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Referring to Fig. 12A there is shown the junbo drill 200 nounted on a
pl atform 103 of the backup trailer 101 of 10 the TBM including a drill

210 for dril lurality of charge holes and rockbolt hgl A 6rifter
220 for dri v*i”h@g"ﬁﬂsg drill .210 and a feed cylinder 230 for rra‘@u"’n”é’e‘lﬂe

drifter 220 move forward of backward direction. The feed cylinder 230 is
controlled b}ﬁeaﬁl@ml er AeordHi@l thnd, f@éns’%ﬂiéﬁh@”&ﬂéqec&@dﬁldtl | 98 Q_ggth

accordin toth nd|t| he tunn f AIt,houhthe unbo drill
200 is rrgunt e8° glﬂogf;n% %BC%I? ek?%e&ﬂ*j&ﬁﬁ‘peﬁg?g e‘T’l“l‘@- S¥eoUFe Y TBM
not being i nreﬁemw%x wilssl theorlvasyags hbde.in t he enbodi ment of the

t inventio | t 0 1loRASt i driad | 0 I ther
on the in er K nReﬁézroﬂlg’r 0§ée %usﬁ g R e o léloﬁgg‘}”%t R2& T Em
At this tt gﬂéﬁf %n“bcf G 3t A |9|ea§o(¥0|rs royatingt the

di st ance froﬁeeﬁer medm d:at;t;amfeﬁemtlahe diidcitioho ohawi rashe tm@ffisﬁinent
equi pment, i s
space for debhiidg- a2§sTIE§CQ|ﬂ$ tdhfngcd{@ Qfgéé”wﬁneg% 'L ‘I‘J‘log gqt REb ?%M >

referred to Flgs 12At . e main
progressed BytRhEhe e deidy| 20@era 1f22fs(§nmpher|ﬁ%@:rfmlltqtal;Z@gt bhe

excavate thefpedet indingldualih ihetkétpRiroiapifi thbhfoﬁoar%ié“&fg —fsmr"ce i's

t tt,gd thy h d VI n nig,.124.
6;22\8/2} i oﬁ i's ng‘?l e%k%raz{% JTL{ #gn\ﬂ%}l&;epnf’f} %ﬁ& EQEE‘E ffﬁén?l £78s 102,
and the nuckfear rPBatwq h’éllfl%w\ﬁrbh% sPHbigkel st uand| abytEtJBlm@cmqbdn vasoWwhil e

t he TBM excamaihgsSed hén ptlhé)tbiélﬂﬂﬁ:l ,urillte Jar %@ﬁl‘yllhgquﬂem}w&taegﬁﬂn the

| at f or m of trailer . the TBMdrills the oblique charge
ﬁol es on the %g%lte)?ic Lﬁ?‘re %hl UpPCT/ KROO' 00867 section. At this

tinme, consideri ng‘*qffﬁé?rcogdtpl Bho oletEhe thegek ist hrlusickdt@d thel Braakebe
drilled git h@ﬁlts' mdd aﬂﬂ?dl‘t'ﬁlllﬁg qr b§§9ﬁé@t LLY 4t rhggé%b:lg?ég%hgokrgt?r%oo

Referring to s here is s ti'ng uni
i ncl udi ng a ?g‘-rya L ¥ithobol bt a‘?# fgrife the Shape is concave type like

“U” and the hole 341A in the middle of the bracket is

pierced, a bearing 346 to be inserted into the hole 341A, a

circumscribed gear 342 attached on the spindle of the

20 stepping motor 350, and a .ring gear plate 343 having an

inscribed gear 344 for fitting the circumscribed gear 342,

- wherein the inscribed gear is attached on a plate 345.

The angle of the drilling hole is adjusted by the

rotation of the rotary gear on the rotary frame 320 driven

25 Dby the first motor 330 through the rotation unit 300 and the

bracket unit 1300. And the oblique charge hole is drilled

by the power of the stepping motor 350 through the

circumscribed and the inscribed gears 342, 344. At this

point, it is preferable that the oblique angle of the ring

30 gear plate 343 driven by the stepping motor 350 is about 20°

to 40°. And the oblique charge holes are drilled by the

driving force transmitted by the drifter 220 and feed
cylinder 230.

Referring to Figs. 13 and 14, there is shown equipments

35 for carrying the muck including a raii 432 installed on both

sides of the bottom of the tunnel, a carrier 433 which moves
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feeder in circunferential direction that has the sane central axis to that
of the pilot tunnel and is equipped wth the jumbo drill 200, a first
notor 330 for rotating the feeder individually in the p rotation
angl e of -0, 90" 3 pracket unit 340. nounted on the /ﬁéaryﬁ?rane 320
for rotating the drill obliquely and a stepping notor 350 nmounted on the

bracket uni 5n3éﬁefeal§unstybpgat uﬁeépt @§3£’nan@01‘{‘§§ dnihe ebl Lakect
there is illustrated the bracket 15 un|t

direction. Referrin ,

1200 1 nol udRRGEEEbrARGE T3 of GEBEATISG XM 68 §2TERET (1089 1
bolts of whtbé theckshapings loadedye & ypebbeke plate afslh t h:@tlweleﬁ A i n the
m ddl e of the brackessi §%d8tﬁécggnt§iﬁ)&ar4 845 Lﬁe cglddﬁn A, gm;ts#to t he

hol e 341A a _Circumscri gear 342 attached on t |
st eppi ng’ nofBd BEH DR 2 3aPAng %‘é‘rngplb&PQaBEBt%\ﬁﬁﬁléﬁ fPﬁsé?‘F“b@eﬁdear 344
for fittingthdeimpaciinsati bieds geiade, 34Be ciheietr nIhandnsbei bedtgbddr i S

attached on, ?%phaé edes41 negh%oagghe 84 éh@h drill | ng hol |s ad%usbled by the

rotation of e rotary ear e’frama 370™4ri'ven S'he first
nmot or 330 t@rdughtheeheimhit iafh theise wolaﬁ@l@héobeacan ukhe q@tmraJAnd t he

obl i que chap@ei il axdsi bfe@he s 1oketpamer . of the stepping notor 350
throughléhe cirgunscri bed and e inscribed gears 342, 344. At t
[

poi nt is pr a%?rémteﬁata'}%et Sl PR g e 15T 13RS r‘?%tge%"&éia::{’ypl ate
343 driven thyet ok eppitmgtaonor o850thes ahmat 2 tbedOblasidinde fold | que

charge hol eén?a(:f/‘qé?:’(én&' ed day (e ndlightl RE ftﬁ{ececatzrﬂ'&m itd %%E'Héxt Ney iy i frer

220 and feed I nder 230., Referri’ng.to g re 1's shown
equi pment s dr B r$FHG IheLImide |err@ISE&I ﬂgfarraﬂawq%t 4 & on both
si des of th@oéﬁtﬂl@mﬁ 1bad t theehuch -aarei eutdiBewdaniriewyeanndd WO

0L/ 11305 PCFLIROY (035, Ohet Beadiidy $32c0Ys2 Wikthedddn a8 dgad ik Lo

connect carrier a contwal ner 4 on the caftrrer t he
muck bei ng Feritel beachapeRrctsidering bae ik sH&uation.
The equipment 400 having the muck is withdrawn by the

locomotive 500. That is, the muck car or the carrier is
withdrawn outside the tunnel only one locomotive 500, so
20 that the rate of the operation can be increased.

The first blasting is carried out after completing the
processes of oblique charge holes being drilled,
longitudinal holes being drilled and charging of charge
holes. And most of the mucks produced by the first blast

25 are accumulated in the middle of the pilot tunnel, e.g.,
accumulated in the container and the carrier, are withdrawn
outside the tunnel by the locomotive.

It is necessary for the subsidiary facilities to be
protected from the blast. In the embodiment of the present

30 invention as described in Fig. 14, the cables, the air
supplying pipes and the water supplying pipes are located
below the carrier to be protected from the blast so that it
is possible to carry out the drilling and blasting with the
excavation of the pilot tunnel simultaneously and safely.

35 Therefore, the speed of the excavation of the tunnel 1is
enhanced, and the upper and lower half sections of the pilot
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carrier 433 and the container 434 for reducing the inpact 5 and the noise,
and a spring beneath the carrier for reducing the inpact. At this tine,

the carrier 433 and the container 434 are designed to be | oaded the muck
as much as pomiii®e, e.g., the height of those is Iittl| cPFHRRIOPFI ¢t he
central horizontal axis of the pilot tunnel. 10:The carrier and the bottom

i det ey mined hy . .th i tuati f th f. the blasti
For onl ar QUL PPot e ARt SF MREn Ry idh TAS nBGREPE ndRYeTRLPRof 1 he

section of thanblthst i popvfertiomadr geetsmd. it Thet pbssi the tuppegadhahg
muck-nore byl {6, CALr I efapnoh ReISsProt eplgde frpmolchey il aghh Rg,RT ocess.

Therefore, the carrier shaquld be chosen considering the work situation.
The equi prefiteZ@® RalehgaPfe tfckiowet hatt afRchbior nds wseshotd®etBB0. That
i's, the sucke€atd Gind tiedr bLastisg, wirndidhawsubeidigey thr-illuhaek apky one

! .Ocormt I ve ?Qgteélped Zprérrt]aéh% hlg}%é’jg & ftﬁtngecgpg{%g ' P a8l bghéngfﬁ%‘ ed' The
first blastrng 1S carried out after conpleéting e rocesses of "obli que
char ge hol eBabgi Parirof| Eie PLbPGi Fuenelal Hhazefomei tyedefificdenny ehar gi ng
of charge bpéesiloNduimel 05 éMfanbekTepaediseg. by the first blast 25 are
accunul ated in the m ddle of -t he th(%: tunnel _ e g. accunul.ated.in the
contai ner and t S APEr FoaF &% i thar RS &5t SPARTt AP TTRTSITEY TheY

| oconot il0e. oft ai yenetbatioy dugt tsusterbsifdiaryhfecidinsnsd onglbaulpiot ect ed

fromthe bl ggise | tdPR18ABOINEIERSd Of i N dRo2a8Rte 3PidIVaNe OBrasefescri bed
in Fig. 14, ,the cables, the air supplying pipes and the water supplying

pi pes are | HR%ERH el ow the carrier to be protected fromthe blast so that
it is possible Te centylationhduch i4d0 mpnabd bhasdliley witthetrhén eXxeavati on

of the pilotobunpel skmihbapeeys! Yuahth safely. cfig 1hacehos, [he epged of
the excavation of the tunnel 1s enhanced, and the upper and |ower half
sect i ond’ of empRAiNRedt oA othe OrFE2RD8 IPTEPMERR008B? VenhheptieR eduet| i zed

efficientl yeod tbe pheseBlM eRvewatDoIn is still used so that the main
C duct 602 can be separated from the duct 603 placed in the
rear of the NATM tunnel face, and then the blasting for
enlargement is carried out. Since the ventilation duct 600
20 is designed a zipper 700 type and is hung by a hanger 701 to
be separated easily, the blasting for enlargement can be
carried out and a dust can be ventilated out. In case of
the TBM excavation, it is possible to ventilate the dust
produced during the excavation by connecting the main duct
25 602 and the duct 603 placed in the rear of the NATM tunnel
face again.

The duct 603 placed in the rear of the NATM tunnel face
is used for ventilating the NATM tunnel face, and is used
for ventilating the TBM tunnel face by connecting both ducts

30 again. Since the ventilation duct 600 for the TBM
excavation is utilized for the blasting for enlargement, the
efficiency of the duct can be increased. At this point, the
ventilation duct for the TBM tunnel face and for the NATM
tunnel face can be installed in parallel. In this case, the

35 contamination material, e.g., dust is ventilated out
efficiently by using two ventilation ducts.

20



than the conventional nethod. That is, the upper half section is used when
the first blasting of the oblique charge holes and the | ower half section :
is used for the 5 second and third blasting, and the S#)ﬁﬁngd facilities ——
are protWReE®sromthe blast by the—carrier laid on the 0%8\67half part

of the pilot tunnel, therefore the efficiency of the pilot tunnel is

o °50 b ToESAR Y prELEL| bBO (LBnf ToxkAval IELE L0 5noMY BriBEERECt b
view 10 of a ventiPAPIon duct Syste ree |men5|onaf1 ti- phase
tunnel i ngneethod Progeesr aan@érmgﬁ pHE Preddit oWtRrentath. oFhElSentil ation
dﬁct 630 t%aehzeafasfatﬂl@%ﬁn%ﬁwaqnd lthbh?.nstaplﬂfftm aff tihe pidebolltinnel or in
the side area., I.n t odi pent pre [ e

venti | at i30% dfjté?t%'ff%ef o?f " TH ll"’PBI\/f‘excé?\g/}' tllggﬁdré S usoedg)t snggtbﬂytﬂ ‘the main
duct 602 meghobe tbpareneretfe Gmouiénducancbs g@%ﬁ#ﬁﬂuqutﬂlerééﬁeéf t he NATM

tunnel fage @aRdalhelod heodl ashiohy. Eaﬁnegnlaﬁ&en@m isLaGRAhigedredt . Since

the ventilation duct 600 20 is design a_zipper e and is . hung by a
hanger 7GR laggenent o feat SRS, E‘é’wﬁf’%tl 158?‘:%#) r‘% HERFYcan be

carried aQunhiagd fardusis omedban/etﬂta Imeacérmutlnvhmtaase fofrt enlabliBW
excavati Qi ‘tﬁ:ah§ r?blf%ct3.91¥fé]§' I@tge ti%@,edhgﬁgk &4 0dugRd dyripg, t he

excavati on b con ectl the mai n duct 602 and the duct 603 Bl aced in
t he r¥War tef @%%ENATI‘MQH?HNEF' e aﬁ%ﬁ?tel'h lab‘&‘ﬂ EF8CHPEcEP nPFhe rear of
t he NATMdagineld baateariss ofsedef hingendrid atiney fhetiN\Tipgammpelrtf afe, and is

used for veg%hqué %%@I OnMé;lum dtgsacqsgytgo%@ctl ng both ducts 30 --

again. Sihce uct for excavation is _utilized
for the bl ast PAGingr thal BLgehehPr the IOMRiBpdnEfnbFatnBOFELE" c8R be
i ncr easetiheAtlédes HQlﬂt set:h,eon venti liat i posslirate fﬂdirthBeTBMnTcutaﬂel face and

f th t.al i t th
3grco’rftea Héf‘?o?’fnn er‘i’%ﬁ e& % I(?E:tta}}ese%]één |P§Eagg§ flg%:lléé%?ls; by e_

usi ng twmadentil atéah duaortlgg Qbe wheel and rubber plate.
While the present invention has been described with

respect to certain preferred embodiments only, other
modifications and variation may be made without departing
20 from the spirit and scope. of the present invention as set .

forth in the following claims.
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WO 01/11308 - - - PCI/K process of tunnel excavation-,

I.e., a concrete groutlﬁ\m !‘g ried out on the outer- face of the
tunnel after t‘ﬂ%% ast a=t|on of the rockbopér/xkitghoséyot crete
grouting is YN ed. -- In a conventlonal 5 met hod, the concrete grouting

can be carried. out only after the excavation of pi | ot -tunnel and the
bl asting for enl argerrent are conpl et edaifewever, a speci al designed

Iiningformisu ed jn resent_.invention for bling --. t.he
transporting faci |t}i‘e Qgg offheexlﬁfcl?t&gf’ 2 Wfép?‘rr? PTisifis thdve.

Mor eover, theteggnofst e i ni ng process can be carried by means of the hinge

and wi nch in the alJpQ?fllplairrIg Oin Bﬁfu&dé“ BEaf n}:éﬁe SBHW'an' 'h;ﬁi&s halﬁf\ to
16-C-. Dumgthe bl,ast ere rtio ---_the | ower

roit seott orikatian 180 PRl et [T thaRer SReR st dd A EBRREL bt ERd od
fromthe bl astchiyneus{TEM)It handhdkillimgleanf osteehosthachagge hbohkedlo and

rubber pl atgp Ml E%%dpégégﬁﬁshg‘ﬁ;%ﬂﬂ%f% Qﬁg&&%ﬁr'(QSHgW&\E&méfspeCt

to certain erred enbo ot fications variation
may be made $x§FFdCrdepatt i ndn 20°PEBRIRHe sHPRRelHMH sIRFELOTLf HRELRF esent

Lg?% i)(im g%:&fatvamni;orﬁm lpnbﬁe thiahkey agdcbaaaalnglaﬂw 1484308 Ehd Lh" S

a od fo c ti tun co si t he
steps of: %) Jpc?r% I }lhggfans%o éued%%a%egl?hgﬁg oér}la%a% a’:r%ﬁ HBE%SG% ion in
a pilot tunn@rm 3 &@Rﬂ&te@ermngdtm B ey tm@ﬁﬁﬁée(fFBmC%W

drilli ng an wtaerlrm@tltga&ﬁgg Dt -t1ion3d aﬁaedet erm ned I engt h in a tunneling
direction (longi .di rec al_a t.er m)s innel h%bsect I on

di nal
during excavati &Pg (PR TGiA8 apénﬁg%stm ]gﬂwr‘? bFﬁE £REeHY upper
hal f secti omthevhesrdiralt rravzctblqnqw@ac:harbg'e ah@medesernimed ddastanges efictrer m ned

angl e frem afd amHRISeadh’ 8644 ONr1QiRgl QNUSASARAMaG1 hELLT ON; and

2. The method as recited in claim 1, after the step b),
further comprising the steps of:
c) drilling a charge hole on a central portion of the
20 lower half section; and
d) carrying out a continuous transverse blasting.

3. The method as recited in claim 1, wherein the step
a) includes the steps of:
25 al) installing a muck car on a rail in the bottom face
of the pilot tunnel; and
a2) carrying the muck car with the muck produced by the
blasting outside the tunnel by a locomotive.

30 4. The method as recited in claim 1, wherein the step
a) further includes the steps of:

_ al) installing a carrier on the rail in the bottom face
of the pilot tunnel at a zone of a blasting for enlargement
after drilling the outermost longitudinal charge hole;

35 a2) blasting for enlargement after charging of the
oblique charge hole and the outermost longitudinal charge
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b) charging and blasting the | ower half section except the central portion
apart by a predeterm ned distanc 4!1 “ ‘ u“i“ﬂnel face after drilling a
| ongi tudi nal hole. 2. The net hode‘ mml im1, fé’t’ﬂ oolobkdr step b) -
further. coPPfﬂ?lélil??é the steps of: ¢y drilldifg & char ge hole on a central
portion of the 20 lower half section; and d) carrying out a continuous
transverse fyiast.kpg. 3. The nethod as recited in claim 1 wherein the step
a) |ncludesthe eps_of . 25 i nst al muck car arail _in the
bott om f ace ?b] gﬁff%fnq Lﬁﬂ?elqargﬁﬁraﬁ)"gga&?u'%di t?er dcgy \R}"?h t he
muck produd:el@sttyouhsldtblm|tr¢gnemtbyd@het Hecomahéveby a | oconotive. 30 4.
The net hod as recited in claiml, wherein the step a) further includes the
steps of: al) stallm&ai’é)dgrrler on the rajl |nth%botto face of the

pi l ot tdnnel at a zoHe 12%s ey LR 1BnF o e nbniWReEid T8 SERRg t he
out er nost Ialr)gl;mnaludeb theargieefhodfe; irgiad2)ingl| &sti higt fexr majuan:gdrrénr after

charging of. b €c ut | & udi char ge
22 1 1i111f T’ﬁ“’ %Fr‘igiﬁnl hﬁ‘g P‘%? %C%?KR%QOO]&%%%M 13%%3‘@8%0 L MS
hol e; and é’—iB’}m@&rP?f-W@e tifstadtingr th¢ t$P %€ muck produced by the bl ast
outside the tunnel by the |loconotive. 5 5. The nethod as recited in claim
4, whergin the ste al I e p nst Ci |

required for ﬁ 'Fl%ﬁ tr)r)ee'g:\%\’ggn ghge%g%ﬁse?l c?é {“hi g%)]t é(}?nt]; lt% 8?ot
tunnel bef @2é., |ﬁ§ﬂf§h¢¥n@0mm'elséaltgr itde. ster6of Thel Ry Hor i iy é@lltléélngn claim
4, after theasbeRseing a@ﬁ a fpdditiera@AREl SERGLH NyaSreEddf 22 repBhEadi nal
dr| I1ing and, bl ast |€q: a Bridgterm ned | ength again for a remained rock
around t he TPGAn8F°} € SUPneT 828R Et hod as recited in claiml or 2,
wherein the

15 7. The method as recited in claim 1 or 2, wherein the
step a) includes the step of drilling the oblique hole by

means of a jumbo drill mounted on anyone of the site between
the backup trailer and the main body of the TBM.

20 8. The method as recited in claim 1 or 2, wherein the
drilling length of the oblique hole is identical to a sum of
that of the charge hole and a rockbolt hole.

9. The method as recited in claim 1 or 2, wherein the

25 oblique charge hole has an predetermined angle to

concentrate the muck produced by the Dblasting for
enlargement to the middle of the tunnel.

10. The method as recited in claim 9, wherein the

30 predetermined angle is of 20° to 40° .

11. The method as recited in claim 1 or 2, wherein the

step a) includes the step of carrying out an installation of

a wedge coupler at the oblique charge hole of an oblique

35 blasting section and a sand stemming, to thereby insert a
blasting powder to the oblique charge hole at a
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step a) includes the step of drilling the | ique hole by nmeans of a junbo
drill rnounted on anyone of nmm Hiﬂ the backup trailer and the

rai n body of, t FM 20 8. cited in cl ai pgpcRéondssz WMer ei n
t he dr.||.W8ﬁ1’§F§ h of the obllque hole is identical to a sumof that of
the charge hole and a rockbolt hole. 9. The nethod as recited in claim1 or
2, wherein tpgrede2brabhéduberojtdy.ge hol e has an predeterm ned angle to
concentrate the nmuck produced by the blasting for enlargenent to the

m ddl e of the tunnel. 10. The nmethod as recited in claim9, wherein the 30
predet erni ned andPe i $hef melbodoas) recitgdechpifod 8% rZecitharsim @ m 1 or

2, wherein tdwp st¢piAr1hded UARS skBpsSéep of carrying out an installation
of a wedge coupl at the. obli cha hol e o an_obl | ue 35 sting
Sect fon dud a SaR) SEBRRFRHTE 1 TURHEI0 SuRLBF L LAE0 DRASTPH SRS S 1 he
obl i que charparkel ehatea afz:‘erllvlfbrmlrlg.lﬂ:lml1@@11(1\1@11:1@1”92 V‘@DD&/ 1&r8h8 ¢ L

PC / XR0O0, Oo%éhlﬂbedﬁ{@r EEhBSQr' @4 |]!er 1Zntbheciet Bedi @e I @plakkgd Alctien 1 or
includes the steps of: 5 al) ‘inserting a rubber

2, wherein the .st g '\:éd
coupl er i nt 3*S3R% At PSALEY F11R%7e @%harge hole after forming the oblique
charge hol e and apishnagrtireg raubleeigec dnpb erthe ntubkielre cobpi gueusimg ghehol e

using a gealed il pg,& paNde %Z)thbgﬁﬁ?tewgr V‘Qdﬂfaﬁhtng;“ b pov&? P UHET

using the 10 sca pi pe charge a up to the
obl i que cha@’élﬁb‘leecbﬁr?ﬁeh‘?ﬁﬁ icfu&hpi aklimp JHEsteRy I8CLHMR net hod as
recited in claim2, \/\herelnthe step a) includes the steps of: 15 al)

installing a ventll3l at,h%)ﬂc datdtsh é %5 e{r{n({ﬁ reﬁhé?eiﬁetﬁ%’@{\%g t and

a2) separating a min l'oca in’t Fear unnel
face in the &l &Wﬂﬁéeﬁoth%rﬁ‘%ﬁﬂjeﬁém at

15 al) installing a ventilation duct at a predetermined
area in the tunnel; and
a2) separating a main duct from the duct located in the
rear of the tunnel face in the blasting for enlargement at
an predetermined region of the rear of the tunnel face.
20 .
14. The method as recited in claim 1, wherein the step
b) includes the steps of:
bl) installing a bottom carrier on the predetermined
region above the bottom of the pilot tunnel at the zone of
25 blasting for enlargement;
b2) drilling a longitudinal charge hole on the lower
half section except the central portion;
b3) blasting the longitudinal hole after charging:
b4) loading the muck produced by the blast into the
30 carrier or the bottom carrier; and
b5) carrying the carrier or the bottom carrier with the
muck outside the tunnel by the locomotive.

15. The method as recited in claim 1, after step b),
35 further comprising the steps of:
e) installing a lining form in the tunnel for enabling

24



an predeterm ned region of t r of the tunnel face. 20 14. The net hod
as recited in claim1, Wnereii "i'ﬁ@"jlﬁﬂgﬂ]m ncl udes the steps of: bi)
installing _a bo m carrier "™ ned regi opFRQNE0dsEE bottom:
of the pilg'to'{"ﬁi‘?hgl at the zone cof “"25 bl asti ng for enl ar}}gerrent; b2)
drilling a longitudinal charge hole on the |lower half section except the

central poghboRark3dr bhagt ivhe tdedrongidiudicRak RQ) endifd efnLhiryni tigs b4)
| oading th roduced by the blast into the 30 carrier or the bottom

. muck
carrier; a?ewanb%‘-i yiPR§ the carrier or the bottomcarrier with the nuck
out si de the tunflelgdoptiing hocommey warealdf The twireddwathreencmstd.n claim 1,
after step b), 35 further conprising the steps of: e) installing a |ining
formin the tunnel for enabling 24 W 01/11308 * C L.M S, PCT/ 00{)00867
the carfier and'&@heTBEnBRtRARiTT thiesdted ﬁBv‘éli‘H?&Lf’gh“lhﬁéelPiﬁi%ﬂf rm and
f) groutingaésd oHneteedr émsofa tsheckuahebrivind) nerearialleattdcidéd dihetaret hod as

recited 1N ebaldd 13ne"NEelle s SHhing TERP! 25t el dapid phock. absor bing
material aPfac ed on to  protect the doricret e lining froma third ‘bl ast,
i .e., bl ablasfgidorfoneatgragnd e SentaR1ppe¥tinn S tthe LovRF

section, apdctdwel anfdowheasy ew @t mo¥lmdrt. A device for excavating a
tunnel , _conprising: a main body of tunnel boring machine (TBM excavating a
pi | ot t@nnel whil e advanci ng in tunneling direction, and having a trailer;
15 a drilling nEhnsAfdevike |fdm@xeBVaELRT [Foltadingd » acopprersingsl f section of

the pilot tunnel yhin @chheolBtinhodborekganatesnd heram)! ekchvigilg and the
drilling means, belnge: ' UR4EL SRR T NeBOh 19 (oS R onrher i N the
oblique P1+© g g '
having a trailer;
15 a drilling means for dfilling oblique holes on a upper
half section of the pilot tunnel while the main body
excavates the pilot tunnel, and the drilling means being
installed on the main body of the TBM, wherein the oblique
holes are turned at predetermined angle from a transverse
20 direction to a longitudinal direction;
a first rotating means for rotating the drilling means
in the oblique direction and a circumferential direction;
a muck removing means, installed in the bottom area of
the lower half section, for carrying the muck produced by
25 the blast outside the tunnel; and
a second rotating means for rotating a bucket,
installed on the front of a loader, for loading the muck
easily at the narrow area of the upper and the lower half
section by rotating the bucket at a predetermined angle in a

30 horizontal plane.

18. The device as recited in claim 17, wherein the
drilling means are installed on anyone of the site selected
among an inner kelly, a main beam and a platform of the

35 trailer of the TBM.
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hol es are turned at predet ma transverse 20 direction to
a longitudinal direction; mﬂnﬂmqﬂﬁhﬂ" nmeans for rotating the drilling
reans in the obligue direction andsa eireunferential di r%)ﬁ’k??" 0f67TUCK
removi ng medYROVEW8 a1 ed in the bottom area of the | ower sect I on,
for carrying the nuck produced by 25 the blast outside the tunnel; and a

lsecgnd r]?t ating E@ansr'ltfrfér déki&ldié' nﬂsl arbecksd , ini RIbanl ad, Opvﬂég:%lﬁ’lr afe of da
oader, for t he nue S rraw. area t he. upper, an
the | ower afhlaﬂslé‘gt f“SﬁnByl?‘de‘é%%gg/ %elf‘t&?&k%t" grévb?%dté BrifHed Wi e in
a 30 horizantfaEedplcyiéndd 8. equnippdal wdthathe edt i firer (forl aoming, fowmwawd n t he
drilling rreaa[hab@ra%khg%al | ed on anyone of the site selected anong an inner
kel |y, main beam and a platformof the 35 trailer of the TBM 25

Illlllllfﬁlll 1111111111 11 1111 * WD 01/11308 C L MS PCT/ KROO 00867
19. The device a0reciTad devideni as 1Z7ecibed ein tdl@imdrli7,| iwlgenesansthencl udes

adrifter f 1N nd a feed cylinder equipped with the
drifter forolrn%t\% r%l fgf\%\gg Pﬁél (?e%ackvvard 5 20. The device as recited in

clai m 17, wher ei n@ h&ota¥yY atﬁﬁ?@“%&ﬁglpﬂ%‘l’ udekth g & offRtRI¥r aBR2eqUEPhed

with a rot aryotd@dhgf @he FObadH NEE ttJh@ Be@cdﬂn@fmém Ci.rri IdirBgmb®a&Est idl
circunferential tl% di r%%tlon vml araﬁa ara cen central agﬂes of
the pil { S8 Mt ot T of Tt |ng tﬁe ; ea?
pr edet er m n@lﬂaatgrt@mnalbracket unit nounted on both Si de of front of t he
15 rotary frame for gietat igyxdrhe sdei |iétfk9:1'ﬂ‘éan%h@b|t<§l&h&1w gedd &n stepping
not or nount ed (2_{1 t he brgcket un|t for.

etermined angle

a bracket unit mounted on both side of front of the

15 rotary frame for rotating the drilling means obliquely; and
a stepping motor mounted on the bracket unit for
supplying driving force to rotate obliquely in a

predetermined angle.

20 21. The device as recited in claim 20, wherein the
bracket unit includes:
a bracket for fixing a supporting handle formed in a
groove in the middle of the bracket:;
a circumscribed gear installed on the spindle of the
25 stepping motor which pierces the groove in the middle of the
bracket; and
a gear frame fixed on the drilling means for matching
the circumscribed gear with an inscribed gear.

30 22. The device as recited in claim 20, wherein the
stepping motor supplies a driving force to the bracket unit,
being capable of rotating the drilling means to 20° ~ 40°.in
the oblique direction.

35 23, The device as recited in claim 17, wherein the
muck removing means for the muck includes:
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supplying driving force to rotate obllqueli in a predetermned angle. 20

21. The device as reC|ted III”I “ﬂmulm ein the bracket unit includes:
a bracket for I/llx ng a su

rmed in a gr?@i‘({?l\bd?l}n emddle‘
e of th

of the brack@0VIE7 cunscr’i béd Geal ihst'alled on the spih
steppi ng notor which pierces the groove in the mddle of the bracket and

a gear frame fixedQnkhg Hléhh!s' egrmeﬁ@smﬁ@;z Ching dhend rmgrl bed
gear with anlnscrl é’ ea The, devi ce as Eemt d|n | ai

wher ei n t hetradiles O?B%UBBFl &éraya??vltha PUF& e PEGARRRA bPYc K unlt

bei ng capabdlﬁast.tf t@t at iprgdeherminéd i ngeardns the 20ear 40f i mhet Hmnpielli que

di rection. B3 The device as recited in claim17, wherein the nuck
renovi ng means for the nuck_includes: 26 WD 01/11308 | 11Il' C 111111 11111
VITI 113111 PCH 4d0ideseFl §a°&aPP§Pn@lﬁ§an§ff &hey RethARK fRfet &Fl ed on

t he backup #Heaigigototuhhel ;TBM for carrying the nuck produced by the bl ast

to a predeterm %e?ﬁggg%lﬁéﬁgcggg%lgfﬁ&h c{\}i?xgegn ﬁ?&er 5_L arail installed

on both sides o ot t om g tunne a cdrrier having
wheel s for movi ag contakeerqjinstaldest #méhe cASTEET edoh kandisgr ther, for

| oadi ng thqnucnaquﬁ itﬁeta&qtg;ﬂﬂfe&-i nghd and 10 a | oconotive, |ocated out5| de

t he tunnel for hdr awi, n t.he c | er,. 24..The .device as
recited n claif 2 ochir}o[tﬁ %ﬁt& ng %C{'rsilidft gl'ﬁlbck Eﬂggr{b‘i ng f(r%é:ans
instal |l ed betmv@@awmﬁ ahmajarqalreanénuhe hearaetrai ner for relieving the shock

of the nuck and a noise. 25. The device as recited in claim?23, further

conprising a secaond shock bsorbing neans installed beneath O.the carrier
for preventing £Ae railiPs r §/7IFR ??Foclf SGitefle in claim 23 Aurchls

comprising a first shock absorbing means installed between
15 the carrier and the container for relieving the shock of the

muck and a noise.

25. The device as recited in claim 23, further
comprising a second shock absorbing means installed beneath
20 the carrier for preventing the rail from the shock of the

falling muck.

26. The device as recited in claim 17, further
comprising:
25 a ventilation duct installed in a predetermined area in

the pilot tunnel for carrying a dust produced in excavating
the pilot tunnel and in the blasting for enlargement, which
can be separated by a separating means;
a variable ladder for enabling the drilling means and
30 the muck removing means to move easily in the blasting for
enlargement; and
a deck and a rail switch for enabling the muck car and
the carrier to move easily on another rail by means of
installing the rail additionally on the deck by which the
35 central portion of the lower half section and both sides of
the lower half section are combined.
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falling muck. 26. The devi;ﬁrgg_iggLLQQ_Lﬂ_ﬁLain117, further conprising:
25 a ventilation duct inst ed in a tarmned area in the pilot
tunnel for carrying a dust p\r\m“ “ L\Rﬂgﬁ@ti ng. the pilot tunnel and in
the bl asti ngv@ BW11398| ar gement sdexSepar at ed by ZCTERINVUB,g
means; a variable | adder for énabling the drilling neans and 30 the nuck
rrenmovi ng neans to nove easily in the blasting for enlargenent; and a deck
and a rail switch for enabling the muck car and the carrier to nove easily
on anot her rail BY.nearBhef devhceal #$ ngradidedai inadefiaimnadllly Harthexr deck
by which the.gdpaaihgal portion of the |ower half section and both sides of
the |l ower half section are conbined. 27 WO 01/11308 PC}/ KR&'D’ 0086 CL S
27. The device adfy EGF-REHTH BF2NSiP7 27 UPPREPOTORR 9% Ag AR ent ¥ ™i ng
means i n an figpeengelirngontled eatrivmaaridrvhe Sotlosr efiadd ling eshecacamoveer and
the other fagiliihe$bk0qE ugh4sthe lining form and a protection
nmeans of a 2%%%#%#%%P%n%gg¥§%§%%%ﬁe%ggnder the lining formfor protecting
the concrete |inih@PLERTELAR Meds Phleasencroteglimng dagitedlad wrig% ed in

claim 27, wheieindihe el forageovécsinel thaconticke Whaehs, fass thehock
absorbing ngterd %I%a%t_ached on the backside of the protection neans of

concrete |ining.
10

28. The device as recited in claim 27, wherein the
shell made of steel has mobile wheels, and a shock absorbing
material attached on the backside of the protection means of

concrete lining.
15
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